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CD3 BINDING POLYPEPTIDES

[601] This application claims pricrity {o and benefit of U.S. Provisional Patent Application No.
62/221,180, filed on Septamber 21, 2015, The conients of this application ars herein

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

[002] The contents of the text file submitted electronically herewith are incorporated herein by
reference in their entirely: A computer readable format copy of the Sequence Listing (filename:
APVO_ 052 01WO _Seqglist_ST25.txi, dale recorded: September 21, 2018, file size 544
kilobytes).

FIELD OF THE DISCLOSURE

[303] The present disclosure relates to molecuies that specifically bind to CD3, which may have
at lzast one humanized CD3-binding domain. A protsin therapsutic binding to CB3 may be a
monospeacific protein therapeutic or a multispecific protein therapeutic. A mulispecific protsin
therapeutic may bind both a tumor antigen and CD3 subunits of the T-cell recepior complex on

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

[004] Targeting the T-cell recepior 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 tumaor cells could offer a
mechanism to redirect T-cell cytoloxicity towards the lumor cells. Such multispscific

polypeptides may be useful for freatment 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 to a “flu-like” syndrome, characterized by fever, chills, headaches,
nausea, vomiting, diarrhea, respiratory distress, septic meningitis and hypotension (Chatenoud
(2003) Nature Reviews 3:123-132).
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[608] There is a need for CD3-binding moleculss that have improved thermal stability with a

favorable manufaciurability profile and reduced adverss effecis.

SUMMARY OF THE DISCLOSURE
[007] The disclosure encompasses CD3-binding domains and polypeplides that have an
advantageous manufacturabiiity profile. Polypeptides comprising CD3-binding domains
disclosed herein may be thermally stabie. In some cases, a polypeplide has an improved
thermal stability compared to another CD3-binding polypeptide. CD3-binding domains and
polypeptides disclosed herein may have reduced side effects (for example, may lead o release
of low levels of cytokines when administered to a subject).
[308] In certain embodiments, the disclosure relates 1o a CD3-binding domain that binds
specifically to human CD3 and that comprises an immunoglobutin 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 989%
identical to the amino acid sequence in SEQ 1D NO:88; or (b) at least about 894% identical, at
least about 5% identical, at least about 87% identical, at lsast about 88% identical or at least
about 89% identical to the amino acid sequence in SEQ 1D NOG:89; and wherein ths
immunoglobulin heavy chain variable region comprises an amino acid sequence that is at least
about 82% identical, at least about 85% identical, at least about 87% identical, at isast about
80% identical, at least about 92% identical, at least about 95% identical, al isast about 97%
identical, at least about 98% identical or at least about 99% identical to the amino acid
saguence in SEQ 1D NO:86. A CD3-binding domain may comprise an amino acid sequsnce
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 87% identical, at least about 88% identical or at {east
about 88% identical to the amino acid sequence in SEQ 1D NO:83 or SEQ ID NO:84. A CDS-
binding domain may comprise SEQ 1D NO:83 or SEQ ID NOC:84.
[009] In one embodiment, a CD3-binding domain comprisas 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 NC:95, and an LCDR3 amino acid sequence of SEQ 1D NG:96
and an immunoglobulin heavy chain variable region thal comprises an HCDR1 amino acid
sequence of SEQ D NO:81, an HCDR2Z amino acid sequence of SEQ 1D NO:92, and an
HCDR3 amino acid sequence of SEQ 1D NO:93. In another embodiment, a CD3-binding
domain comprises an immunoglobulin light chain variable region that comprises an LCDR1
amino acid sequence of SEQ ID NG:202, an LCDR2 amino acid sequence of SEQ 1D NO:203,
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and an LCDR3 amino acid sequence of SEQ 1D NO:204 and an immunogiobulin heavy chain
variable region that comprises an HCDR1 amino acid sequence of SEQ 1D NG:198, an HCDR2
amino acid sequence of SEQ 1D NG:200, and an HCDR3 amino acid sequence of SEQ ID
NC:201.

[0010] In certain aspects, a CD3-binding domain may comprise an immunoglobulin light chain
variabie 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 aming acid sequence. In ancther embodiment, an immunogiobulin
heavy chain variable region comprises framework regions based on the human IGHV1-69702
germiline amino acid sequence.

[06011] In some embaodiments, the amino acid residue at position 52 according to the IMGT
numbering system of the immunoglobulin light chain variable region of a CD3-binding domain is
arginine and/or the amino acid residue at position 53 according 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 o 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 o the IMGT numbering system of the immunoglobulin heavy
chain variable region is proline; (b} the amino acid residue at position 53 according to the IMGT
numbering system of the immunoglobulin heavy chain variable region is 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 amino acid residue at position 86 according to the
IMGT numbering system of the immunogiobulin heavy chain variable region of a CD3-binding
domain may be aspartic acid. In one embodiment, the amino acid residue at position 86
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 aspeacts, an scFv may compriss a linker between the heavy 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 QRHNNSSLNTGTOQMAGHSPNS (8EQ 1D NO:148). In some embodiments, the
heavy chain varigble region of an scFv is amino-terminal io 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.

[8013] The disclosurs encompassses a CD3-binding domain that has a thermal stabilily thatis
increased at least about 10% when compared to the thermal stability of a8 CD3-binding domain
comprising a light chain variable region comprising SEQ 1D NO:90 and g heavy chain variable
region comprising SEQ ID NO:87. The thermal transition midpoint (Tm) of a CD3-binding
domain may be increased at least about 3°C, at least about 4°C, at least about 5°C, or at least
about 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 SECQ 1D NO:90 and a heavy chain variable
region comprising SEQ ID NO:87. The thermal transition midpoint of a CE3-binding domain
may be at least about 54°C, at least about 55°C, at least about 56°C, or at least about 57°C and
up to about 72°C. The thermal siability or the thermal transition midpoint of 2 CD3-binding
domain may be measured by diffsrential 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 60%, at least about 70%, at least about 80%, at lsast
about 90% and up to about 100% when compared o the siorage stability of a CD3-binding
domain comprising a light chain variable region comprising SEQ 1D NO:80 and a heavy chain
variable region comprising SEQ ID NO:87. Sicrage stability may be measured afler a CD3-
binding domain is siored in PBS at about 25°C. In one embodiment, a CD3-binding domain is
stable in siorage in PBS al about 25°C for at least about 8 days, al least about 10 days, or at
least about 13 days and up o 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 exprassion 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% dscreased when compared to the level of high molecular weight aggregates
produced during recombinant expression of a CD3-binding domain comprising a light chain
variable region comprising SEQ 1D NO:S0C and a heavy chain variable region comprising SEQ 1D
NO:87.
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[6016] The disclosure also relates to a CD3-binding domain that binds to human CD3 with an
ECED of about 10 nM or lower. In some smbodiments, a CD3-binding domain of the disclosurs
may also bind specifically to cynomelgus CD3. For example, a CD3-binding domain may bind
to cynomolgus CD3 with an EC50 of about 30 nM or lower.

[0017] 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, whearsin (&) the immunoglobulin light chain variable region
comprises an LCDR1 amino acid sequence of SEQ 1D NO:94, an LCDR2 amino acid sequence
of SEQ 1D NO:95, and an LCDR3 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:92, and an HCDR3 amino acid
saqguence of SEQ ID NO:83; or (b) the immunoglobulin ight chain variable region comprises an
LCDR1 amino acid sequence of SEQ ID NO:202, an LCDR2 amino acid sequence of SEQ D
MNO: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 HCDPR2 amino acid ssquence 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 least about 57°C and up 1o 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 {o
about 80 days; (i) 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 cynomeoigus CD3 with an EC50 of
about 30 nM or lower.

[0018] The disclosure also relales to 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 immunoglobulin constant region may comprise
immunoglobulin CH2 and CH3 domains of IgG1, igG2, 1gG3, 1gG4, IgA1, 1gAZ or igh. in some
embodiments, an immunoglobulin constant region comprises a human IgG1 CH2 domain
comprising the substitutions L234A, L235A, G237A, and K322A, according to the EU numbering
system. In certain embodiments, an immunogicbulin constant region comprises a human igG1
CH2Z domain comprising one or more of the substitulions L234A, L235A, G237A, and K322A,
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according to the EU numbering system. in some smbodiments, a CD3-binding polypeptids
when bound to a CD3 protein on a T cell does not induce or induces a minimalily detectable
cytokine release from said T cell. In cerlain aspects, a CD3-binding protein or polypeptide
exhibils reduced cyiokine release in a palient as compared o the cyickine 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, a CD3-binding polvpeptids 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, HerZ, ROR1, RON, glycoprotein A33 antigen
{gpA33) or CEA).

[8020] The disclosurs further encompasses a CD3-binding polypeptide comprising: (i) & CD3-
binding domain and (ii) a second binding domain. In some embodiments, a CD3-binding
polypepltide comprises, in order from amino-terminus to carboxyl-terminus or in order from
carboxyl-terminus o amino-terminus, () a CD3-binding domain, (il) a hings region and (i} an
immunoglobulin constant region. In soms embodiments, a CD3-binding polypeplide comprises,
in order from amino-terminus to carboxyl-terminus, () 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 amino-terminus, (i) a second binding domain, (i) a hinge region, (iii} an
immunoglobulin constant region, (iv) an amino-terminus linker, and (v} 2 CD3-binding domain.
In certain variations, the first and/or the second binding domain is an scFv. Non-limiting
examples of carboxyl-terminus and amino-terminus linkers include flexible linkers comprising
glycine-serine (e.g., (Gly,Sen) repeais and linkers derived from (i) a stalk region ofatype I C
fectin or (ily an immunogiobulin hinge region. In certain aspecis, a carboxyl-terminus linksr {or
an amino-terminus linker) comprises or consists of SEQ D NO:186. In some aspects, the
disclosure relates to a CD3-binding polypeptide {&.g., mullispecific), wherein (i) the CD3-binding
domain comprises {a) an immunoglobulin light chain variable region comprising LCDR1,
LCDR2Z, and LCDRS, and (b) an immunogiobulin heavy chain varable region comprising
HCEOR1, HCDR2, and HCDRS; and (i) the second binding domain comprises (a8) an
immunoglobulin light chain variable region comprising LCDR1, LCDR2, and LCDR3, and (b) an
immunoglobulin heavy chain variable region comprising HCDR1, HCDR2, and HCDRS.

[0021] The disclosure encompasses a CD3-binding polypeptide that induces redirected T-cell
cytotoxicity (RTCC). For example, a CD3-binding polypeptide may induce RTCC with an EC50
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of about 30 pM or lower. In some embaodiments, 2 CD3-binding polypeptide does not exhibit or
exhibils minimal antibody-dependent cell-mediated cytoloxicity (ADCC) activity and/or
complement-dependent cytotoxicity (CDC) activity. In certain aspects, null ADCC and/or CDC
activity is accomplished through mutations in the hinge region and lg constant region (e.g, Fc).
(00221 A CD3-binding polypeplide may further comprise an immunoglobulin heterodimerization
domain. In some embodiments, an immunogiobulin heterodimerization domain comprises an
immunoglobulin CH1 domain or an immunoglobulin CL domain. In some aspects, a CD3-
binding polypeptide is a helerodimeric CD3-binding protein comprising (i) a first polypeptids
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 immunoglobuiin constant region, and (d) a first immunogiobulin
heterodimerization domain; and (i) a second polypsptide chain comprising, in order from amino-
terminus to carboxyl-terminus or from carboxyl-terminus to amino-terminus, (a8} a second hinge
region, (b a second immunoglobulin constant region, and (¢ a second immunogiobulin
heterodimerization domain that is different from the first immunoglobulin hetsrodimearization
domain of the first single chain polypepiide, whearsin the first and second immunoglicbulin
heterodimerization domains associate with each other to form a heterodimer. In one
embodiment, the first immunoglobulin heterodimerization domain comprises an immunoglobulin
CH1 domain and the second immunoglobulin heterodimerization domain comprises an
immunogiobulin CL domain, or whersin the first immunoglobulin heterodimerization domain
comprises an immunogiobulin CL domain and the second immunoglobulin heterodimerization
domain comprises an immunoglobulin CH1 domain. Atleast ane of the first and second
immunoglobulin constant regions may comprise immunoglobulin CH2 and CH3 domains of
IgG1, 1gG2, IgiG3, IgG4, IgAt, 1gA2, IgD or any combination thereof, an immunoglobulin CH3
domain of igG1, IgG2, 1gG3, igG4, IgAt, IgAZ, IgD, IgE, Ight 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 protsin may further comprise a
second binding domain. In certain embodiments, the second binding domain may be amino-
terminal or carboxy-terminal to the second hinge region.

[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-V0L CD3-VH second binding domain-VL second
binding domain or VL CD3-VH CD3-VYH second binding domain -VL second binding domain or
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VH second binding domain-VYL second binding domain-VH CD3-VL CD3 or VH second binding
domain-VL second binding domain-VL CD3-VH CD3.

[0024] The disclosure also relates to an isolated nucleic acid molecule encoding a CD3-binding
domain or a CD3-binding polypeptide described herein or a portion of said CD3-binding domain
or polypeptide. In some aspects, the disclosure encompasses an expression vecior comprising
a nucleic acid segment encoding a CD3-binding domain or a CD3-binding polypeptide
described herein, wherein the nucleic acid ssgment is operatively linked to regulatory
sequences suitable for expression of the nucleic acid segment in a host cell. A recombinant
host cell comprising an expression vector is included in the disclosure.

[30258] The disclosure encompassas an expression vector comprising first and second
expression units, wherein the first and second expression units respectively comprise first and
second nucleic acid segments encoding the first and second polypeptide chains of a
heterodimeric CD3-binding polypeptide, and whersin 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. A recombinant host cell comprising an expression veclor 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 embodiments, a method for producing a
heterodimeric CO3-binding protain comprises: culturing a recombinant host cell comprising first
and second expression units, wherein the first and second expression units respectively
comprise first and second nucleic acid segments encoding the first and second polypeptide
chains of a heterodimeric CD3-binding protein, wherein the first and second nucleic acid
segments are operably linked to regulatory sequences suitable for expression of the nucieic
acid segments in a host cell, and wherein said culiuring is under 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.

(800277 The disclosurs encompasses a pharmaceutical composition comprising a CD3-binding
polypeptide disclosed herein and a pharmaceutically acceptable carrier, diluent, or excipient.
The disclosure also relates to 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 call with a CD3-binding polypeptide, wherein said
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contacting is under conditions whereby RTCC against the fumor associatsd anligen-expressing
cell is induced. Ons aspect of the disclosure includes a method for inhibiling tumor growth in a
subject in need thereof, comprising adminisiering a therapeutically effective amount of a CD3-
binding polypeptide or a pharmaceutical compaosition described herain to the subject. The
disclosure encompasses a method for trealing cancer or an auloimmune disorder in a subjectin
need thereof, comprising administering a therapeutically sffective amount of & CD3-binding
polypeptide or a pharmaceutical composition dascribed herein to the subject. Non-limifing
examples of cancer that may be treaied by methods and CD3-binding polypeptides described
herein include prostate cancer, colorectal cancer, renal cell carcinoma, bladder cancer, salivary
gland cancer, pancreatlic cancer, ovarian cancer, non-smail cell lung cancer, breast cancer
{e.g., triple negative breast cancer). melanoma, adrenal cancer, mantie cell lymphoma, acute
iymphoblastic leukemia, chronic lymphocytic leukemia, Non-Hodgkin's lymphoma, acute
myeloid leukemia (AML), B-lymphoid leukemia, blastic plasmocyloid dendritic neoplasm
{BPDCN), and hairy cell leukemia.

[3028] The disclosure encompassas a CD3-binding domain that binds specifically to human
CD3 and that comprises SEQ ID NO: 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34,
36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 58, 58, or 60.

[0028] The disclosure also relates to a CD3-binding protein that 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 disclosure will become
evident upon reference io the following detailled description of the disclosure and the atlached

drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[80031] Figure 1 {iop panel} is a graph showing the resulis of a flow cytometry study measuring
the binding of CD3-binding domain consiructs {o Jurkal T-cells. Mean fluorescence intensity
{MF1) of bound molecules on live cells is shown on the y-axis. Concentration {(nM) of the CD3-
binding domain constructs is shown on the x-axis. The table (bottom panel) shows the ECx
values obtained from the data in the graph.

[80032] Figure 2 {iop panel} is a graph showing the results of a flow cytometry study measuring
the binding of CD3-binding domain consiructs o & subclone of the Jurkat T-cell line with higher

levels of CD3 expression. Mean fluorescence intensity (MFD of bound molecules on live cells is
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shown on the y-axis. Concentration (nhM) of the CD3-binding domain construcis is shown on the
x-axis. The table {botiom panel) shows the EC,; 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 consiructs. 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 results of a flow cytomeliry study measuring the binding
of CD3-binding domain construcis to a subclone of the Jurkat T-cell line with higher levels of
CD3 expression. Mean flucrescence intensity (MFD 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.
[3038] Figure 5 is a graph showing the results of a flow cylometry study measuring the binding
of CD3-binding domain constructs o a subclone of the Jurkat T-cell line with higher levels of
CD3 expression. Mean fluorescence intensity (MFD 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 {fop 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 cytoloxicity with human PBMC in 4 hours against C4-2B cells. Percent specific
lysis relative to & 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 (bottom panel) shows the ECx

values obtained from the data in the graph.

[0037] Figure 7A and Figure 78 are graphs showing the results of a flow cytometry study
measuring the binding of CD3-binding domain constructs to Cynomolgus T-cells. Mean
fluorescence intensity (MFID) 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 are graphs showing the results of a chromium-51 release
assay measuring the effectiveness of CD3-binding domain consiructs at inducing target-
dependent T-cell cytotoxicity with Cynomolgus PBMC in 4 hours against C4-2B cells. Percent
spacific lysis relative {o a total lysis control is shown on the y-axis of each graph. Concentration

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

[0039] Figure 9 is a graph showing the rasults of a flow cytometry study measuring the binding
of bispecific anti-CD37 and ant-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 constructs is shown on the x-axis. TSC384 DY refers to the TSC39%4
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 Cynomolgus PBMC in 4 hours against Ramos celis. Percent
specific lysis relative to a total lysis conirol is shown on the y-axis of each graph. Concentration
(M} of the CD8-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 construct comprising the DRAZ222 CD3-binding domain.

[0042] Figure 12 is a graph showing the resulis 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 alignment of the aming acid seguences of the DRAZ222 scFvy (SEQ
ID NO:85), TSC455 scFv (SEQ 1D NO:83), and TSC456 scFv (SEQ ID NG: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 {(ug/ml) over iime for each of the
treatment groups. Each poini 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 molecules 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.

[0047] Figure 174 and Figure 178 are tables showing a comparison of pharmacokingtic
parameters of anti-ROR1T X anti-CD3 bispecific binding molecules in NSG mice. Figure 174
shows pharmacoekinetic parameter estimates calculaled using NCA for IV dosing with sparss

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

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

[0049] Figure 19 is a graph showing the results of a study analyzing the effects of anti-ROR1 X
anti-CD3 bispecific binding molecules on Kasumi-2 xenograft tumor growth. Results 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. polypeplides and proteins) that specifically bind {o
CD3. These binding molecules may bind specifically to CD3 and to at least one othar 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
emibodiments, CDRs from the Cris7 anti-CD3 antibody have been used {o sngineer CD3-
binding molscules with improvad and novel properties. Accordingly, the disciosure relaies o
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 o other anti-CD3 binding domains and proteins. In some aspects of the
disclosurs, a CD3-binding molecule is thermally stable. For example, the molecule may have
improved thermal stability compared o another CD3-binding moleculs {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
effects when administered to a subject. For example, CD3-binding molecules may lead to

release of low leveils of cytokines.

[06051] In the present description, any concentration range, perceniage range, ratio range, or
integer range is to be understood to 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. 1t should be undersicod 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 understood to mean either ong, both, or any combination
thereof of the alternatives. As used herein, the terms "include” and "comprise” are used
synonymously. In addition, it should be understood that the polypeplides comprising the various

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

scope of the present disclosure.

[0052] All documents, or portions of documents, cited herein, including but not limited to
patents, patent applications, arlicles, books, and treatises, are hereby expressly incorporated by
reference in their entirely for any purpose. in the event that one or more of the incorporated
documents or portions of documenis define a term that contradicts that term's definition in ths
application, the definition that appears in this applicalion 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 suggeastion, that they
constitute valid prior art or form part of the common general knowledgs 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 derived from an antibody that possesseas the ability to specifically recognize and bind to
a target molecule, such as an antigen, igand, receptor, substrate, or inhibitor {(e.g., CD3}.
Exemplary binding domains include single-chain aniibody variable regions {e.g., domain
antibodies, sFv, scFv, scFab), receptor ectodomains, and ligands (e.g., cyiokines, 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 segqusnce or three
light chain complementary determining regions {CDRs) and three heavy chain CDRs from an
antibody placed inte allerative framework regions {(FRs) {e.g., human FRs optionally
comprising one or more amino acid substitutions). A variety of assays are known for identifying
binding domains of the present disclosure that specifically bind a particular target, including
Westarm 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 ths first and second binding domains, the second binding domain
is a tumor antigen-binding domain. In other embodiments, the second binding domain is a
second CD3-binding domain. In vet other embodiments, the second binding domain is a

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 feast 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, of up to 10" M up o 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 107"° M). Affinities of binding domain polypeptides and single chain
polypeplides according to the present disclosure can be readily determinsd using conventional
technigques (see, e.g., Scalchard et al. (1948) 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.g., Abbas and
Lichtrman, 2003, Janeway ef a/., p. 172 and 178, 1998}, which are subunits of the T-cell receptor
complex. In mammals, the CD3 subuniis of the T-cell receptor complex are a CD3y chain, a
CD35 chain, two CD3¢ chains, and a homodimer of CD3 chains. The CD3y, CD33, and Ch3¢
chains are highly related cell surface proteins of the immunogiobulin superfamily containing a
single immunoglobulin domain. The transmembrane regions of the CD3y, CD38, and CD3¢
chains are negatively charged, which is a characleristic that allows these chains to associate
with the positively charged T-cell receptor chains. The intracsliular tails of the CD3y, CD3%, and
CD3¢ chains sach contain a single conserved molif known as an immunoreceptor tyrosine-
based activation motif or ITAM, whereas each CD3{ chain has three. i is believed the {TAMs
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 othar

mammals.

[0056] As used herein, a “conservative substitution” is recognized in the art as a substitution of
one aming acid for another amine acid that has similar properties. Exemplary conservative
substitutions are weill-known in the art (see, e.g., WO 87/09433, pags 10, published March 13,
1987, Lehninger, Biochemistry, Second Edition; 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 leucine {o serine substitution.
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[86057] As used herein, the term “derivative” refers to a modification of one or more amino acid
rasidues of a peplide by chemical or biological means, either with or without an enzyms, e.g., by

glycosylation, alkviation, acylation, ester formation, or amide formation.

[0058] As used herein, a polypeptide or amino acid sequence “derived from” a designated
polypeptide or protein refers {o the origin of the polypeptide. In cerain embodiments, the
polypeplide or amino acid sequence which is derived from a particular sequence (sometimes
raferred to as the "starting” or "parent” or "parental” sequence) has an amine acid sequencs that
is essentially identical {o the starting sequence or a portion thereof, wherein the portion consisis
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 t¢ one of ordinary skill in the art as
having iis origin in the slarting sequence. For example, 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 aminc acid residues which have been substituted
with another amino acid residue or which has one or more amino acid residue insertions or
delstions. Ths polvpeptide 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 seguence from
about 60% io less than 100% amino acid sequence identity or similarity with the amino 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% io less than 100%, from
about 85% to less than 100%, from about 80% to less than 100%, from about 85% 1o l&ss than
100% amino acid sequence identity or similarity with the amino acid sequence of the starting

polypeptids.

(01007 As used hersin, unless otherwiss provided, a position of an amino acid residus in 3
variable region of an immunoglobulin molecule is numbered using the IMGT criferia (Brochet, X,
et al, Nucl Acids Res. (2008) 36, W503-508), and a position of an amino acid residue in a
constant region of an immunoglobulin molscule is numbered according o EU nomenclature
(Ward ef al, 1885 Therap. immunol 2:77-94). The Kabat numbering convention {(Kabat,
Sequences of Proteins of Immunological Interest, 5™ ed. Bethesda, MD: Public Health Service,
National Institutes of Health (1991)) is an alternative system used to refer to a position of an

armino acid residue in a variable region of an immunogiobulin moleculs.
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[6060] As used herein, the term “dimer” refers {0 a biclogical entity that consists of two subunits
associated with each other via one or mors forms of intframolecular forces, including covalent
bonds {e.g., disulfide bonds} and other interactions (e.g., electrostatic 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 undsr conditions for non-denaturing and/or non-reducing
slectrophoresis). A “helerodimer” or “heterodimeric protein,” as used herein, refers to a dimer
formed from two different polypeptides. A hetsrodimer does not include an antibody formed
from four polypeptides (/. e., two light chains and two heavy chains). A *homodimer” or

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

[60861] in some embodiments, a CD3-binding polypeplide comprises, in order from aming-
terminus to carboxyl-terminus or in order from carboxyl-terminus {0 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} a CD3-binding domain. As used herein
and depending on context, a “hinge region” or a “hinge” refers to a polypeptide region between
a binding domain {(e.g., a CD3-binding domain or a second binding domain} and an
immunoglobulin constant region. As used herein and depending on conlext, a “linker” may refer
to (1) a polvpeptide region between Vy and V|_regions in a single-chain Fv (scFvior{2) a
polypeplide region between an immunogiobulin constant region and a second binding domain in
a CD3-binding polypeptide comprising two binding domains. A polypsptide region between an
immunoglobulin constant region and a CD3-binding domain in a CD3-binding polypeptide
comprising two binding domains may aiso be referred o as a “carboxyl-terminus linker” or an
“amino-terminus linker.” Non-limiting examples of carboxyl-terminus and amino-terminus linkers
include flexible linkers comprising glycine-sering repeats, and linkers derived from (a) an
interdomain region of a transmembrane protein {e.g., a type | 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 &
spacer function compatible with interaction of the two sub-binding domains so that the resulting
polypepltide retains a specific binding affinily to the same targst molecule as an antibody that
comprises the same light and heavy chain variable regions. In certain embodiments, a linkeris

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

[0062] A “wild-type immunoglobulin hinge region” refers to a naturally occurring upper and

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

hinge region.

[8083] An “aitered wild-type immunogiobulin hinge region” or “altered immunogiobulin hinge
region” refers to (8) a wild type immunoglobulin hinge region with up to 30% amino acid
changes {e.g., up to 25%, 20%, 15%, 10%, or 5% aminc 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.,about5,6,7,8, 9 10, 11,12, 13, 14, 15,16, 17, 18, 19, or 20 amino acids) up to about
120 amino acids (for instance, having a length of about 10 to 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 about 30% amino acid changes {(e.g., up to 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 2013/00985097.

[3064] As used herein, the term “humanized’ refers {0 a process of making an antibody or
immunoglobulin binding proteins and polypsptides derived from a non-human species {&.g.,
mouse or rat) less immunogenic to humans, while still retaining antigen-binding properties of the
original antibody, using genetic engineering technigues. In some embodiments, the binding
domain(s} of an antibody or immunogiobulin binding proteins and polypeptides {&.g., light and
heavy chain variable regions, Fab, scFv) are humanized. Non-human binding domains can be
humanized using technigues known as CDR grafting (Jones &f 8/, Nafure 321,522 (1988)) and
variants thereof, including “reshaping” (Verhoeyen, ef al., 1888 Science 239:1534-15386;
Riechmann, ef al., 1988 Nafure 332:323-337, Tempest, ef al., Bio/Techno/ 1991 9:266-271),
“hyperchimerization” (Queen, ef al, 1988 Proc Natl Acad Sci USA 86:10029-10033; Co, ef &/,
1991 Proc Nat! Acad Sci USA 88:2869-2873, Co, ef al,, 1992 J Immunol 148:1149-1154), and
‘veneering” (Mark, ef &/, "Derivation of therapeutically active humanized and venesred anii-
Ch18 antibodies.” in: Metcalf BW, Dalion BJ, eds. Cellular adhsasion: molecular definition to
therapeutic potential. New York: Plenum Press, 1994: 291-312). If derived from a non-human
source, other regions of the antibody or immunogiobulin binding proteins and polypeptides, such

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

[00858] An “immunogiobulin dimsarization domain” or “immunoglobulin heterodimerization
domain”, as used herein, refers io an immunoglobulin domain of a polypeptide chain that

preferentially interacts or associates with a different immunoglobulin domain of a second
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polypeptide chain, whersin the interaction of the different immunoglobulin heterodimerization
domains substantially contributes to or efficiently promotes hsterodimerization of the first and
second polypeptide chains (i e., the formation of a dimesr bebween two different polypeptide
chaing, which is also referred fo 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 befwsen 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 ths 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%, 85%, 96%, 97%, 98%, or 88% of ths first and sscond polypstpide chains
form heterodimers with each other. Representative immunoglobulin heterodimerization
domains include an immunoglobulin CH1 domain, an immunogiobulin CL domain (e.qg., Ck or CA
isotypes), or derivatives thereof, including wild type immunoglobulin CH1 and CL domains and

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

[0086] An “immunogiobulin constant region” or “constant region” is a term defined herein fo
refer to a peptide or polypeptide sequence that corresponds {o or is derived from part or all of
one or more consiant 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 cartain 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 embodimentis
{for exampls, in ceriain variations of a CD3-binding polypeptide or protsin}, the constant region
domains of a fusion protein of this disclosure lack or have minimal effector functions of antibody-
dependent cell-mediated cytoloxicity (ADCC) and complement activation and complement-
dependent cytotoxicity (CDC), while retaining the ability to bind some F. receptors (such as
F-Rn, the neonatal Fc receptor) and retaining a relatively iong half lifs in vivo. In other
variations, a fusion protein of this disclosure includes constant domains that retain such effector
function of one or both of ADCC and CDC. In certain embodiments, a binding domain of this
disclosure is fused fo a human IgG1 constant region, wherein the IgG1 constant region has one
or more of the following amino acids mutated: leucine at position 234 {(L234), leucine at position

235 (1235}, glycine at position 237 (G237), glutamate at position 318 (E318), lysine at position
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320 (K320}, lysine at position 322 (K322}, or any combination thereof (numbering according to
EL). For example, any one or more of thess amino acids can be changed to alanine. Ina
further embodiment, an IgG1 Fe domain has each of L234, L235, G237, E318, K320, and K322
{according fo EU numbering) mutated to an alanine (e, L234A L235A, G237A, E318A,
K320A, and K322A, respectively), and optionally an N297A mutation as well (1.e., essentially

eliminating glycosyiation of the CH2 domain).

[8087] “Foregion” or “Fo domain” refers {0 a polypeptide sequence corresponding to or derived
from the porlion of a source antibody that is responsible for binding to antibody receptors on
cells and the C1g component of complement. Fe¢ stands for *fragment crystalline” the fragment
of an antibody that wili readily form a protein crystal. Distinct protein fragments, which were
originally described by protecivtic digestion, can defing the overall general structure of an
immunoglobulin protein. As originally defined in the literature, the Fe fragment consists of the
disulfide-iinked heavy chain hinge regions, CH2, and CH3 domains. However, more recently
the ferm has been applied to a single chain consisting of CH3, CH2, and at least a portion of the
hinge sufficient to form a disulfide-linked dimer with a second such chain. For a review of
immunoglobulin structure and function, see Putnam, The Plasma Profeins, Vol V (Academic
Press, Inc., 1987}, pp. 49-140; and Padlan, Mol Immunol 31:168-217, 1994, As used herein,

the term Fc¢ includes varianis of naturally cccuring sequences.

[6068] in some embodiments, a CD3-binding protein comprises a protsin scaffold as generally
disclosed in, for example, in US Patent Application Publication Nos. 2003/0133%39,
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 example, in US Patent Application Publication No.
2008/0148447. A CD3-binding protein may compriss, in order from carboxyl-terminus {0 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. Multi-specific binding proteins and polypeptides using scaffolds are
disclosed, for instance, in PCT Application Publication No. WO 2007/146868, U.S. Patent
Application Publication No. 2006/0051844, PCT Application Publication No. WO 2010/040105,
PCT Application Publication No. WO 2010/003108, U.S. Patent No. 7,166,707 and U.S. Patent
No. 8,408,577, which are each incorporated herein by reference in their entirety. A CD3-binding

protein may comprise two binding domains (the domains can be designed to specifically bind
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the same or diffsrent targets), two hinge regions, and an immunoglobulin constant region. A
Ch3-binding protein may be a homodimeric protein comprising two identical, disulfids-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 [l C-lectin that is located between the C-type Isclin-like domain
(CTLE; e.g., similar o CTLD of natural killer cell recepiors) and the transmembrane domain.
For example, in the human CD34 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 Bovington ef a/., Immunity 10.75, 1999; for descriptions of other
stalk regions, see also Beavil ef af., Proc. Natl Acad. Sci. USA 88:753, 1992, and Figdor ef al,,
Nature Rev. Immunol. 2.77, 2002). These type |l C-lectins can alsc have from six to 10 junction
amino acids between the stalk region and the transmembrane region or the CTLD. In another
example, the 233 amingc acid human NKG2A prolein {(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 ll C-lectins, as well as their extraceliuiar ligand-bind
domains, intsrdomain or stalk regions, and CTLDs are known in the art (see, e.g., GenBank
Accession Nos. NP_001993.2; AAHO7037.1, PRI July 15, 2006, NP_001773.1, PRI June 20,
1010; AALB5234 .1, PRI January 17, 2002, and CAAD4925.1, PRI November 14, 2006, for the
sequences of human CD23, CDBY, CD72, NKG2A and NKGZ2D and their descriptions,

respectively).

(800717 As used herein, the “interdomain region” of a transmembrane protein (e.g., a typs |
fransmembrane protein) refers fo a portion of the extracellular domain of the transmeambrans
protein that is located between two adjacent domains. Examples of interdomain regions include
regions linking adjacent Ig domains of immunoglobulin superfamily members (e.g., an
immunoglobulin hinge region from IgG, IgA, Igb, or igE; the region linking the igV and IgC2
domains of CD2Z; or the region linking the IgV and IgC domains of CD80 or CE88). Ancther
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 polypepltide region “derived from” a stalk region of a type I C-lectin, or “derived from” a
transmembrang profein intsrdomain region {e.g., 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 {0 about 25 amino acid sequence, an
about 5 to about 20 amino acid sequence, an about 10 to about 25 amino acid sequence, an
about 10 to about 20 amino acid ssqguence, aboui 8 to about 20 aming acid sequence, about 8
to about 20 amino acid seguence, about 10 to about 20 amino acid sequeance, about 11 to about
20 amino acid sequence, about 12 to about 20 amino acid sequence, about 13 to about 20
amino acid sequence, about 14 {o about 20 aminec 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; (iiiy a polypeptide having at least 80%, 85%, 90%, or 95% amino acid sequence
identity with either (i) or (ii); or {(iv) either (i) or {if) in which one, two, three, four, or five aming
acids have a deletion, insertion, substitution, or any combination thereof, for instancs, the ons or
more changes are substitulions or the one or more mutations include only one deletion. In
some embodiments, a derivative of a stalk region is more resistant {o proteolylic cleavage as
compared o the wild-type stalk region sequence, such as those derived from about eight to
about 20 amino acids of NKG2A, NKG2D, CD23, CD84, CD72, or CDY4.

[0073] As used herein, the ferm “junction amino acids” or “junclion amino acid residuas” rafers
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 polypeptids {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, aboui 5-10, about 6-10, about 7-10, about 8-18, about
9-10, about 8-12, about 9-12, or about 10-12) amino acid residues between the C- terminus of a
CH3 domain (e.g., a wild type CH3 or a mutated CH3) and the N-terminus of a CH1 domain or
ClL domain {(e.g., Ck).
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[6075] As used herein, the term “patient in need” or “subject in need’ refers to a patient or a
subject at risk of, or suffaring from, a disease, disorder or condition that is amenable to
freatment or ameslioration with a CD3-binding protein or polypeptide or a composition thereof

provided herein.

[3076] As used herein, the term "pharmaceuticaily acceplable” refers to molecular entitiss and
compositions that do not generally produce allergic or other serious adverse reactions 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 harsain, the term "promoter” refers 10 a region of DNA involved in binding RNA

polymerase {o initiate transcription.

[0078] As used herein, the terms "nucleic acid,” "nucleic acid molecule,” or "polynucleotide”
refer to deoxyribonucieotides or ribonuciectides and polymers thereof in either single- or double-
stranded form. Unless specifically limited, the terms sncompass nucleic acids containing
analogues of natural nucleotides that have similar binding properties as the reference nucleic
acid and are metabolized in a manner similar to naturally occurring nucleotides. Unless
otherwise indicated, a particular 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, degenerats
codon substitutions can be achieved by generating ssquences in which the third position of one
or more selected (or all) codons is substituted with mixed-base and/or deoxyinosine residues
(Batzer ef al. (1991) Nucleic Acid Res. 19:5081; Ohtsuka ef /. (1985) J. Biol. Chem. 260:2605-
2608; Cassol ef a/. (1992}, Rossolini ef a/. (1994) Mol Cell. Probes 8:91-88). The term nucieic
acid is used interchangsably with gene, cDNA, and mRNA sncoded by a gene. As used herein,

the terms "nucleic acid,” "nucleic acid molecule,” or "polynuclectide” 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 nucleotide analogs, and derivatives, fragments and homologs

thereof.

[0079] The term “expression” refers 1o the biosynthesis of 3 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 cassstie” 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 polypeptide of inlerest, and a
transcription terminator, all in operable configuration. In addition fo a transcriptional promoter
and terminator, an expression unit can further includs other nucleic acid segments such as, e.g.,

an enhancer or a polyadenylation signal.

[0081] The term “expression vector,” as used herein, refers 10 & nucleic acid molecule, linear or
circular, comprising one or more expression units. In addition fo one or more expression units,
an expression vector can also include additional nucieic acid segments such as, for exampie,
ona or more origins of replication or one or more sslectable markers. Exprassion vectors ars

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

[0082] As used herein, the term “sequence identity” refers to a relationship between two or
more polynucleotide sequences or between two or more polypeptide sequences. When a
position in one sequence is occupied by the same nucleic acid base or amino acid residug in
the corresponding position of the comparator sequence, the ssquences are said to 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.” Psarcentage of "sequence identity” is delermined 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 more nucleic acids in length. The comparison windon for polypeptide sequences can
be, for instance, atleast 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 180, 170,
180, 190, 200, 300 or more amino acids in length. In order to optimally align sequences for
comparison, the portion of a polynuciectide or polypeptide 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, svan with gaps, produces the graatest possibls
number of “identical” positions between the reference and comparator sequences. Percentage
“sequence identity” between two sequences can be determined using the version of the

program “BLAST 2 Sequences” which was available from the National Center for Biotechnology
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Information as of September 1, 2004, which program incorporates the programs BLASTN (for
nucleotide seqguence comparison) and BLASTP (for polypeptide sequence comparison), which
programs are based on the algorithm of Karlin and Altschul (Proc. Nall, Acad. Sci. USA
90(12):5873-5877, 1993). When ulilizing "BLAST 2 Ssquences,” parameters that were default
parameters as of September 1, 2004, can be used for word size (3), open gap penalty (11),
extsnsion gap penalty (1), gap dropoff (50), expect valus (10) and any other required
parameter including bui not limited to matrix option. Two nucisotide or amine acid sequences
are considerad to have “substantially similar sequence idenlity” 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 98%, or at lsast 99% sequence identity relative to each other.

[0083] As used hersin, a “polypeptide” or “polypeplide chain” is a single, linear and contiguous
arrangement of covalenily linked amino acids. Hf does not include two polypeptide chains that
link together in a non-linear fashion, such as via an interchain disulfide bond {(e.qg., a half
immunoglobulin molecule in which a light chain links with a heavy chain via a disulfide bond).
Polypeptides can have or form ong or more infrachain disulfide bonds. With regard to
polypentidas as described herein, reference to amino acid residues corresponding to thoss

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

[0084] As used herein, "CD3-binding protein” may be used interchangeably with “CD3-binding
polypeptide.” Such molecules specifically bind 1o cluster of differentiation 3 protein (CD3) (e.g.,
human CD3).

[0085] A “protein” is a macromolecule comprising one or more polypeptide chains. A protsin
can also comprise non-peptidic components, such as carbohydrate groups. Carbohydrates and
pther non-peptidic substituents can be addsd to a protein by the cell in which the protein is
produced, and will vary with the type of cell. Proteins are defined herein in terms of their amino
acid backbons structurss; 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, scFv-

scFv dimer, or a diabody.

[0088] The tarms “amino-terminal” and “carboxylterminal’ are used herein o denote positions
within polypeptides. Where the context allows, these terms are used with reference fo a
particular sequence or portion of a polypeptide to 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 carboxyi-terminus of the complate 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-iinked heterodimer of the highly variable o
and B chains in most T-cells. in other T-cells, an alternative recepior made up of variable y 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 Molecular immunclogy (5th Ed.), Editor: Saunders, Philadeiphia,
2003; Janeway ef al., Immuncbiciogy: The Immune System in Health and Disease, 4™ Ed.,
Current Biology Publications, p148, 149, and 172, 1999). 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 to a complex formed by the association of CD3
chains with other TCR chains. For exampls, a TCR compiex can be composed of a CD3y
chain, a CD38 chain, two CD3g chains, a homodimer of CD3 chains, a TCRa chain, and &
TCRB chain. Alternatively, a TCR complex can be composed of a CD3y chain, a CD3d chain,
two CD3¢ chains, a homodimer of CD3Z chains, a TCRy chain, and a TCRDS chain.

[608%] “A component of a TCR compiex,” as used hersin, refers to 2a TCR chain (fe., TCRq,
TCRB, TCRy or TCRE}, a CD3 chain (ie., CD3y, CD3%, CD2e or CD37), 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 CD3s and CD3YJ, a complex of CD3y and CD3¢, or a sub-TCR
complex of TCRa, TCRB, Ch3y, CD3%, and two CD3¢ chains).

{0030} "Antibody-depsndent cell-mediated cyiotoxicity” and "ADCC " as used herein, referto a
cell-mediated process in which nonspecific cylotoxic cells that sxpress FoyRs (8.g., monocyiic
cells such as Natural Killer (NK) cells and macrophages) recognize bound antibody (or other
protein capable of binding FoyRs) on a target cell and subsequently cause lysis of the target
cell. In principle, any sffector call with an activating FoyR can be iriggered to mediate ADCC.
The primary cells for mediating ADCC are NK cells, which express only FoyRIill, whereas
monocytes, depending on their state of activation, localization, or differentiation, can express
FoyRE FoyRI, and FoyRIiH. For a review of FoyR expression on hematopoietic cells, ses, e.g.,
Raveich et al., 1291, Annu. Rev. Iimmunol,, 9:457-92.
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[6091] The term "having ADCC activily,” as used herein in reference 1o 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 CH3 domains, such as derived
from IgG {e.g., IgG1)), is capable of mediating antibody-dependent cell-mediated cylofoxicity
{ADCC) through binding of a cytolvtic Fe receptor (e.g., FoyRID on a cyiolvtic immune effector

cell expressing the Fe receptor {&.g., an NK celh).

[6092] "Complement-dependent cytoloxicity” and "CDC." as used herein, refer {0 a process in
which components in normal serum ("complement”), together with an antibody or other Clg-
complemeni-binding protein bound to a target antigen, exhibit lysis of 2 target cell expressing
the target antigen. Complement consists of a group of serum proteins that act in concert and in

an orderly seguence to exert their effect

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

relatively small initial signal.

[8094] The term “having CBC activity,” as used hersin in reference o a polypsptide or protsin,
means that the polypeptide or proiein (for example, one comprising an immunoglobulin hinge
region and an immunoglobulin constant region having CH2 and CH3 domains, such as derived
from igG (e.g., IgG1)) is capable of mediatling complemsnt-dependent cylotoxicity (CDC)

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

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

domains are capable of RTCC.

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

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

associated diseases.

[0097] As used herein, the term “therapsautically effective amount (or dose)” or “effective amount
{or dose)” of a specific binding molecule or compound refers to that amount of the compound
sufficient to result in amelioration of one or more symptoms of the disease being treated in a
statistically significant manner or a statistically significant improvemeant in organ function. When
raferring to an individual aclive ingredient, administered alone, a therapeutically effective dose
refers to that ingredient alone. When referring to a combination, a therapeutically effective dose
refers to combined amountis of the active ingredients that result in the therapeutic effect,
whether administered serially or simultaneously (in the same formuation or concurrently in

separate formulations).

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

into a cell. The transferred nucisic acid can be infroduced into a cell via an expression vecior.

[0098] As used herein, the ferm "variant” or “variants” refers io a nucleic acid or polypeptids
differing from a reference nucleic acid or polypeptide, but retaining essential properties thereof,
Generally, variants are overall closely similar, and, in many regions, identical to the reference
nucleic acid or polypsptide. Forinsiance, a variant may exhibit at ieast about 70%, atleast
about 80%, at least about 80%, at least about 85%, at least about 968%, 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” (also referred to as “light chain variable domain”
or “WL” or ¥} and “*heavy chain variable region” (also raferred to as “heavy chain variable
domain” or “VH” or V) refer to the variable binding region from an antibody light and heavy
chain, respectively. The variable binding regions are made up of discrete, well-defined sub-
regions known as “complementarity determining regions” (CDRs) and “framewaork regions”
(FRs), generally comprising in order FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 from amino-
terminus to carboxybterminus. in one embodiment, the FRs are humanized., The term *CL
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 CHS3 {igA, 1gD, 1gG), or CH1, CHZ, CH3, and CH4
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domains (Igk, ighM). A "Fab” {fragment antigen binding) is the part of an antibody that binds to
antigens and includss the variable region and CH1 domain of the heavy chain linked to the light

chain via an inter-chain disulfide bond.

