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D-DOMAIN CONTAINING POLYPEPTIDES AND USES THEREOF

BACKGROUND
[0001] Antibody-based reagents have accelerated the pace of biological research and development.

Antibody compositions represent one of the most important and successful classes of therapeutic and
diagnostic agents utilized in the pharmaceutical industry. However, cost, time and efficacy have
motivated the development of alternative affinity reagents.
[0002] A variety of non-antibody binding formats have emerged for applications historically served
by antibodies. While many successes have been reported for unstructured, linear peptides, more robust
results have been achieved by imposing a structural constraint on the peptide sequence — typically
through the introduction of a disulfide bond. This constraint affords higher affinity and greater
specificity through the more favorable thermodynamics of fixed-shape complementarity and surface
presentations of residues (e.g., hydrophobic amino acids) that might otherwise be buried and therefore
not target-facing (Ladner, Trends in Biotech. 13(10): 426-430 (1995)). Conversely, formats that
contain disulfide bonds are typically prone to improper pairing of cysteines, either intra-domain or
inter-domain, that can lead to lower expression, product yield and product quality.
[0003] Structure found in protein subdomains has provided another source of structural constraint.
Structures such as fibronectin type III repeats (adnectins), z-proteins (affibodies), knottins, lipocalins
(anticalins) and ankyrin repeats (DARPins) have been developed with antibody-like affinities against
a variety of different targets (Hey ef al., Trends in Biotech. 23(10): 514-422 (2005)). These domains
typically contain two features that are analogous to the frameworks and complementarity determining
regions (CDRs) found in antibody variable domains: a structural scaffold that imparts high
thermodynamic stability and residues or loops that form the basis of the display library’s variability.
SUMMARY
[0004] There remains a substantial unmet need for new target-binding compositions, and particularly
for such agents containing alternative binding scaffolds (e.g., non-antibody scaffolds). Agents of
particular interest may be characterized by, for example, substantially reduced production costs and/or
comparable or superior reagent, diagnostic and/or therapeutic properties as compared to antibodies.
The present disclosure provides novel target-binding D domain (DD) polypeptides that are based on a
non-antibody structural scaffold. In some embodiments, the D domain polypeptides (DDpps) are

characterized by high target binding affinity and by a non-antibody structural scaffold. In some
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embodiments, the DDpps are target-specific binding polypeptides that can advantageously be used to
target therapeutics (e.g., immune cells) to particular cells (e.g., diseased cells), thereby reducing or
eliminating off-target effects. In some embodiments, the provided DDpps are used as therapeutics to
bind cells or soluble factors involved in disease.

[0005] In some embodiments, the disclosure provides a protein comprising a {2 Domain {313 target
binding demain {E2Dpp) wherein the DD specifically binds a target of interest selected from the group
consisting of BCMA (SEQ ID NO: 7), CD123 (SEQ ID NO: 8), CS1 (SEQ ID NO: 925), HER2 (SEQ
ID NO: 927), AFP (SEQ ID NO: 9), AFP p26 (SEQ ID NO: 10), or a fragment thereof. In some
embodiments, the DDpp are monovalent or multivalent. In some embodiments, the DDpp are
monospecific or multispecific. In further embodiments, the monospecific and multivalent. In other
embodiments, the DDpp are multispecific and multivalent. Fusion proteins comprising one or more
DD are also provided, as are methods of making and using the fusion proteins. Nucleic acids encoding
the DDpps and vectors and host cells containing the nucleic acids are also provided. Non-limiting
examples of such uses include, but are not limited to target analysis, and diagnostic and therapeutic
applications.

[0006] In additional embodiments, the disclosure provides a protein comprising a I Domain (D)
target binding domain (Dpp) wherein the D is 2 member selected from the group consisting of {(a)
a DD that specifically binds BCMA (SEQ 1D NO: 7) and comprises the amino acid sequence of SE(Q
1D NO: 11-305, or 306, (b} a DD that specifically binds CD123 (SEQ ID NO: &) and comprises the
aming acid sequence of SEQ ID NOG: 307-739, or 740; (¢} a DD that specifically binds AFP (SEQ ID
NO: 9) or a fragment thereof, and comprises the amino acid sequence of SEQ I NO: 741-874, or
886-895; (d) a DD that specifically binds AFP p26 (SEQ 1D NO: 10) and comprises the amino acid
sequence of SEQ 1D NO: 741-874, or 886-895, (e} a DD that specifically binds CS1 (8EQ 1D NO:
925) or a fragment thereof, and comprises the amino acid sequence of SEQ 1D NO: 8§96-909, or 910,
and (f} a DD that specifically binds HERZ2 or a fragment thereof, and comprises the amino acid
sequence of SEQ ID NQO: 911-949, or 950, Proteins comprising variants of (a)-(f) that retain the ability
to specifically bind their respective targets are also provided. In some embodiments, the DDpp is fused
to a heterologous polypeptide. In some embodiments, the heterologous polypeptide comprises a full-
length antibody or an antibody fragment. In some embodiments, the DD is fused to: the amino terminus

of a full-length antibody heavy chain; the amino terminus of a full-length antibody light chain; the
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carboxyl terminus of a full-length antibody heavy chain; or the carboxyl terminus of a full-length
antibody light chain. In other embodiments, the DD is fused to an antibody fragment which is an Fc.
In additional embodiments, the heterologous polypeptide comprises a member selected from the group
consisting of: (i) a transmembrane domain; {it} a membrane associating domain; {iit} human serum
albumin or a fragment thereof; {iv} AFP or a fragment thereof, {v} AFP p26 or a fragment thereof; (vi)
the extracellular domain of a receptor or a fragment thereof, and (vii) the extracellular domain of an
intracellular receptor (e.g., a nuclear protein) or a fragment thereof. In some embodiments, the protein
contains a heterologous polypeptide that comprises the extracellular domain, or a fragment of an
extracellular domain of BCMA (SEQ ID NO: 7) or CD123 (SEQ ID NO: 8) or CD19 (SEQ ID NO:
3) or CS1 (SEQ ID NO: 925). In some embodiments, the protein contains a heterologous polypeptide
that comprises the extracellular domain, or a fragment of an extracellular domain, of a receptor
selected from the group consisting of: CD19, CD20, CD22, HVEM, BTLA, DR3, CD37; TSLPR,
IL7R, and gp96. In some embodiments, the protein contains a heterologous polypeptide that comprises
an antigenic portion of a serum protein (e.g., AFP, and AFP p26). In some embodiments, the protein
contains a heterologous polypeptide that comprises an antigenic portion of an intracellular protein
(e.g., a nuclear protein). In some embodiments, the protein 1s labeled. In further embodiments, the
label is selected from the group consisting of an enzymatic label, a fluorescent label, a luminescent
label, a bioluminescent label, and a biotin moiety. In additional embodiments, the protein is conjugated
to a therapeutic or cytotoxic agent. In some embodiments, the protein contains a heterologous
polypeptide that binds to one or more with major histocompatibility complex (MHC) class I or class
IT complexes.

[0007] In some embodiments, a DD of the DDpp specifically binds BCMA. In some embodiments,
the DD specifically binds a BCMA protein having an amino acid sequence consisting of SEQ ID NO:
7. In further embodiments, the DDpp comprises an amino acid sequence selected from the group
consisting of SEQ ID NO: 11-305, and 306. In other embodiments, the BCMA-binding DDpp
comprises a variant of an amino acid sequence selected from the group consisting of SEQ ID NO: 11-
305, and 306. In some embodiments, the DDpp comprises multiple target-binding domains (e.g.,
dimers, trimers, efc.). In some embodiments, the DDpp comprises 2, 3, 4, 5, or more than 5, DD that
bind BCMA. In some embodiments, the DDpp comprises 2, 3, 4, 5, or more than 5, DD that have the

same sequence. In some embodiments, the DDpp comprises 2, 3, 4, 5 or more than 5, DD that bind to
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different epitopes of BCMA. In some embodiments, the DDpp comprises a DD that specifically binds
BCMA and further comprises 2, 3, 4, 5 or more than 5, additional different DDs or target-binding
binding domains (e.g., scFvs) that bind to BCMA or a different target antigen. In some embodiments,
the DDpp comprises a DD that specifically binds BCMA and further comprises one or more additional
DDs or other target-binding binding domains that bind one or more antigens expressed on the surface
of a B cell. In some embodiments, the DDpp comprises a DD that specifically binds BCMA and further
comprises one or more additional DDs or other target-binding binding domains that bind one or more

3,4,5

2 2 2 2

cancer antigens. In some embodiments, the DDpp specifically binds 2 or more than 5, different

targets. In further embodiments, the DDpp specifically binds 2, 3, 4, 5, or more than 5, different cancer

2 2

3,4,5

2 2 2 2

antigens. In some embodiments, the DDpp specifically binds 2 or more than 5, different cancer
antigens expressed on the surface of a cancer cell. In some embodiments, the DDpp specifically binds
2, 3,4, 5, or more than 5, cancer antigens expressed on the surface of different cancer cells.