[060101] The present disclosure describes binding domains that specifically bind CD3 {e.qg.,
human CD3), as well as polypsplides 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, CD18, CD20, CD37, CB38, CD123, Her2,
ROR1, RON, ghycoprotein A33 antigen (gpA33) or CEA). The polypeptides and proteins
comprising binding domains of this disclosure can further comprise immunoglobulin constant
regions, linker peptides, hinge regions, immunoglobulin dimerization/heterodimerization
domains, junctional amino acids, tags, efe. These 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-Fe-scFy molecule. Some bispecific moleculss
typically comprise or consist of an anti-lumor antigen 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.

[800103] A CD3-binding protein in accordance with the present disclosure gensrally includes at
lsast one CD3-binding polypeptide chain comprising (a) 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 (c) an immunogiobulin constant region. in
further variations, the ROR1-binding polypeptide further includes (d) a carboxyl-terminus linker
carboxyl-terminal to the immunoglobulin constant region, and (&) a second binding domain

carboxyl-terminal io the carboxyl-ierminus linker.

[00104] In yet other variations, the CD3-binding polypeptide comprises (b) a hinge region
amtino-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 embodimentis, CD3-binding polypsptides are capable of homodimerization,
typically through disulfide bonding, via the immunoglobulin constant region and/or hinge region
{e.g., via an immunoglobulin constant region comprising IgG CH2 and CH3 domains and an IgG
hinge region). Thus, in certain embodiments of the present disclosure, fwo identical single

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

[60108] In other embodiments, a CD3-binding polypeptide includes a heterodimerization
domain that is capable of helerodimerization with a different haterodimenzation domain in a
second, non-identical polypeptide chain. In cerlain 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 opticnally comprising 2 sscond 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 embodimenis, a CD3-binding domain, prolein or polypsptide 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 o 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 proieins 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 casss, CD3-binding domains of ths
disclosure contain amino acid substitutions. For example, TSC370 has the amino acid
sequence of TSC342 with the glvcine residue at position 27 according to the IMGT numbering

system substituted with tyrosine.

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

specifically to human CD3 and that comprises an immunoglobutin 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 1D 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 to the aming acid sequence in SEQ 1D NO:82; 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 92% identical, at least about 95% identical, at least about 87%
identical, at least about 98% identical or at least about 88% identical to the amino acid
sequence in SEQ 1D NO:88. A CB3-binding domain may comprise an amino acid sequence
that is at least about 87% identical, at least about 80% identical, at least about 82% identical, at
feast about 95% identical, at least about 97% identical, at least about 98% identical or at least
about 99% identical to the amino acid sequence in SEQ 1D NO:.83 or SEQ ID NGC:84. A CD3-
binding domain may comprise or consisi of SEQ 1D NO:83 or SEQ 1D NG:84. In some
embodiments, a CD3-binding domain comprises an amino acid sequence that is at least about
87% identical, at least about 90% identical, at least about 92% identical, at least about 95%
identical, at lsast about 87% identical, at least about 88% identical, at least about 99% identical,
or 100% identical {o the amine acid sequence in SEQ ID NG 4, 8, 8, 10, 12, 14, 16, 18, 20, 22,
24,26, 28,30, 32, 34, 38, 38,40, 42, 44, 46, 48, 50, 52 54,58, 58, or 60.

[60111] In some embodiments, a CD3-binding domain may comprise an immunoglobulin light
chain variable region that comprises an LCDR1 aming acid sequence that differs from SEQ D
NG:94 by at least one amino acid substitution, an LCDR2 amino acid sequence that diffsrs from
SEQ 1D NO:85 by at least one amino acid substitution, and an LCDRS3 amino acid sequence
that differs from SEQ 1D NO:G6 by at least one amino acid substitulion, and an immunoglobulin
heavy chain variable region that comprises an HCDR1 amino acid sequence that differs from
SEQ 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 LCDR1 amino acid seqguence 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 ssquence 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:281 by at least cne amino acid substitution. The CDR
amino acid sequence of 2 CO3-binding domain may differ from the recited sequence by atlisast
one amino acid substitution. The at least ane amino acid substitution may be a conservative or
a non-conservative amino acid substitution. In some embodiments, a LCDR1, LCDRZ, LCDR3,
HCDR1, HCDR2, and/or HCDR3 differs from an above-listed CDR sequence by 1,2, 3,4, 5, 6,
7,8, 9, or 10 amino acids. in cerfain embodiments, a CDR of the present disclosure contains
about one or more {8.¢., aboui 2, 3,4, 5,6, 7, 8, 9, 10} inssrtions, about one or more (e.q.,
about?2, 3,4,5,6,7, 8,9, 10} delelions, aboutone ormore (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 describing the amino acid substitutions in this disclosure, a position of an amino
acid residue in a variable region of an immunoglobulin molecule is usually numbered using the
IMGT criteria (Brochet, X, et al, Nucl. Acids Res. (2008} 36, W503-508). In some embodiments,
the amino acid residus ai position 52 of the immunoglobulin light chain variable region of a CD3-
binding domain is arginine and/or the amino acid residue at position 53 of the immunogiobulin
light chain variable region of a CD3-binding domain is tryplophan. The amino acid residue at
position 27 of the immunoglobulin heavy chain variable region of a CD3-binding domain may be
tyrosine. In some embodiments, a CD3-binding domain comprises one or more of the following:
(a) the aminc acid residue at position 8 of the immunoglobulin 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 immunogiobulin heavy chain variable region of a CD3-
binding domain may be aspartic acid. In one embodiment, the amino acid residue at position 86
of the immunoglobulin heavy chain variable region of a CD3-binding domain is aspartic acid and
the amino acid residue at position 87 of the immunoglobulin heavy chain variable region of a
CD3-binding domain is tyrosine.

[80113] In certain embodiments, a CO3-binding domain comprises humanized immunogiobulin
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 region and an immunoglobulin heavy chain variable region that compriss
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framework regions and at least one of the immunogliobulin light chain variabie region and the
immunoglobulin heavy chain variable region may be humanizad. In ons 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 immunogiobulin
heavy chain variable region comprises framework regions based on the human IGHV1-69%02
germiine amino acid sequence. in some aspects, an immunoglobulin heavy chain variable
ragion comprises frameawork regions based on the human IGHV1-2*02 (H7), IGHV1-46702 (H8},
IGHV1-3*01(H9), or IGHV1-69%02 (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 disciosure relates to CD3-binding domains that have improved properties
compared to the DRAZ22 CD3-binding domain. DRA222 has a light chain variable region
comprising SEQ 1D NO:80 and a heavy chain variable region comprising SEQ ID NO:87.
DRA222 is described in WO 2013/158856. DRA222 is sometimes referred to as TSC311 or
TESC312 in this disclosure. Fo DRAZ2Z has ths amino acid sequence 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 al least about 10% when compared to the thermal stability of
a CD3-binding domain comprising a light chain variable region comprising SEQ IDNO:90 and a
heavy chain variable region comprigsing SEQ 1D NO:87. The thermal fransition midpoint (Tm) of
a CD3-binding domain {or a protein comprising said domain} may be at least about 3°C, at least
about 4°C, at least about 5°C, or ai least about €°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:80 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 disclosad herein {or a proiein comprising said domain} may
have storage stability that is increased al 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 a CD3-binding domain comprising a 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 after a CD8-binding domain (or a protein comprising said
domain) is stored in PBS at 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 al lsast about 8
days, at least about 10 days, or al least about 13 days and up to about 90 days.

[60118] In some aspects, a CD3-binding domain as disciosed hersin (or a protein comprising
said domain) has a level of high molecular weight aggregatss produced during recombinant
expression that are al lsast about 5%, at least about 10%, at least about 20% decreased, al
least 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 light chain variable region compriging SEQ 1D NO: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 cynomolgus CD3. For example, a CD3-binding domain may bind to
cynomaolgus CD3 with an EC50 of aboui 30 nM or lower. Binding io cynomolgus CD3 aliows the
anti-CD3 therapeutic {0 be {ested in non-human primates.

[00118] The disclosure encompasses a CD3-binding domain that binds specifically to human
CD3 and that comprises an immunoglobulin light chain variable region and an immunogliobulin
heavy chain variable region, whsarein the immunoglobulin light chain variable region comprises
an LCDR1 amino acid sequence of SEQ 1D NO:84, an LCDRZ2 amino acid sequence of SEQ D
NO:85, and an LCDR3 amino acid seguence of SEQ D NO:96 and wherein the
immunoglobulin heavy chain variable region comprises an HCDR1 amino acid sequence of
SEQ 1D NQO:91, an HCDRZ2 amino acid sequence of SEQ 1D NO:92, and an HCDR3 amino acid
saqguence 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 CDS-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; (il) the CD3-binding
domain {(or a protein comprising the CD3-binding domain) is siable in siorage in PBS at about
25°C for at least aboui 8 days, at leasi 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 embodimenis, a CD3-binding polypeplide when bound to a2 CD3 proteinona T
cell does not inducs or induces a minimally detectabls cytoking release from said T cell. in
certain aspecis, a CDS-binding protein or polypeptide exhibits reduced cytokine release in a
patient as compared to the cytokine released when anti-CD3 antibody OKTS is administered fo

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

[60128] In certain embodiments, a CO3-binding protein can comprise one or more additional
binding domains {8.g., second binding domain} that bind a target other than CD3. These other
binding domains can comprise, for example, a parlicular cylokine or a molecule that targets the
binding domain polypeptide o a particular cell type, a toxin, an additional cell receptor, 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, a CD3- and/or a second binding
dommnain is derived from an antibody and comprises a variable heavy chain (VH)} and a variable
fight chain (VL). These binding domains and variable chains may be arranged in any order that
still retains some binding to the target(s). For example, the variable domains may bs arranged
in the order such as VH SBD-VL SBD-VH CD3-VL CD3; V0L 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 refers {0 "second binding domain™}. In ceriain 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 positioned N-
terminally to a linker ssquence. The VL region may be positioned C-terminally o the linker
sequence. The domain arrangament in the CD3 binding domain of the bispecific single chain
molecule may be VH-VL, with said CD3 binding domain located C-terminally to the second
binding domain. in some cases, a bispecific molecule may comprise an scFv binding to a
second binding domain linked to an scFv binding to CD3. These scFvs may be linked with a
short peptide. In some embuodiments, bispscific single chain molecules do not comprise & hings
region or a constant region {see, for example, US 2013/0295121, US 2013/0129730, US
2011/0293619, US 7,635,472, WO 2010/037836, WO 2004/106381 and WO 2011/121110;

gach incorporated herein by refersnce in ils entirety).
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[60122] In some embodimentis, a binding domain is a single-chain Fv fragment {(scFv) that
comprises Vy and V, regions specific for a target of interest. 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 Vy regions joined by a peptide linker. The use of
peptide linkers for joining V, and Vy 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
GRHNNSSLNTGTOQMAGHSPNS (SEQ 1D NO:148). In some embodiments, a peplide linker is
a 15mer consisting of three repeals of a Gly-Gly-Gly-Gly-Ser amino acid sequence ((Glv.Ser)s)
{(SEQ 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 sslect appropriate linker
sequences (Tang ef al., J. Biol Chem. 271, 15682-15686, 1996, Hennecke et a/l., Protein £ng.
11, 405-410, 1948). In certain embodimeants, the V. and Vy, regions are joinad by a paptids
linker having an amino acid sequence comprising the formula (Gly,Ser),, whersin n = 1-5 (SEQ
ID NO:194). In some embodiments, a GlysSer sequence may be repeated between 6 and 10
times. Other suitable linkers can be obtained by optimizing a simple linker (e.g., (Gly.Sen,
(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 {o 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-tarminus}, (i} a
second binding domain, (ii) a hinge region, {iii} an immunoglobulin constant region, (iv) a
carboxyl-terminus linker (or an amino-terminus linker), and {v) a CD3-binding domain. As used
herein in the context of a polypeplide consiruct comprising a first binding domain and a second
binding domain, a "hinge region” or a *hings’ refars 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 hinge is a wild-type human immunogiobulin hings
ragion. In certain other embodiments, one or more amino acid residues can be added at the
amino- or carboxyl-terminus of a wild type immunoglobulin hinge region as part of a fusion
protein construct design. For example, additional junction amino acid residues at the hinge

amino-terminus can be "RT,” “R8S "TG," or "T," or at the hinge carboxyl-terminus can be "SG",

(PN
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or a hings 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 (8.g.,

serine or alanine).

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

hinge region are notf 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%, atleast 85%, at least 86%, at least 87%, at least 88%, atleast 89%, at
least 90%, atleast 81%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 87%, atlsast 98%, or at least 98% identical to a wild type immunoglobulin hinge region,
such as a wild type human igG1 hings, a wild type human IgG2 hinge, or a wild type human

IgG4 hinge.

[80127] In further embodimenis, a hinge, a carboxyl-terminus linker, or an amino-terminus linker
present in a CD3-binding polypsaptide can be a hinge that is not based on or derived from an
immunoglobulin hinge (i.e., not a wild-typs immunogiobulin hinge or an allered immunogliobulin
hinge). Examples for such hinges and carboxyl-terminus linkers include peplides of about five
to about 150 amino acids derived from an interdomain region of a fransmembrane protein or
stalk region of a type Il C-lectin, for instance, peplides of about eight to 25 amino acids and

peplides of aboui seven to 18 aminoc acids.

[00128] 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 g-helical colled 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 io 150 amino acid fragments from the stalk
ragions of CDBY, CD72, CD9%4, NKG2A and NKG2D. A hinge, a carboxyl-terminus linker, or an
amino-terminus linker may also be a flexible linker sequence comprising (Gly,Ser) repeats. In
some embodiments, a hinge is a 15mer consisting of three repeats of a Gly-Gly-Gly-Gly-Ser
amino acid sequence ((Gly Ser),) (BEQ 1D NO:1983). In certain embodiments, a hinge has an
amino acid seguence comprising the formula (Gly,Ser),, wherein n = 1-5 (SEQ 1D NO:184). 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.g., (GlysSer, (SEQ ID NO:184))

through random mutagenesis.

[00129] In certain embodiments, hinge, carboxyl-terminus linker, and amino-terminal linker
sequences have about 5 to 150 aming acids, 5 to 10 amino acids, 10 1o 20 amino acids, 20 to
30 amino acids, 30 o 40 amino acids, 40 1o 50 amino acids, 50 fo 60 amino acids, 5 {0 60
amino acids, 5 to 40 amino acids, 8 16 20 amino acids, or 10 {o 15 amino acids. The hinge or
linker can be primarily flexible, 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 aclivities of the Fc region portions to which the hinges or

linkers are dirsclly or indirectly connescted.

[00130] In certain embodiments, hinge, carboxyl-terminus linker, and amino-terminal linker
sequences are stable in plasma and serum and are resistant fo proteoiviic cleavage. The first
tysine in the IgG1 upper hinge region can be mutated to minimize proteolytic cleavage, for
instance, the lysine can be substiluted 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 polypsptide chain and comprises a hinge ragion (&)
immediately amino-terminal to an immunoglobulin constant region {e.g., aminc-terminal to a
CH2 domain wherein the immungobloubolin constant region includes CH2 and CH3 domains, or
amino-terminal to g CH3 domain wherein the immunoglobulin sub-regions includes CHS and
CH4 domains), (b) interposed between and connecting a binding domain (e.g., scFv) and a

immunogiobulin heterodimerization domain, (¢} interposed bstween and connecting a
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immunoglobulin heterodimerization domain and an immunoglobulin constant region (2.g.,
whersin 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 1o form a heterodimeric protsin
provided hargin, and the heterodimer formed will contain a binding domain that retains its larget

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 thereof. In certain embodimenis, a
hinge of one polypeplide chain of a heterodimeric protein is identical fo a corresponding hinge of
the other polypeplide chain of the helerodimer. In cerlain 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 affinitiss of the binding domains
to which the hinges are connectaed, so that the heterodimer is able o preferentially bind o 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 hinges in the two chains may
allow the helerodimer io bind to the second target first, and then to a CD3 component second.
Thus, the heterodimer may recruit CD3" T-celis to the second target-expressing cells (e.g.,

tumor or cancer cells), which in turmn may damage or desiroy the second fargst-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 hinge and linker regions are set forth in SEQ 1D NOs: 241-244,
601, 78, 763-701, 228, 379-434, 618-74%9 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 | EPKSSDKTHTSPPCS SEQ ID NO:123
sco{s)-higG1 hinge | EPKSSDKTHTCPPCS SEQ ID NO:124
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css{s)-higG1 hinge | EPKSCDKTHTSPPES SEQ ID NO125
ses{s)-higG1 hinge | EPKSSDKTHTCPPSS SEQ ID NO:126
cee(s)-higG1 hinge | EPKSCDKTHTSPRPCS SEQ ID NO:127
cce(p)-hlgGt hinge | EPKSCDKTHTSPPCP SEQ ID NO:128
$s3(p)-hlgG1 hinge | EPKSSDKTHTSPRSP SEQ ID NO:128
esc{p)-hlgG1 hinge | EPKSCDKTHTSPPCP SEG 1D NO:130
ssc{p)-higG1 hinge | EPKSSDKTHTSPRCP SEQ ID NO:131
566(p)-higG1 hings | EPKSSDKTHTCPPCP SEG 1D NO:132
css(p}-higGt hinge | EPKSCDKTHTSPPSP SEQ D NO33
scs{p)-hilgG1 hinge | EPKSSDKTHTCPPSR SEQ D NOI134
Scppep SCPPCP SEQ ID NO:135
STD NYGCGEEEGCEEGEEGEGESGNS SEQ D NGC:136
85702 NYGCGEESGEEESCGEEEGNY SEQ D NG:137
GGAGEGGEGEEGEGEEGNS
H1 NS SEQ D NOG:138
H2 GGEGSGNS SEQ D NOGI139
H3 NYGGGGSENS SEQ D NG:140
4 GGEESGGEGEGNS SEQ D NG:141
H5 NYGGGESGGEGESGNS SEQ D NG:142
8 GGEESGGEEEGEGEEEGNS SEQ D NG143
7 GCPPCPNS SEQ D NG44
(G483 GOGGESGEEESCEEES SEQ D NO:145
H105 SGGGEGEGEGEEEGEEES SEQ D NG:148
(ETRIN GOGGESGEEESEHEGEGESGGEES SEQ D NO147
H75 (NKG2A QRHNNSSLNTGTQMAGHSPNS SEQ D NG:148
guadruple mutant}
H83 (NKG2A SELNTCGTOMAGHSPNS SEQ D NOG:149
derived)
H106 (NKG2A QRHNNSSLNTGTQMAGHS SEQ D NQ:150
derived)
H81 (NKG2D EVQIPLTESYSPNS SEQ D NG5
derived}
HO1 (NKG2D NSLANQEVQIPLTESYSPNS SEG ID NG:152
derived)
Ho4 SCEGCEEGCEGESGEGEESEPNS SEQ D NG153
H111 SGEEESGGEGEGCEGEEEPGSE SEQ D NG:196

Tabie 2. Exemplary hinges and linkers {derived from HY hinge, stalk region of a type l C-
lectin, or interdomain region of a type | fransmembrane protein}
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Hinge Amino Acid Sequence Molecule andior SEQ D NO:
Region hinge from
which derived
H18 LSVKADFLTPEIGNS cpso EEQ ID NO:154
H17 LEVKADFLTPSISCPPCPNS Ccosl + HY7 SEQ D NO1ES
H13 LEVLANFSQPEIGNS cD8e SEQ ID NO:156
H19 LSVLANFSQPEISCPPCPNSE CD86 + M7 SEQ ID NO:157
20 LKIQERVEKPKISNS ch2 SEQ D NO158
H21 LKIQERVSKPKISCPPCPNS CD2Z + H7 SEQ ID NO:158
H22 LNVSERPFPPHIGNS chz22 SEQ ID NO:160
23 LODVSERPFPPHIQSCPPCPNS D22 +H7 SEQ D NO161
H24 REQLAEVTLSLKANS CDao SEQ ID NO:162
H25 REQLAEVTLELKACPPCPNS CD80 + M7 SEQ ID NO:163
28 RIHQMNSELSVLANS D86 SEQ D NO164
H27 RIHQMNSELSVLACPPCPNS CD86 + HY SEQ ID NO:165
H28 DTKGKNVLEKIFSNE cD2 SEQ ID NO:166
30 LPPETQESQEVTLNS CcDaz2 SEQ D NOaY
H32 RIHLNVSERFFPPNS ch22 SEQ ID NO:168
H33 RIHLNVSERPFPPCPPCPNE CD22 +HY7 SEQ ID NO:168
H36 CCPPCPCGGGGENS 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 GCGCASCPPCPGNS 7 SEQ ID NO:174
H45 GGGASCPPCAGNS H7 SEQ ID NO:1T5
46 COCASCPPCANE H7 SEQ ID NO:I176
Ha7 LSVKADFLTPBIGNS Cogo SEQ ID NO:177
H48 ADFLTPSIGNS CDag SEQ ID NO:178
H50 LEVLANFSQPEIGNS D86 SEQ D NOI1T9
H51 LSVLANFSQPEIGNE CcD8s SEQ 1D NO:180
H582 SQPEIVPISNS CDes SEQ ID NO:181
H53 SGPEIVPISCPPCPNS CD86 + HY SEQ ID NO:182
H54 SVLANFSQPEIBCPPCPNS coss + H7 SEQ D NOI183
H55 RIHOQMNSELSVLANS CcD8s SEQ ID NO:184
H58 QMNSELSVLANG 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 KPFFTCGSADTCPNE co72 SEQ ID NO:188
HE0 QYNCPGQYTFSMPNS CcDBY SEQ D NO189
He1 EFAFTPGPNIELQKDSDCPNS CDo4 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 “immunogliobulin heterodimerization

domain.”

[00138] 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 contributes to or efficiently promotes hsterodimerization of the first and
second polypeptide chains (i e., the formation of a dimesr bebween two different polypeptide
chains, which is also referred {o as a “helerodimer” or “heterodimeric protein”). The interactions
between immunoglobulin heterodimerization domains “substantially contributes to or efficiently
promotes” the heterodimerization of first and sscond polypeptide chains if there is a statistically
significant reduction in the dimerization between the first and second polypeptide chains in the
absence of the immunoglobulin heterodimerization domain of the first polypeptide chain and/or
the immunoglobulin heterodimerization domain of the second polypeptide 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%, 85%, 96%, 97%, 98%, or 88% of ths first and sscond polypstpide chains
form heterodimers with each other. Representative immunoglobulin heterodimerization
domains include an immunoglobulin CH1 domain, an immunoglobulin 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/heterodimerization domains can be used where it is desired {o form
heterodimers from two non-identical polypeptide chains, where one or both polypeplide chains

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

the resulting helerodimeric protein.

[00137] As provided herein, immunoglobulin heterodimerization domains useful for promoting
heterodimerization of two different single chain polypeptides {(e.g., one short and one long)
according to the present disclosurs include immunoglobulin CH1 and CL domains, for instance,
human CH1 and CL domains. In certain embodiments, an immunoglobulin heterodimerization
domain is a wild-type CH1 domain, such as a wild type IgG1, 1gG2, 1gG3, 1gG4, IgA1, IgAZ2, IgD,
IgE, or IgM CH1 domain. In further embodiments, an immunoglobulin heterodimerization
domain is a wild-type human igG1, 1gG2, 1gG3, IgG4, igA1, 1gAZ, Igb, igk, or ighM CH1 domain
as set forth in SEQ ID NOS:114, 186-192 and 194, 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 2015/0128723 (said sequence incorporated by reference herein).

[00138] In further embodimenis, an immunoglobulin heterodimerization domain is an altered
immunoglobulin CH1 domain, such as an allered 1gGH1, 1gG2, 1gG3, 1gG4, 1gA1, IgA2 IgD, IgE,
or igM CH1 domain. In certain embodiments, an immunoglobulin heterodimerization domain is
an altered human IgG1, IgG2, 1gG3, IgG4, IgAt, IgAZ, IgD, IgE, or IghM CH1 domain. In still
further embodiments, a cysteine residue of a wild-type CH1 domain (e.g., a human CH1)
involved in forming a disulfide bond with a wild type immunogiobulin CL domain {s8.g., a human
CL)} is deleted or substifuted in the allered 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 Cx domain or a wild type CA domain. In cariain embodiments,
an immunogliobulin 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 2013/0120723 (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 Ck or human CA domain.

[00148] In certain embodiments, a cystaine 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 allered immunogliobulin CL domain. Such allered
ClL 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 cysigine of the wild tvpe 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
tvpe human Ck domain can be provided by a linker that has an arginine at its carboxyl-terminus
and links the amino-terminus of the altered Ck domain with another domain {e.g., an
immunoglobulin sub-region, such as a sub-region comprising immunoglobulin CH2 and CH3
domaing). An exemplary CA domain is setforth in SEQ 1D NO:140 of US 2013/0128723 (said
sequences incorporated by reference herein), in which the first arginine of a wild type human CA
domain is deleted and the cysteing involved in forming a disulfide bond with a cysieine in a CH1

domain is substituied by a sering.

[60141] In further embodiments, an immunoglobulin heterodimerization domain is an aliered Ck
dormain that contains one or more amino acid substitutions, as compared to a wild type Ck
domain, at positions that may be invelved in forming the interchain-hvdrogsn bond network at a
Ck-Ck interface. For example, in certain embodiments, an immunoglobulin heterodimerization
domain is an altered human Cx domain having one or more aming acids at positions N2%, N30,
Q52, V55, THG, S68 or T70 that are substituted with a different amino acid. The numbering of
the amino acids is based on their positions in the altersed human Ck sequence as seti forth in
SEQ ID NO:141 of US 2013/0128723 (said sequence incorporatad by reference herein). In
certain embodiments, an immunoglobulin helerodimerization domain is an altered human Ck
domain having one, two, three or four amino acid substitutions at positions N29, N30, V85, or
T70. The amino acid used as a substitute atf the above-noted positions can be an alanine, or an
amino acid residue with a bulk side chain moiety such as arginine, tryptophan, tyrosine,
glutamate, glutamine, or lysine. Additional amino acid residues that can be used o substifuts
amino acid residues of the wild type human Ck sequence at the above noted positions {(e.g.,
N30} include aspartate, methionine, serine and phenyalanine. Exemplary altered human Ck
domains are set forth in SEQ 1D NOS:142-178 of US 2013/0129723 (said sequences

43



(Vg

16

[
(¥4

20

WO 2017/053469 PCT/US2016/052942

incorporated by reference herein). Altersd human Ck domains are those that facilitate
hseterodimerization with a CH1 domain, but minimize homodimerization with ancther Cx domain.
Representative altered human Ck domains are set forth in SEQ 1D NOS: 180 (N29W V55A
T704A), 1681 (N29Y VE5A T70A), 202 (TTOE N28A N30A V55A), 167 (N30OR V55A T70A), 1868
(NIOK WBEA TT70A), 170 (N3OE VE5A T70A), 172 (VE5R N29A N30A), 175 (N29W N30Y V55A
T70E), 176 (N29Y N30Y V55A T70E), 177 (N30OE V55A T70E), 178 (N30Y V55A T70E), 838
(N30D V55A T70E), 839 (N30OM V35A T70E), 840 (N30S V55A T70E), and 841 (N3OF V55A
T70E) of US 2013/0129723 (said sequences incorporated by reference hersin).

[060142] In certain embodiments, in addition to or alternative 1o the mutations in CKk domains
described herein, both the immunogiobulin heterodimerization domains (.., immunogiobulin
CH1 and CL domains) of a polypeptide heterodimer have mutations so thai the resulting
immunogiobulin heterodimerization domains form salt bridgss (L.e., ionic interactions) between
the amino acid residues at the mutated sites. For example, the immunoglobulin
heterodimerization domains of a polypeptide heterodimer can be a mutated CH1 domain in
combination with a mutated Ck domain. In the mutated CH1 domain, valine at position 68 (V68)
of the wild type human CH1 domain is substituted by an amino acid residusg having a negative
charge (e.g., aspariate or glutamate), whereas leucine at position 29 (L2%) of a mutated human
Ck domain in which the first arginine and the last cysieing have been deleted is substituted by
an amino acid residue having a positive charge (e.g., lysing, arginine or histidine). The charge-
charge interaction between the amino acid residue having a negative charge of the resulting
mutated CH1 domain and the aming acid residue having a positive charge of the resulting
mutated Ck domain forms a salt bridge, which stabilizes the heterodimeric interface belween the
mutated CH1 and Ck domains. Alternatively, VB8 of the wild type CH1 can be substituled by an
amino acid residue having a posilive charge, whergas L29 of a muiated human Ck domain in
which the first arginine and the last cysieine have bsen deleted can be substituted by an amino
acid residue having a negative charge. Exemplary mutated CH1 sequences in which V68 is
substifuted by an amino acid with either a negative or positive charge are set forth in SEQ 1D
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 sef forth in SEQ 1D NOS:842 and 843 of US 2013/0128723 (said

sequences incorporated by reference hersin).

[00143] Positions other than V88 of human CH1 domain and L29 of human Ck domain can be

substituted with amino acids having opposite charges to produce ionic interactions between the
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amino acids in addition or alternative to the mutations in V868 of CH1 domain and L29 of Ck
domain. Such positions can be identified by any suitable method, including random
mutagenesis, analysis of the crysial structure of the CH1-Ck pair to identify amino acid residues
at the CH1-CK interface, and further identifying suitable positions among the amino acid
residues at the CH1-CK interface using a set of crileria (e.g., propensily o engage in ionic

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

[80144] In certain embodiments, polypeptide haterodimers of the present disclosure contain
only one pair of immunoglobulin heterodimerization domains. For example, a first chain of a
polypepltide heterodimer can comprise a CH1 domain as an immunoglobulin heterodimerization
domain, whils a second chain can comprise a CL domain {e.g., a Ck or CA) as an
immunoglobulin heterodimerization domain. Altsrnatively, a first chain can comprise a2 CL
domain {(&.g., a Ck or CA) as an immunoglobulin heterodimerization domain, while a second
chain can comprise a CH1 domain as an immunoglobulin heterodimerization domain. As set
forth herein, the immunoglobulin heterodimerization domains of the first and second chains are

capable of associating 1o form a heterodimsric protein of this disclosure.

[001458] In certain other embodiments, 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 second chain can have two CH1 domains that associaie with
the two CL domains in the first chain. In certain embaodiments, a first polypeplide chain
comprises a CH1 domain and a CL domain, while a second polypeptide chain comprises a CL
domain and a CH1 domain that associate with the CH1 domain and the CL domain,

respectively, of the first polypeptide chain.

[80146€] In the embodiments where a heterodimeric 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 1o the
immunogiobulin constant region of that chain. Allernatively, the immunogiobulin
heterodimerization domain in each chain can be localed carboxyl-terminal {o the

immunoglobulin constant region of that chain.

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

heterodimerization domains in each chain can be located amino-terminal to the immunogliobulin
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constant region of that chain. Alternalively, both immunogiobulin heterodimerization domains in
gach chain can be located carboxyl-terminal to the immunoglobulin constant region of that
chain. In further embodiments, one immunoglobulin hetercdimerization domain in each chain
can be lecated amino-terminal to the immunoglobulin constant region of that chain, while the
other immunoglobulin 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
immunogiobulin constant region is interposed between the two immunoglobulin

heterodimerization domains of each chain.

[00148] As indicated herein, in certain embodiments, CD3-binding polypeptides of the present
disclosure comprise an immunogiobulin constant region (also referred to as a constant region)
in a polypeptide chain. The inclusion of an immunoglobulin constant region slows clearance of
the homodimeric and heterodimeric proteins formed from two CD3-binding polypeptide chains
from circulation after administration {0 a subject. By mulations or other allerations, 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 increased or decreased depending on ths disease being treated,
as known in the art and described herein. In certain embodiments, an immunoglobulin constant
region of one or both of the polypeptide chains of the polypeptide homodimers and
heterodimers of the present disclosurs will be capable of mediating oneg or more of thess
effector functions in other embodiments, one or more of these effector functions are reduced or
absent in an immunoglobulin constant region of one or both of the polypeptide chains of the
polypeptide homodimers and heterodimers of the present disclosure, as compared {o a
corresponding wild-type immunogliobulin constant region. For exampile, 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 sffsctor function relative {o

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. a CHZ domain, a CH3 domain, & CH4
domain, or any combination thersof. For example, an immunogliobulin constant region can
comprise a CHZ domain, a CH3 domain, both CHZ2 and CHS domains, both CHS and CH4
domains, iwo CH3 domains, a CH4 domain, two CH4 domains, and a CH2 domain and partof a
CH3 domain.
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[60150] A CH2 domain that can form an immunoglobulin constant region of a CD3-binding
polypeptide of the present disclosure can be a wild type immunogiocbulin CHZ domain or an
altered immunoglobulin CH2 domain thereof from cerfain immunogliobulin classes or subclassss
{a.g., 1gG1, 1gG2, 1gG3, 1gG4, IgA1, IgAZ2, or lgD) and from various species (including human,

mouse, rat, and other mammals).

[60151] In certain embodimenis, a CH2 domain is a wild typs human immunogiobulin CH2
domain, such as wild type CH2Z domains of human IgG1, 1gG2, IgG8, IgG4, IgAl, IgAZ, origh,
as set forth in SEQ ID NOS:115, 199-201 and 185-197, respectively, of US 2013/0128723 (said
sequences incorporated by reference herein). In certain embodiments, the CH2 domain is a
wild type human igG1 CH2 domain as set forth in SEQ ID NO:115 of US 2013/0129723 (said

sequence incorporated by reference herein).

[00152] In certain embodiments, a CH2 domain is an allered immunoglobulin CH2 region (e.qg.,
an altered human IgG1 CH2 domain) that comprises an amino acid substitution at the
asparagine of position 297 (e.g., asparagine to alanine). Such an amino acid substitution
reduces or eliminates glycosylation at this site and abrogates efficient F¢ binding o FeyR and
C1g. The sequence of an altsred human IgG1 CHZ domain with an Asn {0 Ala substitution at
position 297 is set forth in SEQ 1D NO:324 of US 2013/0128723 (said sequence incorporated by

reference herein).

[60153] In certain embodiments, a CHZ domain is an allered immunogliobulin CHZ region {e.q.,
an altered human igG1 CH2 domain) that comprises at least one substitution or delelion 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, posilions 234-236, posilions 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 {e.g., two, three, four or five)
armino 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-mediated cytotoxicity (ADCC) aclivity or Fe receptor-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 amino acid residues at
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positions 234-238 have been delsted while one or more of the remaining amino acids at

positions 234-238 can be substituted with another amine acid (e.q., alanine or saring).

[00154] In certain other embodiments, a CH2 domain is an altered immunoglobulin CH2 region
{e.qg., 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 immunogiobulin 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 CHZ2 domain.

[001858] In certain other embodiments, in addition {o the aming acid substitution at position 297,
an altered CH2 region {e.g., an altered human IgG1 CH2 domain) can further comprise one or
more {&.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, positions
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 (&.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 cyiotoxicity (ADCC) activily or Fe recepior-binding capability of a
polypeptide heterodimer that comprises the altered CH2 domain. In cerfain embuodiments, 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 deleled while one or more of tha remaining amino acids at positions 234-238 can

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

[00158] In certain embodiments, in addition to one or more {e.g., 2, 3, 4, or 5) amino acid
substitutions at positions 234-238, a mutated CHZ region (e.g., an altered human igG1 CHZ
domain) in a fusion protein of the present disclosure can contain one or more {e.g., 2, 3, 4, 5, or
£} additional aming acid substitutions (e.g., substiluted with alaning) at one or more positions
involved in complemant fixation {e.g., at positions 1253, H310, E318, K320, K322, or P331).
Examples of mutated immunogliobulin CH2 regions include human IgG1, G2, IgG4 and mouse
igGZ2a CHZ regions with alanine substitutions al positions 234, 235, 237 (if present), 318, 320
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and 322. An exemplary mutated immunoglobulin CH2 region is mouss iIGHGZc CH2 region
with alanine substitutions at L234, 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 IgG1 CHZ2 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 ai 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 P331, such as oneg, two, three substitutions at positions E318, K320 and K322, The amino

acids at the above-noted positions can be substitited 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 substitution at
position 234, 235, 236 or 237; (i) an amino acid substitution at the asparagine of position 297
and amino acid substitutions at two of positions 234-237, (i} an amino acid substitution at the
asparagine of position 287 and amino acid substitutions at thres 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 aming 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 238,

and amino acid subslitutions atl 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 substitutions
al V234, G236, and N297 (SEQ 1D NO:326 of US 2013/0125723, said ssqguence incorporated
by reference herein), human IgG4 CHZ region with alanine substitutions at F234, L235, G237
and N297 and a deletion of G238 (SEQ 1D NO:322 of US 2013/0128723, said sequence
incorporated by referance herein), human lgG4 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 N287 (SEQ 1D NO:345 of US 2013/0129723, said
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segquence incorporated by reference herein), and human IgG4 CH2 region with alanine
substitutions at G237 and N287 (SEQ ID NO:346 of US 2013/0129723, 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 mors posilions other than the above-noted
positicns. 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
altered IgG2 CH2 region {see, e.g., SEQ 1D NO:328 of US 2013/0128723, said sequence
incorporated by reference herein). In addition or alternatively, in certain embodiments, the
altered CH2 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 CHZ region,
such as at the N- or C-terminus of a wild type immunoglobulin CHZ2 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 CH2 region in a polypsptide of the present
disclosure comprises oris a sequence that is at least 830%, at least 91%, at least 92%, ai least
93%, at least 94%, atleast 85%, at least 96%, at least 97%, at legst 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., IGHGE2:).

[00162] An altered immunoglobulin CHZ2 region in a CD3-binding polypeptide of the present
disclosure can be derived from a CH2 region of various immunoglobulin isotypes, such as 1gG1,
g2, igG3, 1G4, IgAt, igA2, and igD, from various species (inciuding human, mouse, 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 CHZ2 region of human IgGH1, 1gG2 or
lgG4, or mouse IgG2a {e.g., IGHG2c), whose sequences are set forth in SEQ ID NOS:115, 199,
201, and 320 of US 2013/0129723 (said sequences incorporated by reference herein).

[30163] In certain embodiments, an altered CHZ2 domain is a human IgG1 CHZ domain with
alanine substitutions at positions 235, 318, 320, and 322 (4.&., a human igG1 CH2 domain with
L2354, E318A, K320A and K322A substitulions) (SEQ 1D NO:595 of US 2013/0129723, said
sequence incorporated by reference herein), and oplionally an N297 mutation {e.q., 1o alanine).
In certain other embodiments, an allered CHZ2 domain is a human IgG1 CHZ domain with
alaning substitutions at positions 234, 235, 237, 318, 320 and 322 {i.€., a human IgG1 CH2
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domain with L234A, L235A, G237A, E318A, K320A and K322A substitutions) (SEQ 1D NO:586
of US 2013/0128723, said sequence incorporated by reference herein}, and optionally an N287

mutation (e.g., io alanine).

[00164] In certain embodiments, an altered CHZ 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, 1gG4, IgA1, IgAz, IgD, igE, Ight) of various species (including human,
mouse, rat, and other mammals). In certain embodiments, a CH3 domain is a wild type human
immunoglobulin CH3 domain, such as wild type CH3 domains of human IgG1, 1gG2, 1gGS,
igG4, IgAt, 1gA2, lgl, IgE, or igM as set forth in SEQ 1D NOS:116, 208-210, 204-207, and 212,
respectively of US 2013/0128723 (said sequences incorporatsd by reference herein). in certain
emibodiments, the CHS domain is a wild type human igG1 CH3 domain as set forth in SEG 1D
NO:116 of US 2013/0128723 (said sequence incorporated by reference herein). In certain
embodiments, a CH3 domain is an allered human immunoglobulin CH3 domain, such as an
altered CH3 domain based on or derived from a wild-type CH3 domain of human 1gG1, IgG2,
IgG3, igG4, IgAt, IgAZ, IgD, IgE, or igM antibodiss. For example, an aitered CH3 domain can
be a human 1gG1 CH3 domain with one or two mutations at positions H433 and N434 (positions
are numbered according to EU numbering). The mulations in such positions can be involved in
complement fixation. In certain other embodiments, an aliered 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
embodimants, an alfered CH3 domain can be an aliered human IgG1 CH3 domain with its last
lysine deleted. The sequence of this altered CH3 domain is set forth in SEQ 1D NO:761 of US

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

[30166] In certain embodiments, CD3-binding polypeptides 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 al | Protein Enginsering 8:617-
21, 1966). More specifically, mutations can be introduced into each of the two CH3 domains of
each polypeptide chain so that the steric complementarity required for CH3/CH3 assaciation

obligates these two CH3 domains to pair with sach other. For example, a CH3 domain in ons
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single chain polypeptide of a polypeptide hetercdimer can contain a T3668W mutation (a "“knob”
mutation, which substitutes a small amino acid with a larger one), and a CHS domain in the
other single chain polypeptide of the polypeplide heterodimer can contain a Y407A mutation (a
“hole” mulation, which substitutes a large amino acid with a smaller one). Other examplary
knobs-into-holes mutations include (1) a T366Y mulation in one CH3 domain and a Y4077 in
the other CH3 domain, and (2) a T366VV mutation in one CH3 domain and T3665, L368A and
Y407V mutaiions in the other CH3 domain.

[001867] 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 a2 wild type human immunoglobulin CH4 domain, such as wild
type CH4 domains of human IgE and IgM molecules as set forth in SEQ 1D NOS:213 and 214,
respectively, of US 2013/0129723 (said sequences incorporated by reference herein). In
certain embodiments, a CH4 domain is an altered 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 dacrease an immunological activilty known to

be associated with an IgE or IgM Fc region.

[00168] In certain embodiments, an immunogiobulin constant region of CD3-binding
polypeptides of the present disclosurs comprises a combination of CHZ, CHS3 or CH4 domains
{i.e., more than one constant region domain sslectad from CH2, CH3 and CH4). For example,
the immunoglobulin constant region can comprise CH2 and CH3 domains or CH3 and CH4
domains. In ceriain other embadiments, the immunoglobulin constant region can comprise two
CH3 domains and no CH2 or CH4 domains (i.e., only two or more CH3). The mulliple constant
region domains that form an immunogiobulin consiant region can be based on or derived from
the same immunoglobulin molecule, or the same class or subclass immunoaglobulin molecules.
In cerfain embodiments, the immunoglobulin constant region is an 1gG CH2CHS {e.g., IgG1
CHZCHS3, 1gG2 CH2CH3, and 1gG4 CH2CH3) and can be a human (e.g., human igG1, 1gG2,
and igG4) CH2CH3. For example, in cerlain embodiments, the immunogiobulin constant region
comprises (1} wild type human IgG1 CH2 and CH3 domains, (2) human IgG1 CH2 with N287A
substitution (Le., CH2{N297A}Y) and wild type human IgG1 CH3, or (3) human IgG1 CHZ(NZ297A)
and an allered human IgG1 CH3 with the last lysine deleted.

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

different immunoglobulin molecules, or different classes or subclasses immunoglobulin
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molecules. For example, in cerlain embodiments, an immunoglobulin constant region
comprises both human Igh CHS domain and human igG1 CHS domain. The multiple constant
region domains that form an immunoglobulin constant region can be dirgctly linked together or

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

[30170] Exemplary immunoglobulin constant regions are set forth in SEQ 1D NOS:305-308,
321, 323, 341, 342, and 762 of US 2013/0128723 {(said sequencss incorporated by reference

hergin}.

[00171] In certain embodiments, the immunoglobulin constant regions of both CD3-binding
polypepltides of a polypeptide homodimer or heterodimer are identical {o each other. In certain
pther embodiments, the immunoglobulin constant region of one polypeptide chain of a
heterodimeric protein is different from the immunoglobulin constant region of the other
polypeptide chain of the helerodimer. For example, one immunoglobulin constant region of &
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 polypeplides 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

V. amino acid sequances, or both.

[0017 3] Examples of bispecific CD3-binding polypeptides are provided in Tables 12 and 13.
Such examples include anti-PSMA x anti-CD3 binding molecules {(SEQ 1D NOs:62, 64, 68, and
88}, anti-CD37 x anti-CD3 binding molecules (SEQ 1D NOs:.72, 74, 76, 78, 80, and 82), anti-
ROR1 x anti-CD3 binding molecules (SEQ 1D NOs:100, 104, 108, 112, 116, and 120}, and anti-
CD123 x anfi-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 incorporaied hersin by reference in their
entiraty. The CD3-binding profeins may comprise two non-identical polypeptids chains, each
polypeptids chain comprising an immunogiobulin heterodimerization domain. Ths interfacing
immunoglobulin heterodimerization domains are different. In one embodiment, the
immunoglobulin heterodimerization domain comprises a CH1 domain or a derivative thereof. In

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

thereof

[00178] Ths disclosure also includes nuclsic acids {(e.g., DNA or RNA}) encoding CD3-binding
domains, proteins and polypeptides described herein, or one or more polypeptide chains of 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 polynucieotide
as listed in Table 14, infra. In certain embodiments, a nucleic acid in accordance with the
present disclosure has at least 80%, typically at least about 80%, and more typically at least
about 95% or atleast about 98% identily to a polypeptide-encoding polvnucleotide as listed in
Table 14. Nucleic acids of the disclosure aiso include complementary nucleic acids. in some
insiances, the sequences will be fully complemeantary (no mismatches) when aligned. in other
instances, there can be up to about a 20% mismatch in the sequences. In some embodiments
of the disclosure are provided nucleic acids encoeding both first and second polypeptide chains
of a heterodimeric CD3-binding protein of the disclosure. The nucleic acid sequences provided
herein can be exploited using codon oplimization, degensrate sequence, silent mutations, and
other DNA technigues 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 polypseptides (or portions thersof) described herein, wherein said nucleic
acid moleculs comprises a nuclectide ssquence setforth in SEQ ID NO: 3,5, 7, 8, 11, 13, 15,
17,19, 21,23, 25,27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, or 59.