[0008] In some embodiments, the DDpp is a fusion protein comprising a DD that specifically binds
BCMA. In some embodiments, the DDpp fusion protein comprises a DD that specifically binds a
BCMA protein having an amino acid sequence consisting of SEQ ID NO: 7. In some embodiments,
the DDpp is a fusion protein comprising a DD that comprises an amino acid sequence selected from
the group consisting of SEQ ID NO: 11-305, and 306. In other embodiments, the BCMA-binding
DDpp fusion protein comprises a variant of an amino acid sequence selected from the group consisting
of SEQ ID NO: 11-305, and 306. In some embodiments, the DDpp fusion protein comprises a full-
length antibody or a portion (fragment) of an antibody. In some embodiment, the DDpp fusion protein
comprises a full length IgG antibody (e.g., 1gG1, IgG2, IgG2, or IgG4). In further embodiments, the
DDpp comprises a commercially approved therapeutic antibody (e.g., rituximab, ofatumumab,
ocrelizumab, veltuzumab, MEDI-551, epratuzumab, belimumab, tabalumab, AMG-557, MEDI-570,
and NN882). In other embodiments, the BCMA-binding DDpp is an Fc fusion protein.

[0009] In some embodiments, the DDpp fusion protein comprises a BCMA-binding DD operably
linked to a serum protein. In some embodiments, the DDpp fusion protein comprises an amino acid
sequence selected from the group consisting of SEQ ID NO: 11-305, and 306. In other embodiments,
the BCMA -binding DDpp fusion protein comprises a variant of an amino acid sequence selected from
the group consisting of SEQ ID NO: 11-305, and 306. In further embodiments, the DDpp fusion

protein comprises human serum albumin or a fragment thereof. In some embodiments, the DDpp
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fusion protein comprises AFP or AFP p26, or a fragment thereof. In some embodiments, the DDpp
fusion protein comprises AFP (e.g., SEQ ID NO: 9), or a fragment thereof. In other embodiments, the
DDpp fusion protein comprises AFP p26 (SEQ ID NO: 10), or a fragment thereof.

[0010] In some embodiments, the DDpp fusion protein is a soluble protein comprising one or more
target-binding DDpp and a p29 protein (e.g., having the sequence of SEQ ID NO: 10, 928, 929, 930,
931, 932, 933, or 934). Such fusion proteins containing p29 sequences have been discovered herein to
have surprisingly long serum half-life. In some embodiments, the soluble DDpp fusion protein has a
plasma half-life in vivo of at least 1 hour, at least 2 hours, at least 4 hours, at least 8 hours, at least 16
hours, at least 32 hours, at least 64 hours, or more. In some embodiments, the soluble fusion protein
has an in vivo plasma half-life of at least 1 hour, at least 2 hours, at least 4 hours, at least 8 hours, at
least 16 hours, at least 32 hours, at least 64 hours, or more hours 65 hours, or 1-10 hours, 2-10 hours,
4-10 hours, 6-10 hours, or 6-9 hours in a mouse. In some embodiments, the soluble DDpp fusion
protein has an in vivo plasma half-life of at least 1 hour, at least 2 hours, at least 4 hours, at least 8
hours, at least 16 hours, at least 32 hours, at least 64 hours, or more hours 65 hours, or 1-10 hours, 2-
10 hours, 4-10 hours, 6-10 hours, or 6-9 hours, in a human.

[0011] In some embodiments, the BCMA-binding DDpp fusion protein comprises the extracellular
domain of a receptor or a fragment thereof. In some embodiments, the DDpp fusion protein comprises
a DD that comprises an amino acid sequence selected from the group consisting of SEQ ID NO: 11-
305, and 306. In other embodiments, the BCMA-binding DDpp fusion protein comprises a variant of
an amino acid sequence selected from the group consisting of SEQ ID NO: 11-305, and 306. In further
embodiments, the CD123-binding DDpp fusion protein comprises the extracellular domain of CD123
(SEQ ID NO: 8), or a fragment thereof. In some embodiments, the BCMA-binding DDpp fusion
protein comprises the extracellular domain of a receptor selected from the group consisting of: CD19,
CD20, CD22, HVEM, BTLA, DR3, CD37, CS1, TSLPR, IL7R, and gp96, or a fragment thereof.
[0012] In additional embodiments, the BCMA-binding DDpp fusion protein comprises an
intracellular protein (e.g, a nuclear protein) or a fragment thereof. In some embodiments, the DDpp
fusion protein comprises a DD that comprises an amino acid sequence selected from the group
consisting of SEQ ID NO: 11-305, and 306. In other embodiments, the BCMA-binding DDpp fusion
protein comprises a variant of an amino acid sequence selected from the group consisting of SEQ ID

NO: 11-305, and 306. I some embodiments, the BCMA-binding DDipp fusion protein comprises a
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fragment of a serum protein {e.g., HSA, AFP, and AFP p26), an extracellular domain of a receptor
{e.g., BCMA, CD123, CS1, and CD19), or an wtracellular protein {e.g., a nuclear protein), consisting
of 5-500, 5-400, 5-300, 5-200, 5-100, 5-50, 10-500, 10-400, 10-300, 10-200, 10-100, or 10-50 amino
acid residues.

[0013] In some embodiments, a DD of the DDpp specifically binds CD123. In some embodiments,
the DDpp specifically binds a CD123 protein having an amino acid sequence consisting of SEQ ID
NO: 8. In further embodiments, the DDpp comprises an amino acid sequence selected from the group
consisting of SEQ ID NO: 307-739, and 740. In other embodiments, the CD123-binding DDpp
comprises a variant of an amino acid sequence selected from the group consisting of SEQ ID NO:
307-739, and 740. In some embodiments, the DDpp comprises multiple target-binding domains (e.g.,
dimers, trimers, efc.). In some embodiments, the DDpp comprises 2, 3, 4, 5, or more than 5, DD, that
bind CD123. In some embodiments, the DDpp comprises 2, 3, 4, 5, or more than 5, DD, that have the
same sequence. In some embodiments, the DDpp comprises 2, 3, 4, 5 or more than 5, DD that bind to
different epitopes of CD123. In some embodiments, the DDpp comprises a DD that specifically binds
CD123 and further comprises 2, 3, 4, 5 or more than 5, additional different DDs or target-binding
binding domains (e.g., scFvs) that bind to BCMA or a different target antigen. In some embodiments,
the DDpp comprises a DD that specifically binds CD123 and further comprises one or more additional
DDs or other target-binding binding domains that bind one or more antigens expressed on the surface
of a B cell. In some embodiments, the DDpp comprises a DD that specifically binds CD123 and further
comprises one or more additional DDs or other target-binding binding domains that bind one or more
cancer antigens. In some embodiments, the DDpp specifically binds 2, 3, 4, 5, or more than 5, different
targets. In further embodiments, the DDpp specifically binds 2, 3, 4, 5, or more than 5, different cancer
antigens. In some embodiments, the DDpp specifically binds 2, 3, 4, 5, or more than 5, different cancer
antigens expressed on the surface of a cancer cell. In some embodiments, the DDpp specifically binds
2, 3,4, 5, or more than 5, cancer antigens expressed on the surface of different cancer cells.