[060177] Polynucleotide molecules comprising a desired polynucleotide sequence are
propagated by piacing the molecule in a vector. Viral and non-viral vectors are used, including
plasmids. The choice of plasmid wili depend on the type of cell in which propagation is desired
and the purpose of propagation. Certain vectors are useful for amplifying and making large
amounis of the desired DNA sequence. Other vectors are 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 veciors are
available commercially. The partial or full-langth polynucleotide is inssrted info a vector typically
by means of DNA ligase altachment {o a cleaved restriction enzyme sile in the vector.
Alternatively, the desired nucleotide sequence can be inserted by homologous recombination in
vivo. Typically this is accomplished by altaching regions of homology to the vecior on the flanks

of the desired nucieotide 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

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

[00178] For expression, an expression cassetie or system may be employed. To express a
nucleic acid encoding a polypeplide disclosed herein, a nucleic acid molecule encoding the
polypeptide, operably linked to regulatory sequences that control transcriptional expression in an
expression vector, is introduced into a host csil. In addition to transcriptional reguialory sequences,
such as promoters and enhancers, expression vectors can include transiational regulatory
sequences and a marker gene which is suilable for selection of cells that carry the expression
vector. The gene product encoded by a polynuclectide 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 polypeptide-encoding polynucieotide is
linked to a regulalory sequence as appropriate to obtain the desired expression properiies.
These can include promuoters, enhancers, lerminators, operaiors, repressors, and inducers.
The promoters can be regulated (e.q., the promoter from the steroid inducible pIND vector
(invitrogen)) or constitutive {e.g., promotsrs from CMV, SV40, Elongation Factor, or LTR
sequences). These ars linked io the desired nuclectide sequencs using the lechnigues
described above for linkage io vectors. Any techniques known in the art can be used.
Accordingly, the expression vector will generally provide a transcriptional and translational
initiation region, which can be induciblie or constitutive, where the coding region is operably
finked under the transcriptional control of the transcriptional initiation region, and a

transcriptional and translational termination region.

[00179] An expression cassetie ("expression unil”) can be introduced info 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, whsre the vectors are
normaily characterizad by the ability to provide sslection of cells 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 maintenance
is desired, an origin sequence is provided for the replication of the plasmid, which can be low- or
high copy-number. A wide varisty of markers are available for seisction, particularly thoss
which protect against toxins, more particularly against antibictics. The particular marker that is
chosen is seleciad in accordance with the nature of the host, where, in some cases,
complementation can be employed with auxotrophic hosts. Infroduction of the DNA construct

can use any convenient method, including, e.g., conjugation, bacterial transformation, calcium-
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precipitated DNA, elsciroporation, fusion, transfection, infection with viral vectors, biolistics, and
the like. The disclosurs relates {o an expression vector comprising a nucleic acid segment,
wherein said nucleic acid segment may comprise a nucleotide sequence set forth in SEQ D
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.

[60180] Accordingly, proteins for use within the pressnt disclosure can be produced in
genetically engineered host calls 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 muiticeliular organisms), particularly cultured mammalian cells. Techniques for
manipulating clonad DNA molscules and infroducing exogenous DNA info a variety of host cells
arg disclosed by Sambrook and Russell, Molecular Cloning: A Laboratory Manual (3rd ed |
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 2001), and Ausubel ef a/., Short
PFrotocols in Molecular Biology (4th ed., John Wiley & Sons, 1999).

[30181] For example, for recombinant exprassion of a homodimeric CD3-binding protein
comprising two identical CD3-binding polypsptides as describad herein, an expression vector
will generally include a nucleic acid segment encoding the CD3-binding polvpeptide, operably
linked to a promoter. For recombinant expression of a heterodimeric CD3-binding protein,
comprising different first and second polypeptide chains, the first and second polypeptide chains
can be co-exprassed from separate vectors in the host cell for sxpression of the entire
heterodimeric protein. Allernatively, for the expression of heterodimeric CD3-binding proleins,
the first and second polypeptide chains are co-expressed from separate expression units in the
same vecior in the host cell for expression of the entire heterodimeric protein. The expression
vector(s) are transferred {o a host cell by conventional fechniques, and the transfecled celis are
then cultured by conventional techniques to produce the encoded polypaptide(s) to produce the

corresponding CD3-binding protein.

[00182] To direct a2 recombinant protein into the secretory pathway of a host cell, a secretory
signal sequence (also known as a leader sequence) is provided in the expression vector. Ths
secretory signal sequence can be that of the native form of the recombinant protein, or can be
derived from another sacreted protein or synthesized de nove. The secretory signal seguence
is operably linked to the polypeptide-encoding DNA sequence, ie., the fwo sequences are
joined in the correct reading frame and positioned to direct the newly synthesized polypeptide

into the secretory pathway of the host cell. Secrelory signal sequences ars commonly
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positioned 5 to the DNA sequence encoding the polypeptide of interest, although certain signal
seguences can be positionsd slsswhers 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 ID NO:185).

[60183] Culiured mammalian celis are suitable hosts for production of recombinant proteins for
use within the present disclosure. Msthods for infroducing exogenocus 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 al., 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, 1883, Ciccarone af a/., Focus 15:80, 1893). The production of
recombinant polypeptides in culfured mammalian cells is disclosed by, for example, Levinson ef
al., .5 Patent No. 4,713,338, Hagen ef /., U.S. Palent No. 4,784 ,850; Palmiter et a/., U.S.
Patent No. 4,579,821, and Ringold, U.5. Patent No. 4,656,134, Examples of suitable
mamimalian host cells include African green monkey kidney cells (Vero; ATCC CRL 1587},
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 cells (MDCK; ATCC CCL
343, Chinesse hamster ovary cells (CHO-K1; ATCC CCLE1, CHO DG44; CHO DXB11 (Hyclone,
Logan, UT), see also, e.g., Chasin ef 8/, Som. Cell. Molec. Genet. 12:555, 19886)), rat pituitary
cells (GH1, ATCC CCL82), Hela 83 cells (ATCC CCL2.2), rat hspatoma csells (H-4-lI-E; ATCC
CRL 1548) SV40-transformed monkey kidney cells (COS-1; ATCC CRL 1850) and murine
embiryonic cells (NIH-3T3; ATCC CRL 1658). Additional suitable cell lines are known in the arl
and available from public depositories such as the American Type Cuiture Collection,
Manassas, Virginia. Strong transcription promotars can be used, such as promoters from SV-
40 or cytomegalovirus. See, e.g., U.S. Patent No. 4,856,288, Other suitable promoters include
those from metallothionein genes (U 8. Palenis Nos. 4,579,821 and 4,601,878) and the

adenovirus major late promoter.

[60184] Drug seisction is generally used to seiect for cultured mammalian celis into which
foreign DNA has been inserted. Such cells ares 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 fransfectants.” Exemplary selectable markers

include a gene encoding resistance {o the antibiotlic 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 phosphoribosy! transferass, which permits host call growth in the presence of
mycophenolic acid/xanthine, and markers that provide resistance to zeocin, bleomycin,
blastocidin, and hygromycin (see, e.g., Gatignol ef al, Mol Gen. Genel 207:342, 1987,
Drocourt ef al., Nucl Acids Res. 18:4009, 1990). Selection systems can also be used to
increase the expression level of the gene of inlerest, a process referred to as "ampilification.”
Amplification is carried out by culturing fransfectants in the presence of a low level of the
selective agent and then increasing the amount of selective agent {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, muili-drug resistance, puromycin

acstyliransferase) can also be usad.

[00185] Other higher eukaryotic cells can also be used as hosts, including insect cells, plant
cells and avian cells. The use of Agrobacterium rhizogenes as a vecltor for expressing genes in
plant celis has besn reviewed by Sinkar ef a/., J. Biosci. (Bangalorej 11.47-58, 1887.
Transformation of insact cells and production of foreign polypeptidss therein is disclosed by
Guarino ef al,, US 5,182,222 and WO 94/064863.

[00186] Insect cells can be infecied with recombinant baculovirus, commonly derived from
Autographa californica nuclear polvhedrosis virus (AcNPVY). See King and Possee, The
Baculovirus Expression System: A Laboratory Guide (Chapman & Hall, London); O'Rsilly ef a/,
Baculovirus Expression Vectors: A Laboratory Manua/ (Oxford University Press., New York
1994); and Baculovirus Expression Profocols. Methods in Molecular Biology (Richardson ed,|
Humana Press, Totowa, NJ, 1985). Recombinant baculovirus can also be produced through
the use of a transposon-based sysiem described by Luckow ef al. (J. Viro/ 67.4566-4579,
1983). This systam, which ulilizes transfer vectors, is commercially available in kit form (BAC-
TO-BAC kit; Life Technologies, Gaithersburg, MD). The transfer vector {e.g., PFASTBAC1; Life
Technologies) contains a Tn7 transposon to move the DNA encoding the protein of interest into
a baculovirus genome maintained in £, cofi as a large plasmid called a “bacmid.” See Hill-
Perkins and Posses, J. Gen. Virol 71.971-876, 1990; Bonning et a/., J. Gen. Virol 75:1551-
1556, 1884, and Chazsnbalk and Rapopont, 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 sequencs is transformed info £ coff host celis, and the celis 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 genoms is isclated,
using common technigues, and used {o transfect Spodoptera frugiperda cells, such as S19 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 a cell
line derived from the fall armyworm, Spodoptera frugiperda (e.g., 519 or 821 cells) or
Trichoplusia ni (e.g., HIGH FIVE cells; Invilrogen, Carlsbad, CA). See generally Glick and
Pasternak, Molecular Bictechnology, Principles & Applications of Recombinant DNA (ASM
Press, Washington, D.C., 1994). See also U.S. Patent 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. Frocedures
used are generally described in available laboratory manuals (see, e.g., King and Posses,

supra;, O'Reilly ef &/, supra; Richardson, supra).

[00188] Fungal cells, including yeast 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 fransforming S. cerevisiae cells with exogenous DNA and
producing racombinant polypepiides therefrom are disclosad by, for example, Kawasaki, U.S.
Patent No. 4, 599,311, Kawasaki ef g/, 1.5, Patent No. 4,831,373; Brake, U.5. Patent No.
4,870,008, Welch ef a/,, U.8. Patent No. 5,037 ,743; and Murray ef a/., U.S. Patent No.

4,845 075, Transformed cells are selected by phenolype 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 sysiem for use in Saccharomyces cerevisiae is the POTT vector
system disclosed by Kawasaki ef a/ (U.5. Patent No. 4,831,373), which allows transformed
cells o be selected by growth in glucose-containing media. Suilable promoters and terminators
for use in yeast include those from glvcolytic enzyme genes (see, e.g., Kawasaki, U.S. Patent
No. 4,589,311, Kingsman ef al., U.S. Patent No. 4,615,974, and Bitter, U.S. Patent No.
4,877,082) and alcohol dehydrogenase genes. See afso U.S. Patants Nos. 4,880, 448;
5,063,154, 5,139,936; and 4,661,454, Transformation systems for other veasis, including
Hansenula polymorpha, Schizosaccharomyces pombe, Kluyveromyces lactis, Kluyveromyces

fragilis, Ustilago maydis, Fichia pastoris, Pichia methanofica, Fichia guillermondii, and Candida
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malfosa are known in the art. See, e.g., Giseson et al., J. Gen. Microbiol 132:3459-3465, 1886;
Cragg, U.S. Patent No. 4,882,279, and Raymond ef &/, Yeast 14:11-23, 1888, Aspergilius cells
can be utilized according to the methods of McKnight ef 8/, U.S. Patent No. 4,835,348,
Methods for transforming Acremonium chrysogenum are disclosed by Sumino ef af, 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, 5,854,038, 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. Techniques 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 protein can bs retained in the cyioplasm, typically as insoluble
granules, or can be dirscted to the periplasmic space by a baclerial secrstion sequence. In the
former case, the cells are lysed, and the granules are recovered and denatured using, for
example, guanidine iscthiccyanate or urea. The denalured protein can then be refolded and
dimerized by diluting the denaturant, such as by dialysis against a solution of ursa and a
combination of reduced and oxidized giulathione, followed by dialysis against a buffered saline
solution. In the alternative, the protein can be recovered from the cytoplasm in soluble form and
isolated without the use of denalurants. The prolein is recovered from the cell as an aqueous
exiract in, for example, phosphate buffered saline. To capture the protein of interest, the extract
i3 applisd directly to a chromatographic medium, such as an immebilized antibody or heparin-
Sepharose column. Secreled proteins can be recovered from the periplasmic space in a
soluble and functional form by disrupting the celis (by, for example, sonication or gsmeotic shock)
to release the contents of the periplasmic space and recovering the protein, thereby obviating
the need for denaluration and refolding. Antibodies, including single-chain antibodies, can be
produced in bacterial host cells according to known methods. See, e.g., Bird of al., Sciencs
242:423-426, 1988; Huston ef al,, Proc. Natl Acad. Sci. USA 85:5879-5883, 1988; and
Paniocliano ef al., Biochem. 30:10117-10125, 1991.

[6019¢] Transformed or transfecied host celis are cultursd according to conventional
procedures in a culture medium containing nuirients and othar components required for the
growth of the chosen host cells. A variety of suitable media, including defined media and
complex media, are known in the art and generally include a carbon source, a nitrogen source,

gssential amino acids, vitamins and minerals. Media can also contain such components as
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growth factors or serum, as required. The growth medium will generally select for celis
containing the excgencously 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-transfacied info the host cail.

[30191] 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 Bistechnology, Uppsala, Sweden,
1988); Scopes, Profein Purification: Principles and Practice (Springer-Verlag, New York 1994).
Proteins comprising an immunoglobulin Fo 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 {0 provide for desalting, buffer exchange, and ths
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 primats} or for manufacture of a medicamsnt for treating
a subject. Generally, such methods inciude administsring 1o a subject in nead of such trealmsnt

a CD3-binding protein as described herein.

[00193] 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 inciude administering to a subject in need of such treatment
a CD3-binding protein as described herain. In some embodiments, a CD3-binding protein
comprises al least one sffector function selected from antibody-dependent cell-mediated
cylotoxicity (ADCC) and complementi-dependent cytotoxicity (CDC), such that the CD3-binding
protein induces ADCC andfor CDC against CD3-exprassing cells in the subject.

[00194] In some aspecis, the present disclosure provides methods for freating 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, thereby providing therapeutic treatment of T cell mediated
dissase, including autoimmuns or inflamimatory 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 (e.g., anti-CD3 antibodies) for having no or reduced side
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effects such as cytokine release syndrome and acule foxicily. in another case, a CD3-binding

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

[00185] 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, CDA19,
CDz20, CD37, CD38, CD123, Her2, ROR1, RON, glycoprotein A33 antigen (gpA33) and CEA.
Generally, such methods include administaring to a subject in nesd of such treatmsnt a
therapeutically effective amount of a CD3-binding protein comprising a second binding domain
that binds a tumor antigen as described herein. In some embodiments, the CD3 binding protein
induces rediracied T-cell cytotoxicity (RTCC) against tumor antigen-expressing cells in the
subject. Exemplary cancers amenable io trealment in accordance with the present disclosure
include, for example, prostale cancer, colorectal cancer, renal cell carcinoma, bladder cancer,
salivary gland cancer, pancraatic cancer, ovarian cancer, non-small cell lung cancer,
melanoma, breast cancer (e.g., triple negative breast cancer), adrenal cancer, mantle cell
tymphoma, acute lymphoblastic leukemia, chronic lymphocytic leukemia, Non-Hodgkin's
lymphoma, acute mysloid leukemia (AML), B-lymphoid lsukamia, blastic plasmocytoid dendritic
neoplasm (BPDCN), and hairy cell leukemia.

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

[80197] 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 ragion and an immunogiobulin heavy chain variabis region; wherein the
immunogiobulin light chain variable region comprisas an amino acid sequence that is (a) at least
about 83% identical, at least about 95% identical, at least about 87% identical, at isast about
98% identical or at leasi about 99% identical 1o the amino acid sequence in SEQ 1D 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 98% identical to the amino acid sequence in SEQ ID
NG:89; and wherein the immunogiobulin heavy chain variable region comprises an aming acid
sequence that is al least about 82% identical, at least about 85% identical, at least about 87%
identical, at least about 80% identical, at least about 82% identical, at least about 85% identical,
at least about 97% identical, at least about 88% identical or at least about 98% identical io the

amino acid sequence in SEQ ID NO:86.
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[601988] In some embodiments, for treatmsent methods and usses described herein, a CD3-
binding protein is delivered in a manner consistent with conventional methodologias associated
with management of the disease or disorder for which treatment is sought. In accordance with
the disclosure herein, a therapeutically effective amount of the CD3-binding protein is
administered to a subject in need of such freatment for a time and under conditions sufficient to

prevent or treat the disease or disorder.

[00198] Subjects for administration of CD3-binding proteins as described hersin include patients
at high risk for developing a particular disorder as well as patienis 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 {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, pharmacsutical compositions or medicants arg
administered to a patient susceptible to, or otherwise at risk of, a particular disorder in an
amount sufficisnt to eliminate or reduce ths risk or delay the onset of the disorder. In
therapeutic applications, compositions or medicants arg administered to g patient suspected of,
or already suffering from such a disorder in an amount sufficient {0 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 prophyvlactic and
therapeutic regimes, agents are usually administered in several dosages until a sufficient
rasponse has been achieved. Typically, the response is monitored and repeated dosages are

given if the desired response starls {o fade.

[60201] To identify subject patients for ireatment according 1o the methods of the disciosure,
accepted screening methods can be employed o determine risk faciors associated with specific
disorders or fo determine the status 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 to determine familial status for a particular disorder known io have &
heritable component. For example, various cancers are also known 1o have certain inheritable
components. Inheritable components of cancers include, for example, mutations in multiple
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 {0 modulate immune suppression of cells like NK cells and T-celis, either dirsctly
or indirectly (see, e.g., Ljunggren and Malmberg, NMafure Rev. Immunol 7.329-339, 2007;
Boyton and Altmann, Clin. Exp. Immunol 148:1-8, 2007}, Toward this end, nuclectide probes
can be routinely employed to 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 well-known in the art that employ monoclonal antibody
probes to detect antigens associated with specific fumors. Screening can be implemented as
indicated by known patient symptomology, age faciors, related risk factors, etc. These methods
allow the clinician o routinely select patients in nesd of the methods describad herein for
treatment. in accordance with these methods, targsting pathological, tumor antigen-expressing
cells can be implemented as an indspendent treatment program or as a follow-up, adiunct, 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 polypeptids; and
ity a pharmaceutically acceptable carrier, diluent or excipient. A pharmaceuiical composition
comprising a CD3-binding proiein can be formulated according to known methods io prepare
pharmaceutically useful compositions, whereby the therapeutic molecule is combined in a
mixture with a pharmaceutically acceptable carrier, diluent or excipient. A carrieris said{o be a
“‘pharmaceutically acceptable carrier” if its administration can be tolerated 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 protsin 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 dosage form, an intradermal unit dosage form, an
inframuscular unit dosage form, an intraperitoneai unit dosage form, a subcutaneous unit
dosage form, an epidural unit dosage form, a sublingual unit dosage form, and an intracerebral
unit dosage form. The oral unit dosage form may be selected from the group consisting of:
tablets, pills, pellets, capsules, powders, lozenges, granules, solulions, suspensions, emulsions,

syrups, elixirs, sustained-release formulations, aerosols, and sprays.
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[60204] A pharmaceutical composition comprising a CD3-binding protein therapsutic may be
administered {0 a subject in a therapeutically effective amouni. According o the methods of the
present disclosure, a CD3-binding protein can be administered to subjecis by a variely of
administration modes, including, for example, by intramuscular, subcutansous, infravenous,
intra-atrial, intra-articular, parenteral, infranasal, intfrapulmonary, transdermal, intrapleural,
intrathecal, and oral routes of administration. For prevention and treatment purposeas, an
antagonist can be adminisiered to a subject in a singls bolus delivery, via continuous delivery
{e.g., continuous transdermal delivery) over an exiended time period, 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 guidsd by detarmining sffective 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 site,
physiclogical stale of the patient, whether the patient is human or an animal, other medications
administered, whether treatment is prophylactic 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 o provide an optimum therapeutic response, i.e., to optimize
safety and efficacy. Accordingly, a therapsutically effsctive amount is aisc one in which any
undesired collateral effects are outweighed by the bensficial effects of administering a CD3-
binding proiein as described herein. For administration of a CD3-binding protein, a dosage may
range from about 0.1 yg to 100 mg/kg or 1 ug/kg to about 50 mg/kg, and more usually 10 pg to
5 mg/kg of the subject’'s body weight. In more specific embodiments, an effeclive amount of the
agent is betwaen about 1 pg/kg and about 20 mg/kg, between about 10 pg/kg and about 18
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., multiple adminisirations per day
or daily, weekly, bi-weekly, or monthly administrations. For example, in certain variations, a
regimen consists of an initial administration followed by multiple, subsequent administrations at
weekly or bi-weekly intervals. Ancther regimen consisis 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 attending clinician to
maintain a desired concentration at a target site. For example, if an intravenous mode of
delivery is selecled, local conceniration of the agent in the bloodstream at the larget tissue can
be between aboui 0.01-50 nanomoles of the composition per liter, 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 responss. Higher or lower concentrations can be selecied based on
the mode of delivery, e.g., rans-apidermal delivery versus delivery to a mucosal surface.
Dosage should also be adjusted based on the release rale of the adminisiered formulation, e.g.,
nasal spray versus powder, sustained release oral or injected pariicles, fransdermal
formulations, efc. To achieve the same serum concentration level, for example, slow-release
particles with a release rate of 5 nanomolar {under standard conditions) would bs administered

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

[00207] The anti-CD3 therapeutic (e.q., CD3-binding protein) may also be administered at a
daily dosage of from about 0.001 o about 10 milligrams (mg) per kilogram (mpk) of body
weight, preferably given as a single daily dose or in divided doses about two 1o six times a day.
For administration {0 @ human adulf patient, the therapeutically effective amount may be
administered in doses in the range of 0.2 mg to 800 mg per dose, including but not limited 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 therapsutic dose can
be administered in the evening. In another embodiment the optimal therapeutic dose can be
administered in the morning. The iotal daily dosage of the anti-CD3 therapeutic thus can in one
embodiment range from about 1 mg to about 2 g, and often ranges from about 100 mg to about
1.5 g, and most often rangss from about 200 myg io 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 often range, as noled above, from about 0.2 mg to about 800 mg.

[30208] With particular regard o treatment of solid tumors, protocols for assessing endpoints
and anti-tumor aclivity are well-known in the art. While sach protocol may define umor
rasponse assessments diffsrently, the RECIST (Rssponse 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 considersd measurable if it comprises
lesions that can be accuraiely measured in at least one dimension as > 20mm with conventional
techniques or > 10mm with spiral CT scan with clearly defined margins by medical photograph
or X-ray, 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 technigues or < 10mm with spirai CT scan, and truly non-
measurabie lesions (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) Compiste Response (CR), defined
as complete 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) Stabie or No Response, defined as not qualifying for CR, PR, or Progressive

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

[00210] Additional endpoinis that are accepted within the oncology art include overall survival
(QO8), disease-free survival (DFS), objective response rate (ORR), time {o progression {TTP),
and progression-freg survival (PF3) (see Guidance for industry: Clinical Trial Endpoints for the
Approval of Cancer Drugs and Biclogics, Aprit 2005, Centar for Drug Evaluation and Research,
FDA, Rockville, MD.)

[60211] Pharmaceutical compositions can be supplied as a kit comprising a confainer that
comprises the pharmacsutical composition as described hersin. A pharmacsutical composition
can be providsd, for example, in the form of an injeciable solution for singie or multiple doses, or
as a sterils powder that will be reconstifuted before injection. Alternatively, such a kit can
include a dry-powder disperser, liquid aerosol generator, or nebulizer for administration of
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 CO3-binding moleculss

[60213] To improve thermal stability of the CD3-binding molecule DRA222, an engineered
variant of the humanized Cris7? antibody, the Cris? variable domains were re-humanized using
alternate human germiine framework sequences. The DRAZZ2Z variable heavy chain domain is
SEQ 1D NO:87, and the DRAZ222 variable iight chain domain is SEQ iD NO:90. Fc DRA222 is
somelimes referred o as TSC311 or TSC312 {(amino acid sequsnce is SEQ 1D NO:2; nuclsic
acid sequence is SEQ 1D NO:1). See, Reinherz, E. L. et al. (eds.), Laukocyte typing 1,
Springer Verlag, New York, (1886) for description of parent Cris7 antibody. Additional changes
were also made o improve affinity and thermal stability.

Methods

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

[060215] Differential Scanning Calorimetry (DSC). Thermograms for recombinant proteins
purified by standard purification techniques were obtained on a GE VP-Capillary DSC
instrument equipped with an autosampler. Approximately 550 ul of each sample (typically 0.5
mg/mlb} in PBS was injected into the sample capillary, using PBS as a control in the second
capillary. Analysis was conducted at temperatures from 25°C 1o 130°C, with a healing rate of
1°C per min. Feedback was set fo low, and a sampling time of 8 ms was used. Data analysis
was conducted using Origin. Sample thermogram was correcied for heat capacity of the buffer
by subtracting a previous buffer/buffer scan using formulation vehicle, and normalized based on
sample concaniration and bassline correcied.

[p021¢6] Differential Scanning Fluorimetry (BSF). 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/mL in PBS was mixed with 5 ul of pre-diluted SYPRO
Orange Dye (Catalogue # S-6650, Life Technologies). A melling curve protocel was set up as
ramping the temperature up from 25°C to 80°C, 0.2°C per step. Fluorescent signals were
collected through the TexasRed Fluorescent Dye filter set, which is 575/30X Excitation Filter
and 620/30M Emission Filter. The collected flucrescent intensily data was exported o data
analysis software Prism 6 (GraphPad Software, inc.}). Protein thermal Tm value was calculated
as the temperature whean 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 CD3™ Jurkat T-cell line. All
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labeling and washes were performed in U-bottom 96-weli plates in saline buffer with 3% BSA
and 2mbM EDTA. Jurkat cells were plated at 200,000 cslis par well and incubated with a range of
0.1 nM to 200 nM concentrations of test molecules in 50 ul volume/well, for 30 minutes on ice.
Cells were washed three times then incubated for another 30 minutes on ice with flucrescently-
labeled minirmum cross reactive secondary polyclonal antibody, F(ab)? goat anti-human igG,
(Jackson immunoResearch 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 wers
analyzed using Flowdo software; the mean fluorescence intensity (MFID) 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 constructed within Accelrys Discovery Studio 4.0 for variable domains using the Annoctate
Antibody Sequence, ldentify Framework Templates, Model Antibody Framework, and Model
Antibody Loops protocols. Spatial Aggregation Propensity analysis was also conducted within

Accelrys Discovery Studio 4.0 using the Calculate Aggregation Scores protocol.

[00218] Chromium release assays with Human T-cells. Target positive tumor cell lines
{(MDA-MB-231, Kasumi-2, C4-2B and Ramos cell lines) were all cultured according to the
provided protocols. Peripheral blood mononuclear celis (PBMC) were isolated from human
blood using standard ficoll gradients. The isolated cells were washed in saline buffer. T-celis
wers additionally isolated using a Pan T-cell isolation Kit {catalogue#130-006-535, Miltenyi
Bictec, Bergisch Gladbach, Germany) using the manufacturer's protocol. Isolated T-cells were
aliquoted and stored long term in Liguid Nitrogen. The pre-prepared T-cells were thawed one
day before the assay into warm RPMI media with 10% human serum. During the assay,
concentrations of bispecific molecules with final concentration ranging from 200 pM to 0.01 pM
were added {o the pre-prepared T-cells (approximalely 100,000 per well). A total lysis control
was generated by including 0.04% NP-40 as the treatment.

[00220] Approximately 2.5210° target cells were freated with 0.125 mCi of *'Cr and incubated
for 90 minuies in a 37°C, 5% CO, humidified incubalor. After 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, 50 ul was
dispensed per well into 96 well U-bottom plates (approximately 10,000 cslls per well) 1o bring
the fotal volume to 200mL per well, and the T-cell to target cell ratio to 10:1. A zero lysis control

was generated by target cells only, omitling the T-ceils.
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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 were cenfrifugad at 1000 rpm for 3 minutes, and 25
ul. of supernatant was transferred from each well to the corresponding well of a 98-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.

[800222] Percent specific lysis was caiculated using the formula: {(signal in drug trealed sampls
- background signal from samples with Target Cell only)/(signal in fotal lysis wells - background
signal from samples with Target Cell only))=100.

[30223] Flow Cytometry on Cynomolgus T-cells. Cynomolgus macaque peripheral blood
coliscled in heparin tubes was shippead overnight from a vendor (Charles River laboratories).
VWhen received, peripheral blood cells (PBMC) were isolated using dansity saparation tubes
(CPT tubes, Beckton Dickinson). Blood was diluted 1 10 1.5 in saline buffer prior to transfer into
CPT tubes. CPT tubes were centrifuged and the separated PEBMC population was collected and
washed with saline buffer containing 0.2% BSA and 5nM EDTA. Remaining red blood celis in
the praparation were lysed using Ammonium-Chioride-Potassium red blood lysis buffer. Celis
were washed an additional time o remove remaining platslets.

[060224] PEMC Iabeling and washing steps were performed in U-bottormn 96-well plates in saline
buffer with 0.2% BSA and 2mM EDTA. PBMC were plated at 200,000 cells per well and
incubated with a rangs of 0.1 nM to 300 nM concentrations of test molecules in 50 uyl
volumeiwell, for 30 minutss on ice. Cells were washed 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 1o either anti-PSMA or anti-CD37 binding domains, and the
viaghility dye 7-AAD. The samples were washed twice, fixed for 20 minutes on ice with 1%
formalidehyde solution in saline, washed again, and acquired in a BD LSRRI flow cylometar. The
sample files were analyzed using Flowdo software, the mean fluorescence intensity (MFD of test
molecule binding on T-cells in sach well was calculated after galing on live T-cells (forward vs.
side scatier, 7-AAD, CD2" CD16 cells).

[60228] Chromium Release assays with Cynomoligus PBMC. C4-2B and Ramos csll 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. Concentrations of bispecific molecules with final concentration ranging
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from 10000 pM o 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 treaimeant.

[00226] Approximately 5%10° target C4-2B or Ramos cells were treated with 0.25 mCi of *'Cr
and incubated for 75 minutes at 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 mb of media. From this suspension, 50 ykL was dispensed per
well into 86 well U-boltom plates (approximatsly 10,000 celisiwell) 1o bring the T-cell to targst
cell ratio to 10:1.

[00227] Plates were incubated for 4 hours at 37°C, 5% CQO; in a humidified incubator, after
which they were centrifuged at 225 x G for 3 minutes, and 25 pl of supernatant was transferred
from each well to the corrssponding well of a 96-weil 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.

Resulls

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

[0022%8] Ths Cris7 variable domains were re-humanized using four human variabls heavy
germiine sequences (IGHV1-2*02 (H7), IGHV1-486%02 (H8), IGHV1-3*01(H?) and IGHV1-89*02
(H10)) and 2 human variable light chain germline sequences (IGKV3-11*01 (L4) and IGKV1-
33*01 (L5)) based on sequence homology. A total of 12 single chain variable fragment (scFv)
constructs 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 Fc 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 expressed transiently in HEK283 cells, purifisd and tested for
binding to 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 vield column in Table
4} and/or higher levels of high molecular weight aggregates (see analytical SEC column in

Table 4} and ware eliminated in the subseguent optimization step. While muost of the other
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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 8), the level of binding saluration observed on Jurkat T-cells

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

(Vg

reduction in observed median fluorescence intensity at saturation and an two-fold increase in
the ECS0 of binding (3.6 nM) when compared to the original hurmanized construct (TSC312,
also known as DRAZ22).

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 T8C314 57.8 5.78 58.8 36.0
Fc H7LS TSC315 52.6 6.99 30.6 93.3
Fe HaL1 TSC316 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 TSC312 16.1 1.41 95.4 97.8
Fe HoL1 TSC319 8.0 0.71 80.0 85.8
Fc HSL4 TSC320 43.1 3.60 £9.3 102.5
Fo HOLS T8C321 31.1 2.66 52.6 88.6
FeHIOLL TSC322 45.6 3.94 73.2 56.7
Fe Hi0L4 TSC323 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 {DRAZ22) 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 CD3J

[60232] The goal of the nexi step was to improve binding to CD3 while maintaining improved
thermal stability over DRA222. Three additional light chain segquances were introduced at this
step. The first light chain was based on the L5 sequence containing two amino acid reverted {o
the parental murine residues at positions 52 and 53 (LL to RW), and this light chain was named
LE. Two additional germiine light chains were also used (IGKV1-39"01 (L7} and IGKV3D-2071
(L8} containing the same two amino acids reverted at position 52 and 53. The 3 new light chains
(L8, L7 and L8} were combinad with 3 hasavy chains (H7, H8 and H10) in the Fc anti-CD3 scfFv
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, T8C341, T8C342) had the best

binding of all the new consiructs (Figure 2), and achigved 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 stability as measured by increase in Tm over TSC312 using

Differantial Scanning Fluorimstry (BSF) (Figure 3). Of these three muolecules, TSC342 was

pickaed as the lead moleculs for further optimization due to its improvemeant in thermal stability.
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[60234] The parent murine sequence was then examined for poilential hotspols o mutate to
improve binding. Thres residusas wers chosen for reversion and back-mutated independently:
G27Y(TSC370), MA3ITSC371) and 121M{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 potential aggregation. One mutation, ASP on the heavy chain, was
identifisd o reduce a potential aggregation hotspot in the homology model. This mutation was
introduced into the TSC370 backbons to produce TSC280. This muiation alone had a mild
effect on improving Tm {(0.25°C). ASP mulation was combined with the M53[ and I121M

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

Table &, 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 DEC

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_ M3 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
ASZPF mutation was also synsrgistic with the other mulations, providing anywhere roma 110 2.8
C increass in stability compared to the matched constructs not featuring the AZP 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 o the anti-CD3 scFv on
radirected T-cell cytotoxicity (RTCC) activity. The original humanized construct (DRAZ222) is
highly efficient at redirecting T-cell cyiotoxicity (see, &.g., US 2014/0161800). The new
constructs were tested for their ability 1o show similar activity. Four different anti-PSMA x anti-
CD3 constructs were made using TSC381, TSC382, TSC393 and TSC394 and these were
named as T3C408, TSC408, TSC410 and TSC411 respectively. All the four constructs had
similar RTCC activity as a molecule buili with the parental DRAZ222 scFvy (TSC248) (Figure 8),
verifying that cytotoxic activity as well as binding was comparable with human T-cells.

[00239] Step 4: Optimization step to restore Cynomoelgus cross-reactivity and activity
(30240} The criginal humanized construct (DRAZ222) was previously shown to also bind
cynomalgus monkey T-calls and redirect their cytotoxic 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. Unexpectedly, TSC408, TSC408, TSC410 and
TSC411 all had reduced binding to cynomolgus monkey T-cells (Figures 7A and 78) and
significant reduction in RTCC aclivity using cynomolgus T-cells as effecior celis when compared
to an anii-PESMA x anti-CD3 bispecific melscule conifaining DRA222 (Figuras 8A and 8B). This

3
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was not anticipated as the binding and activity with human T-celis was directly comparable to
constructs containing DRAZ222.

[060241] Two approaches were used fo altempt {o restore binding to cynomolgus CD3. One
approach was to combine the light chain from TSC384 with the heavy chain from DRAZ22 or fo
combine the heavy chain from TSC394 with the light chain from DRAZ22 to see if framework
residues spscific to one framework were contributing 1o binding. The second approach was {0
back mutaie residues al positions 86 and 87 on ths light chain of TSC384. Rasidues at these
two positions inferact with light chain CDRs that could influence binding fo cynomolgus CD3.
These variants were incorporated info anti-CD37 x anti-Ch3 bispecific molecules {(Table 10).
Some of the varianis, especially TSC455, TSC456 and TSC452 displayed improved binding to
cynomaoigus T-cells when compared to anti-CD37 x TSC384 (TSC445), as reflected by higher
levels of binding at saturating concentrations (Figurs 8). A cynomolgus RTCC assay was also
performed that showed TSC458 and TSC452 had comparable activity o CAS105 {(Figure 10). In
addition, these molecules had superior thermal stability compared to CAS105 (Table 11) as
shown by a higher Tm1 when analyzed by DSC. Alignments of the DRA222 scFv, TSC455
scFvy, and TSC456 scFv are shown in Figure 13,

Table 10. Fifth Round of Optimized Consfructs

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 Constructs

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

CAS105 Anti-CD37 x DRA222 53.04

TSCA45 anti-CD37 x TSC394 55.45

76



15

25

WO 2017/053469 PCT/US2016/052942

TSC452 anti-CD37 x (TSC394VL+ DRAZ222 55.37
VH)

TSC453 Anti-CD37 x {TSC394VH + DRA222 56.54
Vi)

TSC454 Anti-CD37 x T5C394 ER6D 57.94

TSC455 Anti-CD37 x TSC394 F87Y 56.73

TSC4A56 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 aiso be more
rasistant to aggregation upon storage, and should have enhanced siorage siability compared to
lass stable proteins. To determing whether or not the increasss seen in Tm correlated with
improved storage stability, the proteins listed in Table 10 were evalualed 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 io 1 mg/mlL. 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 delermined by analyzing 25 ul {or 25 ugj on an
analytical size exclusion HPLC column equilibrated in PBS and measuring the absorbance at
280 nm. Triplicate injections were performed for each construct at each time point. Following
completion of the SEC method, the chromatograph was integratad using the Agilent
ChemStation software. The percent purity of each protein was calculated by dividing the peak
area of the infact molecule by the {otal peak area, then multiplying by 100.

{peak area of intact molecule) / (lotal peak area) x 100 = % Purity
[60244] The reported purity was an average of the values obtained from thres injections 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 funclion 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 eslimats the number of days of siorage thal would cause a
2% decrgass in purity. The siability 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, siorage siability values were not compared across different experiments, consiructs

within the same experimental group were only ranked against each other.
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[602458] All new molecules displaved superior solution stability in PBS at 25°C compared fo
CAS105 {Figure 11} The lims {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 DRAZ22 4
TSC445 Anti-CD37 x TSC394 8
TSC450 Anti-CD37 x TSC313 12
T8Ca51 Anti-CD37 x TSC316 12
T5C452 Anti-CD37 x (TSC384VIL+H4) 7
TSC453 Anti-CD37 x {TSC384VH+L1)

TSC454 Anti-CD37 x TSC394 £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 greater increase in
storage stability at 25°C when compared o the construct containing the original ant-CD3 scFv
(DRAZ22).

Example 3. impacts of improved Thermal Stability on Serum Stability

[30247] Similar to storage stability, molecules with higher thermodynamic stability are aiso
frequently more resistant to protesclysis, which can improve stability 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 (TSC384 F463Y) was evaluated for
sarum stability in the context of an anti-ROR1 x ant-CD3 bispecific molscule (ROR193). A
similar bispecific molecule was also evaluated simultansously which contained the original anti-
CD3 scFy, DRA222 (ROR133). The pareni 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(6): 821018 (2011).

[800248] Human serum donated by a random healthy donor was collectsd in a Red/Grey
Vacutanor (BD# 367988), and was prepared according to vendor suggested protocel. Test
articles were spiked into 50 ul serum at a concentration of 1 uM in sterile PCR tubes, and were
incubated in a humidified 37°C tissue culture incubator for up to 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 samplss were assessed simultaneously using a chromium relsass
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RTCC assay at the end of incubation on “experiment day 0 following the protocol listed above
in Example 1. EC50 values were fit from titration curves conducted with samples at each time
points and were normalized against the EC50 value measured for each construct at day 0.
[00250] Plotting the EC50 valuss over 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 EC50 for ROR183. This demonstrates that a
moderate change in thermodynamic stability can have a noticsable 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 profein production.

[00252] To test whether or not the improved thermodynamic stability of the new anti-CD3 scFv
regions translated into improved protein expression or profein quality, one of the anti-CD3
domains (TSC3940Y) was compared 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 sach molecule pair, a highsr titer of overall protsin expression was seen — from
31% 1o 93% higher — with the construct 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 protein A purification (anywhere froma 20% {o

50% reduction in aggregate levels). This confirms that inclusion of a stabilized anti-CD3 scFv
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can resuilt in improved protein exprassion and improved protein quality when compared to ths
original anti-CD3 scFv.

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

[00254] To test the effects of a stabilized anti-CD3 scFv on stability and pharmacokinetics of a
bispecific binding molecule, the PSMA-binding domain of TSC266 {an anti-PSMA X anti-CD3
bispecific molecule comprising the DRAZ222 CD3 binding domain) was transferred info 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 diluled into PBS, while TSC471 was diluted into
formutation buffer, which was used for all dilutions (5mM succinats, 6.5% sucross, 0.02%
Tween8(, pH 4.8). Serum was collected from 3 animals at 10 time points {n = 30 total). Ths
fime points were 15 min and 2, 6, 24, 48, 72, 95, 168, 336, and 504 hr post-administration of the
bispecific molecules. Terminal bleeds were used io collect larger volumes. Serum
concentrations were determined using ELISA methods capluring the anli-PSMA binding domain
and detecting the ant-CD3 binding domain. Serum concenirations over time wers used to
determine pharmacokinetic (PK) paramester estimates by non-comparimental analysis (NCA)
and compartmental analysis. Serum samples from late time poinis were also tested for anii-
drug antibodies using a standard bridging ELISA with the respeciive bispecific molecules +/-
biotin.

[002858] More specifically, the ollowing ELISA methods were used. Concenirations of anti-
PSMA X anti-CD3 bispecifics were determined using 96-well plates coated with a mouss
monacional antibody (mAb 1H5) to capture the anli-PSMA portion of each consiruct. The other
ends of consiructs were detected using a biotin conjugated mouse monoclional antibody
targeting the anti-CD3-binding domain (mADb 5H5), so only intact protein would be measured
with this ELISA method. To quantify bound immune complexes from serum 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 concentrations 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 {est samples.

[00256] Resulis of these studies are shown in Figures 14 and 15. By non compartmental
analysis (NCA) using Phoenix-64 WinNonLin Software, TSC471 had about a 2-fold
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improvemsnt in haif-life, with a 3-4 fold reduction in clearance parameter, over TSC266. The Fc
of TSC471 maintained functional characteristics of TSC268 (no ADCC or CDC activity,
equivalent FocRn binding) with improved stability. The Fc of 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 muiations in the
CDC ragion, maintaining only the K322A muiation, rather than all three found in the null Fc
CHZ2. The anti-CD3 scFv of TSC471 maintained binding and activily on human and cynomuolgus
T-cells. The linker used in TSC471 had enhanced resistance io 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 pharmacokinatics of anti-ROR1 x anti-CD3 bispscific 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
animails at 10 time points {(n = 30 for each consiruct) post-adminisiration as well as at one lime
point pre-dose. The time points were 15 min and 2, 6, 24, 48, 72, 96, 188, 336, and 504 hr
post-administration of the bispscific molecules. Terminal bleeds were used to collect larger
volumes. Serum concentrations were determined using ELISA methods fo 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. Concentrations of anti-
ROR1 X anti-CD3 bispecifics were determined using 86-wsll plates coated with RCR1 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-ChD3-binding-domain (mAb 5H5), so only intact protein would be measured with this ELISA
method. To quantify bound immune complexes from serum samples and assay controls,
polymerized horseradish peroxidase {(poly HRP) and a flusrogenic peroxidase subsirate were
used, with results measured on a fluorescent plate reader. Slandard curves used fo 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-parametier logistic equation, as well as precision and accuracy for
standards and test samples.

[00260] Reasults 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 bispscifics with the
DRAZ22 CD3 binding domain had shorter half-life and faster clearance parameters. Notably,
constructs with the improved anti-CD3 binding domain (TSC4586) had beiter pharmacokinetics
than those with the less stable anti-CD3 binding domain (DRA222).

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

[060261] 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 or with 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 treatment with both ROR
bispecifics. No significant difference of tumor growth was seen with T-cells from the donor
{Figure 18) compared to tumor only. There were no significant differences between animals
freated with ROR208 compared {o 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 Vivo Efficacy of Anti-
ROR1 X Anti-CD3 Binding Molecules
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[60263] Kasumi-2 cells werg co-mixed with donor T-celis and matrigel and implantad inlo the
flank of NOD/SCID mice on day © of the study. Each group contained N=10 animals, with T-
cells from one donor. Animals were freated with PBS or with 30 ug, 3 ug or 0.3 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 msasured 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 g per dose, with dose dependent titration. No difference in roule of

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

DMA sequence of Fe DRA222 (TSC311 or TSC312):

atggaagcac cagcgcagelb tctetitcecte ctgetactot ggctoccaga taccaccggt &0
gagoccaaat cttotgacaa sactcacaca tgoccaccogt goccageact tgaagoogoy 120
ggtgcacogt ca'ﬁcttfct aaacccaagyg acacccteat gatctocegyg 180
accoctgagy tcacatgogt gtoa acg aagaccctga ggtcaagtbc 240
aactggtacy tggacggegt aatgccaaga caaagocygeg ggaggageag 300
tacaacagesa cgtacegtat cteacegtece tgcaccagga ctggetgaat 260
gqfaasgcat acgcgtgegce aaagcccteoe cagecococat cgagaaaacce 420
atctc ccaaagggca ccacaggtgt acaccetgee cocatoecagyg 480
gatgag ccaagaacca acctgoctygyg aaaggebt ctate agc 540
gacatc tgoagtyggga cagcoggaga acaactacaa gaccacgoecet 600
ceogtyg actccgacgy ctetacagea agotceacegt ggacaagagco 660
aggtgy aggggaacygt teogtgatge atgaggeotet gcacaaccac 720
tacacy agagcctete ggtcagagge ac aattc ttccctgaat 780
acaggas agatggcagg g aattctcagg to ctgot ggagtotgoy 840
ggcgyga tgcagectygyg g aggctbtgtect geaaggette btgg cacc 9¢o
tttact ctacgatgcea g caggccccetyg gacaagotcot ggaatggabt 960
ggatac atcoctagoasg t aattacaatc agaaattcaa ggacaggttc 1020
acaatca ca ate goaca goottootge agatggacag cechgaggoca 1080
gaggaca gegbetattt ctgtgecacgy < raagbce actatgatta caascgggttt 1140
cecttact gocaaggoace tocecoghtcaact gtetctagog gty gagg gtcetggggot 20
ggcggat gaggts gg otcetgcacaa gacatcoccaga tga agte tocaagoago 1260
ctgtoty geatggagga ca tcace atgacctgceca gtg ctbe aagtgtaagt 1320
tacatga ggtac ca gaagcoggge aagyoccoca aaa at ttatgactca 1380
tocaaac ctto gt ccotgetoege ttoagt a gty gg gac ctat 1440
acccto Ccage ct geagcoocgaa gabtt a cti Lty cca sl 1580
agtcgtaace cacco tt cggaggggog accaa ¢ aaa atc cte aa 1560

(SEQ D NO:1)

uence 18 residue 1 to 60. Fe region is residue 61 - 753. Linker ig 754 to 816.
scFv is 817 to 1560

Mature protein wqumce of Fe BRAZ222 (TRC311 or TSC312)

EPKS3DKTHT CEAPEAA GA KPKDTLMISR TEREVICVVVD VSHE &0

NWYVDGVEVH REEQ " LTVLEQDWLN YACAVSEN KALP? 120
ISKAKGQPRE POQVYTLPPSR TCLVKGEFYPS PAAVEWEGR” 180
PVLDSDGSFF LYSKLT VDKQ C SVMHEALHNH K NN 240
TGTOMAGESE h“q”OLJL RLSCKASGYT § hoTMbWVh o] QGLEWI 300
GYINPSSAYT NYNOKEE D:(l‘ AFLOMDSLRP EDTGVYFCAR POVHYDYNGE 380
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LSASVGDRVT 420
TLTISSLOPE 480

388 499

PG KAPKRW

(SEQ I NO:Z)

DNA sequence of Fc H7L1 (TSC313):

atggaagcac cagcogcaget totettccte ctgetactot ggectccocaga taccacoggt &80

gagoccasat cttectgacaa sactcecacaca tgcccacogh goccagcace Lgaagocgoy 120

ggtgcacogt ctt aaacccaagyg acaccctecat gatctocogg 180

acccectgagg gg gtgagccacg aagaccctga ggtcaagttc 240

aactggtacy gg aatgce a aagcogcy ggaggageag 00
tacaacagces gq gegte cteac e tgcaccagga ctggetgaat
ggcaaggcat Ig ccaac aaagccotoo cagocoacat aaacc
atctccasag gc gaa ACBYC acaccctgoc cCCCgy

gatgagehbyga gg oty acctgectygyg Leaaaggetbt caaga 540

gacatcgoosy a ggg cagcooggaga acaactacaa gaccacgecet 600

ceogtgetygy t tte ctotacagea agetcacegh ggacaagagae 560

aggtggeage tge teogtgstge atgaggetch goacaaccac 720

tacacgcaga ag cog ggtcagagge a caattce tt t 780

gaa ag vle cog aattoteagy t© 840

agaagccehbgy g dqtg t g 9¢o

ctacgatgeca ¢ goga gaca gatg 960

atcctagoag t tact agaa ggtc 1020

gygacacgte caca B agetgageay atct 1080

cegtgtatta ctgtgegaga g actatgatta Tttt 1140

gg gocaa cctggtea ‘ tcag gtggsggogy gegga 12¢0

g g goggc qggtyge ggegga g acatccagst gacccagtot 1260

cc agce tgtet gggggac agggbtcacca tgacctgcag tgcocagetca 1320

ag agtt acatgs coageag aagocgggea aggooccocas aagatggatt 1380

ta tcat ccaaac guagte cctgeteget tecagtggeayg tgggtehbggy 1440

ac tata cccteoacaat agccty cagcoccgaay atttcogcocac ttattactoce 1580

ca gtgga gtcogtaac acgttce ggagggggyga ccaagcetaca aattacatoc 1560

c 1569

1 to &0 is residue 61 - 753. Linker is 754 to €16. Anti-CD3

Mature protein sequence of Fe H7L1 ({TSC313):

EPKSSDKTHT CPFCPAFEAA GAFSVFLFPE KPKDTIMISR TPEVTCVVVED VSHEDPEVKF €0

/EVH NAKTKPREEQ YNSTYRVVSV LTVLHQDWLN "kaPCAVSN KALFAPIEKRT 120
ISKAKGQPRE PQVYTLFPSR DELTRKNQVSL TCLVKGFEFYPS DIAVEWESNG QPENNYKTTP 180
FVLDSDGSFE LYSKLTVDKS RWQOGNVESC SVMHEALHNH YTQKSLSLSP GQRHNNSSLN 240
TGTOQMAGHSP NSQVQLVQSG AEVKKPGASYV KVSCKASGYT FTRSTMHEWVR QAPGQOGLEWM 300

QREFKDRV TMTRDTSIST AYMELSRLRS DDTAVYYCAR PQVHYDYNGE 360
GGGGESGE GGSGE GGEDIOMTOS PSSLSASVGED RVIMICSASS 420
APKRWL YDSSKLASGVYV PARFSGSGSG TDYTLTISSL QPEDFATYYC 480
LOIT3 S8 502

(SEQ ID NO:4

e

DNA sequence of Fe H7L4 (TSC314):

atggaagce ca toctettocte L ggcteccaga © cggt 60
gagoccaa 1t ct aactcacaca t gcccagcace t© cyeyg 120
gotgcaccgt ¢a ct g acacccteat g Jetelefs) 180
acccctgagyg te o1 Jocacy g gtte 240
aactggtacg tg of ccaaga gg gecayg 300
s fors coght ot gaat 360

gg 58 qocct o aacc 420

goooocgagaa ccacagot c ccogg 480

ggtcagocty acotgeot ctatccaage 540

gagcaatggy cagooggag gaccacgoct 600
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aggtggcea aggg gatge atgaggcet
tacacgcaga agag gaggc acaacaatlbtc ttece aat
acaggaacte agat teagg tgcagetggh ag g3
b getgaggtbga agasa o} geot tg asaggbctect geaaggette gatacacc
ttcaccagat ctacgatgea ctgggtygcga caggccccty gacaagggcet agtggatg
ggatacatta atcocctageag tgcttatact a: tce agaaattcaa cagggtc
ac goggacacgte catcagcaca ¢ gy agctgagceagy Tgagatct
gacgacacygg ccgtgtat gegaga cocccaagtoc actatgatta caacgggttt
10 cettactogy gocaaggaacd ggtcacce gtggaggogyg ttecaggegga
ggtggatcoeg goeggtggogg ategggtboge aaattgtgtt gacacagtoet
ccagecacce tgtetttgte tecaggoggaa tctocectgcag tgecagetcea
agtgtaagtt acatgaactyg gtaccaacag aggctoccag getooteate
tatgactcat ccaaactgge ttcoctggcate tcagtggeay tgggtcetggyg
i5 acagactitca citctecaccat cagcagecta attttgeagt ttactgt
cagecagtgga ghagtaacce acccacttte ccaaggtgoga caaacyy
t ccaget aa

(SEQ ID NO:5)

Signal sequence is residue 1 to 60

b
<&

Mature protein sequence of Fc H7L4 (TSC314):

EPKSSDKTHT CPPCPAPEAA GAPSVEFLEPP KPKDTIMISR TPEVICVVVD
NWYVDGVEVE NAKTKPREEQ YNSTYRVVSV LTVLEQDWLN GKAYACAVSN KALPAPIEKT
25 I POVYTLEPSR DELTKNQVSL TCLVKGFYPS DIAVEWE QPENNYKTT?
YSKLTVDKS RWQQGNVESC SVMHEALHNH YTQKS] GQ
TGCTOMAGH NSQVOLVOS3G AEVEKKPGASY
[ FKDRV TMTRDTSIST
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{(SEQ ID NO:6)

35 DNA sequence of Fc H7TLS (TSC315):

cagegecaget teotettceccte ctgetactot ggetooccaga e g 60
ctgacaa sactcacaca bgcccaccegt goccageacc cgeyg 120
tgecacegt cagtcttoct cttcecccoccea aaacccaagyg acaccctceat gatocitcceocgg 180
cetgagy tcacatgoegt ggtyggtggac gtgagecacy aagaccotga ggtocaagttc 240
40 aactggtacy gacggedt ggaggtgeat aatgccaags casageogey gugagyg 200
tacaacagca taccgtglt ggtcagegte cteacegtoe tgcaccagga ctgge 360
ggcaaggeat gegrtgege ggtctecaac aaagcectcoo cagocaccoaat cgaga 420
atcbtocaaag ccaaagggea gocccgagaa acaccc cecabtoceygy 480
gatgagctga ccaagaacca ggtcagoctyg tcaaaggctt ctatccaage 540
45 gacatcegecy tggagtggga gcaatggg acaactacaa gaccacgoecet 600
ceogtgetgy actocgacygy ccttotte agcetcacegt g aagagc 660
aggtyggeage aggggaacgt ctbtcectcatge tcogtgatge atgaggetcet goacaaccac 720
tacacgcaga agagochtcecte cctgtotoog ggtcagagge acaacaalttce ttec a 780
ggaactc agatggcecagg teattcectococg sattctecagyg Tgcagetggt 840
50 getgaggtga agaagectgg ggcctecagty aaggtcetect geaaggette tg 9C0
ttocaccagat ctacgatgea ctgggtgecga caggececety gacaaggget tgs: gc 960
ggatacatta atcctageag tgcttatact aattacsatc agaaattcas gg: [ofets 1020
accatgacca gggacacgte cabtcageaca gectacatgyg agetgageag gotgagatcet
gacgacacygg coegbtgtatta ctgtgegaga < gtoo actatgatta caacgggttt
55 ttactgygg gocaaggaac cctgghea ) tc gtggagg T g oFs
ggatcecy geggtggegy ateggy g at acatc gtet
tectece tgtetgoate tgtagyg a a teacti ctea
gtaagltt acatgaacty gtatca E ggga aagcc gatc
atgyactcat ccaaactgge ttetgg ccatcaagygt tocagt tggg
60 acagatiteca ct ccat cagcag caacctgaag attit ctot 5
ga acocac ggcggaggga ccaag acyy 1560

(SEQ ID NO:7)
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Signal seguence is residue

Mature protein sequence of
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(SEQ ID NO:8)

DNA sequence of Fc.
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Mature protein sequence of Fe HS8L4 (TRC317):

CPPCPAPEAA GAPSVELEPP KPKDTLMISR
AXKTKPREEQ YNSTYRVVSV LT WILN
POVYTLPES

TREVTCVVVD

TSN
AN

Kv)’ < 1_(

p

LDPEVKE &80
RALPAPIEKT

-
N
[

VLEQD GRAYAC

]

(-

R DELTENQVSL TCLVKGFYPS DIAVEWESNG ENNYKTITP 180

LYSKLTVDES RWQQGNVEF3C 3VMHEALHNH YTQOKSLSLSP RHNNSSLN 240

NSQVQLVQSG AEVKKRPGASVY KVSCVAC” T FTR3TMEWVR QAPGQGLEWM 300
NYNQKFKDRV TMTRDTSTET 4ZLJSLR5 EDTAVYYCAR PQVHYDYNGE 3&
VE3GGEGSGE GGAGEEGSGE GGSEIV1WC“ PATLSLSPGE RATLSCSASS 420

KPGQAPRLLT YDSSKLASGI PARFSGSGSG TDEFTLTISSL EPEDFAVYYC 480

GGGTKVEIKR 8388 503

(SEQ 1D NO:12)
DNA seguence of Fe HSLS (TSCMS}:

atggaagcac cgcaget teotcocttooctoe ctge taccaccyggt 60
ga a tgoc ccagea tgaagoogey 120
s} te ctbtocceoca aaacccaagy acacccbeat gatctooeogy 180
e atgegt cgtggtggac gtga acg aagacccetoga ggtcaagttc 240
E tggacggogt ggaggtgcat satg aga caaagoegog ggaggageay 300
o gtaccgtgt ggLLagpgtC ctcaccgtoe tgcaccagga ctggetgaat 360
g acgogtgage qgtctccaac aaagecoctac cageacccat cgagaaaacc 420
a g ccaaagygcs g gaa ccacaggtgt acaccctygeo atcocgy 480
s} & ccaagaacca ;Jtca cL acctgcctgy tocaaaggett ctatcocaage 540
g g tggagtggga gawcaatggg cagccggaga gaccacgaoct 600
o getygg acteoocgacgg ctecehtcette ctectacagea ag gt ggacaagagce 660
agobtggcage aggggaacglt cttcectcecatge tececgtgatge atgaggetet geacaaccac 720
tacacgcaga agagcectete cctgtetecy ggtecagagge acaacaattc thtocctgaat 780
acaggaactc agatggcagyg tcattotbocy aattcteagy tgcagetyggh geaghetyggy 840
getgaggtygs agaagectag gqcctC‘gtq aaggttbect gecasaggeate tggatacacce 900
t cagat ctacgatgca cga caggcoccecotyg gacaagggeh tgagtggatyg 980
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DNA sequence ﬂi‘} iy iE9L1

dLQUdPg.dV
goccaaat
gecacagt

g9 C
atctceccaaag

&3
O

O Q
iVl
Q0
VoW T

coegtgetygy
aggtyggcage

WD QO @ o
QW T 0o
Q@
U
ot
(S

&)
P
£
)

8]
ot
o

Q
0 Q
o

cag
acas:

o)
t

Q
{3

ccaaagggea
ccaagaacca
tggagtyggyas
act""qacgg
aggggaacgt
agagoctete
age agg
ag tgg
ct gos
atc cay
g9 te
ct tta

(SEQ 1D NO:15)
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EPKSSDKTHT C”PVPAPEAA GAFSVFLEPP KPKDTLMISR TPEVICVVVD VSHEDPEVKE &0
NWYVDGVEVE I\‘n“’”"f(r ) YNSTYRVVSV LITVLHQDWLN GRKAYACAVSN KALPZA KT 120
5 ISKAKGQOPRE PQVYTLPPSR ﬁLm' NQV3L TCLVKGEYPS DIAVEWESNG QPENNYKTTP L

PVLDSDGEEE L”C‘I\L"VDVZq RWQOGNVESC SVMHEALHNEH YTQKSLSLSP GQRHNNSSLN 240
TETOMAGHSP NSQVQLVQSG AEVKEPGASY KVSCKASGYT FTRSTMHWVR QAPGORLEWM 300
YT NYNQKFKDRV TITRDTSAST AYMELSSLRS EDTAVYYCAR POQVHYDYNGE 360
VE5GGEGSGE GGEGGEEGSGE GGEDIOMTOS PSSLSASVGD RVIMTCSASS 420
10 KPGKAPKRWI YDSSKLASGY PARFSGSGSG TDYTLTISSL QPEDFATYYC 4380
SGGTKLOITS =53 502
(SEQ H) N( :16)

DNA sequence of Fc HOL4 (T%FSZG)
15 Lggaagoac agegeagelt tetettecot ggctoccaga Caccaccggt 60
t*d_aa aactca gococagecace tgaagocgeg 120
ttoct ottt acacccteat gatotecogg 180
gt ggtqg aagacccotga gghbcaagttce 240
gt ggaggtgca caaagcogoy gg agcag 300
20 gt ggtc agga ot gaat 360
gg goog ac ~occcat g aacc 420
at ca gc aa cc cegyg 480
g: ca g tg cts caagc 540
ga ga ga e ga cgoct 600
25 o] gg cte te g agage 660
ag gt ¢ gc g accac 720
cte o <y agaYC ‘Az o ctgast 780
acaggaactc o4 g aattctcagg tccagettgt geaghtctyggg 840
gcf'argtga of g aaggtttoct geaaggcttc tggotacacc 900
30 t Bl o caggococcy gacaaaggot tgagtggatg 960
[ofed atc gcag t aattacaatc agsaattcaa ggacagggtce 1020
a gggacacatc ca gocetacatgg agotgageag cotgagatcot 1080
; ctgtgtatta ga ccoccaaghboe actatgatta caacgggttt 140
gccaaggaac cc gtctectecag gtggagocgg ttcaggogga 12¢0
35 goggtggagy gc ggcy ~g aaattgtgtt gacacagtct 1260
tgtctttgta faa a oot tgoag agc 1220
a ct ag aaacctggcoce aggctococag 1380
te ccageocaggt toagtggeag 1440
ta gageotgaag attttgeagt 15¢0
40 tc ggcggaggga ccaaggtygga §

15
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~

Mature protein sequence of Fo HIL4 {T5C320)

)

EPKSSDETHT CPPCPAFPEAA GAPSVEFLFPP KPKDTLMISR TPEVICVVVD VSHEDPEVKE
NWYVDGVEVH NAKTKPREEQ YNSTYRVVSV LTVLEQDWLN GKAYACAVSN KALPAPIEKT
KGQFPRE FQVYTLPESR DELTEKNQVSL TCLVKGEFYFES DIAVEWESNG QPENNYKTTP

F LYSKLTVDES RWQCGNVESC SVMHEALHNH YTQKSLSLSP GQRHNNSSLN
TGTOMAGESP NSQVQLVQSG AEVEKKPGASV KVSCKASGYT FTRSTMHEHWVR QAPGQRLEW
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GYINPSSAYT NYNQKFKDRV TITRDTSAST AYMELSSLRS EDTAVYYCAR PQVHYDYNGE 36
PYWGCGTLVT VS3GGGGSEE GGAGGGEGSGE GGIEIVLTQS PATLSLIPGE RATLSCSASS 420
55 SVEYMNWYQQ KPGQRAPRLLIL YDSSKLASGL PARFSG3IGSG TDFTLTISSL EPEDFAVYYC 480
QQWESRNPPTF GGGTKVEIKR 8388 503
(SEQ ID NO:18)
60
DNA sequence of Fe HOLS (TSC321):
tggaageac agcet tcth4thtC ggctceccaga taccaccyggh 60
cas o o tgaagocygeyg 120

89
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gg aascccasagy acacccteoat 180
ac gtgagceccacy aagaccotga 240
aa ggaggtgcat aatgccaaga caaagocogoy g 300
ta ggtcagogte ctcaccgtoo tgcaccagga g 380
b ggca ggtctecaac aaageoochcee cageooceat s 420
atet gccceccgagaa ccacagohbgt acaccctgee cccatcccgg 480
gaty: ggtcagootyg acctqcc;gg tcaaaggett ctatccaagc 540
gaca ¢ o gagraatggy cagooggaga ac T gaccacgoet 600
ccegtgetygy actocgacygy ctoctictte C';tacagca agctcaccogt ggacaagage 660
10 aggtyggcage aggggaacygt cttcectecatge tcocegtgatge atgaggetcet goacaaccac 720
tacacgcaga agagoctbote cctgtceteoyg gygtcagagge acaacaalttc Thocctgast 780
aCdugddCtC agatggcagy bteattctecyg aatt‘+cagg tccagettgt geagtctyggg 840
gaagcotgy ggcctecagtg aaggtitcect geaaggcette tggotacacca 900
jatgca titgggt C ocaggcecooccy gacaaaggot tgagtggat 960
S Jggre SN g¢ grgg

i5 a atcctagcag tgcttatact 3dttdf& e agaaattcaa ggacagyggtc 1020
a gggacacate cgog ca goctacatgg agotgageag ccoctgagatcet 1080
g g ctgtgtatta otgt aga cccecsagtoc actatgatta caacgggttt 1140
c g gccaaggaac ccotggtecace gtctectcag ¢ ttcaggcegga 1260
gc gegatggegy ategggtygge ggcggatetg a gacccagtet 260
20 c tyg T aggagac agagtcacca t tgocagotca 320
a ac i cagcay ccaggga gehboctgate 280

t ggggtc caaggt gy ool 144

agtoty ctgaag tta gt 15¢
gaggga gat 1560

[\
[V

e
Ul
~]
Ny

idue 1 to 50

seguence ls res

{T8C321) ¢«
“VWLWPD KPKDTLMISR

ey
30 Mature protein sequence of Fo HILE

EPKSSDETHT CPPCPAFEAA VSHEDPEVKE &0

TPEVTCVVVD

GAFR

TWYVDGVEVE
ISKAKGQOPRE

NAKTKPREEQ
POVYTLPPSR

YNSTYRVVS

DELTKY DV%T

[ LITVLIHQDWLN

CLVKGFYPS

LV

GKAYACAVEN
DIAVEWESNG

KALPAPIERT
QPENNYEKTTP

R
oo N
o O

»

PVLDSDESFF LYSKLTVDKS RHOCGNVESC SUMHEALENE YTQKSLSLSP GORENNSSLN 240

33 TGTOMAGESP NSQVQLVQSG AEVKKPGASY KVSCKASGYT FTRSTMEWVR QAPGQRLEWM 300
GYINPSSAYT NYNQKFKDRV TITRDTSAST AYMELSSLRS EDTAVYYCAR PQVHYDYNGE 360
VSSGEGGSEE GESGCGGSCE CGIDICMIOS PSSLSASVGD RVITTCSASS 420

KPGKAPKLLI YDSSKLASGYV PSRFSGSGSG TDFTLTISSL QPEDFATYYC 430

GGGTKVEIKR S38 503

(SFOE) NO:2 0)

DNA sequence of Fe HI0L1 (TSC322):

atggaagcac cagegceaget tcetettocte ctgctactct taccaccggt 60

45 gagoccaa at cttotgacaa aactcacaca tgcccoacogt tgaagocyag 120
ggtgc e aas gg gatoteocogg 180

tgogt o ¢ gtgagccacy aagaccctga ggtcaagtte 240

cggegt o t aatgccaaga caaagcoogog ggaggagoaqg 300

‘ accgbgt o ¢ ctcaccegtoc tgcaccagga ctggoetgast 360

50 ggcaaggcat acgcgtgcge g c - cgagaaaacc 420
atctcoccaaag ccaaagggea g a coce cocgg 480

gat gaacca g ot atccaagae 540

gaca gtggga o g gaccacgcoct 600
ceagtgectygg actecogacygg cta c ggacaagagc 660

55 aggtggecage aggggaacgt cttctecatge Jracaaccac 720
tacacgcaga agagcctete cotgtcetecg c ttcectgaat 780
acaggaactc agatggroagg tcattcotocg g gcaatcotyggg 840

getga gy cggty e tggaggoacac 900

} tite: ca & g tgagtggyatyg 960
60 gg ag T act.3L atc ggacagagtc 1020
ac te ca Ty cotg: Tot 1080

ga ta a c caac T 1140

cc ac c g ttca ra 1260

90
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atbggaagcac
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residue 1 to 50

PPCPAPEAA GAPSVFLEPP
AKTKPREEQ YNSTYRVVIV
YTLPPSR DELTKNQVSL

RWQQGNVESC
EVKKPGSSV
TITADKSTST
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cagogeaget tetetbocte
cttotgacaa aactcacacsa
Toettoet

e

acatgegt
gacggcegt
taccgtgt
acgcgigego
ccaaagggca
ccaagaacca
tggagtggga
actcecgacgy
aggggaacgt
agagcecetete [olef
agatggcagyg <
agaagcctygg tg
oy e etel E
ctacgatgea ga
atcctageag ct
cggacaaate ca
tgtatts a
gecaaggaac cctggtcacce
gcggtggeygg ategggtgge
tgtetttgte tocaggggaa
acatgaactyg gtaccaacag
ccaaactgge ttctggoatc
ca agcocta
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Mature protein segquence of FC HIJLLI (TSC322) :
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Mature protein seguence of Fo H10L4 (TSC323) .
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TPEVITCVVVD
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ISKAKGOPRE POQVYTLPPSR DELTKN L TCLVEKGEYPS
PVLDSDGSFF LYSKLTVDKS RWQQOGNVESC SVMHEALHNH

fany

w N
O o O

0
0
TGTOMAGHESE NSQVQLVQSG AEVEER SV RKVSCKASGGT 0
GYINPSSAYT NYNQKEFKDRYV TITA 3T AYMELSSLRS C 380
PYWGOGTLVT VSSGGEGEGGE GGSBCGC -G GGSEIVLTQOS PATLSLSPGE 420
SVSYMNWYQQ KPGQAPRLLI YD §! PARFSGSGSG TDETLTISSL 480

P

‘aVa gg

QOWSRNPPTE GGGTKVEIKR 35¢

(SEQ D NO:24)

[&))
[e)
(o8]

ﬂ

DNA sequmw of F

gaagcac

HIO0LS (TSC324):

get tetcttocte ctgetactet
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aaga ggaggagcag 0
gteo ctggoctgaat &0
ctoo cgagaaasacc 420
g goooocgagaa gtagt coca c 4380
gatgagetga ccaagaa ctygg ctat a 540
gacatcegeeyg tggagtyg gaga gaccacgect 600
ccogtoctgy actecgac c g c ggacaagagc 660
aggtggcage aggggaac atgc tcocgtgatgc gag gcacaaccac 720
tacacgcags agageo gtetecey ggtcac acaacasttc tteccctgaat 780
acaggaactc agatgges tetecoyg aattcecteagy tocagebgogh goaatoigoy 840
getgaggtga agaagoec g aaggtcteoct gcoaaggette tggaggceace 9¢
ttcagecagat ctacgate a cagygc gacaaggget tgaghbtggatbyg 960
ggatacatta atcctag ct aattacaatc agaaattcaa ggacagagtc 1020
acgattaccy cggacas ca goctacatgg agc gecag cct atct 1080
cgy cogho ga ccocaagtbco ac gqatta caacgggttt 1140
JUg gecaagga cace gtotectecay gtyggaggegy ttcaggegoa 12380
gg cocg goggtgge gtgge ggoggatctyg acatcocagat gacccagtcet 12€0
o ccc tgtetge gagac agaghbcacca btcactitgeag tgccagcetcea 1320
ag Tt a 2 agcag ggga aagcoocctaa gcetoctgatco 1380
ta at ¢ c gggtc aggt tcagtggcag tggatctygog 1440
ac tcs © gtctyg gaag attttgeaac ¢ ctgt 1560
ot cttte aggga ccaaggbtgoa g g 15&0
aa 1572

(SEQ ID NO:25)

Signal sequence is8 residue 1 to 60

Mature protein seguence of Fo HI0LE (T8C324)

EPKSSDKTHT CPPCPAPEAA GAPSVELFPP KPKDTLMISR TPEVICVVVD VSHEDFEVKE &0
NWYVDGVEVE NAKTKPREED YNSTYRVVSYV LTVLEQDWLN GKAYACAVSN KALPAPIEK 120
ISKAKGQPRE POVYTLEPSR DELTRKNQVSL TCLVKGEFYPS DIAVEWESNG QPENNYKTTP 180
PVLDSDGSFF LYSKLTVDKS RWQQOGNVESC SVMHEALHNH YTQESLSLSP GQRHNNSSLN 240
TCTOMAGHSP NSQVQLVQS3G AEVKKPGSSV KVSCKASGGT FSRSETMEWVR QAPGQGLEWM 300
GYINPSSAYT NYNQKFKDRYV TITADKSTST AVMELSSLRS EDTAVYYCAR PQVHYDYNGE 360
BYWGQGTLVT VSSGGGGEIGE GGSGGGEGESGE GGSDIQMIQS PSSLSASVGD RVTITCSASS 420
SVSYMNWYQQ KPGKAPKLLI YDSSKLASGV PSRESGEGSG TDEFTLTISSL QPEDFATYYC 480
QUWSRNPPTEF GGGTKVEIKR S55 503

(SEQ ID NO:26)

DMA sequence of Fe H7TL6 (TSC334):

atggaagcac cagcgcaget totettcocte ct g tacca &80
gac casat ctteoctgacaa sactcacaca tgo gt g cace tgaag 120
ggtgcacoegt < ttect ctteccceca a gg acaccctecat gatchoccygyg 180
accectgagy teacatgegt Mgtjgtggac gtgagocacg aagaccctga ggtoaagttc 240
aac tg/vac” tggacggegt ggaggtgcat aatgccaaga casagecgey ggaggagea 300
tacaacagesa cgtacoegtbalt ggbcagegte cteaccgtce tgeaccagga ctyggcetgaat 260
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ggcat acgcatgege ggt gagaasacc
caaag ccaaagggea geoc cecatcoago
gatgagetyga ccaagaacca ggbcagectyg ctatcocaage
gacategeceg tggagtgsga gag ggg ga gaccacgaoct
b cecegtgetgy actecgacgy ctecttctte o acagca agctcaccgt ggacaagagco
agobtggcage aggggaacglt cttcectcecatge tececgtgatge atgaggetet geacaaccac
tacacgcaga agagcectetc t g ggtcagagge acaa o ttcoctgaat 780
acaggaactc agatggcagy g aattctcagyg tgcagetbgglt geagtcetggyg 840
getgaggtga agaagectygg [ g aaggtctect goaaggettce tggatacacco 900
ttcaccagat ctacgatgea rggtgcga caggcecectyg gacaagggceh tgagtggaty 980
ggatacatta atcctageoag tygcttatact sattacaate agaaattcsa ggacagggtco 1020
accatgacca gggacacgte catcageoaca goctacatgyg agetgagcay getgagatot 1080
g: gy ccgtgtatta cgaga ccoccaagtce actatgatta caacgggttt 1140
Jg gocaaggaac tcace gtotcectcag gtggaggogy ttcaggoggaa 1260
geggtyggeygg ggc ggcggatcty acatccagab gaccc Cct 12&0
tgtetgeate gagac agagtcacca tcacttgcag tgoca ca 1320
agtgtaagtt acatgaactg agcayg aaaccaggga aageccctsa gagatggatt 1380
ta Lsau cat ccaasactggce gogtc aggt scag tggatctyggg 1440
ctotcaceat gtotg gaag caac ttactactgt 1560
caacagtgga gtaegtaacco cttte Jgga tgga gatcaaacgyg 1560
tectecaget as 1572

(SEQIDNO:27)

Signal seguence is residue 1 to 60

[V

Mature protein seguence of Fo H7LS (TS8C3I34):

Joa
(¥4

55

KSSDKTHT

J\‘E YVDGVEVE
.?KAKWVPRE

PVLDSDGSFF

POVYTLPPIR
LYSKLTVDKS

SAPSVELFEP

YNSTYRVVEV
DELTKNQVSL
RW C\‘ffgf‘

JE‘JTC"\/’V‘\/D
KAYACAVSHN
DIA\/’EV\TE’.SI\TG

‘SHE[PEVB"

o)
[}

O o O
D OO OO D

G W N B

TGTOMAGHSE NSQVQLVQSG SV KVSsC XSG’T FTRSTMHWVR PGQGLEWM
GYINPSSAYT NYNQKFKDRY TMTRDTSISZT AYMELSRLRS DDTAVYYCAR HY &
PYWGOGTLVT VSSGGEGEGE GGSGGEGIGEE GGSDIOMTQOS PSSLEASVEG 42
SVSYMNWYQQ KPGKAPKRWI YDSSKLASGY FSRESGSGSG TDETLTISSL 480
QOWSRNPPTF GGEGTHKVEIKR SSs* 5G4

(SEQ D NO:28)

DMA sequence of Fe H7L7 (TSC338):

atggaagcac cagcgcagelb tctetitceccte ctgetactot ggceteco tacca &0
gagcoccaaat cttctgacaa tgcccacogt gooca tgaag 120
qgtupaccqt cagteottoct ctteoce saaccocaagy acacoctcat gatcet o 180
accocectgagy tecacatgegt ggtggtoggac gtgagecacy aagac ggtcaagttc 240
aa tgﬂn acy tggacggoegt ¢ aatgccaaga caaag ggaggageag 300
tacaacages cgtacogtagt ¢ Ctﬂd\Cgl'C tgcac ctggetgaat 36
ggca acgcabgege g anPrtCﬂ cagoce agaaaace 4
atct ccaaagggca o cacaggtgt a catococagg 4
gatyg caagaacca ggtca ‘ctg acctgoct T T atccaagae 54
gaca ggagtggga gagcecaatygg cageogga aca rcaa gaccacgect 60
ccogl ctecgacgy chtecttaotte ctetacag agctcecacegt ggacaagagc 66
aggt aggggaacgt cttectcatge toocgtygst atgaggotcet gcacaaccac 7
tacace & agagcctcete cohbgtetecy caacaattc ttceccctgaat 7
acaggaacte agat tecattetcoog tgcagetggt goagtotggyg 38
getgagotyga agaagoctygg ggccteag geaaggette Ttggatacaco @
ttcaccagat ctacgatgea ctgggtge gacaaggget tgaghbtggatbyg 9
ggatacatta atcctageag tgctta agaaattcaa ggacagggtc 1020
accatgacces ggga catcag agetgageay getgagatet 1080
ga cog ctgtyg actatgstta caacgggttt 1140
cc goo: cotgy gtyggaggegy ttcaggegoa 12380
gg gog atogyy aaattgtgtt gacgeagtot 1260
SIeEYs ce tgt tocagy toetectgeay bgocagotcea 1320
agtgtaagtt ace gtacca tggegoccay gagatggatbt 1380
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ccaaactgge titctggecate ccagacaggt gtggcag tgggtetgay 1440
ctotecaccat cagcagacty gagoctgaag “ttgeaght gtattactgt 15060
tcegtaacce acccactitte ggegoaggga ccaagghbgga gatcaaacoy 15&0
a 1572

regidue 1 to 60

Mature protein seqguence of Fo HVL7 (TSC335):

EPKISDKTHT CPPCPAPEAA GAPSVELEPP KPKDTILMISR TPEVICVVVD VSHEDRDPEVKE &0
FYRVVEV LTVLEQDYW 2

NWYVDGVEVE NAKTKPREED YNS

VLN GKAYACAVSN FAL;P PIEKT
POVYTLEPSR DELTKNQVSL 4 N

¥PS DIAVEWESNG QPENNYKTTP

RN

A Q0

wn H
(@l

-
T
G

3
LSP GOQRHNNISLN

0

0
PVLDSDGSFFEF LYSKLTVDKS RWQQGNVESC SVMHEALHNH YTQKESLS 240
TGTOMAGESP N%Q”QEVQSG AEVKKPGASYV KVSCRASGYT FTRSTMHEWVR QAPGQGLEWM 300
Y INPSSAY YNQKEKDRY TMTRDTSIST AVMELSRLRS DDTAVYYCAR PQVHYDYNGE 360
PYWGQC VSSGCGGSGG GGSGGGEEEGE GGSEIVLIQS PATLSLSPGE RATLSCSASS 420
SVSYMNWYQQ KPGLAPRRWI YDSSKLASGI PDRESGEGSG TDFTLTISRL EPEDFAVYYC 480

<
]
QOWSRNPPTE GGGTKVEIKR SS& 504

(SEQ ID NO:30)

DNA sequence of Fc H7LS8 (TSC336):

atggaagcac cagcgcaget totettccte ctgetactot ggectcocaga &80

gagoccaaalt cttotgacaa sactcacaca tgoccacogt gocoagoac 120

ggtgecacegt cagtcttcct ctteoccocea aaacccaagyg acaccocteat 180

accoctgagy tcacatgoght g gtgagccacy aagacccotga 240

ggtacy tggacggcegt ¢ E a aagooygcy 00

ggtcagegte ctcaccgteoe tgcaccagoa 360

ggtctocaac aaagcococctoo cageoccococat 420

ot c tgt ctgoc 480

g gg gotbt a 540

g ga acaa gaccacgecet 600

‘ o ol ca cogh gg: agce 660

aggtggcage aggg c gc cteot goa cac 720

tacacgcaga agag c gc atte tgaat 780

acaggaacte agat tcattet gg ctggt ctgguyg 840

gctgaggtga agaa ggccteag ct gctte cac 9C0
ttcaccagat ctac ctgggtage cotg ggct gatg 960
ggatacatta atcc tgottats aatbaCaatc tcaa ggtc 1020
accatgacca ggga ratcagea e geay atcot 1080
g ccgt ctgtgcg cc gatta Tttt 1140

g g cctgghea ; ag gtggaggeygy gogga 12¢0

g goggte atcegggtyge ggeggatetyg acatcocagst gacccagtot 1260

c tgtet tgtaggagac agagtcacca cttgcag tgccagetca 1320
ag acatg: gtatcagcayg aasccaggga cecotaas gagatggatt 1380
ta abt ccaaactgge ttetggggte ccatcaagy goggeayg tggatehggy 1440
ac ca ctctcocaccat cageagecty cageoctga attttgecaac ttattactge 50
caacagtgga g cce seccacttite ggcggaggga coaaggtgga gatcaaacgg 1560
tcectocaget aa 1572

SEQ ID NO:31)
iluJ 1 sequence is residue 1 to &0

Mature protein sequence of Fo H7LE (TSC338):

S DKTHT CPPCPAFEAA GAPSVEFLEPP KPKDTLMISR TPEVICVVVD VSHEDPEVEKER
| ;"’V“ VAKTKPREEQ YNSTYRVVSYV LTVLHECDWLN GRKAYACAVSN KALPAPIEKT
ISKAKGQOPRE POQVYTLPPSR DELTRNQVSL TCLVKGEYPS DIAVEWESNG OPFNNYF“Tﬁ
FVLDSDGSEFE LYSKLTVDKS RWQOGNVESC SVMHEALHNH YTQKSLSLSP GQRHNNSSLN 2
TGTOQMAGHSP NSQVQLVQSG AEVKKPGASYV KVSCKASGYT FTRSTMHEWVR QAPGQOGLEWM 3
NYNQKFKDRV TMTRDTSIST AYMELSRLRS DRDTAVYYCAR PQVHYDYNGE 360
GGGGESGGE GGSGGGGESGE GGSDIOMTQS PSTLSASVGD RVIITCEASS 4

g

5

94
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SVSYMNWYQQ KPGKAPKRWI YDSSKLASGV PSRESGEGSG TEFTLTISSL QPDDFATYYC 480
QOWSRNPPTF GGEGTKVEIKR SS8% 504

(SEQ ID NO:32)

(Vg

DMA sequence of Fe HBL6 (TSC337):

atguaagcac cagogeaget tetcetitccocte ctgctactot ggcteccagsa &80

agoccaaat cttotgacaa sactcacaca caccgt goccagoacd 120

10 gvtscaﬁ”gt cagtcttoct ct agg acaccctcat 180
accoctgagy tcacatgoegt gg acg aagaccoctga 240

gt ggs C a aagCcogoy G0

wiets| cgte toce tgecaccagoa 360

fofe caac too cageoccocat 420

15 gC gaa tgt ctgoc 480
gatgagctga ccaagaacca ¢ ccetg acctgoctgg ggett 540
gacategecy tggagtggga ¢ tggg cageeggaga tacaa 600

coog [ cgy < ctte ctotacagea accgh 660

aggt cgtb ot catge teogtgatge ctet 720

20 tacacgcaga ag cte co ctoog ggtcagagge tte 780
ag g toa toog sattoteagy ggt 840

agaagechbgyg ggcectecagtyg tttect geaaggeato 9¢o

ctacgatgea ctogggtgoga caggccccotg gacaagggcet 960

atcctagoay tgottatact aattacsatc agasaattcoas 1020

25 accatgacca gggacacgtc cacgagcaca atgyg agctgageag 1080
i g cecgtgtatta ctgtgctaga gtoe actatgatta 1140

g gocaa cctgghea ; tcag gtggaggegy sfelsfo 12¢0

g gCcgy atcegggtyge ggeggatetyg acatcocagst gacccagtot 1260

c ¢ tgto! tgtaggagac agagtcacca t tgcag tgcocageotcea 1320

30 ag sagtt acat gtatcagcag aaaccaggga aagoocotas gagatggatt 1280
ta cteat ccaa Lo ggte ccatcasy tcagtggeay tggatcbggg 1440
acagatttca cagcagtcty caacctga attttgecaac ttactactot 1580
caacagtgyga gtcogtaa acccacttte ggoeggaggga craaggtgga gatcaaacgy 1560

15772

Q
e
o om
@
A

tectaca

35 (SEQ ID NO:33)

Signal segquence isg resgidus I to &0

40 Mature protein sequence of Fe H8L6 (TS{337)

EPKSSDKTHT CPPCPAFEAA GAFPSVFLEPP KPKDTLMISR TPEVICVVVD VSHEDPEVKE &0
NWYVDGVEVH NA PREEQ YNSTYRVVSV LTV DWLN GEAY HCAVSN KALFAPIEKRT 20

—

45 ISKAKGQOPRE LPPSR DELTRNQVSL TCLVKGEYPS DIAVEWESNG QPEDR

NYKTTP

[e+]
DO

i

EVLDS DGSF“ Ll S KLTVDKS RWQQGNVESC SVMHIEALHNH Y QK\LSLSP GORHNNSSLN 24
TGTQMAL NSQVQLVQSG AEVKKPGASYV KVSCKASGYT FTRSTMHWVR QAPGQGLEWM 300
NYNQKFKDRV TMTRDTSTST 'VMZTQQ**S EDTAVYYCAR PQVHYDYNGE 360
VS3GGEESGE GGSGGGESGE PSSLSASVGD RVTITCSASS 420

50 'OQ KPGKAPKRWI YDSSKLASGY QPEDEFATYYC 480
QOWSRNPPTE GGGTKVEIKR S53* 504

(SEQ ID N(}:34)
DNA sequence of Fa HBL7 (TSC338):

55 atggaago F: geaget betettcecet ggctoccaga ccaccggt 60
gagccecaaalt cttctgacaa aactcac goccagoace tgaagocegedg 120
ggtgcaccgt cagtcttoct cttoecoo acacccteat gatcoctcocogg 180
acccectgagy tecacatgegt ggtggtgga aagaccotga ggtcaagttc 240
aactggtacg tggacggegt ggaggtgeat caaagcogey guaggageag 300

60 tacaacageca cgtaccegtgt ggtcagagte tgcaccagga ctggetgasat 380
g atgoge go aac cageocccat cgagaaaacc 420
a caaagggca gcecoccgagaa ccacaggibgt acaccctgee cccatcceegyg 480
g: aacca ggtcagococtg acctgoctgg toaaagocott ctatccaagc 540

95



(Vg

]

(-

WO 2017/053469 PCT/US2016/052942

[t}
»
I
Bt
ot
0

fte}
[}
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Q
ot

fte)
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o
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ot
oh

>

gagcaat

* C ) ggg cagceceggaga GO
cocgtgetygyg actocgacgy ctoctbotte ctotacagea 660
aggtggceage aggggaacgt cttctecatge tecogtgatge 720
tacacgcaga agagoctcete cctgtotecg ggtcagagge 780
acaggaactc agatggcagyg bteattctecg aattotcecagg ¢ 840
getgaggtga agaagectgy ggcctecagtyg aaggtttect geaag 9C0
ttraccagat ctacgatgcea ctgggtgoga caggocccectg gacaa ge 960
ggatacatta atcoctageag tgottatact aattacsatc agaaa ok 1020
accatgacca gggacacgtc cacgagceaca gtcotacatgyg agetgageag ag
gaggacacygg cogbtgtatta ctgtgetaga cccocaagtoe actatgatta gy
cettactggg gecaaggsac cotggtcace gtectoctecayg gtggaggegy fofe)
ggtggatccyg geggtggcgy atcgggtygge ggcggatetyg aaattgtgtt gacgcagtcoet
ccagocaccoe tgtoetttgte tecaggggaa agagacacce tctectgeag tgcocoagetea
agtgtaagtt acatgaactyg ¢ cagoay aa ggce tggegecocag gagatggatt
tatgactcat ccaaactgge ttcectggeatce agght tcagtggecag toggtoigoyg
acagactteca ctctoaccat cagecagactyg gaag attttgcagt gtattactgt
cageagtgga gheghaacce acccacttte ggga coaaggbtgga gatcaaacgy
tecteccaget aa

(SEQ ID NO:35)

Signal seguence is residus 1 to 60
Mature protein sequence of Fo H8L7 (TSC338):

EPKSSDKTHT CEPCPAPEAA GAESVFLFPE KPRDTIMISR TPEVICVVVD VSHEDPEVKE 0

NWYVDGVEVE NAKTKPREEQ YNSTYRVVSV LEQDWLN GRKAYACAVSN KALPAPIEKT 120
ISKAKGQOPRE PQVYTLPPSR DELTRNQVIL TCLVKGEYPS DIAVEWESNG QPENNYKTTP 180
FVLDSDGSEFE LYSKLTVDKS RWQOGNVESC SVMHEALHNH YTQKSLSLSP GQRHNNSSLN 240

/ KVSCKASGYT FTR3ITMEWVR QAPGQGLEWM 300

TGTOMAGHSP NSQVQLVQSGE ARVEKKPGASY GL

GYINEPSSAYT NYNQKFKDRV TM.RDTTTST VYMELSSLRS EDTAVYYCAR PQVHYDYNGE
PYWGQGT VESGGGEGSGE GGEGEGGESGE GGSEIVLTQS PATLSLSPGE RATLSCSASS
SVSYMNWYQQ KPGLAPRRWI YDSSKLASGL PDRESGSGSG TDETLTISRL EPEDFAVYYC
QOWSRNPPTE GGGTKVEIKR S38 503

(SEQ ID NO:36)