[0014] In some embodiments, the DDpp is a fusion protein comprising a DD that specifically binds
CD123. In some embodiments, the DD specifically binds a CD123 protein having an amino acid
sequence consisting of SEQ ID NO: 8. In some embodiments, the DDpp comprises an amino acid
sequence selected from the group consisting of SEQ ID NO: 307-739, and 740. In other embodiments,

the CD123-binding DDpp fusion protein comprises a variant of an amino acid sequence selected from
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the group consisting of SEQ ID NO: 307-739, and 740. In some embodiments, the DDpp fusion protein
comprises a full-length antibody or a portion (fragment) of an antibody. In some embodiments, the
DDpp fusion protein comprises a full length IgG antibody (e.g., IgG1, IgG2, IgG2, or IgG4). In further
embodiments, the DDpp comprises a commercially approved therapeutic antibody (e.g., rituximab,
ofatumumab, ocrelizumab, veltuzumab, MEDI-551, epratuzumab, belimumab, tabalumab, AMG-557,
MEDI-570, and NN8828. In other embodiments, the CD123-binding DDpp is an Fc fusion protein.
[0015] In some embodiments, the DDpp fusion protein comprises a CD123-binding DD operably
linked to a serum protein. In some embodiments, the DDpp fusion protein comprises an amino acid
sequence selected from the group consisting of SEQ ID NO: 307-739, and 740. In other embodiments,
the CD123-binding DDpp fusion protein comprises a variant of an amino acid sequence selected from
the group consisting of SEQ ID NO: 307-739, and 740. In further embodiments, the DDpp fusion
protein comprises human serum albumin or a fragment thereof. In some embodiments, the DDpp
fusion protein comprises AFP or AFP p26, or a fragment thereof. In some embodiments, the DDpp
fusion protein comprises AFP (e.g., SEQ ID NO: 9), or a fragment thereof. In other embodiments, the
DDpp fusion protein comprises AFP p26 (SEQ ID NO: 10), or a fragment thereof.

[0016] In some embodiments, the CD123-binding DDpp fusion protein comprises the extracellular
domain of a receptor or a fragment thereof. In some embodiments, the CD123-binding DDpp fusion
protein comprises an amino acid sequence selected from the group consisting of SEQ ID NO: 307-739,
and 740. In other embodiments, the CD123-binding DDpp fusion protein comprises a variant of an
amino acid sequence selected from the group consisting of SEQ ID NO: 307-739, and 740. In further
embodiments, the CD123-binding DDpp fusion protein comprises the extracellular domain of BCMA
(SEQ ID NO: 7) or CD123 (SEQ ID NO: 8), or a fragment thereof. In further embodiments, the
CD123-binding DDpp fusion protein comprises the extracellular domain of BCMA (SEQ ID NO: 7),
or CD123 (SEQ ID NO: 8), or CS1 (SEQ ID NO: 925), or a fragment thereof. In some embodiments,
the CD123-binding DDpp fusion protein comprises the extracellular domain of a receptor selected
from the group consisting of: CD19, CD20, CD22, HVEM, BTLA, DR3, CD37, CS1, TSLPR, IL7R,
and gp96, or a fragment thereof.

[0017] in additional embodiments, the CD123-binding BEpp fusion protein comprises an intracellular
protein {e.g., a nuclear protein) or a fragment thereof. In some embodiments, the CD123-binding

DDpp fusion protein comprises an amino acid sequence selected from the group consisting of SEQ ID
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NO: 307-739, and 740. In other embodiments, the CD123-binding DDpp fusion protein comprises a
variant of an amino acid sequence selected from the group consisting of SEQ ID NO: 307-739, and
740.

[0018] In some embodiments, the CD123-binding DDpp fusion protein comprises a fragment of a
serum protein {e.g., HSA, AFP, and AFP 20), an extracellular domain of a receptor {e.g,, BCMA, U581,
CD123, and CD19), or an intracellular protein {e.g., a nuclear protein}, consisting of 5-500, 5-400, 5-
300, 5-200, 5-100, 5-50, 10-500, 10-400, 10-300, 10-200, 10-100, or 10-50 amino acid residues.
[0019] In some embodiments, a DD of the DDpp specifically binds CS1. In some embodiments, the
DDpp specifically binds a CS1 protein having an amino acid sequence consisting of SEQ ID NO: 925.
In further embodiments, the DDpp comprises an amino acid sequence selected from the group
consisting of SEQ ID NO: 896-909, and 910. In other embodiments, the CS1-binding DDpp comprises
a variant of an amino acid sequence selected from the group consisting of SEQ ID NO: 896-909, and
910. In some embodiments, the DDpp comprises multiple target-binding domains (e.g., dimers,
trimers, efc.). In some embodiments, the DDpp comprises 2, 3, 4, 5, or more than 5, DD, that bind
CS1. In some embodiments, the DDpp comprises 2, 3, 4, 5, or more than 5, DD, that have the same
sequence. In some embodiments, the DDpp comprises 2, 3, 4, 5 or more than 5, DD that bind to
different epitopes of CS1. In some embodiments, the DDpp comprises a DD that specifically binds
CS1 and further comprises 2, 3, 4, 5 or more than 5, additional different DDs or target-binding binding
domains (e.g., scFvs) that bind to BCMA or a different target antigen. In some embodiments, the
DDpp comprises a DD that specifically binds CS1 and further comprises one or more additional DDs
or other target-binding binding domains that bind one or more antigens expressed on the surface of a
B cell. In some embodiments, the DDpp comprises a DD that specifically binds CS1 and further
comprises one or more additional DDs or other target-binding binding domains that bind one or more

3,4,5

2 2 2 2

cancer antigens. In some embodiments, the DDpp specifically binds 2 or more than 5, different

3,4,5

2 2 2 2
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2 2 2 2

targets. In further embodiments, the DDpp specifically binds 2 or more than 5, different cancer

antigens. In some embodiments, the DDpp specifically binds 2 or more than 5, different cancer
antigens expressed on the surface of a cancer cell. In some embodiments, the DDpp specifically binds
2, 3,4, 5, or more than 5, cancer antigens expressed on the surface of different cancer cells.

[0020] In some embodiments, the DDpp is a fusion protein comprising a DD that specifically binds

CS1. In some embodiments, the DD specifically binds a CS1 protein having an amino acid sequence
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consisting of SEQ ID NO: 925. In some embodiments, the DDpp comprises an amino acid sequence
selected from the group consisting of SEQ ID NO: 896-909, and 910. In other embodiments, the CS1-
binding DDpp fusion protein comprises a variant of an amino acid sequence selected from the group
consisting of SEQ ID NO: 896-909, and 910. In some embodiments, the DDpp fusion protein
comprises a full-length antibody or a portion (fragment) of an antibody. In some embodiments, the
DDpp fusion protein comprises a full length IgG antibody (e.g., IgG1, IgG2, IgG2, or IgG4). In further
embodiments, the DDpp comprises a commercially approved therapeutic antibody (e.g., rituximab,
ofatumumab, ocrelizumab, veltuzumab, MEDI-551, epratuzumab, belimumab, tabalumab, AMG-557,
MEDI-570, and NN8828. In other embodiments, the CS1-binding DDpp is an Fc¢ fusion protein.
[0021] In some embodiments, the DDpp fusion protein comprises a CS1-binding DD operably linked
to a serum protein. In some embodiments, the DDpp fusion protein comprises an amino acid sequence
selected from the group consisting of SEQ ID NO: 896-909, and 910. In other embodiments, the CS1-
binding DDpp fusion protein comprises a variant of an amino acid sequence selected from the group
consisting of SEQ ID NO: 896-909, and 910. In further embodiments, the DDpp fusion protein
comprises human serum albumin or a fragment thereof. In some embodiments, the DDpp fusion
protein comprises AFP or AFP p26, or a fragment thereof. In some embodiments, the DDpp fusion
protein comprises AFP (e.g., SEQ ID NO: 9), or a fragment thereof. In other embodiments, the DDpp
fusion protein comprises AFP p26 (SEQ ID NO: 10), or a fragment thereof.

[0022] In some embodiments, the CS1-binding DDpp fusion protein comprises the extracellular
domain of a receptor or a fragment thereof. In some embodiments, the CS1-binding DDpp fusion
protein comprises an amino acid sequence selected from the group consisting of SEQ ID NO: 896-
909, and 910. In other embodiments, the CS1-binding DDpp fusion protein comprises a variant of an
amino acid sequence selected from the group consisting of SEQ ID NO: 896-909, and 910. In further
embodiments, the CS1-binding DDpp fusion protein comprises the extracellular domain of BCMA
(SEQ ID NO: 7), CD123 (SEQ ID NO: 8), or CS1 (SEQ ID NO: 925), or a fragment thereof. In some
embodiments, the CS1-binding DDpp fusion protein comprises the extracellular domain of a receptor
selected from the group consisting of: CD19, CD20, CD22, HVEM, BTLA, DR3, CD37, CS-1,
TSLPR, IL7R, and gp96, or a fragment thereof.