Sy W

DNA sequence of Fc H8L8 (TSC339):

atggaagcac cagcegceagelt tetettocte ctgetactct ggectoccocaga taccac 60
gagoe c aca tgoccaccgt T 120
gutgcaccgt ca ctbtocecoca aaacccaagy g 180
acccctgagyg tcacatgegt ggtggbggac gtgagocacy gy 240
aactggtacyg tggacggcogt ggaggtgcat aatgccaaga gg 300
tacaacagea cgtacogbgt ggtcagegte ctcecacceghoc [alnt 360
ggcaaggeat acgcatgege ggtcectecaac aaagococicce cgsi 420
atctcoccaaag ccaaagggoa goccocogagaa ccacagohtgt cc 480
q ctga cecaagaacca ggbecagecty aco *~P"+gq cta 540
gacatcgecg tggagigoga gagcaatgog ga gaccacy 600
jole! ctgg actocgacgg ctectitcatte ca ggacaagag 660
ag go aggggaacgt gc g gc cesc 720
ta a agagcctetce ceg gc ttcectgaat 780
ac ¢ agatggragg tcattctocg gg gcagtcetygg 840
gc gtgs agaagcctgy ggoctecagtyg aagg ct tggatacacc 900
ti ;at ctacgatgca ctgggitigcega caggcecectyg gacaagggceh tgagtggatyg 960
gga a atcctagcag tgcttatact tt atc a attcaa ggacagagtce 1020
ac gggacacgto o aca gg gageay © agatot 1080
gag c » aga cc tgatta gggttt 1140
cct g cacc cag aggcgyg ggcggoa 1260
ggt g tgge cty ccagat agtet 1260

t gac ¢ cca ttgeay tgeoccagetcea 13220

a ag gga cootaa gagatggatt 1380

o C te ggt cggcayg tggatotggg 1440

ctebcaccat cageagectyg Rule} tgcasc actgo 15¢0
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caacagtgdga

toctecaget aa

ID NO:37)

S:Lgnal seguence 1s residue 1 t

(Vg

Mature protein seguence of Fo

[
)
‘e’

KSSDKTHT CPPLPAPEAA
NRYYDGVEVE NA&TK' EEQ
TSKAKGOPRE POVYTLPPSR
PVLDSDGSFF LYSKLTVDKS
TGETOMAGHSE NSQVOLVOSS
i5 GYINPSSAYT NYNOKFKDRV
PYWGEOGTLYT /S@GGuC\uu
SVSYMNWYQQ KP
QOWSRNPPTF GG

(SEQ D NO:38)

DMNA sequence of Fe Hi10Le

abtggaagcac cagcegcageh

N Q\/ S L

RWQQOGNVESC
AEVEKPGASY
TMTRE ST

(TS

tetetbocte

*340):

gagcccaaat tctgacaa aactcacaca
25 ggtgca gtottect cttoocccoca
accoct t"dcatgcgt ggtggtggac
aactgy tggacgygcglt ggaggtgcat
tacaac cgtaccgtgt ggtcagogto
gygcaay acgcabc ctecaac
30 atctec ccaaagggca gooccgagas
gatgag ccaagaacca ggtcagectyg
gacatcegeoeyg tggagtggga gagecaatygyg
cecogtgetgy actccecgacgyg ctocttotte
R aggtggcage aggggaacgt cttetecatge
35 tacacgcagsa agagecctete ot
acaggaactce agatggeagg
goetgaggtga agaagoectygg gtccf gﬂtq
ttcagecagat ctacgatgea
ggatacatta atcctageag
40 acgattaccy cggacaaatc
cgy cogtgtatta gt aga
3gg gccaaggaac cchg acc
gtg cecg goggtggegg ateg ggc
cecatoctoce tgtetgeste tgtaggagac
45 agtgtaagtt acatgaactg gtatcagceag &
tatgactceat ccaasactgge tictggggtce
acagatttca cboctcaccat cageagtctyg
caacagtygga gtoegtaacce acccactite
tectecaget aa
50 {SEQ ID NO:39)
i gt sequence i3 residue 1 to 60

Mature protein seguence of Fo

[
[

EPKSSDKTHT CPPCPAPEAA
NWYVDGVEVHE NAKTKPREEQ
ISKAKGQOPRE POVYTLEPSR
PVLDSDGSFEF LYSKLTVDKS

60 TGTOMAGESP NSQVOLVOSG
GYINPSIAYT N”T’{LKDRV
EYWSQGTLVT GEEESGE
SVSYMNWYOOQ h GKAPKEWT
QOWSRNPPTF GGGTKVEIKR

GAP

YNSTY SV
DELTKNQVSL
RWQOGNVESC
AEVKKPGE3V
TITADKSTST
GGSGGGEEGE
YDS3KLASGY
SS58

ggcggaggga

KPKDTLMISR
LTVLHQDWLN
TCLVKGEYES
SVMHEALHNH
KVSCKASGYT

VYMELS3LRS

ctgctactet
Lgcccaccgt
aaacccaagg
gtgagocacy
aatgccaaga
ctecacaghcee
aaagcecctco
ccacaggtygn
acctgcetyyg
cagecggaga

‘*cfacagca

aattc?cagg

aaggtctcoot

caggoces
aattacaatc
gacctacatgg

coccaagtee

~+

W WG

s

_(:-

caggga

ccateasag g"

caac "".O'c =

et
ggcggaggga

£

KPKDTIMISR
LTVLEQDWLN

TCLVKGEYPS
SVMHEALHNH
KVSCKASGGT
AYMELSSLRS
GGSDIOMTQS

PSREIGSGSG

>

s

U

ccecaaggtgga

TPEVTCVVVD
GEAYACAVSN
RIAVEWESNG
YTOKSLSLSE
FTRSTMHWVR
EDTAVYYCAR
PSTLSASVGD

TR T e T
TEFTLTISSL

-a9g
cocat
ctgee
ggott

El ctacaa
= caccgt
a ctat

I
e
o

O
[

t getggt
fofls ggctte
aggget

[te}
o Q

[qute:
O

Q
[
@ QW

& g

a tgatt
ggcgy
cagat
tgcag

aagcccectaa

tcagtggcag

attttgcaac

ccaaggtgga

TEEVTCVVVD
GKAYACAVSN
DIAVEWESNG
YTQRSLILSPE
F3RSTMEWVR
EDTAVYYCAR
PSSLSASVGD
DETLTISSL

LR
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RVTITC
QEDDFATYYC
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geé

ggtcaa
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cgagaaaace
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(SEQ 1D NO:40)

DNA sequeﬁwe of Fe HIOLT (TSC341):

ﬁ\w

atggaagcac cagegoaget totoett o ctgetactet
qac acaa aactcacaca tgcccaccegh
ggtgcaccgt tcet cttcecoccoca aaacccaagyg
accoctgagg gogt ggtggtggac gtgagocacy
EE gotacyg tggacggegt ggaggtgeat aatqcc;ag;
Io¥: taccgtgt MgtL, goghe cteaccgtao
ge tgege gr tecaac aasgeccteo
a' gggca ceccgagasa ccacaggtgt
ga aacca wqtca’ﬂctg acctgcctagy
[SF: ) tggga gagcaatggy Jgaga
< “gg a acgqy goa
a gc aggygaacgt

oF ga agagcctctao

acaggaacte agatggcagy

getgaggtga agaagectygg

ttcagcagat ctacy: jor=1

g acatta atcce cag

a ttaccyg cggac te

gs cacgy caghg ta o

< actgygyg gecaaggaac cchbyg

ggtggat gcggtygeygy atcgg

ccage tgtetttgte toceay
agtgta & ace
tatgac [ tg
acagac f yca

(SEQ ID ) NO: 41)

Signal seguence is residue 1 to 60

Mature protein seguence of Fo HI0L7 (TSC341) :

EPKISDKTHT CPPCPAPEAA GAPSVELEFPP KPKDTLMISR
NWYVDGVEVE NAKTKPREEQ YNSTYRVVSV LTVLEQDWLN

ISKAKGQPRE PQVYTLFEPSR DELTKNQVSL TCLVKGEYPS
PVLDSDGSFFEF LYSKLTVDKS RWQQGNVESC SVMHEALHNH
TCTOMAGESP NSQVQLVOSG AEVEKPGS3V KVSCKASGGT
GYINPSSAYT NYNQKEKDRYV TITADKSTST AYMELSSLRS
PYWGOGTLVT VSSGGGEGIGE GGSG quaGG GGSEIVLIQS
SVSYMNWYQQ KPGLAPRRWI YDSSKLASGI PDRESGEGSG

QUWSRNPPTE GGGTKVEIKR S

(SEQ ID NO:42)
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[92]

DNA @equence oflwc EH(}LS (T5C342):

atg ok tetettecte

ga c sactcacaca a
ggtgecacegt cag ”*tﬁﬂcccca aaacccaagy
accectgagy tee gtoagccacyg
aactggtacy tgga - aatgccadga
tacaacagca cgta accgtec
ggcaaggcat acgce ctoo
at a gtgt
ga ctgg
ga Jaga
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coogtgetgg act ctotacages 660
aggtggoas aggye teogtgatge 720
tacacgcaga agag: ctoceog ggtcagagoc 780
acaggaactc agatg ctoog aatteoteagyg to 840
getgaggtbga agaag coggtyg aaggtotect g 9¢o
ttcagecagat ctacg: tgega o] tg g o g 960
ggatacatta atcocots atact to a tcaa wgagtce 1020
acgattaccy cggaca gagocaca g gy a TAgCay gagatct 1080
gaggacacygg ccgtgtatta ctgtgcgaga cccocaagtcoce actatgatta caacgggttt 1140
cettactogy gocaaggaas coetgghtcace gtetectcecag gtggaggegg ttcaggogga 12¢0
ggtggatcoeg goeggtggogg atecgggtboge gycggatety acatocagat gacccagtot 1260
cctbeocacce tgtetgeatce tgtaggagac agagtcacca tcacttogcag tgccagctca 1320
agtgtaagtt acatgaactyg gtatcagoag ol aagecccctaa gagatggatt 1380
tatgactcat aactggo LT rggagte geag tggatctyggy 1440
acagaattca caccat ¢ goety ¢ ttattactogce 1580
caacagtgga taacco ac cttte a gatcaaacgy 1560

t aa 1572

(SEQ ID NO:43)

Signal sequence is residue

[
Iad
G
[

Mature protein seguence of Fc H10L8 (TSC342):

EPKSSDKTHT CPPCPAPEAA GAPSVFLFPP KPKDTIMISR TPEVICVVVD £0
NWYVDGVEVHE 1\ AKTKPREEQ YNSTYRVVSV LTVLEQDWLN GKAYACAVSHN 120
1s&*x<sopw PQVYTLPPSR DELTKNQVSL TCLVKGFYPS DIAVEWESNG 180
PVLDSDGSFF LYSKLTVDKS RWQQGNVFSC SVMHEALHNH YTQRSLSLSP : 24
i'GTQU“ ~;>p SOVQLVOSG AEVKKPGSSV KVSCKASGGT FSRSTMHWVR o 300
YIN r\vmf_)ur KDRV TITADKSTST AYMELSSLRS EDTAVYYCAR PQVHYDYNGE 360
YIGO VS3GGGGSGEE GGSGGGGSGE GGSDIQMTQS PSTLSASVGD RVTITCSASS 420

b4 KPGKAPKRWI YDSSKLASGYV PSRFSGSGSG TEFTLTISSL QPLDFATYYC 480
o TSRNPPTF GGGTKVEIKR $33 503

(SEQ ID N(}:/«i»ﬁi)

DNA sequence of TSC370:

atggaagcac cagogoag Cetettocte ctgectactet ggo cggt 60
gagoc c tgcoccaccgt goco ccygeg 120
ggtge c aas cccaagg aca cogg 180
acooe te gty g aagaccotga agtte 240
aactyg tyg ga caaageogoy ggaggagcaqg 300
tacaacagca cgtaccgtgt ugtcachtc ctecacegtoe tgecaccagga ctggetgasat 380
gg ac aac aaagccchco cagecccceat e acc 420
at cc a ccacagobgt acacccotgcoce a cgg 480
cc g acctgectgg tcaaaggcott agc 540

tgga gga g cagccoggaga acaactscaa gaccacgecet 600

actccgacgg ctec ¢ ctctacagea agcetcaccoght ggacaagagce 680

aggggaacygt cttctcatgo tcogtgatge atga tct goacaaccac 720

agagectote 1 <y JRYC scaacaatbe tgaat 780

JCdug&du¢u agatggcagy g aattctcagyg tccagetyggt geaatctyggg 840

gectgaggtga agaageoctgy g aaggtctect goaaggettc tggatatacc 900

ttecagoagat ctacgatges a caggccoctyg gacaaggget tgagtggatg 960

ggatacatta tagcag ol ag - acagagte 1020

acgattaccg caaatc a a gagatct 1080
gagy dva”qh tatta ae ga a cgggttt 114

ccttactg aac gtcacc gtctc g gtgga aggcgga 1260

ggtgge ggcy g acatc ccagtet 260

ggagac agag 3 tcacttgeag cagotca 320

cagoay aaaccaggga aagoccotas gagatggatt 280

ctggggte atcaaggt tcageggcag tggatotgogy 1440

geageoty geotgaty attttgeasc ttattact 15¢0

cecactt ggaggga ccaaggtgga gatca 1560

99
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TRC370:

GAPSVELE

P
YNSTYRVV3V
SL

25
3

10 ISKAKGOFRE PQ/ TLPDQP DELTKNQVSL
PVLDSDGSFF LYSKLTVDKS RWQQGNVESC
TGTOMAGHSE NSOVOLVOSG AEVKKPGSSV
GYINPSSAYT NYNOKFKDRYV TITADKSTST
PYWGOGTLVT V3SGGEEGSGE GGSGEGGSEE

15 SVSYMNWYQOQ KPGKAPKRWI YDSSKLASGV
QOWSRNEPTF GGGTKVEIKR 385

(SEQ ID NO:46)

DNA sequence of TRC371

atggaagcac cagcgcagct

,)
ot
ol
o
a
&
o
o)
2
o
ol

g cttotgacaa aactcacacs

25 s cagtoitoct cttoccccoa
a tcacatgogt ggtggtggac

tggacggegt ggaggtgeat

cgtaccogbtgt ggtcageogte

acgcatgcege ggtbctocaac

30 ceaaagggea geoacgagas
ccaagaacca ggbcagecty

tggagtggga gagcaatqyg

ac gy ctecettctte

aqg gt cttctecatge

35 ag te gtectooy
ag cey

agaa gty

ctac gthgcga

atce ttatact

40 cggaca cacgagcaca
cogtgt ctgtgegaga

gocaag ce
gcggty atceggy
¢ tgtetyg tgtagg
45 agtgtaagtt acatga gtatca
o cat ccaaac ttctgg
tca ctotea cagcag
cgta acocac

@'Q
0 Q9
oo
oW
o

L
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{SE :47)

Signal seguence is residue 1 to 60

Mature protein seguence of TSC371L:

4
¥4

EPKSSDKTHT CPPCFAPEAA GAPSVELFPP
NWYVDGVEVH NAKTKPREEQ YNSTYRVVSEV
ISKAKGOPRE POVYTLPPSR DELTKNQVSL

o0 PVLDSDGSFF LYSKLTVDKS RWQOGNVES

C

TGTQMAGESP NSQVQLVQSG AEVEKPGSSV
GYINPSSAYT NYNQKFKDRY TITADKSTST
PYWGOGTLVT VSSGGEGEGE GGSGGEGIGESE

SVSYMNWYOOQ
63 OOWSRNPPTF

KPGKAPKRWI YD
GGGTKVEIKR 883
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tac gt
tga cqg
at o

fu o]
e

¢t

O Q@
e}

dgaggageayg
ctggctgaat
cgagaaaacc
ceccatcoagy
ctatccaage
gac ot
gga gc
gea ac
tte at
gca 9
tgg cc
Tga ta
Jgga
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(SEQ ID NO:48)

DNA sequmce 0E E‘b(‘?ﬁz

atggaagca

o @

m (e}

taccgt
tguqh

gotacyg tg

ot

&

0
e}
«
s

0ot

e}
P
{

gcg
cgtyg
tgcg

WO
Q
o]
O
w

& jaacca
o - ter e
g Lguga

S 4

c “gg a acgqy
a gc aggygaacgt
oF ga agagcctctao
acaggaacte agatggcagy
getgaggtga agaagectygg
ttcagcagat ctacy: jor=1
g cabtta atco cag
a caccy cggacaaatc
gs acgy ccoghtgtatia
o tggy gecaaggaac
g geggtyggeygg
o} tgtetgaate

gaact

o T @
0 WG

(SEQ )

Signal seguence

0: 49)

Mature protein seguence of TSC

EPKSSDKTHT
NWYVDGVEVH
ISKAKGOPRE
PVLDSDuSFF LYSKLTVDKS

GTOMAGHSP N3QVQLVQOSEG !
GYINPSSAYT NYNQKFKDRY
PYWGOGTLVT VSSGGEGEGGE
SVSYMNWYQQ KPGKAPKRWI
QOWSRNPPTE GGGTRVEIKR

(SEQ D NO:SG)

CPPCEAPEAA
NAKTKPREEQ

POVYTLEPPSR

DMA sequence of TSC390:

atggaagcac cagcgeagot
cccasat ”'thf jAacaa
c accgt
ac Ctﬂagu
aactggtacy
aacagesa

e
o)
=

ot cgc
a ag gggca
gatgagehbyga aacca
gacatcgocg tggga
cecgtoctgyg gacgy
aggtggeage aacglt

is residue 1 t

gegte
ggtctecaac

@ n
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GGSGGEGEGEE

YDS3KLASGY
SSS

totctiecte

ctgotactet
tgcccacey
daacccan
gtgagoe
aanCC
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cageotgatyg
B 2
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KPKDTLMISR
LTVLEQDWLN
TCLVEGEYPS
SVMEEALENE
KVSCRASGE
AYMELSSLRS
GGSDIQMTQS

PSREIGSGSG

caaagocegoeg
tgcaccagga
cageccocalt
acaccchtgeo
tecaaaggett
acaactacaa

ctecacegt
atgaggctet
acaacaattc
teccagetyggh
geoaaggette
gacaagggot
agaaattcaa
agctgagcag
actat a

D Q
ot
fu

gtygaggcgy
acatccagat
tgacttgcag
aageccoctaa
tcagcggcag
attttgcaac
ccaagdghbgga

TEEVTCVVVD
GRAYACAVSN
DIAVEWESNG
YTOKSLSLSE
FSRSTMEWVR
EDTAVYYCAR

PSTLSASVEGD
TEFILTISSL
ggctcoccaga
goocageaca
acaccceteat
aagaccctga
casageog
tgcacecags
cagcceocat
acacoctgoa
tcaaaggeltt
acaactacaa
agcteacagt
atgaggetet
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tacacgeaga agagecteto ccotgtetocyg acaacaattc ttcoctgaat 780
acaggaacte agatggeagy tecattetecy tecagetggh geaatctggd 240
cctgaggtyga agaagectygy gtocteggty geoaaggette tggatatacce 900
ttcageagat ctacgatogeca ctgggtgoga g gacaagggcht tgagtggatyg 980
ggatacatta atcctageag tgcttatact s te agaaattcaa ggacagaghbc 1020
acgattaccoy cggacaaatc cacga g gg agctgagcag cctgagatcl 1080
gaggacacgy ccogtgtatta ctgtg < cc actatgatta caacgggttt 1140
cottactggy gocaaggaac coctggt g ag gtggaggcegg ttcaggcygga 1260
gutggatceyg geggtygegyg atogy go ggcggatcety acatccagat gacccaghct 12&0
cottecacce tgtotgeate tgtag ac agagtcacca toacttgeoag tgcoccagotca 1320
agtgtaagtt acatgaactg gtatoe ag aaaccaggga aagceccctaa gagatggatt 1380
tatgactcat ccaaactgge titctg tc ccatcaaggt tcagogogcag tggatctyggg 1440
acagagttca ctcotcaccat cagca tg cagecctgatg attttgcaac ttattactge 1560
caacagtgga gtaogtaacco acoca te ggoeggaggga ccaagotgga gatcaaacgg 1560
ccctecaget aa 1572

{SE 0:51)

Signal seguence is residue 1 to 60

Mature protein seguence of TSC390:

EPKSSDKTHT CPPCPAPEAA GAPSVELFPP KPKDTLMISR TPEVICVVVD VSHEDPEVKE
NWYVDGVEVE NAKTKPREEQ YNSTYRVVSYV LTVLHODWLN GEKAYACAVSN KALPAFIEKT
TSKAKGQPRE POVYTLPPSR DELTENQVSL TCLVKGEYPS D

PVLDSDGSFF LYSKLTVDKS RWQQOGNVESC SVMHEALHNH
TGTOMAGHSE NSQVQLVQSG PEVE KVSCRASGYT

RN

w N

GYINPISAYT NYNQKEFKDRY TITAD AYMELSSLRS 3
PYWGEOGTLVT VSSGGGGSGGE G“bG -G GGSDIQMTQS 4
SVSYMNWYQQ KPGKAPKRWI YDSS FSRESGSGSG 4

95
v
(@)

QOWSRNPPTE GGG

(SEQ ID NO:ST

KVEIKR 88

DMA sequence of TRC391:

atggaagcac cagcgcaget Lﬁtct”ﬂctﬁ o ctogy taccaccggt &0
3igﬂcc13at cttoctgacaa ¢ t gt go tgaagoogoy 120
ggtgcacogt cag Bl gg acaccctest gatchocegy 180
accoetgagy te s} g cg aagaccctga ggtcaagttc 240
aa tgut acy tggacggc a: ga caaagcocgog gogaggageaqg 300
tacaacagca cgt gt ctoaccgteo tgo : a ctggctgaat 360
acgcabge aaagccoteo cag agaasace 420

ccaaaggy ccacagg a cat 480

ccaagaac acotgoe toa 540

 tggagtay cag P"q3.>‘ aca 600

actccgac ctotacag agce 660

Aggggaa atg 720

¢ agagcet ca aat 780

a: agat too gag 840

gag agaa goaac acc ago
ttcageagat ctac gacaaggget ggata 960
ggatacatta atcctage agaaattcaa ggacagagtc 1020
acgat cgga agcotgageag ccetgagatet 1080
cogt gtee actatgstta caacgggttt 1140

goo: cebtggtceace gtotcectecay gtggaggeoy ttcaggegoa 12380

ggty gege ateggagtggye ggceggatetyg acatocagst gacccagtot 1260
ceth ce tgts tgtaggagac agagbcacca bcact ag tgccagcetea 1320
agtgtaagtt aca 5 gtatcagceag aaaccaggga a ¥ gatggatt 1380
tatgactcat ccaaactgge ttotggggte ccatcaaggth © gatctyggy 1440
acagagttcs cbctecaccat cagecagocty cagectgatyg a attactge 1580
agtoga ghtcgtaacce acccacttte ggcggaggga co wqtgua gatcaaacgq 15&0
caget aa 1572

(SEQ ID NO:53

Signal sequence is residue 1 to 60

102
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egquence of
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EPKSSDKTHT
NWYVDGVEVH
ISKAKGOPRE P
PVLDSDGSEF
TETQMAGHSP
NPSBAYT
PYWGQGTLVT
SVEYMNWYCQ

CEPCPAPEAA
IAKTKEPREEQ
QVYTLPP3R
LYSKLTVDES
1SOVOI \/'Q e

10

CzG“Gn
APKRWI
KVEIKR

5G
KPGKZ
GGT

DNA sequence of TS(392:

a*gsaaq
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gocagotcas : ‘ 100
agatggattt cheate g o) aag 2160
ggatctggga gttcac tctcaccatce agcagectge agectga 2220
tattactgee gtggag tocgtaaccoca cccactttog goggagg 2280
atcaaacggt cageta s 2301
(SEQ ID NO:61)
Signal segquence is residue 1 to 80

Mature protein sequence of TEC408:

DIQMTQSPSA MSASVGDRVT ITCRASKS KYLAWFQQOKP GKVPKLRIHS GSTLOSGVPS
RESGSGSGTE FTLTISSLOE ED k‘IYfLO“ HIEYPWITEGY GTKVEIKRGG GGSGGGGSGE
GGSQVQLVOS GAEVKEKPGAS VKVECKASGY TETDYYMHWY ROAPGQGLEW MGYFNPYNDY
TRYAQKFQGR VTMTRDTSIS TAYMELSSLR SDDTAVYYCA RS DFYVDAMD YW
PRKSSDK THTCPPCEAP WAGAPSVEL FPPRKPEDTLM I3RTIPE
EVHNAKTKPR VSVLTVLHQD WILNGKAYACA /’ 1?"&;&1“ "xP !
ERKTISKAKGQ PREPQVYTLE PS RDELTYR’ VSLTCLVKGE YPED IA v"_“E SN@Q ENNYE
TTEPVLDSDG SFFLYSKLTV DKSRWQQGNV FSCSVMHEAL SPGORHNNS
SLNTGTOMAG HSPNSQVQLY Q3GPEVEKPG S3VEVICKAS W/RQ“PQLFL
EWIGYINESS AYTNYNQKFK DRVIITADKS TSTAYMELSS CARPOVHYDY
NGFEYWGEQGET LVIVIESGGEGE 3GGGE DI VGDRVTITCS
ASSSVSYMNW YQOQKPGKAPK RWI F3 SSLOPDDFAT
YYCQQW3RNEP PTFGGGTKVE IKR

(SEQ ID NO:62)
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DMA sequence of TSC409:

atggaagcac cagcuwauut tetetitccte ctgctactaot ggcteccaga taccacaeggt &80
gatatccaga | ¢ btocatcey atgtetgeat ctgtaggaga cagagbcacc 120
atcacttgec aaatattbag cctggtttea gcagaaacca 180
gggaaagttc ggatctactt tgcaatcagg ggtoccatet 240
cggttecagty cttactetea ccatcageayg cchgeagect 200
g& tg cata‘fgaat accecgtggac gttcggecaa 3e0
gg gg ggagggtoty ggggtygegyg atccggaggt 420
ggt < g gg ggggctgagyg btgaagaagoc gagcttea 480
gt cctygcaagge tictggatac ac: tg actactacat ctgggtyg 540
cg ctggacaagyg gcttgagtgg at tt ttaatcctta taatgattat G0
ac cacagaagtt ccagggoaga gt a agggacac gtctatcage 660
aca CLggagetgag cagectgaga tet a cggeoghbgta ttactghtgea 720
gttactacga t gac t aaggaa > agtcaccgte 780
tc q ag saste € aaa a ot cocagoacat 840
gaagceogegyg gtgcaccgte cte € aa cacceteaty 9¢o
atcteccegga ceocctgaggt gtg tg: agaccctygag 960
gteaagttea actggtacgt gty T aaageegogy 1020
gaggagcagh acaacagcac gty geaccaggac 1080
tgge gogta gog agcccoceate 1140
gaga sasgC jeag c ctgooc 12¢0
ccat ctgac ag gteagoctga aggctto 1260

tate goagt gag agcaatgggo ctacaag

ac ctgys ggo teottettco cogtyg

qq Jea ggggaacgte ttetcatget ggctety

acacgcagaa gagcotcectoce ctgtotecgg caattct

caggaactca ggt cattotccga < goetggty

ctgaggtgaa tggg btoctoeggh aggtctecty caaggottet

tcagecagatc gcac tgggt aggee acaagggett

gatacattas agt getta attacas gaaattcaaqg

cgattaccge tee acgag ccracatgga g cage

aggacacyygce tac tgtg cocaagboca ctatgattac

cttactggygyg aace otgyg og totoectceagy tggaggoeggt

ag gtggatcogg gga Loggy cg goeggatcetga catccagabtyg

aCW”agcutc cttececaccet tct gtagg ca gagtcaccalt gactigeagt
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DMA sequence of TR(C4190:
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ggatctgggs atga ttttgcaact 222

tattactgeo
atcaaacggt

(SEQ ID NO:65)

b Signal seguence is residue 1 to 60
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Mature protein seguence of TS8C410:
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GEKVPKLRIHS

STLOSGVES

OMTQSESA MSALV DRVT ITCRASKSIS 58 §
RESGSGEGTE I EDFATYYCQQ HIEYPWTEFGY GTRKVEIRRGG GGSGGGEIGE 120
GGIQVOLVOS VEVSCKASGY TEFTRYYMHWY RQAPGOGLEW MGYENPYNDY 180
TRYAROKEFQGR VTMlR[TSIS TAYMELSSLR SDDTAVYYCA RSDGYYDAMD nVGQGTTV % 240
SSSF“K“S' / EAAGAPSVFEL FPPEPKDTLM ISRTPEVTCYV VVDVSHEDPE 30
15 VEKENWYVDG EEQYNSTYRYV VSVLTVLHQD WLNGKAYACA VINKALPAPRI 360
EKT IoKABuO FSREOELTKNG ”“LTCLvar YESDIAVEWE SNGQPENNYEK 420
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ag

GEPYWGQGT
5V S YMNW
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{ SEQ H) NG:66)
25 DNA seqnmce of TSC411:

DESRWQQGNY f ENHYTQKSLS LESPGORHNNS 480
QEGAEVKKPG ,SVKVSCKKS GYTEFSRSTMH WVRQAPGOGL 540
DRVTITADKS TSTAYMELSS LRSEDTZ FOVHYDY 60

A 8 R
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cagegea toctettocte ctgetactct ga taccaccggt 60

tgac tCC&fC?”CC atgtctgeat ga cagagtcacc 120

[sXelesels age aastatttag ca gcagaaacca 180

ctaag ccattct ggatctactt coatct 240

30 gtg gcagh ygacagaa tttactctca goageot 300
gaagattttyg caact tcaacag catat at acccy gttcggecaa 360
gggaccaady tggaaatcaa acgaggtygge ggagggtety ggggt atcocggaggot 420
gotggotcete aggtcecaget ggtacagtch ggggctgagy tgaag tggggettea 480

tgaaggtet cotgecaagge ttotggatac acattcactyg actac gecactgggty 540

35 ggcce chggacaagy gebtgagtagg atg tatt ttaatcctta taatgattat 600
atacqg agaagtt agggcaga gto atga gacac gtetatcage 660

acagcctaca gctgag cagectgaga © gaca gtgta tgtgea 720

sgats ctacga tgctatggac tactggogtc ccac cegtc 780

gty caaatc ttcectgacaaa actcacacat ¢ cgtg cacct 840

40 felatet accegte aght cte ttocccocaa aacccaagaa teatyg 900
c ga gt cacatgcegty ot tgagccacga agaccotgaqg 960

gtcaagttca cgt cgacggegty ga atgccaagac aaagoogogy 1020

gaggag t wgoac gtacogtgtyg ¢t tecacogteot graccaggac 1080
tggctgaaty gecaaggegta cgcgtgegcy ¢ aaca aagcoctooe ageoccccatc 1140

45 gagaaaacca tctccaaage caaagggcoag ¢ gaac cacaggtgta caccctgecce 1260
ccatcooggyg atgageotgac 3¢ ag ctga coetggt caaaggettc 1280
tatccaageg acatecgecgt ggagtgggag agcaatggoc Jgagaa caactacaaqg 1320
accacgeocte caegtgetogga ctecgacgge toettaettoo cagcaa gcochtcacoegty 1380

_ gacaagagea ggtggcagea ggggaacghtce ttoctoatget gatgca tgaggctcety 1440
50 cacaaccact acacgcagaa gagcctetcoe ctgtcecteoecgg gaggcea caacaattct 15C0
teoctgaata caggaactcea gatggcaggt cattcetcoga tcaggt ccagetggtyg 1560
caatctggge ctgaggtgas gaasgcectggy gtga aggt aggettet 1620
ggatatacct tcagcagatc tacgatgcac tgggtgcgac aggcocceccotoy acaaggyctt 1680
gagtggatag tacattaa tcctageagt gottatacta attacaatca gaaattcoaag 1740

55 gacagagtca attacoge ggacaaaltod acgageacayg cotacatgga ge 1800
ctgagatoty c cgtgtuttac tgtgcgagac cccaagtcca ¢ g 18¢0
aacggotttc tactgggs ccaaggaacce ctggtcaccg totectcagg t o 1920
tcaggoygay g cggtggegga togygtggey gegyatotga 1980
acccagtcteo b gtcotgeater gtaggagaca gagicaccat 040

60 gocagotcaa aa a ¢ tat aaccagggaa 2100
agatggattt ot t catcasaggtt 2160
ggatctggga gagt C gc¢ agcctgatga 2220
tattactgcoe aacagtggag togtaacoca cccactttcog goggagggac 2280
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(Vg

Mature protein sequence of THC411:

ITTCRABKSIS RYLAWFQQOKP GKVPKLRIHS [LQSGVPS
E“FATVYCQQ HIEYPWTFGE GTKVEIKRGG GGSGGGGSGGE
GGSQVQLVQS GAEVEKKPGAS VIVSCKAS TETDYYMHWY RQAPGOGLEW MGYEFNPYNDY
TRYAQKEQGR IS TAYMEL SDDTAVYYCA RSDGYYDAMD YWGQGTTVIV
SSSEPK3SDK mHTCP FPPP EAAGAPSVEL FPPKPEDTLM ISRTPEVICV VVDVSHEDPE
VKFNWYVDGV ‘””NAK“KHR EEQYNSTYRV VSVLTVLHQD WLNGKAYACA VSNKALPAPI

15 EKTISKAKGQ P3RDELTRNQ V3LTCLVKGE YPSDIAVEWE SNGQPENNYXK
TTPEVLDSDG DESRWQQGNY FSCSVMEEAL HNHYTOKSLE SPGORHNNS
SINTGTCMAG SSVKVSCKAS GYTEFIRSTMH W\POAPo'uL

DIQMTQSP3A MBASVGDRVT

RESGSGSGTE FTLTISSLY

)

‘e’
o
DO

-~
Z
3
4

L,

N

)

SIS

p

r-u

N
OO O O

3
4
48
5

fisN

25
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1]

0
oF QO

2 '
EWIGYINPSS TSTAYMELSS LRSEDTAVYY CARPQVHYDY 600
N FPV”oQbT ( GG3DIOM TQSPSTL3AS VCPPvTM'C 660
20 Af? VEYMNW Y“’KPSY3”' SGVPSRFSGS GSGTEFTLTI SSLQPDDREFAT 720
YCQOWSRNP PTFGGGTRVE IKRSS3 746
(SEQ ID NO:68)
DNA sequence of CAS165:
atggaagcac cagcegeaget totettceocte yetactot ggcetoccaga taccaccggt 60
gaggtgcage gecagte tggagcagag gtgaaaaagce ccggagaghbe tctgaagatt 120
tectgtaagy cggtta cteattoact ¢ a ta tgaactgggt gegoccagatg 0
Tggaaag jgagty ga aatt a attatggtgy tac ctac 240
ggaagt ggcca g9 atc tcececgecogaca agtecatcecay cac tac 300
aatgga ctgaa gg gac accgcocatgt attactgtgo acg gtc 380
cttteg Lggygyg ccagggea ctggtbecacty ctetgy gyggtggagge 420
tggeg ctgg cggaggtgga tocggtgygcy d ctgg cgggggtggce 480
aattyo caca gtcteccagee accctgtott ¢ cagg cgaaagagoc 540
otect aag tgsaaatgtt tacagctact tagoctggta aacagaaa 600
5 Jocagy ct cectecatotat ttbgeasaas cchtageaga aggtatbcca 660
ggttca gg ct aca gacttcactc a cagcctagag 720
gaagatt Tt caa catcattooyg gacattogge 780
caagggacca gaaat caa choeg coca aatebtctga caaasctcac 840
acatgceceac cgtgaeacage ageao jof el cgtecagtctt ccactottocece 900
4] ccaaaaccca aggacacccet ca cheo jale} aggtcacaty cgtggtggtyg 96
ggtg
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o
grace felel o

t catacgogty og totoo 114

Lo i C sagcraaagy g cega 12¢0
tgtac cgogatgage tgaccaagaa ccaggtcage 1260
gacctgeo tggt agcgacatcg cogtggagtyg ggagagcaat 1320
gugcagocygy agaad cebocegtge tggactocga cggetocette 1280
ttcctetaca geaag agcaggtgge agcaggggaa cgtcttcetcea 1440
tgctecgtga tgeat » cactacacge agaagagoct ctocctgtet 15C0
) cegggtecaga ggcac Bl gaa ctcagatgge aggteattcot 1560
ccgaattote tc ggtggagtct g gag tggtgcagoe tgggeggtca 1620
ctgaggotgt c tteotggotac a cta gatctacgat gceactgggta 1680
aggcaggoeo < ar ofs gy a ca ttaatccotag cagtgettat 1740
actaattaca a ga caaggacagy t tca gogoagacaa atccaagage 1880
acagccttee tgcaga cagcctgagyg ¢ gaca cocggegtcta tttctgtgca 18€0
cggeccecaay becactatga Ctacaacggyg Lttecottact ggggocaagyg gactocegtco 1920
actgteteta geggtggcgg agggtetyggy ¢ gat ccggaggtgg tggotcetgea 1980
caagacatcc agatgaccca gtctcocaage a tcetg caagogtyggg ggacagggtce 2040
accatgaccet gtygccag ctecaagbgta ac atga actggtacca gecagaagocy 210
ggcaaggooe aaagatg gatttatgac t caaac tggettcectgyg agtcociget 218
cgetteagtg gtggote tgggaccgac t toa caatcagcoag cotgoagocco 2220
gaagatttcg cttatta ctgecageayg tggagtegta ac ceceae gtteggaggy 2280
gggaccaagc attac atcctccage taa 2313
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(SEQ 1D NO:69)

Signal seguence is residue 1 to 58

5 Mature protein sequence of CAS105:

EVOLVQSGAL VKKPGESLKI SCK YNMNWVROM PGKGLEWM )
NREFKGOVTI SADK LO TAMYYCARSV GPFDSWGO 5 120

10 SGGEGESEEEE SGGEESGEGE SE TLSLSPGERA TLSCRASE 180
"‘OADRL‘ TY FAKTLAEGIP ARFSGS DFTLTISSLE PEDFAVYYCO HHSDNPWIFG 240

QGTE '3S SEPKSSDKTE TCPPCPAPEA AGAPSVFLFP PKPKDTLMIS RTPEVTOVVY 300
VLTVLHODWL NGKAYACAVS 260

D”SHEDKEVK FNWYVDGVEY HNAKTKPREE QYNSTYRVVSE

NKALPAPIEK TISKAKGQPR EPQV REELTKNQVS LTCLV
15 QPENNYKTIT PPVLD3IDGIF FLYSKLTVUK SRWQOGNVES CSVMHE
GT Aﬁ;H PNSQVQLVES GGGVVQOPGRS

PGQRHINCDL NTGTQON . 540
ROAPGOGLEW IGYINPSS TNYNQKFKDR F”lSAuK“KS TAFLOMDSLR PEDTGVY! Go

(o)
QDT QMTf 3

RFSGS

RPOVHAYDYNG FRYWGQGTPV TVS3GGGEGSG
TMTCSASZSSV SYMNWYQQKP GKAPKRWIYD
26 EDFATYYCQQ WSRNPPTFGG GTKLOITSSS

(SEQ ID NO:76)

PS SLSASVGDRV
SGTD YTLTISSLQE

25  DNA sequence of Anu— CP37 X TSC448:

geaget totcettecto o} 60
At gcagte tgjagcaqag totgaagatbt 120
gctecggbta ctcattea gegeocagatyg 180
goctggagty gatg tactacctac 240
30 tecaagggoes ggbcac caccgeotac 200
geagcoctgaa ggocte acgctoagte 360
acteotgyygg ccagyy = gygtggagge 420
gtggcetetgg cggaggtgga bocggtggeg geggatetgg cgggggtgge 480
tgttgacaca gtctecagee accctgtett tgtectceccagy cgaaagagoc 540
35 goog ay tgsaaatgtlt tacagctact tagectggta ccaacagaaa aG0
gecagy choctagget cochbeatcotat tthbgcecasaas cchbtageaga aggtaticca 660
ggtteca gtggocagbygg ctocgggaca gacttcactce toaccatcag cagectagag 720
aagatt Ltgcagtbtta ttactgbcaa catcattoog ataatcoccegtby gacatte 780
ggacca aggt satl caaaboctoeg agtgagcecca gatctictga caaa 840
40 gecccac cgtyg 1gC acctgaagec gogggtgcac cgtcagtett cctot 9C0
aacccs aggacaccect catgatotce cggaccocty aggtcacatyg cgtggtyge 960
scgtgages acgaagacee tga caayg Lttcaact » acgtggacgy cgbggage 1020
agacaaagce gog ggag cagtacaaca gcacgtaccy tgtggtcage 1080
toctgeaceca ggactgoctyg aatggoaagg catacgogtyg cgoggtotoco 1140
45 tececageoee catecgagaaa accatctoca sagecaaagg geagooosga 12¢0
tgtacaccct goco cc cgogatgage tgaccaagaa ccaggtcage 12¢0
tggtcaaagy <ttt ca agcgacatcg cagtggagtyg ggagagcaat 13
gogcagocygy agaacaacts Ccasg ey cotoooghge tggactooega cggotceoctta 1280
ttcctetaca geaagetcac cgt ag agcaggbtgge agceaggggaa cghcttoetca 1440
50 tgecteagtyga tgeatgagge tot ac cactacacgce agaagagocht ctococtgtet 150
o [ gg a a ttet ctyg satacaggaa ctcagatgge 1560
¢ aggtccagect ggtgcaatct cotgagg btgaagaagoc 1620
o] t cctgecaagge ttctggatat ttcagea gatctacgat 1680
cgacaggocs ctggacaagy gettgagtgg goataca ttaatcotag 1740
55 actaattaca atcagaaatt caaggacagsa acgatta ccg aa at 1880
acagcctaca tggagetgag cagoctgaga gaggaca cgg ta tta gog 18€0
agaccccaag Lo tatga ttacaacggg ttteocttact ggg gg aac o} 1920
accgtetoct caggtggags cgogttcagge ggaggtogat cog gy cggatcgygt 1980
ggoggocggat ctgacatcoca gatgaccoag tctocttoca coco gc atctgtagga 2040
gacagagtbcs ccatgactty cagtgocage tceaagtgtaa gtt aa ctggtatcecag 2100
cagaa ggaaagc tas gact cat el ] sl 2160
gtcoo ggttoag Jggacagagt tca foge} :270
atgattttge tgccaacagt ggag ot
ggaccaa cggtocteca geota

1i0
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(SEQ ID NO:75)

Signal seguence is residus 1 to

d

O

5 Mature protein sequence of Anti-CD37 X TSC453:

EVOLVQSGAL VKKPGESLKI SCK YNMNWVROM PGKGLEWM )
NREFKGOVTI SADK LO TAMYYCARSV GPFDSWGO 5 120
10 SGGEGESEEEE SGGEESGEGE SE TLSLSPGERA TLSCRASE 180
*"QADRL**Y FAKTLAEGIP ARFSGS DFTLTISSLE PEDFAVYYCO HHSDNPWIFG 240
QGTK '3S SEPKSSDKTE TCPPCPAPEA AGAPSVFLFP PKPKDTLMIS RTPEVTOVVY 300
Dvs::DxEVK FNWYVDGVEY ENAKTKPREE QYNSTYRVVS VLTVLHODWL NGRAYACAVS 360
NKALPAPIEK TL”KAKLQP ' RDELTKNQVS LT 3 D 420
i5 QPENNYRTT PPV cs 480

FL\SKLTVTK SRWQOQGNVES
~n
e

PGQRHINCDL PNSQVQLVQS GPEVKKPGSS 540
ROAPGOGLEW TNYNQKFKDR VTITADKSTS Go

PG G 0 e o G N e N N
TVS3GEGEGSE GGEIGEEGESE

=4 P
RPOVHYDYNG FRPYWGQRGT] IMTO
DRVIMTCSAS SSVSYMNWYQ QKPGKAPKRW IYD3SKLASG VPA?FS@SGS
26 LOPERDFATYY CQQWSRNPPT FGGGTKLOIT S353 7

(SEQ ID NO:76)

25 DNA sequence fAnu— CP37 X TSC454:

geay totettecte o} 60
At gcagte tggagea totgaagatbt 120
gctecggtta ctceatts gegeocagatyg 180
gootggagty gatggge tactacctac 240
30 tecaagggoea ggbcac! caccgeotac 200
geagcoctgaa ggocte acgctoagte 360
acteotgyygg ccagyy = gygtggagge 420
gtggcetetgg cggaggtgga bocggtggeg geggatetgg cgggggtgge 480
tgttgacaca gtctecagee accctgtett tgtectceccagy cgaaagagoc 540
35 goog ay tgsaaatgtlt tacagctact tagectggta ccaacagaaa aG0
gecagy choctagget cochbeatcotat tthbgcecasaas cchbtageaga aggtaticca 660
ggtteca gtggocagbygg ctocgggaca gacttcactce toaccatcag cagectagag 720
aagatt Ltgcagtbtta ttactgbcaa catcattoog ataatcoccegtby gacatte 780
ggacca aggt satl caaaboctoeg agtgagcecca gatctictga caaa 840
40 gecccac cgtyg 1gC acctgaagec gogggtgcac cgtcagtett cctot 9C0
aacccs aggacaccect catgatotce cggaccocty aggtcacatyg cgtggtyge 960
scgtgages acgaagacee tga caayg Lttcaact » acgtggacgy cgbggage 1020
agacaaagce gog ggag cagtacaaca gcacgtaccy tgtggtcage 1080
toctgeaceca ggactgoctyg aatggoaagg catacgogtyg cgoggtotoco 1140
45 aacaaagcce toccagecce catcecgagaaa accabctceca aagecaaagg gcageoccga 1260
gaaccacagy tgtacaccct gecco cc cgogatgage tgaccaagaa ccaggtcage 12¢0
ctgacctgee tggtcaaagy -t ca agcgacatcg cagtggagtyg ggagagcaat 13
gogcagocygy agaacaacts g cchbecegtge tggactooga cggotectto 1280
ttcctetaca geaagetcac g agcaggtgge agceaggggaa cghbcttetca 1440
50 tgcteagtyga tgecatgagge ¢ cactacacyge agaagageocht ctecoctgtct 150
o [ gg aacaa ttet ctyg satacaggaa ctcagatgge 1560
¢ aggtccagect ggtgcaatct cotgagg btgaagaagoc cg 1620
o] t cctgecaagge ttctggatat ttcagea gatctacgat tg 1680
cgacaggocs ctggacaagy gettgagtgg ggataca ttaatcotag at 1740
55 actaattaca atcagaaatt caaggacaga gtcacgatta cco aa atce 1880
acagcctaca tggagotgag cagoctgaga totgaggaca og ta tta 18€0
agaccccaag Lo tatga ttacaacggg tttoottact gg gg aac 1920
accgtetoct caggtggags cgogttcagge ggaggtogat cco gg 1980
ggoggocggat ctgacatcoca gatgaccoag tcteocttoca cc gc 2040
gacagagtca ccatgactig cagtgccage tcecaagtgtaa gt aa 2100
cagaa gyaaay tas ~tatgacht ca i 2160
ggttoa acagatt cac “ac :270
atgatittc caacagt ggag aa
ggaccaaggt ggagatcaaa vqﬁLFcL”cd g
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(SEQ D NO:77)

Signal seguence is residue 1 to 58

5 Mature protein sequence of Anti-CD37 X TEC454:

EVOLVQSGAL VKKPGESLKI SCK GYNMNWVROM PGKGLEWM )
NREFKGOVTI SADK LO TAMYYCARSV GPFDSWGO 5 120
10 SGGEGESEEEE SGGEESGEGE SE TLSLSPGERA TLSCRASE 180
*"QADRL**Y FAKTLAEGIP ARFSGS DETLTISSLE PEDFAVYYCQ HHSDNPWIFG 240
QGTK '3S SEPKSSDKTE TCPPCPAPEA AGAPSVFLFP PKPKDTLMIS RTPEVTOVVY 300
Dvs::DxEVK FNWYVDGVEY ENAKTKPREE QYNSTYRVVS VLTVLHODWL NGRAYACAVS 360
NKALPAPIEK TL”KAKLQP ' RDELTKNQVS LT 3 D 420
i5 QPENNYRTT PPV cs 480

FL\SKLTVVK SRWQOQGNVES
PNSQVQLVQS GPEVKKPGSS
TNYNQKFKDR VTITADKSTS

PGQRHINCDL
ROAPGOGLEW IG ;
RPOVHYDYNG FRPYWGQRGT] TVS3GGEGE3G GGEIGEEE3E GGEIDIOMTY 3 3
DRVIMTCSAS SSVSYMNWYQ QKPGKAPKRW IYDSSKLASG VPSRESG3GS GTDFTLTISS 7?0
26 LOPDDFATYY CQQWSRNPPT FGGGTKVEIK RSS8S 754

(SEQ ID NO:78)

25 DNA sequence fAnu— P37 X ESC 85:

pRte

geaget o} 60
At gcagte tgga totgaagatbt 120
gcteoggtta cteal gegeocagatyg 180
R goctggagty gatg tactacctac 240
30 tecaagggoes ggbe: caccgeotac 200
geagcoctgaa ggocte s} acgctoagte 360
actecotgyygg ccagyy ol cactyg totcotetgyg gggtggagge 420
gtggcetetgg cggaggtgga bocggtggeg geggatetgg cgggggtgge 480
tgttgacaca gtctecagee accctgtett tgtectceccagyg cgaaagagoc 540
35 goog ay tgsaaatgtlt tacagctact tagectggta ccaacagaaa aG0
gecagy choctagget cochbeatcotat tthbgcecasaas cchbtageaga aggtaticca 660
ggtteca gtggocagbygg ctocgggaca gacttcactce toaccatcag cagectagag 720
aagatt Ltgcagtbtta ttactgbcaa catcattoog ataatcoccegtby gacatte 780
ggacca aggt sat caaabtcectoeg agtgagecca gatett a caaaac 840
40 gecccac cgtyg 1gC acctgaagece gegggtgcac cgtcea L cctettecee 9C0
aacccs aggacaccct catgatotce cggaccocty aggte g cgtggtggty 960
gtgageo acgaagacce tga caayg ttcaactggl gty g cabggaggty 1020
aatgcca agacaaagos gog ggag cagtacaa acy g tgtggtcage 1080
ctecaceg toctgcacca ggactggetg aatggoaagg tac g cgoggtotee 1140
45 aacaa ¢ tcecagecce catcecgagaaa accabceteca aagecaaagg gcageoccga 1260
gaaccacagg tgtacaccct gece cc cgogatgagce tgaccaagaa ccaggtcage 1260

ctgacctgee tggtcaaagg ctt ca agcgacatcg cagtggagtyg ggagagcaat 13
gogcagocygy agaacaacts Ccasg ey cotoooghge tggactooega cggotceoctta 1280
ttcctetaca geaagetcac cgt ag agcaggbtgge agceaggggaa cghbcttoetca 1440

50 tgecteagtyga tgeatgagge tot ac cactacacgce agaagagocht ctococtgtet 150
o [ gg a a ttet ctyg satacaggaa ctcagatgge 1560
¢ aggtccagect ggtgcaatct cotgagg btgaagaagoc 1620
o] t cctgecaagge ttctggatat ttcagea gatctacgat 1680
cgacaggocs ctggacaagy gettgagtgg ggataca ttaatcotag 1740
55 actaattaca atcagaaatt caaggacaga gtcacgatta cco aa at 1880
acagcctaca tggagotgag cagoctgaga totgaggaca og ta tta 18€0
agaccccaag Lo tatga ttacaacggg tttoottact gg gg aac 1920
accgtetoct caggtggags cgogttcagge ggaggtogat cco gg 1980
ggoggocggat ctgacatcoca gatgaccoag ttoeca cc gc 2040
gacagagtca ccatgacttyg cagtgccage tgtaa gt as 2100
cagaa ggaaagcooce taagag tgact ca i 2160
ggttoageyg cagtgy acagagt at “ac :270

atgattttge sacttattac tgccsacaght gg aa
g

Q
e}
by
a
by
Q
e
s
Q
e
@
%
¢}
o
@

cggtecteca

Q
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(SEQ ID NO:79)

Signal seguence isg residue 1

to 51

Mature protein sequence of Anti-CD37 X TEC455:

EVQLVQOSGAE VRKKPGESLKI SCKGSGYSFEFT GYNMNWVROM PGKGLEWMGN IDPYY &0

NREFKGQOV ¥ SR TAMYYCARSV GPFDSWGOGT ILVIVSSGGGEG 120

3GGEGSGE A.TLVLSAGEAA TLSCRASENYV Y3YLAWYQOK 180
. - .

[:Ns ¢

FGQAPRLL DETLTISSLE PEDFAVYYCQ HHSDNEWIEFG 240
QGTKVE! in AGAPSVELER PKPKDTIMIS RTPEVICVVV 300

(SR
bR
=

L b=
QYNSTYRVVSE VLTVLHQ

DVSHEDPEVK FNW 3 L il NGKAYACAVS 360
RIAAHAPILK TISFHKGQPR EEQV TLPPS ROELTKNQVS LTCLVKGEYP SDIAVEWES 420
QPENNYKTT PPVLDIDGIF FLYSKLTVDK SRWQQGNVFES CSVMHEALEN HYTQKSLSLS 480
PuQRH‘NCau NTGTOMAGHS PNSQVQIVQOS GPEVREPG3S VEVICKASGY TESRITMHWY 540
GOQGLEW IGYINPSSAY TNYNQKFKDR 3 lI‘ADKSTS TAYMELSSLR SEDTAVYYCA 600

5 -

L?ug\fHY DYNG PP
DRVTMTCSAS
LQPDUFATYY

(SEQ ID NO:80)

YWGOETLY
SSVSYMNWYQ
COQWSRNPET

TVS3GGEE
QKPGKAPKRW
FGGGTRKVEIK

SPSTLSABVG

GTEYTLTISS 720

e e S Ty T MY
GG3G GGGGESE GGEIDIOMTO

=3 S
D3SKLASG VPS ?F:GSG:
3

U)“‘I

DMA sequence of Anti-CD37 X TSC456:

30

957
e

B
Y
=
L

Joa
(¥4

(Vg
)

55

atgcaagcac cagcuwauut tetettccte ctgctactat scaga &80
aggtocage tggtgcagte tggagcagag gtgasaaago sgagtc 120
tc;tgtdagd gctﬁcggtta ”*catt:avt ggctacaata Jggt 180
coogggaaas 3 gatgggoaat attgatcctt eantere] 240
goos tcogecgaca tcag 00
tgaa ggccteggac accgocatgt gtge acgcteoagte 360
~gTgg ccagggcacce ctggtcactyg ctog gggtggaggc 420
tetgg cggaggtgga tocggtogeg ctgy cggggytgge 480
acaca gtctccagee accctgtett cagg cgaaagagcc 540
= = ] =
geaag tgaaaatgtt tacagctact Jgta ccaacagaaa 600
agget cctcatctat tttgcasaas caga aggtattcca 660
gtgy ggaca gacttcacte tcag cagoctagag 720
gttta gtcaa catcattc cgty gacattogoe 780
t ctog agtg ctga caaaactcac 840
. o goegggtgea ¢ gtett cctcttecoc 9¢o
aggac cteoco cggacceoctg aggtcacatg cgtggtggtyg 960
acgaa caag ttecaactggt acgtggacgy cgtggaggtyg 1020
agaca sggag t 3 a sccy tgbggteage 1080
J gag J Lgtgg g
o tecctg ggctyg g cg tce 1140
a P 3 gaaa g9y go cga 12¢0
gaaccacagyg b atcc C aa ccaggtcagc 1260
ctgacctgoe t cca ag gacatcg 1ty ggagagcaat 1320
ggcagecgg a cg cctcoogth cga cggotcocttc 1380
Jgcay J 3 J

tte aag oy ggaa cgtcttctea 1440

tgc aac 1COC goct ctccectgtet 50
ccg ctyg Jgaa tgzce aggtcattct 1560
afels) cte Lot gggectgagg bgaagaagoc ggtccteyg 1620
gtgaaggtct ¢ tat aCu'tcﬁgCi gatctacgat gcactgggtg 1680
cgacaggoece ¢ ataggataca ttaatcctag cagtgcttat 1740
ac t a tta ccgeggacaa atccacgage 1230
acagcctaca tyg aga aca cggccgbgta ttactgtgeg 18¢0
agaccccaag gy ttact ggggccaagg aacccotggte 1920
accgtetoct caggtggsgg cggtteagge gat coggoggtyy gt 1980
ggcggeggat ctgacatcocca gatgaccocag cca ccctgtotge ga 2040
gacagagtca ccatgactig cagtgocage tcaaghbgtaa ghttacatgaa ag 100
cagaaaccay ggaaagocce tasgagatgyg atttatgact catccaasact gy 2160
gtcoccatcaa ggttcagegyg cagtggatcet gggacagatt atactctceac ofel 2220
ol agcctg atgattttge aacttattac tgccaacagt ggagtogtasa ot 2280
sgcggag ggaccaaggt ggagatcasaa cggtoctoca gotas 325

(SEQ ID NO:81)
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Signal seguence is residue 1 to 58

Mature pm‘i‘ein sequence of Anti-CD37 X TS(456:

EVQLVQOS &0
NRK F‘f(q’“/' I 120
3GGGGSGEEE NV Y3Y I AWY"OK’ 180
FGOQAPRLLIY ‘0 HHSDNEWTFG 240
QGTKV (53 S RTPEVICVVY 300
DVSHEDPEVK v T QYNSTYRVVS '\/’L”” .JHO ”1 NGRAYACAVS 360
NKALPAPIEK PR EC_’\" L"]E‘L ROELTKNQVS LTCILA YE SD 420
r—QPE(I\IL\\ YKIT SEF FLYSKLTVDK SRWQQGNVFES CS ‘v’M. N ) 480

GQRHNNS3L HS PNSQVQLVQS GPE \,’KKPQ%S €24 540
E gAPuQ( : Y TNYNQKFKDR LR : 600
RPOVHYDYNG FPYWGQCT LV TVSSGGGG3G G GGGSDIOMTO S P STLBASVG 660

DRVIMTCSAS SSVIYMNWYQ QKPGKAPKRW
LOPDDFATYY COQWSRNPPT FEGC

(SEQ ID NO:82)

VPSRESGIGS GTDYTLTISS

GTRVEIK

Protein seguence of TSC455 anti-CD3 scky

'O

A

s I
STSTAYMELSSLRSEDTAVYYCARPOVHYDYNGEPYWGQGTLVIVSESGGEESE = GEGSDIOMTQS
PSTLSASVGDRVIMTCS ASSbVQ{MVWEQ“KUFKAFKQnIYDUSKLASGVPTRFSGSGSC YTLTISELQPDD
FATYYCQOWSRNPPTEFGGGTKVEIKRESS
(SEQ ID NO:83)

VOLVOSGPEVRKEPGS SVEVSCHKASGYTESRESTMEWVROAPGOGLEWIGY INPSSAY TNYNQKEKDRVTITADK
& G 5G

Protein sequence of TSC456 anti-CD3 sckv

CVOLVOSGPEVKKPGESSVEVSCRASGYTEFSRETMHEWVRQAPGOGLEWIGY INPSSAYTNYNOKEFKDRVTITADK
STSTAYMELSSLRSEDTAVYYCARPOVHYDYNGEPYWGQGTLVIVSSGGEESGGEGEE buC‘GSbuC'bbl“MTgb
PETLSASVGDRVIMTCSASSSVSYMNWYQOKPGRAPKRWIYDSSKLASGVPSREFSGSGSGTDYTLTISELOPDD
FATYYCQOOWSRNPPTFGGGETKVEIKRESS

(SEQ ID NO:84)

Protein sequence of DRA222Z anti-CD3 sckv

CVOLVESGEGVVQOPGRSLRLSCKASGYT H PGOGLEWIGYINP
SKSTAFLOMDSLRPEDTGVYFCARPOQVHYDYNGEFRPYWGQGTEVIVSSGGGE
LSASVGDRVIMTCSASSSVSYMNWYQOKPGKAPKRWIYDSSKLASGVPARFSGSGSGTDYTLTISSLO!
YYCQOWSRNPPTFGGGTKLQITSSS

(SEQ ID NO:85)

_.

FTRST WV T (, PEOGT

Protein sequence of TSC455 and TSC456 variable heavy domain

QVQLVQSGPEVKKPGSSVKVS
STSTAYMELSSLRSEDTAVYY
{(5EQ D NO:86)

CKRASGYTESRSTMEWVRQAPGOGLEWIGYINEFSSAYTNYNQKEKDRVT I TADK
(CARPQVHYDYNGE

Protein sequence of DRA222 variable heavy domain

"VQL E.
S KSTAFE
(sL QD

GOGLEWIGYINEPSSAYTNYNQKFKDRETISADK

O

U.
=

SGGEVVQPGRSLRLSCKASGYTEFTRSTMEWVER
LOMDSLRPEDTGVYFCARPOVHYDYNGFPYWG
NO:87)

1i6
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Protein sequence of TS 485 variable light domain

DIOMTOSPSTLSASVGDRVIMTCSASSSVEYMNWY QQKPGRAPKRWIYDSSKLASGVESRESGSGSGTEYTLTI
SSLOPPDFATYYCOQWSRNPPTFGGGTRVEIERS

(SEQ D N(O:88)

Protein sequence of T5{ 456 variable light domain
DIOMTOSPSTLSASVGDRVTMTCSASSSVSYMNWYQQKPGKAPKRWIYDSSKLASGVPSRFSGSGSGTDYTLTI
SSLOPDDFATYYCOOWSRNPPTFGGETKVEI KRS

(5EQ D NO:89)

Protein sequence of DRA222 variable light domain
DIOMTQOSPSSLSASVGDRVIMICSASSSVEYMNWY QQKPGRAPKRWIYDSEKLASGVPRPAREFSGSGSGTDYTLTI
SSLOPEDEFATYYCQOWSENPPTFGGGTKLOTITS

(SEQ D NG9Oy

Cris7 and DRA222 VH CDR1 (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 DRA222 VL CDR1 (Kabat) SASSSVSYMN (SEQ 1D NG:94)

Cris7 and DRA222 VL CDRZ (Kabat) DSSKLAS (SEQ [D N(:95)

Cris7 and DRA222 VL CDR3 (Kabat) QOWSRNPPT (SEQ ID N(G:96)

Cris7 and DRA222 VH CDR1 (IMGT) GYTFTRST (SEQ 1D NG:1%9)
Cris7 and DRA222 VH CDR2 (IMGT) INPSSAYT (SEQ D NO:200)
Cris7 and DRAZ222 VH CDR3 (IMGT) QOWSRNPPT (SEQ ID NG:201)

Cris7 and DRA222 VL CDR1 (IMGT) ASSSVEY (SEQ 1D NG:202)
Cris7 and DRAZ222 VL CDR2 (IMGT) DSS (SEQ 1D NO:203)
Cris7 and DRAZ222 VL CDR3 (IMGT) QOWSRNPPT (SEQ ID N(:204)

DNA sequence of ROR133:
atggaagcaccagegcageticteticotecigetactotggetoccagataccaceggtgacatocagatgacccagicecectocicocty
tccgectecgiggocpaccgggtpaccatcaactgecaggecicecagiccaicgaciccaacciggectggitccagcagaagecegac
aagecocccaagetgetgatetaccgggectecaacctggoectecoggegtgeoctoccggtictocggctocggetecggraccgactica
coctgaccatctectoectgeageccgaggacgiggecacotaciacigecigggogeegigggegoegigicctaccggacctocticy
geggogecaccaaggtogagatcaagggiggaggcppticaggeggagetogatecpocggiggogactceggigacggeggatet
saggtocageiggipgagiccggcggoggactggigcagoccggccggiceotgeggcigtoctgcaccgeoteoggcteogacatea
acgactaccccaictoctgggtgoggcaggccceccggeaaggaocctggagigoateggocticateaactcoggoggctecacetggiac
geotectgggigaagooccggticaccatetecocgggacgaciccaagiccategoctacctgeagatgaactecotgaagaccgaggac
accgeogtgtactatigegeecgggactactecaccetactacggegacticaacatetgggeccagggeacoctiggigacegigicctcga
gtgageccaaatctictgacaaaacicacacatgeccacegtgeccageacctgaagecgegggtgcaccgicagicticeteitecccceca
aaacccaaggacacecteatgateicceggaceecigaggtcacaigogiggtgptggacgtgagocacgaagacectgaggtcaagtic
aactggtacgiggacgpcgtgeagetocaiaaigocaagacaaagocgegggaggageagtacaacageacgiacegigtggicagey
tecteaccgtectgeaccaggactggctigaatggeaaggaatacaagtgcegeggictecaacaaggoecteccageceocaicgagaana
ceatetccaaagecaaagggeageocogagaaccacaggtgtacacectgeccocatecegggatgagetgaccaggaaccaggicag
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cotgacctgectggtcaaaggetictatecaagegacatcgecgtggagtopoagageaatgggcagecggagaacaactacaagacea
cgoctocegtgetggacicegacggctecticticeictacageaagetcaccgiggacaagageaggiggrageaggggaacgicticic
atgctecgtgatgcatgaggcicigcacaaccactacacgeagaagagoctictcoctgictecgggtictgatapaggcgottcagecssa
gotgooteccggogotsocpgatcgeogegcteicaggtocagetggiggagiciggugoocggagtogigcagectgggcgotcactya
goctgtectgcaaggctictggetacacctttactagatctacgaigeactgggtaaggocaggoccciggacaaggtcigoaatggatigua
tacattaatectageagtgctiatactaatiacaatcagaaattcaaggacaggticacaatcagegeagacaaatocaagagcacagectic

cigcagatggacagectigaggecoegagaacaccggoegtctatiicigtgcacggecceaagtecactatgattacaacgggtticctiacty

sggccaaggractecegteactgicictageggtggeggaggeictigopgotogcggatecggagatootoocicigoacaagacatee
agatgacccagiciccaageagectgictgeaagegtgggggacagggtcaccatgacctigeagtgecageicaagigtaagitacatga

actggtaccageagaagecgggcaaggececcaaaagatggattiatgacicatecaaaciggettictggagtecctgetegeitcagteg

cagtggetetgooaccgactatacecicacaateageagecigeagercgaagatitegecactiattactgecageagtggagicgtaace
cacceacgticggaggegepaccaagotacaaatiacateciceagetaa

(SEQ D NO:97)

Mature protein sequence of ROR133:
digmtgspssisasvgdrviineqasgsidsnlawlqagkpgkppkilivrasnlasgvpsrisgsgsatdftitissigpedvatyvelggy
gavsyrisfogothveikggogsgoepsgogosgoposevglivesgoglvapgrsirisctasgsdindypiswvrgqapgkglewigf
msggstwyaswvkgrftisrddsksiaylgmnsiktedtavyycargystyygdfniwgqgtivivsssepkssdkthteppepapea
agapsvilfppkpkdtimisripevtevvvdvshedpevkinwyvdgvevhnaktkpreegynstyrvvsvitvihgdwlngkevk
cavsnkalpapiektiskakggprepgvytippsrdeltkngvshclvkgfypsdiavewesnggpennyktippvidsdgsttlyski
tvdksrwgqggnviscsvmhealhnhytgksisispgsggaggsgooosgegesposqvglvesgggvvgpgrsirlsckasgytftrst
mhwvrgapgqglewigyinpssaytnyngkfkdrftisadkskstaflgmdshrpedtgvyfearpqvhydyngfpywgqgtpvity
ssggggsgoossgogosaqdigmtqspssisasvgdrvimicsasssvsymnwyqakpgkapkrwivdssklasgyvparfsgsgs
gtdytitissigpedfatyveqqwsmpptfeggtkiqitsss

(SEQ I} NO:98)

DNA sequence of ROR193:
atggaagcaccagcegeagcticteticctectgetacictggeiccecagataccaccggigacaiccagatgacccagicoecctcciceoty
tccgoectocgtggocoaccggateaccatcaactgecaggocteecagiccaicgactccaacetggectggticcageagaagoccgec
aagcoccccaagetgcetoatctacegggcectecaacciggectecggegtoccoteceggticiccggeteeggctoccgacaccgacitca
ceotgaccatetectocctgeagecogaggacgigeccacctactactgectgggcggogtiggocgccgigtcctaceggacotecticg
gepocggcaccaagetggagatCaagogtagaggcggticagecogaggigpatecggoggipacggeiceggtogcggacagaict
gagotpcagctggtigoagtcoggeggcgacciggtpcageccggecggtoccigeggctgicctgcaccgectecggoiccgacataa
acgactaccccatetccigggotacggcaggeccecggcaaggocctggagiggateggcitecatcaactoeggeggeiccacciggiac
gectectgggigaaggocogettcaccatcteccgggacgaciccaagiccatcgectacotgeagatgaactcectigaagaccgaggac
accgocgtgtactatigegeccggggctactecaceiaciacggegacticaacatctggpgccagggcaccciggigacogtigiocteoga
gtgagoecaaatettetgacaaaacicacacatgoccacegigeccageacotgaagocgegggtecacogicagicticetcticeoceca
aaacccaaggacaccoteatgatetcoeggaceccigaggtcacatgegiggtogtogacgigagccacgaagacoetgaggtcaagttc
aaciggtacgiggacggogtagaggtacataatgccaagacaaagecgogegagoagcagtacaacageacgiacegigtggicagey
tectcacegtoctgoaccaggaciggctgaatygcaaggaatacaagtaegoggictccaacaaageccteccagoccccatcgagaaaa
ccatctecaaagecaaagggragecoegagaaccacaggtgtacaccetgececcatecegggateagetgaccaagaaccaggtcag
cetgacctgoctggicaaaggetictatecaagegacategeogtggagigggagagcaatgggcagocggagaacaactacaagacca
cgeeiccegtpctiggactecgacggctecticticctelacageaageteaccgiggacaagageaggiggeageaggggaacgicticic
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atgctecgtgatgcatgaggcicigcacaaccactacacgeagaagagoctictcoctgictecgggtictgatapaggcgottcagecssa
gotgocteccggegotgscpgpaicgeoggectetcaggtocagetggtgcaateigggccigaggtgaagaagoectgggicctoggatisaa
gototectgcaaggcticiggatataccticageagatctacgatgcactgggoigegacaggccectggacaagaegotigagtogatagoat
acattaatcctageagtgctiatactaatiacaatcagaaaticaaggacagagicacgattaccgeggacaaaiccacgageacagectaca
tggagctgageagectgagalcigaggacacggcecgigtatiacigtgcgagaccocaagiccactatgattacaacgggiticcttacigy

sgecaaggaaceotggteacegictocteaggiggaggeggitcaggeggaggtguatccggeggtooeggaleggatggeggoggat
ctgacatccagatgacccagteiccticcacectgictpeateigtaggagacagagicaccatgactigeagtgecagetcaagigiaagit

acatgaactggtatcagcagaaaccagggaaageocctaagagatggatttatgacicateccaaactggetictggugtoccatcaaggtte
ageggcagtggatetgegacagagtatacicteaccatcageagectgeagoctgatgatttigeaacttattactgecaacagtiggagiogt
aacceacecactticggoggagppaccaaggtogagatcagacggtoctecagetaa

(SEQ D NO:99)

Mature protein sequence of ROR193:
Digmigspssisasvgdivitineqasgsidsnlawtggkpgkppkihivrasnlasgvpsrisgsgsgtdftiuissigpedvatyyclgg
vgavsyrisfogetkveikgoeospooosoooasoooosevglvesgoglvgpgrsitdsctasgsdindypiswvrgapgkglewt
ghinsggstwyaswvkgritisrddsksiaylgmnsiktedtavyyeargystyygdfniweqgttvtvsssepkssdkthteppepap
eaagapsvitfppkpkdtimisttpevicvvvdvshedpevkfowyvdgvevhnaktkpreeqynstyrvvsvitvihgdwingke
vkcavsnkalpapiektiskakgqprepgvytippsrdeltkngvsitcivkgfypsdiavewesngapennyktippvidsdgstily
skitvdksrwqggenviscsvmhealhohytgksisispesgegesggogsgoepspesqvalvgsgpevikkpgssvkvsckasgy
thsrstmhwvrgapgqelewigy inpssaytny ngkfkdrvtitadkststaymelsslrsedtavy yearpgvhy dyngfpy weqet
Ivivssggegsgogosgogosgooasdigmigspstisasvgdrvimicsasssvsymnwyqgakpgkapkrwivdssklasgvps
rfsgsgsgteytitssigpddfatyyeqgwsmpptfgggtkverkrsss

(SEQ ID NO:100)

DRA sequence of ROR134:
atggaageaccagegeagetictettectectigetacictggeicccagataccaceggigacatccagatgacecagteeecctectiectg
tccgoectocgtggocoaccggateaccatcaactgecaggocteecagiccaicgactccaacetggectggticcageagaagoccgec

aagcoccccaagetgcetoatctacegggcectecaacciggectecggegtoccoteceggticiccggeteeggctocgacaccgacitca
cectgaccatcicctocetgeageccgagoacgtogccacctactactgectgggcggegiogoacgecetatectaceggacctecticg
geggcggcaccaaggtggagatcaageatogaggcggticagecogaggiggatecggoggtogcggciceggtogcgacggatet
gagotocagctiggtieeagiccggegacgocctagtocageccggegactocectgogoctigicctgracegectecggetecgacatea
acgactaccccatciccigggtigcggcagoccoecggeaagggccigoagtgoatcggcticatcaactccggeggcticcacctggtac
gccgacteggtgaaggoccggaitcaccateteccggeacicctecaagaacaceetigtaccigeagatgaactecetgoggoccgaggac
accgocgtgtacticigogeccggggctactecacctaciacggegacticaacatctggpgccaggocacceciggigacegtigioccteoga
gtgageecaaatettetgacaaaacicacacatgoccacegigeccageacotgaagocgegggtacacogicagicticetcticeooeca
aaacccaaggacaccetcatgatetcocggacceecigaggicacatgegiggigotosacgigagccacgaagacoetgaggicaagttc
aaciggtacgiggacggogtagaggtacataatgccaagacaaagecgogegagoagcagtacaacageacgiacegigtggicagey
tectcacegtoctgoaccaggaciggctgaatygcaaggaatacaagtacgeggictccaacaaageccteocagoocccatcgagaaaa
ccatctecaaagecaaagggragecoegagaaccacaggtetacaccoigooeccatecegggateagetgaccaagaaccaggicag
cctgaccigectggtcaaagpctictatccaagegacatcgeogiggagtgggagagcaatgggcagecggagaacaactacaagacca
cgcciccegtactggactocgacggctecttoticctciacageaagetcaccgiggacaagageagoiggocageaggggaacgtoticto
atgcicogtgatgcatgaggcictgeacaaccactacacgeagaagagecictoccigtciecgggtictggtegagocgoticaggcgga
gotogctocgpcggtegegeatcgocggacictcaggiccagetggigoagtctygggocgpagtegiocagectgggcggtcaciga
goctgtectgoaaggcitctggctacaccttiactagatctacgatgecactgggtaaggcaggeccetggacaaggtctggaatggattoga
tacattaatcctageagigettatactaattacaatcagaaaticaaggacaggttcacaatcagegeagacaaatoraagageacagecttc
cigeagatggacagoectgaggooegaggacaceggegtetatticigtgeacggececaagtecactatgattacaacgggtticottactg
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gpgccaaggpactecegteactgictotageggtogegaggotcigsoootoocguatccggagotostoocicigeacaagacatee
agatgacccagictccaageagcectgicigcaagegtgggosacagggtcaccatgaccigeagtgecagetcaagigtaagitacatga

actggtaccageagaagecggacaaggcccccaaaagatggatttatgacicatccaaaciggctictggagiccotgetcgcticagtog

cagtggpteiggoacogactataccecicacaatcageagoctgeagccegaagatticgecactiatiacigecageagtggagicgtaace
cacccacgticggagoogooaccaagctacaaatiacatcciccagetaa

(SEQ D NOG: 101

Mature protein sequence of ROR134:

Digmigspssisasvgdivitineqasgsidsnlawtggkpgkppkihivrasnlasgvpsrisgsgsgtdftiuissigpedvatyyclgg
vgavsyristfogetkveikgooosgososoooasoooosevglvesgoolvgpagsisctasgsdindypiswvrgapgkglewt
glinsggstwyadsvkgrfusrhsskntlvigmunsiraedtavyfcargystyvadfmwgqgtivivsssepkssdkthicppepape
aagapsviltppkpkdtlnusripevtevvvdvshedpevkinwyvdgvevhnakikpreeqynstyrvvsvitvihgdwingkey
kcavsnkalpapiektiskakgqprepgvytlppsrdeltkngvsltclvketypsdiavewesnggpennykttppvidsdgsttlys
kltvdksrwgqgnviscsvmhealhnhvigkslslspgsgeggsgoooseooasposqvglvesgeevvgpgrslrisckasgyift
rstmhwvrgapgqglewigyinpssayinyngkfkdritisadkskstaflgmdshpedtgvy fearpgvhydyngfpyweqstp

vivssgegosgggasoooosaqdigmigspssisasvgdrvimicsasssvaymnwyqakpgkapkrwivdssklasgvparfsg
sgsgtdytitissigpedfatyycqqwsmpptfgggtkigitsss
(SEQ ID NO:102)

DRA sequence of ROR18%:;
atggaageaccagegeagotictettectectigetacictggeicccagataccaceggigacatecagatgacecagteceecctecicctg
tecgectecgigoocgaceggotoaccatcaactgecaggecteecagiccategacticcaacetggoctggitccaglagaagecegedc
aagcoccccaagetgcetoatctacegggcectecaacciggectecggegtoccoteceggticiccggeteeggctocgacaccgacitca
cectgaceatcicctocetgeageccgageacgtooccacctactactgectgggcggegigaacgecetgicctaceggacciccticg
geggcggcaccaaggtggagatcaageatogaggcggticagecogaggiggatocggoggigacggciceggtogcgacggatcet
gagotocagctggteeagiccggegacggcctagtgcageccggegacteectgegactgicctgeacegectecggeiccgacatea
acgactaccccatcicciggotocggcagocccecggeaagggcciggagiogatcggcticatcaactocggeggcticcacciggatac
gccgacteggtgaaggoccggaitcaccatceteccggeactectecaagaacaceetigtaccigeagatoaacicoctgeggoccgaggac
accgecegtgtactictgcgeccggggctactccacciactacggogacticaacatctggggccagggcaccciggigacegtgicctcga
gtgageecaaatettetgacaaaacicacacatgoccacegigeccageacotgaagocgegggtacacogicagicticetcticeooeca
aaacccaaggacaccetcatgatetcocggacceecigaggicacatgegiggigotosacgigagccacgaagacoetgaggicaagttc
aaciggtacgiggacggogtagaggtacataatgccaagacaaagecgegggagoageagtacaacageacgtacegtgtggicageg
tectcacegtoctgoaccaggaciggctgaatygcaaggaatacaagtacgeggictccaacaaageccteocagoocccatcgagaaaa
ccatctecaaagecaaagggragecocgagaaccacaggtgtacaceotgececcatooegggateagetgaccaagaaccaggtcag
cctgaccigeciggicaaagpcttctatccaagogacatcgeogtggagigggagagcaatggocagocggagaacaactacaagacca
cgcciccegtactggactocgacggctecttoticctciacageaagetcaccgiggacaagageaggiggocageaggogaacgicticto
atgcicogtgatgcatgaggcictgeacaaccactacacgeagaagagcecicteectgtetiecgggticiggtogagocgoticaggegga
gotooctocgpcggigacggatogecgggcictecaggiccagetggigcaateigggoctgagoiogaagaagcoiggotecicggtigaa
gotctectgeaaggoticiggatataccticageagatctacgatacaciggptgoegacaggocectggacaaggaciigagiggataggal
acattaatcotageagtgettatactaatiacaatcagaaaticaaggacagagicacgatiaccgeggacaaaiccacgageacagectaca
tggageigageagoectgagatctgaggacacggeogigiatiactgigegagaceccaagiccactatgatiacaacgggtitoctiactgy
ggccaaggaaccctggicacegtetcctcaggiggaggeggticaggeggaggatooatccggeggiggcggateggotoocogcggat
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cigacatccagatgacccagtciccttccacoctgtotgcatcigtaggagacagagicaccatgactigeagtgecagetcaagigtaagtt
acatgaactggtatcagcagaaaccagggaaagooectaagagatggatttaigacicatccaaactggetictggopteccatcaaggottc
ageggcagtegatcigogacagatiatacicicaccatcagcagoctgeagecigatgattitgcaactiatiacigocaacagiggagicgt
aacccacccactttcggeggaggpaccaaggtogagatcaaacggtoctocagetaa

(SEQ D NG:103)

Mature protein sequence of ROR189:
digmtgspssisasvgdrviineqasgsidsnlawlqagkpgkppkilivrasnlasgvpsrisgsgsatdftitissigpedvatyvelggy
gavsyrtstogatkveikggegspososgooospooosevgivesgaglvgpgasitisctasgsdindyvpiswvrgapgkglewig
finsggstwyadsvkgritisrhsskntlylgmuslraedtavyfeargystyvgdfniwgqgtivivsssepkssdkthicppepapea
agapsvifppkpkdtimisripevtevvvdvshedpevkfnwyvdgvevhnakikpreeqvnstyrvvsvitvihgdwingkevk
cavsnkalpapiektiskakggprepqvytippsrdeltkngvshclvkgtypsdiavewesnggpennyktippvidsdgstilyskl
tvdksrwgggnviscsvmheathnhytgkslsispgsgggesgogosgopospasgvglvgsgpevkkpgssvkvsckasgytfs
rstmhwvrgapgaglewigyinpssayinyngkfkdrviitadkststaymelsshrsedtavyycarpgvhydyngfpyweqothy
tvssgegosgguosoooosguoosdigmigspstisasvadrvtmicsasssvaymnwyqakpgkapkrwiydssklasgvpstf
sgsgsatdviltissigpddfatyyeqgwstopptigggtkverkrsss

(SEQ D NO:104)

DNA sequence of ROR154:
atggaageaccagegeagetictettectectigetacictggeicccagataccaceggigacatccagatgacecagteeecctectiectg
tecgectecgigoocgaceggotoaceatcaactgecaggocteecagiecategacticcaacetggoctggitccaglagaagecegec
aagcceecccaagetgetgatetacegggectecaacctiggectecggegtocccteceggtictiecggcteeggcteeggcacegactica
cectgaccatcteoctocctgeagecegaggacgtgoccacetactactgectgggeggcgtigagcgocgigicctaceggacciocticg
geggeggcaccaaggiggagalcaageotggagocooticagacggagetigoalocgocggisgcgocticcggtoocgoeggatct
gaggotgcagciggtegagiccggegacgacctgotocageccggecggtecectgeggeigtectgeacegectecggotecgacates
acgactaccccatcaccigggtocggcagoccoecggcaagggccigeagtopalcggcticatcaactecggoggciccacctiggiac
gcctectgggtoaaggoceggttcaccateteccgggacgaciccaagiccategectacctgeagatgaacteectgaagacegaggac
accgecegtgtactatigcgeccgggectactccacciactaccgggacticaacatetggggccagggcaccciggigacegtgicctcga
gtoagcecaaatcitctgacaaaactcacacatgoecacegtgoecageaccigaagecgeggatacacegticagicticetcticccoeca
aaacccaaggacaccetcatgatetcoeggaceccigaggtcacatgogtogtootogacgigagccacgaagaccetgaggtcaagiic
aactggtacgtgoacopcatogapotocataatgecaagacaaagecgeggeaggagcagiacaacageacgiacegtgtoptcageg
tectcaccgtectgeaccaggactgactgaatggcaaggaatacaagtgcgoggtctccaacaaagecctcecageecceatcgagaaaa
ccatctecaaagecaaagggragecoegagaaccacaggtgtacaccetgececcateocgggateagetgaccaagaaccaggticag
cctgaccigeciggicaaagpctictatccaagogacatcgeogtggagiggpagagcaatggocagocggagaacaactacaagacca
cgcciccegtactggactocgacggctecttoticctciacageaagetcaccgiggacaagagcaggiggeageaggogaacgicticto
atgcicogtgatgcatgaggcictgeacaaccactacacgeagaagagcecictoectgteiecgggticiggtogagocgaticaggegga
gotooctocgpcggtegogeatcgocgggctcteaggiccagetggioggagtcigggoocgpagtggtocagectgggcggticaciga
goctgtectgoaaggcitctggctacacctitiactagatctacgatgeactgggtaaggcaggeccetggacaaggtctggaatggattoga
tacattaatcctageagtgctiataciaattacaatcagaaaticaaggacaggticacaatcagegeagacaaatccaagageacagectic
ctgcagatggacagectgaggoeccgaggacaccggegtetatticigigeacggececaagtccactatgattacaacgggtitoctiacty
gooccaagggactcecgicactgicictagegptggcggagooicigogootoocooatocgpaggtoatoocticigcacaagacatce
agatgacccagtetccaageagectgicigeaagegtgggogoacagggatcaccatgacctigeagtgecageticaagigtaagtiacatga
actggtaccagcagaagceogggcaaggoccccaaaagatggatitatgacteateccaaactggettctggagtecctigetegeticagtog
cagtgggeiciggoaccegactatacceetecacaateageagectgeagocegaagatttegecactiatiactgecageagiggagtogiaace
cacccacgticggagggoooaccaagetacaaatiacatectecagetaa
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(SEQ D NO:105)

Mature protein sequence of ROR154:
digmtqgspsslsasvgdrviinegasgsidsnlawfqgkpgkppkiliyrasnlasgvpsrisgsgsgtdfiltissigpedvatyvelggy
gavsyrtstogatkveikggegspososoooosoooosevglvesgoolvapgrsitisctasgsdindy pitwvrgapgkglewigt
insggstwyaswvkgritisrddsksiaylgmnslkiedtavyycargvstyvrdfniwgggtivivsssepkssdkthteppepapea
agapsvifppkpkdtimisripevtevvvdvshedpevkfnwyvdgvevhnakikpreeqvnstyrvvsvitvihgdwingkevk
cavsnkalpapiektiskakggprepqvytippsrdeltkngvshclvkgtypsdiavewesnggpennyktippvidsdgstilyskl
tvdksrwgggnviscsvmheathnhytgkslsispgsgggesgogosgopospasqvglvesgggvvapgrsirisckasgytfirst
mhwvrqapgaglewigyinpssayinyngkfkdrfuisadkskstaflgmdsirpedigvyfearpqvbvdyngfpywggatpviy
ssggggsgooosgooosaqdigmiqspssisasvgdrvimicsasssvsymnwyqakpgkapkrwivdssklasgvparfsgsgs
gidytitissigpedfatyveqgwsmpptfeggtkiqitsss

(SEQ D NO:106)

DNA sequence of ROR185:
atggaagoaccagegeagcetictetteotecigetacictggeticccagataccaceggigacatccagatgacecagtoccoctociocctyg
tecgectecgigoocgaceggotoaceatcaactgecaggocteecagiecategacticcaacetggoctggitccaglagaagecegec
aagcceecccaagetgetgatetacegggectecaacctiggectecggegtocccteceggtictiecggcteeggcteeggcacegactica
cectgaccatcteoctocctgeagecegaggacgtgoccacetactactgectgggeggcgtigagcgocgigicctaceggacciocticg
gcggcgocaccaaggigoagatcaagogtggagocoaticagecggageigoatccggegoigacgoctccggtggcgacggatet
gaggtocagctggtosaniceggcgacggectggtgcageccggecggteectgegactgtectgeacoegectecggetccgacatea
acgactaccccatcacctgggtgcggcagocccccggeaagggoectggagiooatcggcticatcaactocggeggetecacctggtac
goctectgpgtgaaggoccgaticaceatcicccgggacgactecaagiccategectacctgeagatgaacteectgaagaccgaggadc
accgeegtotactattgegcecgggectaciccacciactacegggacticaacatetgggoccagggcacectggigacegigicctcga
gtgagoeccaaatetictgacaaaacicacacatgoecacegtgoccagaccigaagecgeggatocacegicagicticctettccoecca
aaacccaaggacaccetcatgatctcocggaceecigaggtcacatgcgiogtootooacgioagccacgaagaccetgaggicaagitc
aactggtacgtggacoocetogagotocataatgccaagacaaagecgegggagoagcagtacaacageacgiacegtgtoptcagcg
tectcaccgtectgeaccaggactgactgaatggcaaggaatacaagtgcgoggtctccaacaaagecctcccageecceatcgagaaaa
ceatctocanagecaaagggeagecocgagaaccacaggtatacaccotgeceecatccegggatgagetgaccaagaaccaggtcag
cetgacctgectogicaaaggctictatccaagogacalcgecgtggagtiggpagagcaatggocagecggagaacaactacaagacca
cgeciccegtgctggactocgacggetecticticetclacageaagetcaccgtggacaagageaggiogcageageogaacgicticte
atgciccgtgatgceatgaggcictgcacaaccactacacgeagaagagecictecctatetecgggtictggtogagocgoticagocogoa
gotooctocgpcggigacggatcgecgggcictecaggiccagetggigcaateigggoctgagoiogaagaagcoiggetecicggtigaa
gotctcctgeaaggetictggatatacoticageagatotacgatgcactgggigegacaggoccotggacaaggactigagtggataggat
acattaatcotageagtgotiatactaatiacaatcagaaaticaaggacagagicacgatiaccgeggacaaatccacgageacageciaca
tgoagcigagcagectgagatctgaggacacggocgigtatiactgtgcgagaceccaagiccactiatgattacaacgggtticcttacigg
goccaaggaaccotiggicaccgtcicctcaggiggagocgpttcaggeggagotogatecgpcggigacggategeatoocgycagat
ctgacatccagatgacccagictecticcaccctgictgeateigtaggagacagagicaccatgactigcagtoccagetecaagigtiaagit
acaigaactgptatcagcagaaaccagggaaageccetaagagatggatitatgactcatecaaactggcttcigoggtcecatcaaggtic
agcggragtggatctggoacagatiatacteicaccatcageagectgcagoctgatgattttgcaacttatiactgecaacagtiggagicgt
aacccacccactiteggeggaggogaccaagotggagatcaaacggicciccagetaa

{(SEQ D NG:107)

Mature protein sequence of ROR13S:
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digmtqgspsslsasvgdrviinegasgsidsnlawfqgkpgkppkiliyrasnlasgvpsrisgsgsgtdfiltissigpedvatyvelggy
gavsyrtsfogotkveikogeospooosgeoosponosevglvesgaglvapgrsirisctasgsdindypitwvrgapgkglewigt
msgostwyaswvkgritisrddsksiaylgmnslktedtavyycargystyyrdfniwgggtivtvsssepkssdkthteppepapea
agapsvifppkpkdtimisripevtevvvdvshedpevkfnwyvdgvevhnaktkpreeqynstyrvvsvitvihgdwingkeyk
cavsnkalpapiektiskakggprepgvytippsrdeltkngvsitclvkgfypsdiavewesnggpennyktippvidsdgstilyskl
tvdksrwgggnviscsvmheathnhytgkslsispgsgggesgogosgooaspasgvaglvgsgpevkkpgssvkvsckasgytfs
rstmhwvrgapgaglewigyinpssayinyngkfkdrviitadkststaymelsshrsedtavyycarpgvhydyngfpyweqothy
tvssgegosgguosoooosguoosdigmigspstisasvadrvtmicsasssvaymnwyqakpgkapkrwiydssklasgvpstf

sgsgsatdviltissigpddfatyyeqgwstopptigggtkverkrsss
(SEQ 1D NO:108)