[0023] In additional ermbodirments, the CS1-binding DDpp fusion protein comprises an intracellular

protein {e.g., a nuclear protein) or a fragment thereof. In some embodiments, the CS1-binding DDpp
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fusion protein comprises an amino acid sequence selected from the group consisting of SEQ ID NO:
896-909, and 910. In other embodiments, the CS1-binding DDpp fusion protein comprises a variant
of an amino acid sequence selected from the group consisting of SEQ ID NO: 896-909, and 910.

[0024] In some embodiments, the CS1-binding DDpp fusion protein comprises a fragrent of a serum
protetn {e.g., HSA, AFP, and AFP 20), an extracellular domain of a receptor {e.g., BCMA, 51,
CD123, and CD19), or an intracellular protein {e.g., a nuclear protein}, consisting of 5-500, 5-400, 5-
300, 5-200, 5-100, 5-50, 10-500, 10-400, 10-300, 10-200, 10-100, or 10-50 amino acid residues.

[0025] In some embodiments, a DD of the DDpp specifically binds AFP or a fragment thereof. In
some embodiments, the DDpp specifically binds an AFP protein having an amino acid sequence
consisting of SEQ ID NO: 9 or a fragment thereof. In further embodiments, the DDpp comprises an
amino acid sequence selected from the group consisting of SEQ ID NO: 741-874, and 886-895. In
other embodiments, the DDpp comprises a variant of an amino acid sequence selected from the group
consisting of SEQ ID NO: 741-874, and 886-895. In some embodiments, the DDpp comprises multiple
target-binding domains (e.g., dimers, trimers, efc.). In some embodiments, the DDpp comprises 2, 3,
4, 5, or more than 5, DD, that bind AFP or a fragment thereof. In some embodiments, the DDpp
comprises 2, 3, 4, 5, or more than 5, DD, that have the same sequence. In some embodiments, the
DDpp comprises 2, 3, 4, 5 or more than 5, DD that bind to different epitopes of AFP or a fragment
thereof. In some embodiments, the DDpp comprises a DD that specifically binds AFP or a fragment
thereof and further comprises 2, 3, 4, 5 or more than 5, additional different DDs or target-binding
binding domains (e.g., scFvs) that bind to AFP, an AFP fragment, or a different target antigen. In some
embodiments, the DDpp comprises a DD that specifically binds AFP or a fragment thereof and further
comprises one or more additional DDs or other target-binding binding domains that bind one or more
antigens expressed on the surface of a B cell. In some embodiments, the DDpp comprises a DD that
specifically binds AFP and further comprises one or more additional DDs or other target-binding
binding domains that bind one or more cancer antigens. In some embodiments, the DDpp specifically
binds 2, 3, 4, 5, or more than 5, different targets. In further embodiments, the DDpp specifically binds
2,3,4, 5, ormore than 5, different cancer antigens. In some embodiments, the DDpp specifically binds
2,3, 4, 5, or more than 5, different cancer antigens expressed on the surface of a cancer cell. In some
embodiments, the DDpp specifically binds 2, 3, 4, 5, or more than 5, cancer antigens expressed on the

surface of different cancer cells.
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[0026] In some embodiments, the DDpp is a fusion protein comprising a DD that specifically binds
AFP, or a fragment thereof. In some embodiments, the DD specifically binds an AFP protein having
an amino acid sequence consisting of SEQ ID NO: 9, or a fragment thereof. In further embodiments,
the DDpp comprises an amino acid sequence selected from the group consisting of SEQ ID NO: 741-
874, and 886-895. In other embodiments, the AFP-binding DDpp comprises a variant of an amino acid
sequence selected from the group consisting of SEQ ID NO: 741-874, and 886-895. In some
embodiments, the fusion protein comprises an AFP-binding DD operably linked to a full-length
antibody or a portion (fragment) of an antibody. In some embodiments, the DDpp fusion protein
comprises a full length IgG antibody (e.g., 1gG1, IgG2, IgG2, or IgG4). In further embodiments, the
DDpp comprises a commercially approved therapeutic antibody (e.g., rituximab, ofatumumab,
ocrelizumab, veltuzumab, MEDI-551, epratuzumab, belimumab, tabalumab, AMG-557, MEDI-570,
and NN882. In some embodiments, the AFP-binding DDpp is an F¢ fusion protein.

[0027] In some embodiments, the DDpp fusion protein comprises a DD that specifically binds AFP
or an AFP fragment, operably linked to a serum protein. In some embodiments, the DDpp fusion
protein comprises an amino acid sequence selected from the group consisting of SEQ ID NO: 741-
874, and 886-895. In other embodiments, the AFP-binding DDpp comprises a variant of an amino acid
sequence selected from the group consisting of SEQ ID NO: 741-874, and 886-895. In further
embodiments, the DDpp fusion protein comprises human serum albumin or a fragment thereof.
[0028] In some embodiments, the DDpp fusion protein comprises a DD that specifically binds AFP
or an AFP fragment and further comprises the extracellular domain of a receptor or a fragment thereof.
In some embodiments, the DDpp fusion protein comprises an amino acid sequence selected from the
group consisting of SEQ ID NO: 741-874, and 886-895. In other embodiments, the AFP-binding
DDpp comprises a variant of an amino acid sequence selected from the group consisting of SEQ ID
NO: 741-874, and 886-895. In some embodiments, the DDpp fusion protein comprises the
extracellular domain of BCMA (SEQ ID NO: 7) or CD123 (SEQ ID NO: 8), or a fragment thereof. In
some embodiments, the DDpp fusion protein comprises the extracellular domain of BCMA (SEQ ID
NO: 7), or CD123 (SEQ ID NO: 8), or CS1 (SEQ ID NO: 925), or a fragment thereof. In some
embodiments, the DDpp fusion protein comprises the extracellular domain of a receptor selected from
the group consisting of: CD19, CD20, CD22, HVEM, BTLA, DR3, CD37; TSLPR, IL7R, and gp96,

or a fragment thereof.
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[0029] in additional embodiments, the DDpp fusion protein comprises a DD that specifically binds
AFP or an AFP fragment and further comprises an intracellular protein {e.g,, a vuclear protein) or a
fragment thereot. In some embodiments, the DDpp fusion protein comprises an amino acid sequence
selected from the group consisting of SEQ ID NO: 741-874, and 886-895. In other embodiments, the
AFP-binding DDpp comprises a variant of an amino acid sequence selected from the group consisting
of SEQ ID NO: 741-874, and 886-895.

[0030] In some embodiments, the AFP-binding DDpp fusion protein comprises a fragment of a serum
protein {e.g., HSA}, an extracellular domain of a receptor {e.g., BCMA, C81, CD123, and CB19), or
an intraceliular protein {e.g., a nuclear protein), consisting of 5-500, 5-400, 5-300, 5-200, 5-100, 5-50,
10-500, 10-400, 10-300, 10-200, 10-100, or 10-50 amino acid residues.

[0031] In some embodiments, a DD of the DDpp specifically binds AFP p26. In some embodiments,
the DDpp specifically binds AFP p26 having an amino acid sequence consisting of SEQ ID NO: 10,
or a fragment thereof. In some embodiments, the DDpp comprises an amino acid sequence selected
from the group consisting of SEQ ID NO: 741-874, and 886-895. In further embodiments, the DDpp
comprises a variant of an amino acid sequence selected from the group consisting of SEQ ID NO:
741-874, and 886-895. In further embodiments, the DD specifically binds AFP p26 having an amino
acid sequence consisting of SEQ ID NO: 10, but does not specifically bind AFP having an amino acid
sequence consisting of SEQ ID NO: 9. In some embodiments, the DDpp comprises multiple target-
binding domains (e.g., dimers, trimers, efc.). In some embodiments, the DDpp comprises 2, 3, 4, 5, or
more than 5, DD, that bind AFP p26. In some embodiments, the DDpp comprises 2, 3, 4, 5, or more
than 5, DD, that have the same sequence. In some embodiments, the DDpp comprises 2, 3, 4, 5 or
more than 5, DD that bind to different epitopes of AFP p26. In some embodiments, the DDpp
comprises a DD that specifically binds AFP p26 and further comprises 2, 3, 4, 5 or more than 5,
additional different DDs or target-binding binding domains (e.g., scFvs) that bind to AFP p26 or a
different target antigen. In some embodiments, the DDpp comprises a DD that specifically binds AFP
p26 and further comprises one or more additional DDs or other target-binding binding domains that
bind one or more antigens expressed on the surface of a B cell. In some embodiments, the DDpp
comprises a DD that specifically binds AFP p26 and further comprises one or more additional DDs or
other target-binding binding domains that bind one or more cancer antigens. In some embodiments,

the DDpp specifically binds 2, 3, 4, 5, or more than 5, different targets. In further embodiments, the
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DDpp specifically binds 2, 3, 4, 5, or more than 5, different cancer antigens. In some embodiments,
the DDpp specifically binds 2, 3, 4, 5, or more than 5, different cancer antigens expressed on the
surface of a cancer cell. In some embodiments, the DDpp specifically binds 2, 3, 4, 5, or more than 5,
cancer antigens expressed on the surface of different cancer cells.

[0032] In some embodiments, the DDpp is a fusion protein comprising a DD that specifically binds
AFP p26. In some embodiments, the DD specifically binds AFP p26 having an amino acid sequence
consisting of SEQ ID NO: 10. In some embodiments, the DDpp fusion protein comprises an amino
acid sequence selected from the group consisting of SEQ ID NO: 741-874, and 886-895. In other
embodiments, the AFP p26-binding DDpp fusion protein comprises an amino acid sequence selected
from the group consisting of SEQ ID NO: 741-874, and 886-895. In some embodiments, a DD of the
DDpp fusion protein specifically binds AFP p26 but does not specifically bind AFP having an amino
acid sequence consisting of SEQ ID NO: 9. In further embodiments, the DDpp is a fusion protein
comprising an amino acid sequence selected from the group consisting of SEQ ID NO: 741-874, and
886-895. In other embodiments, the DDpp comprises a variant of an amino acid sequence selected
from the group consisting of SEQ ID NO: 741-874, and 886-895. In other embodiments, the AFP p26-
binding DDpp is an Fc fusion protein.

[0033] In some embodiments, the DDpp fusion protein comprises a DD that specifically binds AFP
p26. In other embodiments, the DDpp fusion protein comprises an AFP p26-binding DD operably
linked to a serum protein. In some embodiments, the DDpp fusion protein comprises an amino acid
sequence selected from the group consisting of SEQ ID NO: 741-874, and 886-895. In other
embodiments, the AFP p26-binding DDpp fusion protein comprises a variant of an amino acid
sequence selected from the group consisting of SEQ ID NO: 741-874, and 886-895. In further
embodiments, the DDpp fusion protein comprises human serum albumin or a fragment thereof.
[0034] In some embodiments, the DDpp fusion protein comprises an AFP p26-binding DD and further
comprises the extracellular domain of a receptor or a fragment thereof. In some embodiments, the
DDpp fusion protein comprises an amino acid sequence selected from the group consisting of SEQ ID
NO: 741-874, and 886-895. In other embodiments, the AFP p26-binding DDpp fusion protein
comprises a variant of an amino acid sequence selected from the group consisting of SEQ ID NO:
741-874, and 886-895. In some embodiments, the DDpp fusion protein comprises the extracellular
domain of BCMA (SEQ ID NO: 7) or CD123 (SEQ ID NO: 8), or a fragment thereof. In some
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embodiments, the DDpp fusion protein comprises the extracellular domain of BCMA (SEQ ID NO:
7), CD123 (SEQ ID NO: 8), or CS1 (SEQ ID NO: 925), or a fragment thereof. In some embodiments,
the DDpp fusion protein comprises the extracellular domain of a receptor selected from the group
consisting of: CD19, CD20, CD22, HVEM, BTLA, DR3, CD37, TSLPR, IL7R, and gp96, or a
fragment thereof.

[0035] In additional embodiments, the DDpp fusion protein comprises an AFP p26-binding DD and
further comprises au intraceliular protein (e.g., a nuclear protein} or a fragment thereof In some
embodiments, the DDpp fusion protein comprises an amino acid sequence selected from the group
consisting of SEQ ID NO: 741-874, and 886-895. In other embodiments, the AFP p26-binding DDpp
fusion protein comprises a variant of an amino acid sequence selected from the group consisting of
SEQ ID NO: 741-874, and 886-895. In some embodiments, the AFP p26-binding DDpp fusion protein
comprises a fragment of a serum protein {e.g., HSA), an extracellular domain of a receptor {e.g.,
BCMA, CS1, CD123, and CD19), or an intracellular protein {e.g., a nuclear protein), consisting of 5-
500, 5-400, 5-300, 5-200, 5-100, 5-50, 10-500, 10-400, 10-300, 10-200, 10-100, or 10-50 amino acid
residues.

[0036] In some embodiments, a DD of the DDpp specifically binds HER2. In some embodiments, the
DDpp specifically binds a HER2 protein having an amino acid sequence consisting of SEQ ID NO:
927. In further embodiments, the DDpp comprises an amino acid sequence selected from the group
consisting of SEQ ID NO: 911-949, and 950. In other embodiments, the HER2-binding DDpp
comprises a variant of an amino acid sequence selected from the group consisting of SEQ ID NO:
911-949, and 950. In some embodiments, the DDpp comprises multiple target-binding domains (e.g.,
dimers, trimers, efc.). In some embodiments, the DDpp comprises 2, 3, 4, 5, or more than 5, DD, that
bind HER2. In some embodiments, the DDpp comprises 2, 3, 4, 5, or more than 5, DD, that have the
same sequence. In some embodiments, the DDpp comprises 2, 3, 4, 5 or more than 5, DD that bind to
different epitopes of HER2. In some embodiments, the DDpp comprises a DD that specifically binds
HER?2 and further comprises 2, 3, 4, 5 or more than 5, additional different DDs or target-binding
binding domains (e.g., scFvs) that bind to BCMA or a different target antigen. In some embodiments,
the DDpp comprises a DD that specifically binds HER2 and further comprises one or more additional
DDs or other target-binding binding domains that bind one or more antigens expressed on the surface

of a cancer cell. In some embodiments, the DDpp comprises a DD that specifically binds HER2 and
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further comprises one or more additional DDs or other target-binding binding domains that bind one
or more cancer antigens. In some embodiments, the DDpp specifically binds 2, 3, 4, 5, or more than
5, different targets. In further embodiments, the DDpp specifically binds 2, 3, 4, 5, or more than 5,
different cancer antigens. In some embodiments, the DDpp specifically binds 2, 3, 4, 5, or more than
5, different cancer antigens expressed on the surface of a cancer cell. In some embodiments, the DDpp
specifically binds 2, 3, 4, 5, or more than 5, cancer antigens expressed on the surface of different
cancer cells.

[0037] In some embodiments, the DDpp is a fusion protein comprising a DD that specifically binds
HER2. In some embodiments, the DD specifically binds a HER2 protein having an amino acid
sequence consisting of SEQ ID NO: 927. In some embodiments, the DDpp comprises an amino acid
sequence selected from the group consisting of SEQ ID NO: 911-949, and 950. In other embodiments,
the HER2-binding DDpp fusion protein comprises a variant of an amino acid sequence selected from
the group consisting of SEQ ID NO: 911-949, and 950. In some embodiments, the DDpp fusion protein
comprises a full-length antibody or a portion (fragment) of an antibody. In some embodiments, the
DDpp fusion protein comprises a full length IgG antibody (e.g., IgG1, 1gG2, 1gG2, or IgG4). In further
embodiments, the DDpp comprises a commercially approved therapeutic antibody. In other
embodiments, the HER2-binding DDpp is an Fc fusion protein.

[0038] In some embodiments, the DDpp fusion protein comprises a HER2-binding DD operably
linked to a serum protein. In some embodiments, the DDpp fusion protein comprises an amino acid
sequence selected from the group consisting of SEQ ID NO: 911-949, and 950. In other embodiments,
the HER2-binding DDpp fusion protein comprises a variant of an amino acid sequence selected from
the group consisting of SEQ ID NO: 911-949, and 950. In further embodiments, the DDpp fusion
protein comprises human serum albumin or a fragment thereof. In some embodiments, the DDpp
fusion protein comprises AFP or AFP p26, or a fragment thereof. In some embodiments, the DDpp
fusion protein comprises AFP (e.g., SEQ ID NO: 9), or a fragment thereof. In other embodiments, the
DDpp fusion protein comprises AFP p26 (SEQ ID NO: 10), or a fragment thereof.