DNA sequence of ROR179:
atggaagoaccagegeagcetictettcotecigetactetggeicccagataccaceggtgacatecagatgacecagicecoctoctocctyg
tecgoctecgtggocgaceggatoaccatcaactgecaggecicccagiocatcgactecaacciggectggticcagagaageeegge
aagececcraagetgcetgatctaccgggoctecaacctggocteeggegtgeccteceggtictecggeteeggetecggeacecgacttca
cectgaccaicicctoocigeageocgaggacgtiggecacetactactgectgggeggegtggocgeogtgtectactggacctocticgy
cggegocaccaaggteggagatcaagggtiggaggocggticaggeggaggtuoatccgpeggiggoeggacicogatopcggoggatelg
aggtocagetgotosaotocgocggeggccigatecageccggecggtecctgeggctgtectgcaccgectecggotcogacateaac
gactaccccatcaceigggtocggeaggcocccggcaagggectggagtooatcggacttcatcaactecggeggctecacciggtacge
ctectgggtoaagooccooticaccatetcccgggacgactccaagiceategectaceigeagatgaacicoctgaagaccgaggacac
cgecgtgtaciatigegecegggectactecacctactaccgggacticaacatctggogccaggocaceciggigacegigtectegagt
gagcccaaatctictgacaaaactcacacatgeccaccegigeccageacctgaageegegggtgeacegtecagtetiecteticeccecaa
aacccaaggacaccecteatgatcicceggaccectgaggtcacatgegtggiogteoacgtoagecacgaagacectgaggicaagtica
actggtlacgtggacggcegtogagotocataalgocaagacaaagocgoegggaggagcagtacaacageacgtacegigtgotcagegt
coteaccgtectgeaccaggaciggctgaatogcaaggaatacaagigegoggtetccaacaaagecctcecageccecategagaaan
ceatetecaaagecagagggeagecccgagaaccacaggtotacacectgeccocatoecgggatgagetgaccaggaaccaggicay
cetgacctgectogicaaaggctictatccaagegacatcgeegiggagtigopacaocaatggocagecggagaacaactacaagaccea
cgeciccegtgetggactocgacggetecticticetclacageaagetcaccgtggacaagageaggioocageageogaacgicticte
atgciccgtgatgceatgaggcictgcacaaccactacacgceagaagagcecicteccigictecgggtictoggtooagocpoticaggcoga
gotooctccggegotopcoeatcoccggocictcaggticcagetggtogagtciggggocggagtootocagcctggocoaticaciga
goctgtectgeaaggctictogctacaccttiactagatetacgatgeactggotaaggcagocccctggacaaggtctggaatgsattoga
tacattaatcctageagtocttatactaattacaatcagaaaticaaggeacaggttcacaatcagegeagacaaatccaagageacagectic
ctgcagatggacagoctgagocecgaggacaceggegtctatticigtgeacggececaagtceactatgattacaacgggtitecttactg
gooccaagggactcecgicactgicictagegptggcggagooicigogootoocooatocgpaggtoatoocticigcacaagacatce
agatgacccagteiccaageagectgicigeaagegtgggooacagggicaccatgaccigeagtgecageicaagigtaagitacatga
actggtaccagcagaagceogegcaaggoccocaaaagatggatitatgacteatecaaactggetictggagtoccigetegoticagiog
cagtgggictggpaccgactatacceicacaatcageagectigcageccgaagatttcgecacttattactgecageagigeagtogtaace
cacccacgitcggagggooooaccaagctacaaatiacateciccagetaa

{(SEQ D NO:169)

Mature protein sequence of ROR179:

digmtgspssisasvgdrvtincqasgsidsnlawfggkpgkppkiliyrasnlasgvpsrfsgsgsetdftltissigpedvatyyelggy
cavsywisfogptkveikgogosgoposoooasgoonsevglvesggalvgpgrsirisctasgsdindypitwvrgapgkelewig
finsggstwyaswvkgrftisrddsksiaylgmnslktedtavyveargystyyrdfniwgqativivsssepkssdkthicppepape
aagapsvilfppkpkdtlmisrtpevicvvvdvshedpevktawyvdgvevhnaktkpreeqynstyrvvsvitvihgdwingkey
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kcavsnkalpapiektiskakgqprepgvytlppsrdeltkngvsitelvkefypsdiavewesnggpennykttppvidsdgstflys
kltvdksrwqaggnviscsvmhealthnhytgkslsispgsgeggsgogoseooospasqvglvesgeevvapgrslrisckasgyift
rstmhwvrgapgqglewigyinpssayinyngkfkdrftisadkskstaflgmdsirpedigvyfearpgvhydyngfpywaqetp
vtvssgegosgpoosogogasagdigmtgspssisasvedrvtmicsasssvsymnwyqakpgkapkrwiydssklasgvparfsg
sgsgtdytlussligpedfatyycqgwsrnpptfoggtklgitsss

(SEQ 1D NO:110)
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DNA sequence of ROR186:
atggaagcaccagegcageticteticotecigetactotggetoccagataccaceggtgacatocagatgacceagicccectoctooctg
tccgectccgiggoepaccgggtpaccatcaactgecaggecicccagiocatcgaciccaacctggectgeitccagcagaageceac
aagecocccaagetgetgatetaccgggectecaacctggoecteoggegtgeoctoccggtictocggctocggeteccggraccgactica
coctgaccalctectocctgeageocgaggacgtigaccacctaciacigectigggcgaegigggogoegtgtectactggacctocticgy
cggegocaccaaggtegagatcaagggiggaggcggticaggeggaggtogatccgpeggiggoeggcicegatopcggoggatelg
aggtgcagetgotosagtocgacggeggeciggtegcageocgaccggicectgeggatgtectgeaccgecteoggotcogacateaac
gactaccccateacctigggtogcpgcaggeccocggeaagggoctggagtggateggcttcatcaactecggeggctccacctiggtacge
ciectgggtoaagggocggticaccateicecgggacgactecaagiccategectacotgeagatgaacteecigaagacegaggacac
cgecgtgtactatigegeceggggatactccacciactacegggacticaacatetggogecagggeacectiggigacegigtectegagt
sageccaaatetictgacaaaactcacacatgeccacegtgoccageacctgaagecgegggtacacegteagiettecteticeccecas
aacceaaggacacccteatgatcicccggaccoctgaggtcacatgegtggipgtgoacgtoagecacgaagaccectgaggicaagtica
actggtacgtggacggogtugaggiocataatgocaagacaaagecgoegggagageagtacaacageacgtacegigtggicagogt
ceteaccegtectgeaccaggaciggotgaatgpgcaaggaatacaagtgogoggteiccaacaaageoctoccageococategagaaas
ceatetccaaagecaaagggeageccogagaaccacaggtgtacacectgeccocatecegggatgagetgaccaggaaccaggicag
cetgacctgectggicaaaggctictatocaagegacategoecgiggagigggagagoaaigggeagecggagaacaaciacaagacea
cgectecegtgetggacteegacggetocticticcictacageaagetcacogiggacaagageaggiggeageaggggaacgioticte
atgciccgtoatgeatgaggcictgeacaaccactacacgeagaagagocictecctgictecgggtictggtogagocoottcagocaoa
ggtooctoecggegoteocgoategecgggctctcaggtccagetgatocaatctgggcctigaggigaagaagecigggtccicggtoas
ggtetectgeaaggcticiggatataccticageagatctacgatgeacigggtocgacagooecciggacaaggoctizagtopatagoat
acattaatcclageagtgctiatactaatiacaatcagaaaticaaggacagagtcacgatiacegeggacaaatccacgageacagectaca
tgoagcligageagectgagatctgaggacacggccgtgtatiacigtgegagaceocaagtccaciatgatiacaacgggtticctiacteg
ggecaaggaacectggtcacegicicctcaggtogagocggitcaggcggagatooatecggegotgocgoalegoaigocggcooat
ctgacatccagatgacccagtctecticcacectgtctgeatetgtaggagacagagicaccatgacttgeagtgccagcicaagtgtaagtt
acatgaactggtatcageagaaaccagggaaageocctaagagatgoatitatgacicatecaaactggetictgoooteccatcaaggtic
agceggeagtggatetgggacagatiatacteicaccatcageagectigeagectigatgattitgcaactiatiactgccaacagtggagtegt
aacccacecactticggeggagooaccaaggtggagatcaaacggicciccagetaa

(SEQ D NO: 11D

Mature protein seguence of ROR186:
digmtgspssisasvgdrvtineqasqgsidsniawlggkpgkppkiliyrasnlasgvpsifsgsgsgtdfiltissigpedvatyyelgay
cavsywtsfoggtkveikgogessooosageospooosevglvesggglvgpgrsirisctasgsdindypitwvrgapgkglewig
finsggstwyaswvkgrftisrddsksiayigmnsiktedtavyycargystyyrdfniwgqativivsssepkssdkthitcppepape
aagapsviifppkpkdtlmisrtpevicvvvdvshedpevktnwyvdgvevhnaktkpreegynstyrvvsvitvihgdwingkey
kcavsnkalpapiektiskakggprepgvytlppsrdeltkngvsliclvkgfypsdiavewesnggpennykttppvidsdgsfilys
kltvdksrwgggnviscsvmhealhnhyigksislspesgopesgeggsspgospgsqvglvasgpevkkpassvkvsckasgyt
fsrstmhwvrgqapggglewigyinpssayinyngkfkdrviitadkststaymelssirsedtavyyecarpgvhydyngfpywgagtl
vivssggpgsegoesgpoosoooosdigmiqgspstisasvgdrvtmtcsasssvsymnwyggkpgkapkrwiydssklasgvpsr
fsgsasgtdytlussigpddfatyyeqowsrnpptfeggthvetkrsss

{(SEQ D NO:112)
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DNA sequence of ROR181:
atggaagcaccagegcageticteticotecigetactotggetoccagataccaceggtgacatocagatgacceagicccectoctooctg
tccgectcogiggocpaccgggtsaccatcaactgccaggecicccagiccategaciccaacciggectggitcoagcagaageocgyc
aagecocccaagetgetgatetaccgggectecaacctggoectecoggegtgeoctoccggtictocggctocggetecggraccgactica
coctgaccatctectoectgeageocgaggacgigaccacctaciacigecigggogeegigggegoegigicctaccggacctocticy
goggeggeaccaaggiggagatcaagggtegagocgoticaggcggaggiggatecggeggtggeggctocggtgocggeggate!
saggtgcagoiggiggagiceggeggeggoctggigeagoccggeggotccctgeggeigtoctgeacegigiceggracegacatea
acgactaccccaictectigggigeggeaggeccecggeaagggeoctggagiggateggcticateaacteoggoggotecacotggtac
gecgacteggtgaaggeccggttcaccatoteecggeactoctecaagaacaceetigtacetgeagatgaacicectgegggoogaggac
accgeegtgtactictgegecegggactaciccacctactacegggacticaacatetgggoccagggeacectggtgaccgtgtectcga
gigagoccaaatetictgacaaaacicacacatgeccacegtgoccageaccigaagecgoggatocacegicagicticctotteecceca
aaacccaaggacacecteatgateicceggaceectgaggtcacaigogiggtoptggacgtgagocacgaagacectgaggtcaagtic
aactggtacgiggacgpcgtguaggtocaiaaigocaagacaaagoeogeggaaggageagtacaacageacgiacegtgtggteagey
tecteaccgtectgeaccaggactggctgaatggeaaggaatacaagtgcegeggictecaacaaggoocteccageceoecaicgaganaa
ceatetccaaagecaaagggeageccogagaaccacaggtgtacacectgeccocatecegggatgagetgaccaggaaccaggicag
cetgacctgectggicasaggctictatocaagegacategecgiggagigggagagoaaigggeagecggagaacaaciacaagacea
cgectecegtgoetggacteegacggetecticticeictacageaagetcacogiggacaagageaggiggeageaggggaacgicticte
atgciccgtoatgeatgagocictgeacaaccactacacgeagaagagocictecctgictecgggtictggtogagocoottcagocaooa
ggtooctocggegotopcgeatcgecggoctctcaggiccagotggiogagiciggeeocggagtaggtiocagectggocaoteaciga
goctgtectgeaaggeticteggctacacctttactagatetacgatgeactgggtaagocagoecectggacaaggtetggaatggatigga
tacattaatcctageagtgctiataciaatiacaatcagaaaticaaggacaggticacaatcagegeagacaaatccaagageacagectic
ctgcagatgpacageetigaggoccgaggacaccggegtctatticigiocacggececaagtccactatgattacaacgggtitcettacty
gggccaaggeactocegicacigicictageggtgocooagooictgooootoocgoatccggagotootoocicigeacaagacatce
agatgacccagtetccaageagectgictgeaagegtggoggacagggtcaccatgacctgcagtgecageicaagigtaagttacatga
actggtlaccageagaagocgggcaaggoeccecaaaagatggattiatgactcatecaaaciggetictggagtoectgetegeticagtiog
cagtgggtciggoaccgactataceotcacaatcageagecigeagoccgaagatitcgecactiattactgecageagtggagicgtaace
cacecacgticggagoooooaccaagctacaaatiacateciccagetaa

(SEQ D NO:113)

Mature protein sequence of ROR181:
digmtgspssisasvgdrvtineqasqgsidsniawlggkpgkppkiliyrasnlasgvpsifsgsgsgtdfiltissigpedvatyyelgay
cavsyrisfggethveikggggsgegosgogosgegosevylvesggglvgpegsirliscivsgidindypiswvrgapgkelewig
finsggstwyadsvkgrftisrhsskntlylgmnslraedtavyfeargystyvrdfiwgqgtlvtvsssepkssdkthteppepapeaa
eapsvilfppkpkdtinusrtpevtevvvdvshedpevkinwyvdgvevhnakikpreeqynstyrvvsvitvihqdwingkevke
avsnkalpapiektiskakggprepgvytippsrdeltkngvsliclvketypsdiavewesngqpennykttppvidsdgsttlysklt
vdksrwqqgnvfscsvmhealhnhytgksislspgsegggsposesgogospasgvglvesgggvvgpgrslrisckasgytfirst
mhwvrgapggelewigyinpssaytnyngktkdritisadkskstaflgmdslrpedtgvytearpgvhy dyvngfpyweqetpvty
ssgogesegogspooosaqdigmigspssisasvgdrvtmicsasssvsymnwygagkpgkapkrwiydssklasgvpartsgsgs
etdytitissigpedfatyycggwsrpptigggtklgitsss

{(SEQ D NO:114)
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DNA sequence of ROR191:
atggaagcaccagegcageticteticotecigetactotggetcccagataccaceggigacatccagatgacecagiceocctocicecty
tccgectccgiggoepaccgggtpaccatcaactgecaggecicccagiocatcgaciccaacctggectgeitccagcagaageceac
aagecocccaagetgetgatetaccgggectecaacctggoectecoggegtgeoctoccggtictocggctocggetecggraccgactica
coctgaccatctectocctgeageocgaggacgigaccacctaciacigecigggogeegtgggcgoegigicctaccggacctocticg
geggeggeaccaaggiggagatcaagggtegagecgoticaggcggaggiggatecggeggtggeggctocggigocggeggatet
saggtgcagoiggiggagiceggeggeggoctigeigeagoccggeggotcectgeggetgtoctgeacegigiceggracegacatea
acgactaccccaictectigggigeggeaggeocecggeaaggeoctggagiggateggcticateaactceggoeggetecacetggiac
gecgacteggtgaagggocggttcaccatcteccggeactoctecaagaacaceeigtacotgeagatgaactecctigogggaecgaggac
accgeegtgtactictgegecegggactaciccacctactacegggacticaacatetgggoccagggeacectggtgaccgtgtectega
gigagoccaaatetictgacaaaacicacacatgeccacegtgoccageaccigaagecgoggatocacegicagicticctotteecceca
aaacccaaggacacecteatgateicceggaceecigaggtcacaigogiggtgptggacgtgagocacgaagacectgaggtcaagtic
aactggtacgiggacgpcgtguaggtocaiagigocaagacaaagoeogeggaaggageagtacaacageacgiacegtgtggteagey
tcctcacegtectgeaccaggactggetigaaiggeaaggaatacaagigegeggiciccaacaaageectoccageceocaicgagaaaa
ceatetccaaagecaaagggeageocogagaaccacaggtgtacacectgeccocatecegggatgagoetgaccaggaaccaggicag
cetgacctgectggicaaaggctictatocaagegacategoecgiggagigggagagoaaigggeagecggagaacaaciacaagacea
cgectecegtgetggacteegacggetocticticeictacageaagetcacogtggacaagageaggiggeageaggggaacgicticic
atgciccgtoatgeatgaggcictgeacaaccactacacgeagaagagocictecctgictecgggotictggtogagocoottcagocaooa
ggtooctocggegoteocgoategecgggctctcaggiccagotggiocaatctggacctgagatgaagaagecigggotcctoggtoas
ggtetectgeaaggcticiggatataccticageagatctacgatgeacigggtocgacagooecciggacaaggoctizagtopatagoat
acattaatcclageagtgctiatactaatiacaatcagaaaticaaggacagagtcacgatiacegeggacaaatccacgageacagectaca
tgoagcligageagectgagatctgaggacacggccgtgtatiacigtgegagaceocaagtccaciatgatiacaacgggtticctiacteg
ggecaaggaacectggtcacegicicctcaggtogagocggitcaggcggagatooatecggegotgocgoalegoaigocggcooat
ctgacatccagatgacccagtctecticcacectgtctgeatetgtaggagacagagicaccatgacttgeagtgccagcicaagtgtaagtt
acatgaactggtatcageagaaaccagggaaageocctaagagatggatitatgacicatecaaactggctictgogoteccatcaaggtic
agceggeagtggatetgggacagatiatacteicaccatcageagectigeagectigatgattitgcaacttatiactgceaacagtggagtegt
aacccacecactticggeggagooaccaaggtggagatcaaacggicciccagetaa

(SEQ D NO: 118

Mature protein sequence of ROR191:
digmtgspssisasvgdrvtincqasqsidsnlawfqgkpekppkiliyrasnlasgvpsrisgsgsgtdftitissigpedvatyvelgey

cavsyrisfggethveikggogsgogosgogosgegosevylvesggglvgpegsirliscivsgidindypiswvrgapgkelewig
finsggstwyadsvkgrftisrhsskntlylgmnslraedtavyfeargystyvrdfiwgqgtlvtvsssepkssdkthteppepapeaa
eapsvilfppkpkdtinusrtpevtevvvdvshedpevkinwyvdgvevhnakikpreeqynstyrvvsvitvihqdwingkevke
avsnkalpapiektiskakggprepgvytippsrdeltkngvsliclvketypsdiavewesngqpennykttppvidsdgsttlysklt
vdksrwqqgnvfscsvmhealhnhytgksislspesgggosegoesgooosposqvalvgsgpevkkpgssvkvsckasgytfsr
stmhwvrgapgqgglewigy inpssaytnyngkfkdrvtitadkststaymelssirsedtavyycarpgvhydyngfpyweqgtivt
vssgogesggoesoogosgooosdigmigspstisasvgdrvtmicsasssvsymnwygagkpgkapkrwiydssklasgvpsris
esgsotdvtitissigpddfatyyeqgwsrnpptfogatkvetkrsss

{(SEQ D NO:116)
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DNA sequence of ROR182:
atggaagcaccagegcageticteticotecigetactotggetoccagataccaceggtgacatocagatgacceagicccectoctooctg
tccgectccgiggoepaccgggtpaccatcaactgecaggecicccagiocatcgaciccaacctggectgeitccagcagaageceac
cageeocccaagetgctgatctaccgggectccaacctggectcoggegtgeoegaccggtictecggetocggctocggcaccgactic
accctgaccateicciceotggagpcogaggacgtgoccacctactactgoctgggcgocgiggocgccgtgicotaccggacciectic
ggcggeggcaceaaggtggagatcaaggagtegagocogticagocggaggtogatccggeggtggogacteceggtogocggeggate
tgaggtgcagetagtggagiccggeggeggcciggtocageccggeoggtecctgeggotgtoctgeacogoctecggetocgacatea
acgactaccccaicacctigggtgeggeaggeocceggecagggectiggagigaateggoticatcaaotecggoggotccacctggiac
goctectgggtgaaggecocggticaccatcteocegggacgactecaagiccategectacctgeagatgaacteeotgaagacegaggac
accgeegtgtactattgegeceggggctaciccacctactacegggacticaacatetgggoccagggcaceotggtgaccgtgtoctega
gigagoccaaatetictgacaaaacicacacatgeccacegtgoccageaccigaagecgoggatocacegicagicticctotteecceca
aaacccaaggacacecteatgateicceggaceecigaggtcacaigogiggtgptggacgtgagocacgaagacectgaggtcaagtic
aactggtacgiggacggegtguaggtocaiagigocaagacaaagoogeggaaggageagiacaacageacgiacegtgtggteagey
tecteaccgtectgeaccaggactggctgaatggeaaggaatacaagtgcegeggictecaacaaggoocteccageceoecaicgaganaa
ceatetccaaagecaaagggeageocogagaaccacaggtgtacacectgeccocatecegggatgagoetgaccaggaaccaggicag
cetgacctgectggicaaaggctictatocaagegacategoecgiggagigggagagoaaigggeagecggagaacaaciacaagacea
cgectecegtgetggacteegacggetocticticeictacageaagetcacogtggacaagageaggiggeageaggggaacgicticic
atgciccgtoatgeatgaggcictgeacaaccactacacgeagaagagocictecctgictecgggotictggtogagocoottcagocaooa
ggtooctocggegotopcgeatcgecggoctctcaggiccagotggiogagiciggeeocggagtagtocagectggocaoteaciga
goctgtectgeaaggeticteggctacacctttactagatetacgatgeactgggtaagocagoecectggacaaggtetggaatggatigga
tacattaatcctageagtgctiataciaatiacaatcagaaaticaaggacaggticacaatcagegeagacaaatccaagageacagectic
ctgcagatgpacageetigaggoccgaggacaccggegtctatticigiocacggececaagtccactatgattacaacgggtitcettacty
gggccaaggeactecegtcacigicictageggtgegcggagooictgooootoocgeatccggagotootoocicigeacaagacatce
agatgacccagiciccaageagectgictgeaagegiggoogacagaaticaccatgaccigeagtoccageicaagigtaagttacatga
actggtlaccageagaagocgggcaaggoeccecaaaagatggattiatgactcatecaaaciggetictggagtoectgetegeticagtiog
cagtgggteigooaccgactatacectcacaalcageagecigeagecegaagatticgecactiattactgecageagtggagicgiaace
cacecacgticggageoooooaccaagetacaaatiacateciccagetaa

(SEQ D NO: 117y

Mature protein sequence of ROR182:
digmtgspssisasvgdrvtineqasgsidsnlawfggkpggppkHiyrasnlasgvpdrisgsgsetdititissieaedvatyyelgay
cavsyrisfogothveikggggsgoegsgogosgegosevyivesgaglvgpersirisctasgsdindy pitwvrgapgqglewigf
msggstwyaswvkgrftisrddsksiaylgmnsiktedtavyycargystyyrdfmwgqgtivivsssepkssdkthicppepapea
agapsvitppkpkdtimisrtpevicvvvdvshedpevkfnwyvdgvevhnaktkpreegynstyrvvsvitvihgdwlingkeyk
cavsnkalpapiektiskakgqprepqvytippsrdeltkngvshtclvkgfypsdiavewesnggpennykitppvidsdgsfflyskl
tvdksrwaqonvisesvmheathnhytgksisispgsgegesggposoooosposqvaglvesggevvgpersirisckasgyifirst
mhwvrgapggglewigyinpssaytnyngktkdritisadkskstaflgmdslrpedtgvytearpgvhy dyvngtfpyweqetpvty
ssgogesggogspooosaqdigmigspssisasvgdrvtmtcsasssvsymnwygagkpgkapkrwiydssklasgvpartsgsgs
etdytitissigpedfatyycggwsrpptigggtklgitsss

{(SEQ D NO:118)
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DNA sequence of ROR192:
atggaagcaccagegcageticteticotecigetactotggetoccagataccaceggtgacatocagatgacceagicccectoctooctg
tccgectccgiggoepaccgggtpaccatcaactgecaggecicccagiocatcgaciccaacctggectgeitccagcagaageceac
cageeocccaagetgctgatctaccgggectccaacctggectcoggegtgeoegaccggtictecggetocggctocggcaccgactic
accctgaccateicciceotggagpcogaggacgtgoccacctactactgoctgggcgocgiggocgccgtgicotaccggacciectic
ggcggeggcaceaaggtggagatcaaggagtegagocogticagocggaggtogatccggeggtggogacteceggtogocggeggate
tgaggtocagetagtggagiccggeggeggeciggtgcageccggeoggteccigeggotgtectgeacegecteeggctecgacatea
acgactaccccaicacctigggtgeggeaggeocceggecagggectiggagigaateggoticatcaaotecggoggotccacctggiac
goctectgggtgaaggecocggticaccatcteocegggacgactecaagiccategectacctgeagatgaacteeotgaagacegaggac
accgeegtgtactattgegecegggactaciccacctactacegggacticaacatetgggoccagggcacectggtgaccgtgtoctega
gigagoccaaatetictgacaaaacicacacatgeccacegtgoccageaccigaagecgoggatocacegicagicticctotteecceca
aaacccaaggacacecteatgateicceggaceecigaggtcacaigogiggtgptggacgtgagocacgaagacectgaggtcaagtic
aactggtacgiggacgpcgtgeagetocaiaaigocaagacaaagocgegggaggageagtacaacageacgtaccgigtggicagey
tecteaccgtectgeaceaggactgactgaatggeagggaatacaagigegeggtetccaacaaageecteccagecoccategagaaaa
ceatetccaaagecaaagggeageccogagaaccacaggtgtacacectgeccocatecegggatgagetgaccaggaaccaggicag
cetgaccotgectggteaaaggetictatocaagegacategeegiggagtogoagageaatgggeagecggagaacaaciacaagacca
cgectecegtgetggacteegacggetocticticcictacageaagetcacogiggacaagageaggiggeageaggggaacgioticte
atgciccgtoatgeatgaggcictgeacaaccactacacgeagaagagocictecctgictecgggtictggtogagocoottcagocaoa
ggtooctoeggegatopcggatcgecggoctcicagaiccagetggiocaatctggacctgaggteaagaagecigggotectoggtoas
ggtetectgeaaggcticiggatataccticageagatctacgatgeacigggtocgacagooecciggacaaggoctizagtopatagoat
acattaatcclageagtgctiatactaatiacaatcagaaaticaaggacagagtcacgatiacegeggacaaatccacgageacagectaca
tgoagcligageagectgagatctgaggacacggccgtgtatiacigtgegagaceocaagtccaciatgatiacaacgggtticctiacteg
ggecaaggaacectggtcacegicicctcaggtogagocggitcaggcggagatooatecggegotgocgoalegoaigocggcooat
ctgacatccagatgacccagtctecticcacectgtctgeatetgtaggagacagagicaccatgacttgeagtgccagcicaagtgtaagtt
acatgaactggtatcageagaaaccagggaaageocctaagagatgoatitatgacicatecaaactggetictgoooteccatcaaggtic
agceggeagtggatetgggacagatiatacteicaccatcageagectigeagectigatgattitgcaactiatiactgccaacagtggagtegt
aacccacecactticggeggagooaccaaggtggagatcaaacggicciccagetaa

(SEQ D NO: 119

Mature protein seguence of ROR192:
digmtgspssisasvgdrvtineqasgsidsnlawfggkpggppkHiyrasnlasgvpdrisgsgsetdititissieaedvatyyelgay
cavsyrisfogothveikggggsgoegsgogosgegosevyivesgaglvgpersirisctasgsdindy pitwvrgapgqglewigf
msggstwyaswvkgrftisrddsksiaylgmnsiktedtavyycargystyyvrdfmwgqgtivivsssepkssdkthtcppepapea
agapsvitppkpkdtimisrtpevicvvvdvshedpevkfnwyvdgvevhnaktkpreegynstyrvvsvitvihgdwlingkeyk
cavsnkalpapiektiskakgqprepqvytippsrdeltkngvshtclvkgfypsdiavewesnggpennykitppvidsdgsfflyskl
tvdksrwaqgnviscsvmheathnhytgksisispgsgeeesgoposoooospgsqvaglvgsgpevkkpgssvkvsckasgyifs
rstmhwvrgapeqglewigyinpssaytnyngktkdrvtitadkststaymelssirsedtavyycarpgvhydyvngfoyweqgtly
tvssgggosgooosgoposoooosdigmigspstisasvgdrvitmtcsasssvsymnwyqggkpekapkrwiydssklasgvpsif
sgsesetdytitissigpddfatyyeqggwsmpptfogetkveikrsss

{(SEQ 1D NO:120)

Chimeric bispecific anti-CD123 (VLVH) x anti-CD3 (T5C456) seFv-Fe-sckv
Dimmsqgspsslavsvgekftmickssgslffgstagknylawyqakpgaspklhywastresgvpdritgsgsetdftiaissvmped
lavyveqgyynypwifggptkleikpgppseogogsgonosoocosvglgesgpglvkpsgsisltesvidysitsgyywnwirgfp

gnklewmgyisydgsnnynpslknrisitrdtskngfflkissvitediatyyesrgegfytdsweggttitvsssepkssdkthteppep
apeaagapsvilfppkpkdtimisripevicvvvdvshedpevkfnwyvdgvevhnaktkpreegynstyrvvsvitvlhgdwing
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kevkeavsnkalpapiektiskakggprepgvytlppsrdeltkngvsliclvkgtypsdiavewesngqgpennykttppvidsdgstt
yskltvdksrwqgenviscsvmhealhnhytgksislspgsgogesagpesgeoespasqvglvgsgpevkkpgssvkvsckas

gytfsrstmhwvrgapgqglewigyinpssaytnyngkfkdrvtitadkststaymelssirsedtavyycarpgvhydyngfpywe

qetlvtvssggppsoogesgpoosoooosdigmtqspstisasvgdrvimtcsasssvsymnwyqgkpgkapkrwivdssklasg

vpsrisgsgsetdytitissigpddfatyyeggwsrnpptfegetkveikrsss (SEQ 1D NO:197)

Chimeric bispecific anti-CD123 (VHVL) x anti-CB3 (TSC456) sc¥v-Fe-sekvy
Vglqesgpglvkpsgslshtesvtdysitsgyywnwirgfpgnklewmgyisydgsnnynpslknrnisitrdtskngtttklssvitedt
atyvesrgegtytfdswgqgttitvssggggsoooosgogosopoosdimmsgspsslavsvgekftmickssgsiffgstgknyiaw
vqakpggspklliywastresgvpdritgsgsgtdftlaissvmpedlavyyeqggyynypwifggotkieiksssepkssdkthteppe
papeaagapsvilfppkpkdilmisrtpevicvvvdvshedpevktnwyvdgvevhnaktkpreegynstyrvvsvitvihgdwin
gkevkcavsnkalpapiektiskakggprepgvytlppsrdeltkngvsliclvkgtypsdiavewesnggpennyktippvidsdgs
fivskltvdksrwaagnviscsvmheathnhytgksislspgsggegsggegsgegespesqvglvasgpevkkpgssvkvscka
sgytfsrstmhwvrgapgqglewigyinpssaytnyngktkdrvtitadkststaymelssirsedtavyycarpgvhydyngfpyw
gagthvivssggeesgocgspogosoooosdigmiqgspstlsasvgdrvimtcsasssvsvmnwyggkpgkapkrwivdssklas
gvpsiisgsgsgtdytltisslgpddfatyyeqowsrmpptfeggtkveikrsss (SEGQ 1D NG:198)

DNA sequence of TSC471:
atggaageaccagegeagetictettectectgetacictggeteccagataccaccggigatatccagatgacecagiciccatecgecatg
tetgeatctgtaggagacagagicaccateacttgocgggogagtaagagcatiageaaatattiagectggtiicageagaaaccagggaa
agttectaagotecgeatcecatictggalctacttigeaatcaggggicccateteggticagtggcagtogatctgogacagaatitacictea
ceatcageagectgeageetgaagatittgeaactiattactgicaacageatatigaatacceegiggacgitcggecaaggoaccaaggly
gaaalcaaacgaggigocggagootctgooootoocoogticcogasotootoocictcaggtccagotgotacagicigggoctogagat
gaagaagectggggcttcagtgaagototcctgeaaggctictggatacacaticactgactactacatgcactgggtogcgacaggoccoty
gacaaggogoctigagtooatoooatattitaatectiataatpattatactagatacgcacagaagttccaggecagagtcaccatgaccageg
acacgtctatcageacagectacatggagctgageagecigagateigacgacacggecgtotatiactgtocaagateggatggtiaciac
gatgclatggactaciggggtcaaggaaccacagtcaccgictectegagtoageccaaatetictgacaaaactcacacatgeccaccgiyg
cccageacetgaagecgcgoetiacaccgicagicticetcticeecccaaaacccaaggacacectcatgateticccggaccectgageic
acatgegtogtooiooacgicagecacgaagaccatgaggtcaagticaaciggtacgtogacggogtooasotocataatgccaagac
agagecgeggoaggagcagtacaacageacgtaccgigtogtcagegtcctcaccgiccigeaccaggacigoctgaatgocaaggaat
acaagtgcgeggictccaacaaagecctcccagoccccatcgagaaaaccatciccaaagocaaagggoageccecgagaaccacaggt
gtacaccctgececcateccgggatgagctgaccaagaaccaggicagectgacetigectggtcaaaggcitctatccaagegacatege
cgtggagioooaogocaatgoocagecggagaacaaciacaagaccacgectcecgigetggaciccgacggcetiecticticeictacag
caagctcaccgigeacaagagcaggeigocageagggoaacgictictcatgetecgigatgeatgaggetctgeacaaccactacacgea
gaagagectoicootgictecggetteoggagptppcgottcggpagoiggcgpoicaggagptgoooociciccticacaggigcaget
gotocagictggtoctgagotoaaaaageetggciccagegigaaggtotectgeaaggecageggatacacctitagoeggiccaceat
gcatiggotoaggcagectcctggacaggacctggagtggatcgpciacatcaaccocageagegotiataccaactacaatcagaagtit
aaggaccggptgaccatcaccgecgataagtccaccageaccgectacatggageigiccagectgaggagoegaggataccgocgtgia
ctatftgegoecggeoccaggiceattacgactacaacggoticeectatiggoeccagggaacceiggigaccgtgiccageggtgocggt
gocageggegecgecgaciciggcggagatyocagogecggaggosoctccgacaticagatgacecagicccectccacceigice
gctagegtggpcgaicggptgaccatgaceigcagegecageagetcogigtectacatgaactggiaccageagaagorcggcaaggec
tcccaagaggtpgatitacgaciccageaagetggccictggigiceccageaggticteiggtagoggocageggracagactacacocty
accatcicctecotgcagoccgacgatitegecacetactattgecageagigetcceggaateccoctaccitiggoggcggcaccaaggl
ggagatcaagageagcetaa (SEQ ID NG:205;
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Mature protein sequence of TSC471:
Digmtgspsamsasvgdrvtitcrasksiskylawfqgkpgkvpklrihsgstigsgvpsrisgsgsgteftitissigpedfatyveqgh
ieypwifeqetkveikrgpgpsgoogspoposgvglvgsgaevkkpgasvkvsckasgytfidyymhwvrgapggglewmgyf
npyndytryagkfggrvtmtrdtsistaymelssirsddtavyycearsdgyydamdywgagttvivsssepkssdkthicppepapea
agapsvilfppkpkdtlmisripevtevvvdvshedpevkfnwyvdgvevhnaktkpreeqynstyrvvsvitvihqdwlingkeyk
cavsnkalpapiektiskakggprepgvytippsrdeltkngvshclvkgtypsdiavewesnggpennyktippvidsdgstilyskl
tvdksrwgggnviscsvmheathnhytgksisispgsgggesgogosgopospsgvglvgsgpevkkpgssvkvsckasgytfsrs
tmhwvrgapgqglewigympssaytoyngkfdrviitadkststaymelssirsedtavyycarpgvhy dyngfpywgqgtivty
ssggggsggoosgogosoovosdigmtgspstisasvedrvimtesasssvsynmwyggkpgkapkrwivdssklasgvpsifsg
sgsgtdytiussigpddfatyycqqwsmpptfeggikveikrs (SEQ 1D NO:206)

DNA sequence of ROR243:
atggaggctecegetcagotgetgticctectpctigetetggetgeccgacaccacaggegacatccagatgacecagtececttecteoct
giccgetagegtgggegatagggigaccatcaactgecaggecicecagiceatigactocaatetggoctpgticcagoagaagocogg
acagoeoccecaagetgetgatttacagggeciccaacciggoeticeggegtgoecigacaggticicoggatecggeageggeacegacttc
accctgaccateicctecctggaggecgaggaigicgecacctactactgictgggoegecatgusegatgtgagetateggacctoctiog
SCELegecaccaageteeagatcaagEEcgeeeocaaCageeecaaCEaCegcagCEECegcegagacieCgacEEcagceec
agegagetocageiggtegaaagegoagoaoocctgotocageciggaagaiccctgaggctgtoetgeacagecageggeiccgac
atcaacgactaccccatcacctgggigagecaggctectggecagggoctiggaatggatcgacttiatcaacagoggoggagcaccty
gtatgettectgggtoaagooccggitcaccattageagggacgactecaagiceattgectacctgeagatgaaciceeigaagacegag
gacacegecgtgtactactgegecaggggctacageacctattaccgggactitaacaictgggoccaggocacaciggteacegtgicct
cgagteageccaaalctictgacaaaactcacacatgeccacegigeccageacctgaagecgegggtgeacegteagicticeictteee
cecaaaacecaaggacacectcatgatcteecggaccoctgagatcacatgegtogtootooacgizagocacgaagaccetgaggica
agttcaactggtacgiggacgocgiggagotocataatgccaagacaaagecgegggagoagcagtacaacagoacgtacegtgtagic
agegtectcaccgicctgeaccaggactggctgaatggcaaggaatacaagigcgeggtctccaacagageccteccageccecatega
gaaaaccatctecagagocaaagggcageccegagaaccacaggiotacacectigeccecateecgggatgagctgaccaagaaceag
gicagectgacctgoctegicaaaggctictaiccaagegacatcgecgiggagtygooasaocaatgeocagecggagaacaactacaa
gaccacgectecegtgeiggactecgacggctocticttcctctacageaagetcacegigoacaagageaggtogcageaggogaacgt
cttetcatgetccgtoatgeatigaggcictgeacaaccactacacgcagaagagecictoccigictecgggticcggagoaoooooticag
gtoooooaootictgocgocoaoocaagcccticacaggtgcaactggiocagagtgoaccegaggtiaaaaaaccagggtccicegtt
aaggtiagcigcaaagectictggelacacatiticcaggagtacaatgeaciggeoigagocagoctcetggacagggacicgagigoatcg
gotatatcaacceatctagegectataccaatiacaaccaaaagtttaaggaccgagttaccattaccgeigacaaatecaccagiacagetia
tatggagctotcatetcitaggtecgaggacactgctgittattactgegctegtccteaggticactatgactataatggttttcectactggpot
cagggaaccoiggtgactgicictictggogetagagpcagepotggppatgppictygagpoggtigocagiggrgacgoaggcicty
atattcagatgactcagicicctageacteicagogecagegtgggggatogiptoacaatgactigetccgctageagtagtgtoictiacat
gaatiggtatcagcagaagoecgggaaageacctaagegotggatctatgactcticcaagetggraagtggtotccectcacggticicty
gcteaggttctggtactgactatactiigactatctecteectocageccgatgatticgetacctattatigtcageagtggagecgtaacecac
ccactticggaggeeetaccaaagigeagatcaagaggtcatga (SEQ 1D NO:207)

Mature protein sequence of ROR243:

Digmtgspssisasvedrvtinegasgsidsnlawfgakpgappklhiyrasnlasgvpdrfsgsgsetdftitissleacdvatyycleg
veavsyrisfggpthveikgogosgegospososeooasevglvesggglvgpersirisctasgsdindypitwvrgapgqglew:
efinsggstwyaswvkgrftisrddsksiaylgmnslktedtavyycargystyyrdfniwgqotivivsssepkssdkthtcppepap
eaagapsvilfppkpkdtimisripevtevvvdvshedpevkfnwyvdgvevhnaktkpreeqynstyrvvsvitvihgdwingke
vkcavsnkalpapiektiskakgqprepgvytippsrdeltkngvsitclvkgfypsdiavewesnggpennykitppvidsdgsfily
skitvdksrwqqeoviscsvimhealhnhyigksisispgsgegeesggosseooospsqvglvgsgpevkkpgssvkvsckasgyt
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fsrstmhwvrgapgqelewigyinpssaytnyngktkdrvtitadkststaymelssirsedtavyycarpgvhydyngfpywegetl
vtvssgegosgopoosogoosgooosdigmigspstlsasvgdrvimicsasssvsymnwyqakpgkapkrwiydsskiasgvpsr
fsgsgsotdytitissigpddfatyyeqqwsrapptfoggtkveikrs (SEQ 1D NO:208)

DNA sequence of T5C266:
atggaageaccagegeagcetictettectectigetactetggeteccagataccaceggtgatatccagatgacecagictocatocgecatyg
ictgeatetgtagpagacagagtcaccatcactigeegggogagtaagageatiageaaatattiagectggtticageagaaaccagggaa
agttectaagotecgeatecatictggatetacitigeaatcaggggieccateteggticagtggeagtagatctgggacagaatitacictea
ceatcagceagectgeagocigaagatittgcaactiatiactgtcaacageatatigaataceegiggacgticggccaagggaceaaggle
saaatcaaacgaggiggeggagggtetgeooaioocooaiccgpaggigetgocicicaggiccagetggtacagicigggacigaggt
gaagaagectggggcitcagtgaaggtetectgeaaggctictggatacacaticacigactactacaigeacigggtocgacagooceciyg
sacaagggettgagteeatpgpoatattitaatecttataatgatiatactagatacgeacagaagttccagggcagagtcaccatgaccageyg
acacgtctatcageacagectacatggagcetgageagectigagateigacgacacggeegtgtatiactgtgeaagateggatggtiaciac
satgctatggactactggggtcaaggaaccacagtcacegictectegagtgagoccaaatettetgacaaaactcacacatgoocacogiyg
cecageaceigaagecgepggigeacegicagicticcicticceoccaaaacecaaggacaceeteatgatetoceggacoeccigaggio
acatgegtogtgoiggacgigagoecacgaagacoctgaggtcaagticaaciggtacgtggacggegtggaggtocataatgocaagac
aaageogogggaggageagtacaacageacgtacegigiggtcagegtectcacegtoctgcaccaggactggetgaatggcaaggoent
4cgeglgcgeg gteteCaacanaageoiceCagorcecate gagaaaaceaictCranagoeraaageatagoeccegagaaccacagat
gtacaccotgeceocatoccgggatgagetigaccaagaaccaggteagectgaccigectggtcaaagacitctatecaagogacatoge
cgtogagtoooaoagcaatgoocagecggagaacaactacaagaccacgectecegtgeiggaciccgacggotecticticetctacay
caagctcacegigoacaagageaggiggcageagggoaacgicticteatgetecgigatgcatgagoctctgeacaaccactacacgea
gaagagecteiccctgictecgggicagaggcacaacaaticticectgaatacaggaacicagatggcagotcatictecgaaticicaggt
ceagetggtooactictgoooocooaotootocagcciggocgoticactegagoctatectgeaaggeitctgactacacetttactagatet
acgatgcactgggtaaggcaggeecctggacaaggictgoaategattggatacattaatcctageagtgctiataciaattacaatcagaas
ttcaaggacaggticacaatcagegeagacaaatecaagageacagecticetgeagategacagectgaggocegaggacacceggegt
clatttctgtgeacggocccaagiccactatgatiacaacgggittecttactgggoccaagggacteccgteacigicictageggigocos
aggotciogooooioocooatccggaggtogigoctcigeacaagacaiccagatgacccagictccaageagectgictgeaagegtog
gooacagogicaccateaccigeagigecagetcaagtgtaagttacalgaacigglaccagragaagoecgggcaaggccoeccaaaaga
tggatttatoactcatecaaactggoctictggagtecctgotegeticagigocagtgpotctggoacegaciatacccicacaatcageage
ctgcageccgaagatttcgecacttattactgecageagtggagtegtaacceacccacgitcggageooooaccaagcetacaaatiacatl
cctecagetaa (SEQ HD NO:209)

Proten sequence of T5266:
Digmtgspsamsasvgdrviiterasksiskylawfggkpgkvpkirihsgstlgsgvpsrisgsgsgteftitissigpedfatyyveggh
ievpwifggptkveikregogsgopesoooosqvglvgsgaevkkpgasvkvsckasgytitdyymhwvrgapggglewmgyt
npyndytryvagkfqervimtrdisistaymelssirsddtavyycarsdgyydamdyweqgttvivsssepkssdkthteppepapea
agapsvitppkpkdtimisrtpevicvvvdvshedpevkfnwyvdgvevhnaktkpreegynstyrvvsvitvihgdwlingkaya
cavsnkalpapiektiskakgqprepqvytippsrdeltkngvsitclvkgfypsdiavewesnggpennykitppvidsdgsffiyskl
tvdksrwaqgnviscsvmheathnhytgksislspggrhnnssintgtqmaghspnsqvglvesgegvvapersirlsckasgytftr
stmhwvrgapgqglewigyinpssavtnyngktkdrftisadkskstaflgmdslrpedtgvytfearpgvhydyvngfpyweqgtpy
tvssgggpsgogospoposaqdigmigspssisasvedrvimtesasssvsymnwyqgkpgkapkrwiydssklasgvparfsgs
esgtdytltissigpedfatyycggwsrnpptfegetkliqitsss (SEQ D NOG:210)