[0039] In some embodiments, the HER2-binding DDpp fusion protein comprises the extracellular
domain of a receptor or a fragment thereof. In some embodiments, the HER2-binding DDpp fusion
protein comprises an amino acid sequence selected from the group consisting of SEQ ID NO: 911-

949, and 950. In other embodiments, the HER2-binding DDpp fusion protein comprises a variant of
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an amino acid sequence selected from the group consisting of SEQ ID NO: 911-949, and 950. In
further embodiments, the HER2-binding DDpp fusion protein comprises the extracellular domain of
BCMA (SEQ ID NO: 7), CD123 (SEQ ID NO: 8), or CS1 (SEQ ID NO: 925), or a fragment thereof.
In some embodiments, the HER2-binding DDpp fusion protein comprises the extracellular domain of
a receptor selected from the group consisting of: CD19, CD20, CD22, HVEM, BTLA, DR3, CD37,
CS-1, TSLPR, IL7R, and gp96, or a fragment thereof.

[0040] In additional erabodiments, the HER2-binding DDpp fusion protetn comprises an intracellular
protein {e.g., a nuclear protein} or a fragment thereof. In some embodiments, the HER2-binding DDpp
fusion protein comprises an amino acid sequence selected from the group consisting of SEQ ID NO:
911-949, and 950. In other embodiments, the HER2-binding DDpp fusion protein comprises a variant
of an amino acid sequence selected from the group consisting of SEQ ID NO: 911-949, and 950.
[0041] In some embodiments, the HERZ-binding DDpp fusion protein comprises a fragment of a
serum protein {e.g., HSA, AFP, and AFP 26), an extracellular domain of a receptor {e.g,, BCMA, C51,
CD123, and CD19), or an intracelbular protetn {e.g., a nuclear protein), consisting of 5-500, 5-400, 5-
300, 5-200, 5-100, 5-50, 10-500, 10-400, 10-300, 10-200, 10-100, or 10-50 amino acid residues.
[0042] In some embodiments, the DDpp fusion protein comprises a full length antibody. In further
embodiments, the DDpp is a fusion protein comprising a full length antibody that specifically binds a
cancer antigen. In further embodiments, the DDpp is a fusion protein comprising a full length antibody,
wherein the antibody specifically binds a cancer antigen believed to be expressed by the cancer of the
subject to which the DDpp fusion protein is administered.

[0043] In some embodiments, the disclosed DDpp (e.g., a DDpp fusion protein) is labeled. Labels that
can be used to label the DDpp include but are not limited to an enzymatic label, a fluorescent label, a
luminescent label, and a bioluminescent label. In some embodiments, the label is a biotin moiety. In
some embodiments, the label is a streptavidin moiety. In some embodiments, the label is a His-tag or
a FLAG tag. In some embodiments, the label is luciferase, green fluorescent protein, red fluorescent
protein, or other similar agent.

[0044] In other embodiments, the DDpp fusion protein is attached to a solid support. In some
embodiments, the solid support is selected from the group consisting of: a bead, a glass slide, a chip,

a gelatin, and an agarose.
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[0045] In some embodiments, the DDpp (e.g., a DDpp fusion protein) is associated with a liposome.
In some embodiments, the DDpp is associated with the liposome through covalent binding. In some
embodiments, DDpp is a fusion protein. In further embodiments, the DDpp is a CAR. In additional
embodiments, the DDpp is associated with the liposome through ionic binding but not covalent
binding.

[0046] In some embodiments, the target-binding DDpp is conjugated to a therapeutic or cytotoxic
agent (e.g., a chemotherapeutic agent or a radiotherapeutic agent).

[0047] In additional embodiments, the disclosure provides a chimeric antigen receptor {CAR} which
comprises a iarget binding domaim comprising a DD disclosed herein (e.g., a DD comprising the amino
acid sequence of SEQ ID NO: 11-949, or 950). in some embodiments, the DD binds BOMA and
comprises an anuno acid sequence selected from the group consisting of SEQ ID NO: 11-305, and
306. in some embodiments, the DI binds CD123 and comprises an amino acid sequence selected from
the group consisting of SEQ ID NO: 307-739, and 740. In some embodiments, the DD binds AFP and
comprises an amino acid sequence selected from the group consisting of SEQ ID NO: 741-874, and
886-895. In some embodiments, the B binds AFP pl26 and comprises an amine acid sequence
selected from the group consisting of SEQ ID NO: 741-874, and 886-895. in some embodiments, the
CAR comprises, a target binding domain, a transmembrane domain, and an intracellular signaling
domain. In some erbodimoents, the CAR transmembrane domain comprises a 41BB or CD238
transmembrane domain. In some embodiments the CAR comprises an intraceliular signaling domain
selected from the group consisting of 2 domain of a human T cell receptor alpha, beta, or zeta chain;
a buman 41BB domain, 8 human CD28 domain, and any combination thereof. In some embodiments,
the CAR intracellular signaling domain comprises the intracellular domain of a costimulatory
molecule selected from the group counsisting of CD27, CDZE, 418B, OX40, CD30, 140, PDI,
bvmphocyte function-associated antigen-1 (LFA-1Y, CD2, CD7, LIGHT, NKG2ZC, B7-H3, a ligand
that specifically binds with CD33, and apy combination thereot. In some embodiments the CAR
further comprises a second target binding domain having the same or a different target than the DD
target binding domain. In some embodiments, the CAR 15 expressed i an immune cell. In some
embodiments, the immune cell is a T cell (CAR-T cell} or a natural killer (NK) cell (CAR-NK cell).

In some embodiments, the CAR 1s associated with a liposome.
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[0048] In some embodiments, the CAR comprises 2, 3, 4, 5, or more than 5, DD and/or other binding
domains (e.g., scFv) that specifically bind a target of interest (e.g., BCMA or CD123) expressed on
the surface of the cancer cell. In additional embodiments, the CAR comprises 2, 3, 4, 5, or more than
5, DD or other binding domains (e.g., scFv) that specifically bind a second, different target of interest,
expressed on the surface of the cancer cell. In additional embodiments, the administered CAR further
comprises 2, 3, 4, 5, or more than 5, DD or other binding domains (e.g., scFv) that specifically binds
a second, different target of interest, expressed by a second, different cancer cell or a vascular
endothelial cell.

[0049] Nucleic acids encoding the disclosed DDpp (e.g., DDpp fusion proteins) are also provided.
Additionally provided are vectors (e.g., plasmids, viral vectors, and non-viral vectors) containing
nucleic acids encoding the DDpp (e.g., DDpp fusion proteins) and host cells containing the nucleic
acids and vectors. In some embodiments, the vector comprises a nucleotide sequence which regulates
the expression of the polypeptide encoded by the nucleic acid molecule. In further embodiments, the
vector comprises an inducible promoter sequence. In additional embodiments, the vector includes one
or more additional standard components for expression of a protein encoded a nucleic acid (e.g.,
promoters, packaging components, efc.). fu some embodiments, the vector 13 a lentiviral vector,
[0050] The disclosure also provides host cells that comprise the nucleic acid molecules encoding a
target-binding DDpp disclosed herein. In some embodiments, the host cells (e.g., cells of a cell line)
are engineered to express a protein containing a DD disclosed herein (e.g., a DD having the amino
acid sequence of SEQ ID NO: 11-949, or 950). In some embodiments, the expression of the DDpp by
the host cells allows production and isolation of the DDpp. In some embodiments, the expression
results in the DDpp being expressed on the surface and/or integral to the membrane of the host cells.
In some embodiments, the host cell is a viral particle, or a bacterial, yeast, fungal, or plant cell. In
other embodiments, the host cell is a mammalian cell. In a further embodiment, the mammalian cell
is an immune cell. In one embodiment, the host cell is a human immune cell. In some embodiments,
the human immune cell is a T cell. In other embodiments, the human immune cell is a natural killer
{NK} cell. In some embodiments, the human immune cell displays the DDpp on its cell surface.
[0051] The disclosure further provides a host cell expressing a protein comprising a DD disclosed
herein. In some embodiments, the host cell expresses a chimeric antigen receptor (CAR) comprising

a DD disclosed herein. In some embodiments, the CAR comprises a target binding domain that
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comprises a DD that comprising an amino acid sequence selected from SEQ ID NO: 11-305, and 306;
SEQ ID NO: 307-739, and 740; SEQ ID NO: 741-874 and 886-895; SEQ ID NO: 896-909 and 910;
or SEQ ID NO: 911-949, and 950 and a transmembrane domain. In some embodiments, the CAR
further comprise an intracellular domain (comprising a signaling domain). In some embodiments, the
CAR immune cell is a T cell. In some embodiments, the CAR immune cell is a NK cell. In some
embodiments, the CAR immune cell is not a T cell or an NK cell. In some embodiments, the host cell
is an immune cell that further comprises a second CAR polypeptide having a DD or other binding
domain (e.g., scFv) that specifically binds the same or a different target (e.g., a different epitope of the
same target, or a second target of interest) expressed by the cancer cell) as the first CAR expressed by
the host immune cell.

[0052] Also provided are mammalian cells that generate membrane-bound virus-like particles (VLPs),
wherein the mammalian cell is engineered to express a fusion protein comprising D domain
polypeptide (DDpp) fused to a chimeric antigen receptor (CAR), the fusion protein being expressed
on the generated VLPs (e.g., as transmembrane proteins). Depending on the embodiments, the VLPs
produced by the mammalian cells are suitable for use as immunogens for antibody generation.

[0053] Pharmaceutical composiiions containing a protein comprising a DD disclosed herein, nucleic
acids encoding the proteins, vectors containing the nucleic acids, and host cells containing the nucleic
acids and or vectors are also provided. As are kits containing one or more of the disclosed target-
binding DDpps (e.g., DDpp fusion proteins such as DD-Fc and DD-CAR), nucleic acid molecules,
vectors, and host cells (e.g., a therapeutic kit, a diagnostic kit, a kit for research use, efc.).

[0054] DDpp provided herein possess activities that include but are not limited to the ability to
specifically bind a target of interest (e.g., a therapeutic target and/or diagnostic target such as BCMA,
CD123, CS1, HER2, AFP, and AFP p26, a peptide tag, and a serum protein such as alpha-fetoprotein,
human serum albumin (HSA) or an immunoglobulin) in vifro or in vivo and the ability to serve as a
reactive site for linking or associating a protein such as a DDpp fusion protein with one or more
additional moieties (e.g., a solid support), and/or other modifications. The DDpp provided herein can
also possess additional desirable properties and/or functionalities useful in manufacturing, formulation
and biological, diagnostic, and therapeutic applications.

[0055] In some embodiments, the DDpp is used to bind, detect, and/or quantitate, a target of interest
(e.g., BCMA, CD123, CS1, HER2, AFP, or AFP p26) in a sample containing the target. In one
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embodiment, the disclosure provides a method for detecting a target of interest (e.g., BCMA, CD123,
CS1, HER2, AFP, or AFP p26) in a sample, comprising: (a) contacting the sample with a DDpp
containing a DD that comprises an amino acid sequence selected from the group consisting of SEQ
ID NO: 11-949, and 950, that specifically binds the target, under conditions suitable for specific
binding of the DDpp to the target, to form a target/DDpp complex, and (b) detecting the presence of
the complex and/or captured target. In some embodiments, the DDpp is immobilized on a solid
support. In some embodiments, the DD comprises an amino acid sequence selected from the group
consisting of SEQ ID NO: 11-305 or 306, and the DDpp us used to bind, detect, and/or quantitate,
BCMA or a fusion protein comprising BCMA in a sample. In some embodiments, the DD comprises
an amino acid sequence selected from the group consisting of SEQ ID NO: 307-739 or 740, and the
DDpp us used to bind, detect, and/or quantitate, CD123 or a fusion protein comprising CD123 in a
sample. In some embodiments, the DD comprises an amino acid sequence selected from the group
consisting of SEQ ID NO: 741-874 or 886-895, and the DDpp us used to bind, detect, and/or
quantitate, AFP p26, or a fusion protein comprising AFP p26 in a sample. In some embodiments, the
DD comprises an amino acid sequence selected from the group consisting of SEQ ID NO: 896-909 or
910, and the DDpp us used to bind, detect, and/or quantitate, CS1, or a fusion protein comprising CS1
in a sample. In some embodiments, the DD comprises an amino acid sequence selected from the group
consisting of SEQ ID NO: 911-949 or 950, and the DDpp us used to bind, detect, and/or quantitate,
HER2, or a fusion protein comprising HER2 in a sample.

[0056] Also provided is a method for quantifying a target of interest (e.g., BCMA, CD123, CS1,
HER2, AFP, or AFP p26) in a sample containing the target, comprising: (a) contacting the sample
with a DDpp containing a DD that comprises an amino acid sequence selected from the group
consisting of SEQ ID NO: 11-949, and 950, that specifically binds the target and that is immobilized
on a solid support, under conditions suitable for specific binding of the DDpp to the target, to form a
target/DDpp complex and (b) detecting the presence of the target/DDpp complex and/or captured
target, wherein quantitative detection of the product indicates, or is otherwise able to be correlated
with, the quantity of the target or a fusion protein containing the target in the sample.

[0057] In additional embodiments, the provided DDpps are used in protein analytics. In some
embodiments, the DDpps are conjugated to a detectable agent and/or tag. In some embodiments, the

DDpp comprises an amino acid sequence selected from the group consisting of SEQ ID NO: 11-305,
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and 306; SEQ ID NO: 307-739, and 740; SEQ ID NO: 741-874 and 886-895; SEQ ID NO: 896-909
and 910; or SEQ ID NO: 911-949, and 950. In other embodiments, the DDpp comprises a variant of
an amino acid sequence selected from the group consisting of SEQ ID NO: 11-305, and 306; SEQ ID
NO: 307-739, and 740; or SEQ ID NO: 741-874 and 886-895; SEQ ID NO: 896-909 and 910; or SEQ
ID NO: 911-949, and 950. In some embodiments, the DDpp is conjugated to a detectable agent. In one
embodiment, the detectable agent comprises a chromogen. In another embodiment, the detectable
agent comprises a fluorescent dye. In and additional embodiment, the detectable agent comprises a
radionuclide. In some embodiments, the DDpp is conjugated to the detectable agent by covalent
binding. In some embodiments, the DDpp is a fusion protein. In additional embodiments, the DDpp is
multimeric. In additional embodiments, the DDpp is conjugated to a tag. In some embodiments, the
tag is a member selected from the group consisting of: a polyhistidyl tag, a myc tag, and a FLAG tag.
In further embodiments, the DDpp is conjugated to a combination of tags (e.g., a polyhistidyl tag and
a FLAG tag). In some embodiments, the DDpp is conjugated to the tag(s) by covalent binding. In
some embodiments, the DDpp is a fusion protein. In some embodiments, the DDpp is multimeric.
[0058] In additional embodiments, the DDpp is conjugated to a solid support or tag. In some
embodiments, the solid support is a chromatography bead, resin, glass slide, chip, gelatin, or agarose.
[0059] Methods of using DDpp in diagnostic and therapeutic applications are also provided. In one
embodiment, the disclosure provides a method of treating a disease or disorder comprising
administering a therapeutically effective amount of a DDpp (e.g., a DDpp fusion protein) that
specifically binds a therapeutic target of interest (e.g., BCMA, CD123, CS1, HER2, AFP, or AFP p26)
to a subject in need thereof. In some embodiments, the disease or disorder is cancer, a B cell
malignancy, a disease or disorder of the immune system, or an infection. Methods of treating a disease
or disorder that comprises co-administering an additional therapeutic agent along with a disclosed
DDpp are also provided. In some embodiments, the disease or disorder is multiple myeloma. In some
embodiments, the disease or disorder is breast cancer or ovarian cancer.

[0060] The target binding DDpps disclosed herein have uses that include diagnostic and therapeutic
applications. In some embodiments, the DDpps are useful in a therapeutic context, e.g., for treatment
and/or diagnosis of a disease, such as a cancer (e.g., a solid or hematologic malignancy).