DMA sequence of ROR206:
atggaagcaccagegeagcttcteticeiectgetacictggeteecagataccaceggigacatecagatgacecagtecccetecteocty
fcegoctocgtgggegacegggigaccatcaactgecaggectieccagiccategactecaacciggectggticcagoeagaagecegge

OO0
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aagecocccaagetgetgatetaccgggectecaacctggoectecoggegtgeoctoccggtictocggctocggetecggraccgactica
coctgaccatctectoectgeageocgaggacgigaccacctaciacigecigggogeegigggegoegigicctaccggacctocticy
geggogecaccaaggtogagatcaagggiggaggcppticaggeggagetogatecpocggiggogactceggigacggeggatet
saggtocageiggipsagiceggcggogacctggigcagoocggccggiceotgcgpcigtectgcacogectecggctecgacatea
acgactaccccaicacctgggtgcggcaggeeccoggeaagggoctggagigoatogocticatcaactecggoggceticcacctggiac
sectectgggtgaaggeceggticaccatcteoccgggacgactccaagiccategectacctgeagatgaacteeotgaagacegaggac
accgeegtgtactattgegecegggactacticcacctactaccgggacticaacatetgggoccagggeacectggtgaccgtgtoctega
gigagoccaaatetictgacaaaacicacacatgeccacegtgoccageaccigaageogoggatocacegicagicticctetteeceeca
aaacccaaggacacecteatgateicceggaceecigaggtcacaigogiggtgptggacgtgagocacgaagacectgaggtcaagtic
aactggtacgiggacggcgtguaggtocaiaaigocaagacaaagoecgeggaaggageagtacaacageacgiacegigtggteageg
tecteaccgtectgeaceaggactggctgaatggeagggaatacaagigegeggtetccaacaaageecteccagecoccategagaaaa
ceatetccaaagecaaagggeageotogagaaccacaggtgtacacectgeccocatecegggatgagetgaccaggaaccaggicag
cetgaccotgectggteaaaggetictatocaagegacategeegiggagtpgoagageaatgggeagecggagaacaaciacaagacca
cgectecegtgetggacteegacggetocticticeictacageaagetcacogiggacaagageaggiggeageaggggaacgicticte

atgctecgtpatgeatgaggctcigcacaaccactacacgeagaagagocicteoctgictecgggttctgatopaggogetteaggegoa

Cr i R nc?
ggtgoctceggeggtoocggaticgecggoctcicaggiccagetagtggagicigggggeggagtgatgeagectigggeggtcaciga
sgcigtectgeaaggcotictggetacaccttiactagatetacgaigeactggotaaggeaggeoceiggacaaggteiggaatggatigga
tacattaatcctageagtgctiataciaatiacaatcagaaaticaaggacaggticacaatcagegeagacaaatccaagageacagectic
ctgcagatgpacagectigaggoeccgaggacaccggegtctatticigiocacggececaagtccactatgattacaacgggtitccttacty
gggccaaggeactecegtcacigicictageggtgegcggagooictgooootoocgeatccggagotootoocicigeacaagacatce
agatgacccagiciccaageagectgictgeaagegiggoooacagootcaccatgaccigeagtaccageicaagigtaagttacatga
actggtlaccageagaagocgggcaaggoeccecaaaagatggattiatgactcatecaaaciggetictggagtoectgetegeticagtiog
cagtgggteigooaccgactatacectcacaalcageagecigeagecegaagatticgecactiattactgecageagtggagicgiaace
caccecacgticggaggegogaccaagetacaaattacatectcecage (SEQ B NO:211)

Proten sequence of ROR206:
MEAPAQLLFLLLIWILPDTTGDIQOMTQSPSSLSASVGDRVTINCQASQSIDSNLAWFQQKP
GRKPPKLLIYRASNLASGVPSRFSGSGSGTDFTLTISSLOPEDVATYYCLGGVGAVSYRTSF
GOGOTEVEIKGOGGSGOGGGSGOGGSGOGGGSEVQLVESGGGLVQPGRSLRLSCTASGS DI
NDYPITWVRQAPGKGLEWIGFINSGGSTWYASWVRKGRFTISRDDSKSIAYLOMNSLKTE
DTAVYYCARGYSTYYRDFNIWGOGTLVTVSSSEPKSSDRKTHTCPPCPAPEAAGAPSVEFL
FPPKPKDTLMISRTPEVTCVVVDVSHEDPEVEKFNWYVDGVEVHNAKTRPREEQYNSTY
RVVSVLTVLHODWLNGRKEYKCAVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELT
KNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRW(Q
QGNVFSCSVMHEALHNHY TOKSLSLSPGSGGGGSGGGGSGGGGSPGSQVOLVESGGGY
VOPGRSLRLSCKASGYTFTRSTMHWYRQAPGOGLEWIGYINPSSAYTNYNOKFKDRFTE
SADKSKSTAFLOMDSLRPEDTGVYFCARPOQVHYDYNGFPYWGQGTPVTVSSGGGGSG
GGGSGGGGSAQDIQMTOSPSSLSASVGDRVTMTCSASSSYVSYMNWYQQRKPGKAPKRWI
YDSSKLASGVPARFSGSGSGTDY TLTISSLGPEDFATYYCQOWSRNPPTFGGGTKLOITS
SS (SEQ 1D NO:212)

DMA sequence of ROR207:
atggaagcaccagcegeagctictcticcicetgotacictggeticceagataccaccggigacatccagatgacecagicocecteoteccty
tccgecteegtgggcgaccggotgaccatcaactgecaggoctoccagiccaicgactecaacctggeotggiiccageagaageccgec
aagecccocaagetgetigatotacegggectecaacciggocteeggegtigoccteccggticteeggeteeggctocggcacegacitea
ceetgaccatetecicoctgeageecgaggacgiggecacctactactgectgggeggegigggogecgigicetaceggacetectiog
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geggogecaccaaggtogagatcaagggiggaggcppticaggeggagetogatcepgcggiggogactceggigacggrggatct
saggtocagetogtpsagiccggcggogactggigcagoccggccggicccigeggctgtoctgcaccgeoteoggcteogacatea
acgactaccccaicacctgggtgcggcaggeeccoggeaagggoctggagigoatogocticatcaactecggoggceticcacctggiac
geotectgggtgaaggooccggticaccatctccegggacgactocaagiccatcgectacctgeagatgaactccotgaagaccgaggac
accgeogtgtactatigegeecgggactactocaccetactaccgggacticaacatetgggeccagggeacoctiggigacegigicctcga
gigagoccaaatetictgacaaaacicacacatgeccacegtgoccageaccigaagecgoggatocacegicagicticctotteecceca
aaacccaaggacacecteatgateicceggaceecigaggtcacaigogiggtgptggacgtgagocacgaagacecigaggtcaagtic
aactggtacgiggacgpcgtguaggtocaiagigocaagacaaagoogeggaaggageagtacaacageacgiacegtgtggteagey
tecteaccgtectgeaccaggactggctgaatggeaaggaatacaagtgcegeggictecaacaaggoocteccageceoecaicgaganaa
ceatetccaaagecaaagggeageccogagaaccacaggtgtacacectgeccocatecegggatgagetgaccaggaaccaggicag
cetgacctgectggicasaggctictatocaagegacategecgiggagigggagagoaaigggeagecggagaacaaciacaagacea
cgectecegtgoetggacteegacggetecticticeictacageaagetcacogiggacaagageaggiggeageaggggaacgicticte

atgctecgtpatgeatgaggctcigcacaaccactacacgeagaagagocicteoctgicteogggttctgatopaggogettcaggegoa

v b R cnck fanZen)

sgtggcteeggeggtgocggalegecgggcteteaggtocagotggigeaatctggoccigaggigaagaagoctgggtectoggtoaa

DO 2]
ggtetectgeaaggcotictggatataccticageagatctacgatgeactgggigepacaggeccciggacaagggctigagtogataggat
acattaatcctageagigetiatactaatiacaatcagaaaticaaggacagagteacgattacegeggacaaatccacgageacagectaca
tggagctgageagectgagalcigaggacacggecgigtatiactgtagcgagaceocaagiccactatgattacaacgggiticctiacigg
ggecaaggaacectggtcacegicicctcaggtogagocggitcaggcggagatooatecggegotgocgoalegoaigocggcooat
ctgacatccagatgacccagtctecticcacectgtctgeatetgtaggagacagagicaccatgacttgeagtgccagcicaagtgtaagtt
acatgaactggtatcageagaaaccagggaaageocctaagagatgoatttatgacicatecaaactggetictgoooteccatcaaggtic
agceggeagtggatetgggacagatiatacteicaccatcageagectigeagecigatgattitgcaacttatiactgceaacagtggagtegt
aacccacccactticggegpagogaccaaggtgpagatcaaacggtectecage (SEQ ID NG:213)

Protein sequence of ROR207:
MEAPAQLLFLLLLWLPDTTGBIQMTQSPSSLSASVGDRVTINCQASQSIDSNLAWF(QQKP
GRPPKLLIYRASNLASGVPSRFSGSGSGTDFTLTISSLOPEDVATYYCLGGVGAVSYRTSF
GGGTRVEIKGGGGSGGGGSGHGGGSGGGGSEVQLVESGGGLVOPGRSLRLSCTASGS DI
NDYPITWVRQAPGKGLEWIGFINSGGSTWYASWVRKGRFTISRBDSKSIAYLOMNSLKTE
DTAVYYCARGYSTYYRDFNIWGQGTLYTVSSSEPKSSDKTHTCPPCPAPEAAGAPSVFL
FPPRPKDTLMISRTPEVTCVVVDVSHEDPEVEKINWYVDGVEVHNARKTKPREEQYNSTY
RVVSVLTVLHQDWLNGKEYKCAVSNKALPAPIEKTISK AKGQPREPQVYTLPPSRDELT
KNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPYVLDSDGSFFLYSKLTVDKSRW(
QONVFSCSVMHEALHNHYTQRSLSLSPGSGGGGSGGGGSGGGGSPGSQVOLVQSGPEY
KKPGSSVEVSCKASGYTFSRSTMHWVROQAPGOGLEWIGYINPSSAYTNYNQKFKDRVT
ITADKSTSTAYMELSSLRSEDTAVYYCARPOQVHYDYNGFPYWGOQGTLYVTVSSGGGGSG
GGGSGGGGSGGGEGSDIGMTOSPSTLSASYVGDRVTIMTCSASSSVSYMNWYQOKPGK AP
KRWIYDSSKLASGVPSRESGSGSGTDYTLTISSLOPDDFATYYCQOWSRNPPTFGGGTKY
EIKRSSS (SEQ ID NO:214)

DMA sequence of ROR208:
atggaagcaccagcegeagctictcticcicetgotacictggeicceagataccaccggigacatccagatgacecagicocccteoteccty
ccgectoegtgggcgaccggotgaccatcaactgecaggoctoccagiccatcgactecaacctggeotggticcageagaageccgec
cagecoocccaagetgeigatotaccgggeciccaacciggeciccggegtigeccgaccggticteeggeiceggoeiccggracogactic
accetgaccatctecteoctggaggecgaggacgtgoccacotactacigectggecggcgtgggcgecgtgicctaccggaccicctic
ggepgoggcaccaaggtggagalicaaggatgpaggCggticaggeggagatygalcCggeggta gegaCicCggiggrggcppate
tgaggtgcagetggtooagtecgacppeggectggtgeageccggecggtoccigeggetgtectgeacegeotceggetecgacatca
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acgactaccccaicacctgggtgeggcaggeoccoggecagggoctggagigoatogocticatcaaciccggoggecticcacciggiac
geotectgggigaagooccggticaccatetecccgggacgactccaagiccategoctacctgeagatgaactecotgaagaccgaggac
accgeogtgtactatigegeecgggactactocaccetactaccgggacticaacatetgggeccagggeacoctiggigacegigicctcga
gtgageccaaatctictgacaaaacicacacatgeccacegtgeccageacctgaagecgegggtgcaccgicagicticeteitecccceca
aaacccaaggacaccctcatgateteccggaccoctgaggtcacatgegtggtgotogacotgagocacgaagaccctgaggtcaagtic
aactggtacgiggacgpcgtgeagetocaiaaigocaagacaaagocgegggaggageagtacaacageacgiacegigtggicagey
tecteaccgtectgeaccaggactggctgaatggeaaggaatacaagtgcegeggictecaacaaggoocteccageceoecaicgaganaa
ceatetccaaagecaaagggeageocogagaaccacaggtgtacacectgeccocatecegggatgagetgaccaggaaccaggicag
cetgaccotgectggteaaaggetictatocaagegacategoeegiggagtpgoagageaatgggeeagecggagaacaaciacaagaccea
cgectecegtgoetggacteegacggetocticticeictacageaagetcacogtggacaagageaggiggeageaggggaacgicticic
atgctecgtpatgeatgaggctcigcacaaccactacacgeagaagagocicteoctgictecgggtictgatopaggegettcaggegoa
ggtgoctceggeggtoocggaticgecggectcicaggticcagetagtaggagicigggggeggagtigatigeagectgggeggtcaciga
ggcigtectgeaaggcotictggetacaccttiactagatetacgaigeactggotaaggeaggeoceiggacaaggteiggaatggatigga
tacattaatectageagtgctiatactaatiacaateagaaattcaaggacaggticacaatcagegeagacaaatecaagageacagectic

cigcagatggacagectigaggecoegagaacaccggoegtctatiicigtgcacggecceaagtecactatgattacaacgggtticctiacty

sggccaaggractecegteactgicictageggtggeggaggeictigopgotogcggatecggagatootoocicigoacaagacatee
agatgacccagiciccaageagectgictgcaageptgggggacagggteaccatgacctgeagtgccageicaagigtaagttacatga

actggtlaccageagaagocgggcaaggoeccecaaaagatggattiatgactcatecaaaciggetictggagtoectgetegeticagtiog

cagtgggteiggoaccgaciataccetcacaatcageagecigeagecegaagatitcgecactiatiactgecageagiggagicgiaace
caccecacgticggagggoogaccaagetacaaattacatecteccage (SEQ ID MO:215,

Protein sequence of ROR268:
MEAPAQLLFLLLLWLPDTTGDIOMTOQSPSSLSASVGDRVTINCQASQSIDSNLAWF(QQKP
GOPPKLLIYRASNLASGVPDRFSGSGSGTDFTLTISSLEAEDVATYYCLGGYVGAVSYRTS
FGGOGTRVEIKGGGGSGGGGSGGGOSGOGGSEVOLVESGGGLVQPGRSLRLSCTASGSDE
NDYPITWVRQAPGQGLEWIGFINSGGSTWYASWVRGRFTISRDDSKSIAYLOMNSLKTE
DTAVYYCARGYSTYYRDFNIWGOQGTLVTVSSSEPKSSDKTHTCPPCPAPEAAGAPSVEL
FPPKPKDTLMISRTPEVTCVVVDVSHEDPEVEKINWYVDGVEVHNAKTKPREEQYNSTY
RVVSVLTVLHODWLNGKEYKCAVSNKALPAPIEKTISKAKGQPREPOVYTLPPSRDELT
KNQVSLTCLYKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRW(Q
QONVFSCSVMHEATLHNHYTQRSLSLSPGSGGGGSGGOGGSGGOGGSPGSQVOQLVESGGGY
VOPOGRSLRLSCKARSGYTHFTRSTMHWYRQAPGOQGLEWIGYINPRSSAYTNYNOKFKDRFETE
SADKSKSTAFLOMDSLRPEDTGVYFCARPOQVHYDYNGFPYWGQGTPVTVSSGGGGRG
GGGSGGGGSAQDIQMTOSPSSLSASVGDRYVTMTCSASSSVSYMNWYQQKPGKAPKRWI
YDSSKLASGVPARFSGSGSGTDY TLTISSLGPEDFATYYCQOWSRNPPTFGGGTKLOITS
SS  (SEQ 1D NO:216)

DNA sequence of ROR269:
atggaagcaccagcegeagctictcticotcctgotacictggeticccagataccacoeggigacatccagatgacecagtcoccetecteocty
tccgectoegtgggcgaccgggtgaccatcaactgecaggoctoccagiccatcgactecaacetggeotggiiccageagaageccgec
cagecoocccaagetgotgatotaccgggeciccaacctggeciceggegigeccgaccggticteeggiccggeiccggoacegactic
accetgaccatctecteoctggaggecgaggacgtgoccacotactacigectggecggcgtgggcgecgtgicctaccggaccicctic
gecgocggcaccaaggtgpagatcaagggippaggcggiicagecggagatggalccggogetogcggciccggtegogecoate
tgaggtocagctggtogagicegocgacggoctggtogcagcccggecggteccigeggctgicctgeaccgecticeggetcogacaica
acgactaccccatcaceigggtocggeaggeccocggecaggpeciggagiggatcggeticatcaactecggeggeiccacctggiac
gectecigggtigaagggeeggttcaceatetecegggacgactccaagiccategectacetgeagatgaactoccigaagacoegaggac
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accgeogtgtactatigegeecgggactactocaccetactaccgggacticaacatetgggeccagggeacoctiggigacegigicctcga
gtgageccaaatctictgacaaaacicacacatgeccacegtgeccageacctgaagecgegggtgcaccgicagicticeteitecccceca
aaacccaaggacaccctcatgateicccggaccoctgaggtcacatgegtgotgotggacotgagocacgaagaccectgaggtcaagtic
aactggtacgiggacgpcgteggagetocaiaaigecaagacaaagoecgegggaggageagiacaacageacgtacegigiggtcagey
tcctecacegicecigeaccaggactggctigaatggraaggaatacaagtgegeggtciccaacaaagoecteecageccecaicgagaaaa
ceatetccaaagecaaagggeageocogagaaccacaggtgtacacectgeccocatecegggatgagoetgaccaggaaccaggicag

cetgacctgectggicaaaggctictatocaagegacategoecgiggagigggagagoaaigggeagecggagaacaaciacaagacea
cgectecegtgoetggacteegacggetecticticeictacageaagetcacogiggacaagageaggiggeageaggggaacgicticte
atgctecgtpgatgeatgaggcicigeacaaccactacacgeagaagagocicteoctgictecgggticiggtopaggegottcaggegga
ggtgocteceggeggtaocggatcgecgggctctcaggiccagetgptacaatctgggectgagatgaagaagectgggtecicggigaa
ggtetectgeaaggotictggatataccticageagatctacgatgcacigggigegacaggocectggacaagggctigagtopataggat
acattaatcctageagigetiatactaatiacaatcagaaaticaaggacagagteacgattaccgeggacaaatccacgageacagectaca
tggagctgageagectgagalcigaggacacggecgigtatiactgtocgagaceocaagiccactatgattacaacgggiticctiacigy

sgecaaggaaceotggteacegictocteaggiggaggeggitcaggeggaggtguatccggeggtopeggaleggotggeggoggat
ctgacatccagatgacccagteiccticcacectgictpeateigtaggagacagagicaccatgactigeagtgecagetcaagigiaagit

acatgaactggtatcagcagaaaccagggaaageocctaagagatggatttatgacicateccaaactggetictggugtoccatcaaggtte
ageggcagtggatetgegacagatiatacicicaccatcageagectgeagectgatgatittgcaactiatiacigoecaacagiggagicgt

aacccacccactticggeggagggaccaaggtggagatcaaacggicctecage (SEQ 1D NG:217)

Protein seguence of ROR209:
MEAPAQLLFLLLLWLPDTTGBIQMTQSPSSLSASVGDRVTINCQASQSIDSNLAWF(QQKP
GOPPKLLIYRASNLASGVPDRFSGSGSGTDFTLTISSLEAEDVATYYCLGGVGAVSYRTS
FGGOGTEVEIKGGGGSGGGGRGGGGSGGGGSEVOLVESGGGLYQPGRSLRLSCTASGSDI
NDYPITWVROQAPGOQGLEWIGFINSGGSTWY ASWVRGRFTISRDDSKSIAYLOMNSLKTE
DTAVYYCARGYSTYYRDFNIWGOQGTLVTVSSSEPKSSDKTHTCPPCPAPEAAGAPSVFL
FPPRPKDTLMISRTPEVTCVVVDVSHEDPEVEKINWYVDGVEVHNARKTKPREEQYNSTY
RVVSVLTVLHQDWLNGKEYKCAVSNKALPAPIEKTISK AKGQPREPOQVYTLPPSRDELT
KNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPYVLDSDGSFFLYSKLTVDKSRW(Q
QONVFSCSVMHEALHNHYTQRSLSLSPGSGGGGSGGGGSGGGGSPGSQVOLVQSGPEY
KKPGSSVKVSCKASGYTFSRSTMHWVROAPGQGLEWIGYINPSSAYTNYNQKFKDRVT
ITADKSTSTAYMELSSLRSEDTAVYYCARPOQVHYDYNGFPYWGOQGTLVTVSSGGGGSG
GGGSGOGGSGOGGSDIGMTOSPSTLSASVGDRVTIMTCSASSSVSYMNWYQOKPGKAP
KRWIYDSSKLASGVPSRFSGSGSGTDYTLTISSLOGPDDFATYYCQOQWSRNPPTFGGGTKY
EIKRSSS (SEQ 1D NG:218)

DNA sequence of ROR231:
atggagocaccegeccagetgctgtictigttgotocigiggctoccigataccaceggagacatccagatgacccaatccoctictagictct
ccgelagegicggagaccgegtgaccatcaatigicaageatctecagagtattgacageaatetegectggtiicageagaagecaggaaa
gccacccaagetectigatitataggoctageaacetggciteigoigteccctagtaggticagoggetctgggagiggcacagacticaccect
gaccattagtagictgcageccgaagatgtcgetacctattactgcctcggaggagioggotocegtitetiatcgeaccicattiggaggotogc
accaaagigeagatcaaaggtgatgpcggoiccgggggioocopotcagaooooceagootciggagocsacygaicagaagtica
gctggtogaatciggagoagatetggtgeagecaggcaggiceotceggotgageigeactgcaiccggeictgacattaatgactacect
atcaccigggtpagogcaggoccoccggtaaaggectggagtoeategguticatcaaticiggtggatctactigetacgeaagetggatsa
aaggacgcticacaatiagtagagacgactctaagtotatcgeatatctgeagatgaatagetigaagacagaggacacegecgtgtaciat!
gtocaagagpataciccacttactaccgogatticaatatetggggccagggaaccctggigacagigtectegagigagoocaaateitcty
acaaaactcacacatgeccacegigeccageacoigaagoeegegggigeacegicagicticctoticeceocaaaaceaaggacacee

136
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tcatgatctccecggaccectgaggicacatgegigotootpsacgtsagecacgaagacecigaggicaagitcaactggtacgiggace

gegtggasotocataatgccaagacaaagocgegggaggagcagiacaacageacgiaccegigtggtecagegtocteacogiccigeac
caggaciggctgaatggcaaggaatacaagigcgoggictccaacaaagecctcocagecceccatogagaaaaccateiccaaagocaa
agggeagccecgagaaccacaggigtacacceigeocccateccgggatgagcigaccaagaaccaggicagectgacctgoctggic

aaaggctictatccaagegacatcgecgiggagtggeagagcaatggascagecggagaacaactacaagaccacgectecegtgcigg

actecgacggetecticticetetacageaagetcacegtiggacaagageaggiggcageaggggaacgtcticteatgetcegigatgeat
saggetctgeacaaccactacacgeagaagageotetecotgteicogggiteroggaggoggeggeicCggogerggoggcagogee

ggcggeggcagececggateccaggtgcagetggtecagictggicctgaggtoagaaagectggeticcagegtgaagatotectgeaa
sgecageggatacacctttagecggiccaccaigeatigegtgaggcaggectectggacagggectggagtgsateggetacatcaacce
cageagogettataccaactacaatcagaagtitaaggacegggtgaccateacegeogataagtccaccageacegectacatggaget

giecagoctgaggagegaggatacegeegigtactatigegeceggecceagatecattacgactacaacggeticeectattgggpeca

gggaacecigtzacegtgtccagoggagacggcEgeageggCggoggcgocagogacggaggaggrageggiggaggaggactc
cgacattcagatgacecagiceccctecaceetigtecgetagegtgpgegategggtgaccaigacetgcagegecageageicegtigic

clacatgaactggtaccageagaagecoggeaaggetcecaagaggtggatttacgactecageaagetggecictggtgicoccageag
gtictetggtageggcageggeacagactacaceetgaccateicctecetigeagecegacgatttegecacctactatigecageagiggt
cccggaatceccectaccttiggeggcggcaccaaggtggagatcaagageagetccage (SEQ 1D NG:219)

Protein seguence of ROR231:
MEAPAQLLFLLLLWLPDTTGBIQMTQSPSSLSASVGDRVTINCQASQSIDSNLAWF(QQKP
GRPPKLLIYRASNLASGVPSRFSGSGSGTDFTLTISSLOPEDVATYYCLGGVGAVSYRTSF
GGGTKVEIRKGGGGSGGGGSGGGGSGGGGSEVOLVESGGGLVOPGRSLRLSCTASGS D]
NDYPITWVROQAPGK GLEWIGFINSGGSTWYASWVRGRFTISRDDSKSIAYLOMNSLKTE
DTAVYYCARGYSTYYRDFNIWGOQGTLVTVSSSEPKSSDKTHTCPPCPAPEAAGAPSVFL
FPPRPKDTLMISRTPEVTCVVVDVSHEDPEVEKINWYVDGVEVHNARKTKPREEQYNSTY
RVVSVLTVLHODWLNGKEYKCAVSNKALPAPIERTISK AKGQPREPQVYTLPPSRDELT
KNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDESRW(Q
QONVFSCSVMHEALHNHYTQRSLSLSPGSGGGGSGGGGSGGGGSPGSQVOLVQSGPEY
KKPGSSVKVSCKASGYTFSRSTMHWVROAPGQGLEWIGYINPSSAYTNYNQKFKDRVT
ITADKSTSTAYMELSSLRSEDTAVYYCARPOQVHYDYNGFPYWGOQGTLVTVSSGGGGSG
GGGSGOGGSGOGGSDIGMTOSPSTLSASVGDRVTIMTCSASSSVSYMNWYQOKPGKAP
KRWIYDSSKLASGVPSRFSGSGSGTDYTLTISSLOGPDDFATYYCQOQWSRNPPTFGGGTKY
EIKRSSS (SEQ 1D NG:220)

DNA sequence of ROR233:
atggaggoctcocgeicageigetgticetectgetgetctggotaoccegacaccacaggegacatecagatgacecagiccocttectoect
gtccgetagegtogocgatagggigaccatcaactgecaggecicccagiccatigaciccaateiggectggticcagcagaagoccgy
acagocccccaagetgetgatttacaggpcciccaacctggcticeggogtgectgacaggticiccggateoggeageggeaccgactic
accetgaccatctecteoctggaggecgaggatptcgecacctactactgtctggocggogtggocactgigagctatcggacciccticg
gepecgcaccaageiggagatCaagocgaCeceeragCygcgergecsacagrggacgacygaggeicegereocgacgc
agcgagetocagotgotopaaagcggaggagecciggigcagectiggaaggtcoctgaggotatectgcacagecageggoiccgac
atcaacgactaccocatcacotgggigaggcagactectggoecagggectggaatggatoggctiiatcaacageggoggeageaccty
gtatgcttcctgggteaaggcoggitcaccattageagggacgaciccaagiccatigectaccigeagatgaacteccigaagacogag
gacaccgeogigtactactgegocaggggctacageacctattaccgggacttiaacaictggggocagggcacactggtcacegigicct
cgagtgageccaaatcticigacaaaacicacacatgeccacegigeccageaccigaagecgegggtpcaccgteagicitectoticce
cecaaaacccaaggacacecteatgaicieccggacceocigaggteacatgegtegtogtgpacgigagecacgaagaccectgaggica
agticaactggtacgtiggacgecgtggaggtecataatgecaagacaaageogoegggaggageagtacaacageacgtacegtgtggtc
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agegicctcacegioctgoaccaggaciggctgaatgpcaaggaatacaagigegoggiciccaacaaagoeccicecagecceccatoga

gaaaaccatctccaaagecaaagggcagoccegagaaccacaggtgtacaccectigeccecatecoggeatgagcigaccaagaaccag
gtcagectgacetgectggtcaaaggoticiatccaagegacatcgeegtggagigogagageaatgggragecggagaacaactacaa
gaccacgecteccgigetggactecgacggotecticticoictacageaageicacegtggacaagageaggtggoageaggggaacg!
citcteatgetecgtgatgcatgagoctcigcacaaccactacacgcagaagagoctetccctgicicogggitceggagscggcagctco

sECggegeeggcageggcgocggcggrageceeggateccaggtocagotggigeagtetggtcctgaggtygaaaaagectggoice
agegigaaggigtectgeaaggecagoeggatacacctiiagecggiccaccatgeatigggteaggeaggeteetggacagggeoctgga

gtggateggetacateaaceccageagegettataccaactacaatcagaagitiaaggaceggatoaccatcacegoecgataagiccace
ageacegectacatggagetgiccagectigaggagegaggatacegeogigtactatigegeceggecccaggiccatiacgactacaac
gecttecectatiggggecaggpaaceetggtzacegtgtccageggaggcgsogLragCegCggegeegacagoggcgagzagy
cagegpeggaggaggctecocgacattcagatgacceagtecocectecacectgtocgetagegigggegategggtgaceatgacceigea
gegecageagcetecgtgtoctacatigaactggtaccagoagaagoeccggoaaggcteccaagaggtagattiacgaciccageaagetg

gectetggtetecccageaggticictggtageggeageggeacagactacaccoigaccateteciceetgeagoccgacgatitegoea

cotactattgccageagtggteceggaateccoectaceittggeggeggeaccaaggigoagatcaggaggageiccage (SEQ 1D

M(3:221)

Protein seguence of ROR233:
MEAPAQLLFLLLLWLPDTTGBIQMTQSPSSLSASVGDRVTINCQASQSIDSNLAWF(QQKP
GOPPKLLIYRASNLASGVPDRFSGSGSGTDFTLTISSLEAEDVATYYCLGGVGAVSYRTS
FGGOGTEVEIKGGGGSGGGGRGGGGSGGGGSEVOLVESGGGLYQPGRSLRLSCTASGSDI
NDYPITWVROQAPGOQGLEWIGFINSGGSTWY ASWVRGRFTISRDDSKSIAYLOMNSLKTE
DTAVYYCARGYSTYYRDFNIWGOQGTLVTVSSSEPKSSDKTHTCPPCPAPEAAGAPSVEL
FPPRPKDTLMISRTPEVTCVVVDVSHEDPEVEKINWYVDGVEVHNARKTKPREEQYNSTY
RVVSVLTVLHODWLNGKEYKCAVSNKALPAPIERTISK AKGQPREPQVYTLPPSRDELT
KNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDESRW(Q
QGNVFSCSVMHEALHNHYTQESLSLSPGSGGGGSGGGGSGGGGSPGSQVOQLVQSGPEY
KKPGSSVKVSCKASGYTFSRSTMHWVROAPGQGLEWIGYINPSSAYTNYNQKFKDRVT
ITADKSTSTAYMELSSLRSEDTAVYYCARPOQVHYDYNGFPYWGOQGTLVTVSSGGGGSG
GGGSGOGGSGGOGGSDIGMTOSPSTLSASVGDRVTIMTCSASSSVSYMNWYQOKPGKAP
KRWIYDSSKLASGVPSRFSGSGSGTDYTLTISSLOGPDDFATYYCQOQWSRNPPTFGGGTKY
EIKRSSS (SEQ 1D NG:222)
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Dasignation Dascription DA SEQ ID NG Protein SEQ ID NO
TSC311or TSC312 | Foc DRAZ22 1 2
TSC313 Fe H7LL 3 4
TSC314 Fec H7L4 5 6
TSC315 Fe H7LS 7 8
TSC31e Fe HaLl 9 10
TSC317 Fc Ha8L4 11 12
TSC318 Fc H8LS 13 14
TSC318 Fc HOLL 15 i6
TSC320 Fc HOL4 17 13
TSC321 Fc HOLS 18 20
TSC322 Fc H10L1 21 22
T5C323 Fc H10L4 23 24
T5C324 Fc H1OLS 25 26
T5(334 Fc H7LE 27 28
T5C335 Fc H7L7 29 30
T5C336 Fc H7L8 31 32
T5¢337 Fc HBLE 33 34
15338 Fo HBL7 35 36
TSC338 Fc H3L8 37 38
TSC340 Fc H10Le 33 40
TSC341 Fe HI1OLY 41 42
TSC342 Fe H10L8 43 44
TSC370 TSC342 G27Y 45 46
TSC371 TSC342 M53] a7 48
TSC372 TSC342 121M 45 50
TSC380 TSC370 AQP 51 52
TSC391 TSC370 A9P M53H 53 54
TSC392 TSC370 AGP 121M 55 56
TSC393 TSC370 M531121M 57 58
TSC394 TSC370 AP MB3HI21M 59 &0
T5C408 Anti-PSMA X TSC391 61 62
T5C409 Anti-PSMA X TSC392 63 64
T5C410 Anti-PSMA X T5C393 65 66
T5C411 Anti-PSMA X T5C394 67 68
TSC471 Anti-PSMA X TSC456 205 206
TSC266 Anti-PSMA X DRA222 {huvL-VH 107- 209 210
1A4 scFv-Fe-DRA222 scFv)
CAS105 Anti-CD37 X DRA222Z 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 viH + DRA222 VL) 75 76




WO 2017/053469 PCT/US2016/052942
TSC453
Anti-CDB37 X Anti-CDB37 X T334 ER6D 77 78
TSC454
Anti-CD37 X Anti-CD37 X T5C394 F&7Y 79 80
TSCA55
Anti-CD37 X Anti-CD37 X T5C394 EB6D F7Y 81 82
T5C456
T5C455 TSC354 FE7Y scfv {anti-CD3 schv) a3
TSCA56 TSC394 EBED FR7Y scfv (anti-CD3 schv) 84
DRA222 Anti-CD3 sckv 85
TSC455 and TSC4A55 and TSC456 variable heavy 86
TSCA56 VH domain
DRAZ22 VH DRAZ22 variable heavy domain 87
TSCA55 VL TSCA55 variable light domain 38
TSCA56 VL TSC4A56 variable light domain 89
DRAZ222 VL DRAZ22 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 DRAZZ2 | 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-CD3 VL CDR3 36
VL CDOR3 {Kabat)
Cris7 and DRAZ222 | 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 CDRL 202
VL CDR1 {IMGT)
Cris7 and DRA222 | Anti-CD3 VL CDR2 203
VL CDR2 (IMGT}
Cris7 and DRA222 | Anti-CD3 VL CDR3 204
VL CDOR3 (IMGT}
ROR133 Anti-RORL (R11 L7H15} X DRAZZ2 97 98
ROR133 Anti-RORL (R11 L7H15) X TSC394 F87Y | 99 100
ROR134 Anti-RORL (R11 L7H10} X DRA222 101 102
ROR189 Anti-RORL (R11 L7HI0) X TSC394 E8GD | 103 104

F&7Y

ROR154 Anti-RORL (R11 L7H16} X DRAZZ2 105 106
ROR185 Anti-RORL (R11 L7H15) X TSC394 £E86D | 107 108
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F8&7Y

RORL79 Anti-RORL (R11 L8H16) X DRAZ22 109 110

ROR186 Anti-RORL (R11 L8H16) X TSC324 E&GD | 111 112
Fa7vy

ROR181 Anti-RORL (R11 L7H17) X DRAZ222 113 114

ROR1S1 Anti-RORL (R11 L7H17) X TSC394 £86D | 115 116
FB7Y

ROR18Z Anti-RORL (R11 18H18) X DRA222 117 118

ROR192 Anti-RORL (R11 LSH18) X TSC394 £86D | 119 120
F87Y

ROR243 Humanized, codon optimized anti-RORL | 207 208
X anti-CB3 {parent anti-ROR1L molecule
is ROR192) scFv-Fe-sckv

ROR206 ROR133 5407 G113R x DRA222Z Fc 211 212
ADCC- K322A-H111 in pEE12.4

ROR207 ROR133 5407 G113R x TSC456 Fe ADCC- | 213 214
K322A-Hi1llin pEE12.4

ROR208 RORE74 S40T G113R x DRAZ22 Fc 215 216
ADCC-K322A-H11lin pEE12.4

ROR209 ROR174 SA0T G113R x TSC456 Fc ADCC- | 217 218
K322A-H111in pEE12.4

ROR231 Anti-RORL X anti-CD3 218 220

ROR233 Anti-RORL X anti-CD3 223 222
Chimeric bispecific anti-CD123 (VLVH) x 197
anti-CD3 {TSC456) scFy-Fe-sefy
Chimeric bispecific anti-CD123 (VHVL) x 198
anti-CD3 {TSC456) scFy-Fe-scfy
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CLAIMS:

1. 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;

wherain the immunogliobulin light chain variable region comprises an anmino acid
saguence that is

(a) at least aboul 93% identical, at least about 85% identical, at least about 7%

identical, at least about 98% identical or at least about 89% identical io the amino
acid sequence in SEQ ID 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 9% 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, at least about 90% identical, at least about 92% identical, at least about 85% identical,
at least about 97% identical, at least about 88% identical or at least about 88% identical to the

amino acid sequence in SEQ ID NO:86.

2. The CD3-binding domain of claim 1, wherein the CD3-binding domain comprisss
an amino acid sequancs that is at least about 87% idantical, at least about 80% identical, at
least about 82% identical, at least about 85% identical, at least about 87% 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 light chain
variable region comprises

{(a) an LCDR1 amino acid sequence of SEQ 1D NG:84, an LCDRZ amine acid
sequence of SEQ ID NC:95, and an LCDR3 aminc acid sequence of SEQ 1D NO:96 and
wherein the immunoglcbulin heavy chain variable region comprises an HCDR1 amino acid
sequence of SEQ D NO:81, an HCDR2Z amino acid sequence of SEQ 1D NO:92, and an
HCDR3 amino acid sequence of SEQ ID NO:83; or

{b} an LCDR1 amino acid sequence of SEQ 1D NC:202, an LCDR2 amino acid
sequence of SEQ ID NQO:203, and an LCDR3 amino acid sequence of SEQ 1D NO:204 and
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wherein the immunogiobulin heavy chain variable region comprises an HCDR1 amino acid
saqguence of SEQ ID NO:199, an HCDRZ2 amino acid sequence of SEQ 1D NO:200, and an
HCDR3 amino acid sequence of SEQ ID NOG:201.

4, A CD3-binding domain that binds specifically to 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 1D
NQO:85, and an LCDR3 amino acid sequence of SEQ ID NO:98 and whersin
the immunoglobulin heavy chain variable region comprises an HCDR1 amino
acid sequence of SEQ 1D NO:81, an HCDRZ amino acid sequence of SEQ ID
NO:92, and an HCDR3 amino acid sequence of SEQ 1D NO:83; or

(b the immunoglobulin light chain variable region comprises an LCDR1 amino
acid sequence of SEQ 1D NO:202, an LCDR2 amino acid sequence of SEQ
ID NO:203, and an LCDR3 amino acid sequence of SEQ 1D NO:204 and
wharein the immunoglobulin heavy chain variable region comprises an
HCDR1 amino acid sequence of SEQ ID NO:18%, an HCDR2 amino acid
sequence of SEQ 1D NO: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 properties:

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 to human CD3 with an EC50 of about 10 nM or
fower; and

(iv} the CD3-binding domain binds to 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 seguence.

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

germiline amino acid sequence.

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

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

9. The CD3-binding domain of claim 1, wherain the amino acid residue at position
27 according to the IMGT numbsering system of the immunogiobulin 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 residus af position 8 according o the IMGT numbering system of
the immunoglobulin heavy chain variable region is proline;

(b} the amino acid residue at position 53 according to the IMGT numbering system
of the immunoglobulin heavy chain variable region is isoleucine; and

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

of the immunoglobulin light 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 systemn 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, wharsin the amino acid residus at position
86 according to the IMGT numbaering system of the immunoglobulin 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 precading claims, whersin the CD3-
binding domain comprises SEQ [D 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 QRHNNSSLNTGTQMAGHSPNS (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-hinding domain has a
thermal stability that is increased at least about 10% when compared to the thermal stability of a
CD3-binding domain comprising a light chain variable region comprising SEQ 1D NO:90 and a
heavy chain variable region comprising SEQ 1D NO:87.

19. The CD3-binding domain of claim 1, wherein the thermal fransition midpoint (Tm)
of the CD3-binding domain is increased at least about 3°C, at least about 4°C, al lsast about
5°C, or at least about 6°C increased and up to about 20°C when compared to the Tm of a2 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 fransition midpoeint 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.
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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 differential scanning calorimelry or

differential scanning flugrimetry.

22. The CD3-binding domain of claim 1, wherein the CD3-binding domain has
storage stability that is increased at leasi about 5%, at least about 10%, atlsast about 20%, at
lsast about 30%, atlsast about 40%, at least about 50%, at least about 60%, at least about
70%, at least about 80%, at least about 90% and up {0 about 100% when compared {o the
storage stability of 2 CD3-binding domain comprising a light chain variable region 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, whersin the CD3-binding domain has a level
of high molecular weight aggregaies produced during recombinant expression that are at lsast
about 5%, at least about 10%, at least about 20% decreased, ailsast about 30% decreased
and up to about 50% decreased when compared {o 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 {0

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 o cynomolgus CD3.
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28. The CD3-binding domain of claim 27, wherein the CD3-binding domain binds {o
cynomolgus CO3 with an ECED of about 30 nM or lower.

29. A CD3-binding polypeptide 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 doss notinduce or induces a minimally

detaciable cyiokine release from said T cell

32. The CD3-binding polypeptide of any one of claims 29-31, whersin the CD3-

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

33 The CD3-binding polypeplide 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 carboxyl-terminus, () 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 (&) an immunoglobulin light chain variable
ragion comprising LCDR1, LCDRZ2, and LCDRS3, and (b) an immunoglobulin heavy chain
variable region comprising HCDR1, HCDR2, and HCDR3; and
(i) the second binding domain comprises (a) an immunogiobulin light chain
variable region comprising LCDR1, LCDR2, and LCDR3, and {b) an immunogiobulin hsavy
chain variable region comprising HCDR1, HCDR2, and HCDR3.

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

derived from an immunoglobuiin hinge region.
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37. The CD3-binding polypeptide of any ong of claims 34-36, wherein the carboxyi-

terminus linker comprises or consists of SEQ ID NO:186.

38. The CD3-binding polypeptide of any one of claims 27-37, wherein the
immunoglobulin consiant region comprises immunogiobulin CHZ and CH3 domains of igG1,
g2, 1gG3, 1gG4, IgAt, IgA2 origD.

39, The CD3-binding polypeptide of claim 38, wherein the immunoglobulin constant
region comprises a human igG1 CHZ 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 polypeptids of claim 40, wherain the CD3-binding polypepntids
induces RTCC with an EC50 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 celis expressing the tumor associatad antigen.
45, The CD3-binding polypeptide of claim 43, wherein the tumor associated antigen
is selected from the group consisting of PSMA, CD18, CD20, CD37, CD3§, CD123, Her2,

ROR1, RON, glycoprotein A33 antigen (gpAS33), and CEA.

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

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

domain.

48. The CD3-binding polypeptide of any one of claims 29-47, wherein said CD3-
binding polypeptide is a heterodimearic CD3-binding protein comprising (i) a first polypeptids
chain comprising, in ordsr from amino-terminus to carboxyl-ierminus or from carboxyl-terminus
fo amino-terminus, (a) a CD3-binding domain that specifically binds human CD3, (b) a first
hinge region, (¢) a first immunoglobulin constant 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 carboxyi-terminus to amino-terminus, (&) 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 associate with each other to form a heterodimer.

49, The CD3-binding polypeplide 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 immunoglobulin heterodimerization domain comprises an immunoglobulin CL
domain and the second immunogiobulin helerodimerization 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, 1gBS, IgG4, IgAt, 1gAZ, IgD or any combination thereof, an immunoglobulin CH3
domain of IgG1, 1gG2, 1gG3, 1gG4, 1gAtl, 1gA2, IgD, 1gE, 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 sscond polypeptids chain

further comprises a second binding domain.

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

amino-terminal {0 the second hinge region.
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53. The CD3-binding polypeptide of any one of claims 28-45, 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-VYH CD3-
VH second binding domain -VL second binding domain or VH second binding domain-vi
sacond binding domain-VH CB3-VL CD3 or VH second binding domain-VL second binding
domain-VL CD3-VH CD3.

54. An isolated nucleic acid molecule encoding 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 polypsptide.

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 unils,

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

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

sequences suitable for axpression 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 CD3-binding polypepiide, the method comprising
culturing a recombinant host cell comprising the expression vector of claim 58 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 recovering the CD3-binding
polypeptide.

81. A method for producing & heterodimeric CD3-binding protein, the method
comprising

culiuring a recombinant host cell comprising first and second expression units, wherein
the first and second expression units respsctively 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 nucieic
acid segments in a host cell, and

wherein said culturing is under conditions whereby ths 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 heteradimeric CD3-

binding proiein.

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

one of claims 28-53 and a pharmaceutically acceplable carrier, diluent, or excipient.

64, A method for inducing redirectad T-cell cytotoxicity (RTCC) against a cell
expressing a tumor associated antigen, the method comprising: contacting 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 inducead,

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

polypepltide of any one of claims 29-53 or the compaosition of claim 83 {o the subject.
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67. The method of claim 66, wharein the cancer is prosiats 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 lymphoma, acute lymphoblastic leukemia, chronic
lymphocytic leukemia, Non-Hodgkin's lymphoma, acute mysioid leukemia (AML), B-lymphoid

leukemia, blastic plasmocytoid dendritic 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, 28, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48,
50, 52, 54, 56, 58, or 60.

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

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

binding polypeptide does not exhibit or exhibiis minimal antibody-dependent cell-mediated

cytotoxicity (ADCC) activity and/or complement-dependent cylotoxicity (CDC) activity.
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