[0061] In some embodiments, the disclosure provides a method of treating a subject having cancer,

the method comprising: administering (o the subject a therapeutically effective amount of: a protein
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{(i.e., DDpp) containing a DD disclosed herein {e.g., disclosed in Table 1, or having the amino acid
sequence of SEQ ID NO: 11-949, or 950); a nucleic acid encoding the protein; a vector containing the
nucieie acid; or a host cell containing the nucleic acid or vector. In some embodiments, the DDpp
comprises a DD amino acid sequence that specifically binds BCMA. In some embodiments, a DD of
the DDpp specifically binds BCMA having an amino acid sequence consisting of SEQ ID NO: 7. In
further embodiments, the DDpp comprises an amino acid sequence selected from the group consisting
of SEQ ID NO: 11-305, and 306. In some embodiments, the DDpp comprises a DD amino acid
sequence that specifically binds CD123. In some embodiments, a DD of the DDpp specifically binds
CDI123 having an amino acid sequence consisting of SEQ ID NO: 8. In further embodiments, the
DDpp comprises an amino acid sequence selected from the group consisting of SEQ ID NO: 307-739,
and 740. In some embodiments, the DDpp comprises a DD amino acid sequence that specifically binds
CS1. In some embodiments, a DD of the DDpp specifically binds CS1 having an amino acid sequence
consisting of SEQ ID NO: 925. In further embodiments, the DDpp comprises an amino acid sequence
selected from the group consisting of SEQ ID NO: 896-909, and 910. In some embodiments, the DDpp
comprises a DD amino acid sequence that specifically binds HER2. In some embodiments, a DD of
the DDpp specifically binds HER2 having an amino acid sequence consisting of SEQ ID NO: 927. In
further embodiments, the DDpp comprises an amino acid sequence selected from the group consisting
of SEQ ID NO: 911-949, and 950. In some embodiments, the DDpp comprises a DD amino acid
sequence that specifically binds AFP. In some embodiments, a DD of the DDpp specifically binds
AFP having an amino acid sequence consisting of SEQ ID NO: 9. In further embodiments, the DDpp
comprises an amino acid sequence selected from the group consisting of SEQ ID NO: 741-874 and
886-895. In some embodiments, the DDpp specifically binds AFP p26 having an amino acid sequence
consisting of SEQ ID NO: 10. In further embodiments, the DDpp comprises an amino acid sequence
selected from the group consisting of SEQ ID NO: 741-874 and 886-895. In some embodiments, a
DD of the DDpp specifically binds AFP p26 but does not specifically bind AFP having an amino acid
sequence consisting of SEQ ID NO: 9. In further embodiments, the DDpp comprises an amino acid
sequence selected from the group consisting of SEQ ID NO: 741-874 and 886-895.

[0062] in some embodiments, the disclosure provides a method of treating a subject having a B cell
malignancy, said method comprising: administering to the subject an effective amount of: a protein

containing a DD disclosed herein {e.g, disclosed in Table 1, or having the amino acid sequence of
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SEQ ID NO: 11-949, or 950); a mucleic acid encading the protein; a vecior containing the mucieic acid;
or a host cell containing the nucleic acid or vector. In some embodiments, the B cell malignancy 13
selected from the group consisting oft a lymphoma {e.g., a Hodglin's lvmphoma and non-Hodgkin’s
tymphoma (NHL}, a leukenua, and a myeloma. In some embodiments, the B cell malignancy 1s
selected from the group consisting oft acute lymphocytic leukemia, chronic ymphocytic leukemia,
follicular lymphoma, mantie cell lymphoma, and diffuse large B-cell lymphoma, plasmacytoma, and
multiple myeloma.

[0063] I some embodiments, the disclosurs provides a method of treating a subject having cancer,
the method comprising: adroinistering to the subject an immune cell comprising a chimeric antigen
receptor {CAR), wherein the CAR comprises: a target binding domain comprising a DD having an
amine acid sequence selected from the group consisting of SEQ ID NQO: 11-949, and 950, wherein the
polypeptide specifically binds a target of interest and a transmembrane domain. In further
embodiments, the target of interest i1s expressed by a cancer cell. In some embodiments, the DD
specifically binds BCMA having an amino acid sequence consisting of SEQ ID NO: 7. In further
embodiments, the DD comprises an amino acid sequence selected from the group consisting of SEQ
ID NO: 11-305, and 306. In some embodiments, the DD specifically binds CD123 having an amino
acid sequence consisting of SEQ ID NO: 8. In further embodiments, the DD comprises an amino acid
sequence selected from the group consisting of SEQ ID NO: 307-739, and 740. In some embodiments,
the DD specifically binds CS1 having an amino acid sequence consisting of SEQ ID NO: 925. In
further embodiments, the DD comprises an amino acid sequence selected from the group consisting
of SEQ ID NO: 896-909, and 910. In some embodiments, the DD specifically binds HER2 having an
amino acid sequence consisting of SEQ ID NO: 927. In further embodiments, the DD comprises an
amino acid sequence selected from the group consisting of SEQ ID NO: 911-949, and 950. In some
embodiments, the DD specifically binds AFP p26 having an amino acid sequence consisting of SEQ
ID NO: 10. In further embodiments, the DD comprises an amino acid sequence selected from the
group consisting of SEQ ID NO: 741-874, and 886-895. In some embodiments, the CAR comprises
an intracellular domain. In further embodiments, the intracellular dowain comprises a signaling
domain, wherein, upon administration to a subject having cancer, the target binding domain
specifically binds to the target of interest expressed by a cancer cell {e.g, BCMA and CD123), and

wherein the binding of the target of interest induces the immune cell to generate cytotoxic signals that
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result in cytotoxic effects on the cancer cell. In some embodiments, the immune cell is a T cell. In
other embodiments, the immune cell 15 a NK cell. In some embodiments, the administered CAR
immune cell is not a T cell or an NK cell. In further embodiments, a combination of different CAR
immune cell types (e.g., NK cells and T cells) is administered to the subject. In some embodiments,
the immune cell administration 1s intravenous. In some embodiments, a combination of different CAR
immune cell types is administered intravenously to the subject. In some embodiments, the cancer is
multiple myeloma. In some embodiments, the cancer is breast cancer or ovarian cancer.

[0064] I some embodiments, the disclosure provides a method of treating a subject having a B cell
malignancy, said method comprising: admimstering to the subject an ifmarmune cell comprising a
chimeric antigen receptor {CAR), wherein the CAR comprises: a target binding domain comprising a
polypeptide having an amino acid sequence comprising, the polypeptide having an anuno acid
sequence selected from the group consisting of SEQ H NO: 11-949, and 950, wherein the polypeptide
specifically binds a target of interest expressed by a cancer cell, a transmembrane domain and an
intracellular domain. In some embodiments, the target binding domain specifically binds BCMA
having an amino acid sequence consisting of SEQ ID NG 7. In further embodiments, the target
binding domain comprises an amino acid sequence selected trom the group consisting of SEQ 1D NO:
11-305, and 306. In some embodiments, the target binding domain specifically binds CD123 having
an amino acid sequence consisting of SEQ 1D NO: 8. In further embodiments, the target binding
domain comprises an amino acid sequence selected from the group consisting of SEQ D NO: 307-
739, and 740 In some embodiments, the target binding domain specifically binds CS1 having an
amino acid sequence consisting of SEQ 1B NO: 925 In further embodiments, the target binding
domain comprises an amino acid sequence selected from the group consisting of SEQ ID NO: §96-
909, and 910. In some embodiments, the CAR comprises an intracellular domain. In further
embodiments, the intraceliular domain comprises a signaling domain, wherein, upon administration
o a subject having cancer, the target binding domain specifically binds to the target of interest
expressed by a malignant B cell {e.g., BCMA, CS1, and CD123), and wherein the binding of the target
of interest induces the imroune cell to generate cytotoxic signals that result in cytotoxic effects on the
malignant B cancer cell. In some embodiments, the B cell malignancy is selected from the group
consisting oft a lymphoma (e.g, a Hodgkin’s lymphoma and non-Hodgkin's lymphoma (NHL), a

feukemia, and a myeloma. In some embodiments, the B cell malignancy is selected from the group
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consisting of: acute lymphocytic leukemia, chronic lymphocytic leukemia, follicular lymphoma,
mantle cell lyraphoma, ditfuse large B-cell lvrnphoma, plasmacytoma and multiple myeloma. In some
embodiments, the B cell malignancy is multiple myeloma. in some embodiments, the immune cell is
a T cell. In other embodiments, the immune cell 1s a NK cell. In some embodiments, the administered
CAR immune cell is not a T cell or an NK cell. In further embodiments, a combination of different
CAR immune cell types (e.g., NK cells and T cells) is administered to the subject. In some
embodiments, the immune cell administration 1s intravenous. In some embodiments, a combination of
different CAR immune cell types is administered intravenously to the subject.

[0065] in some emboduments, the disclosure provides a method of treating a subject having a B cell
associated disorder, said method comprising: administering to the subject an effective amount of: a
protein contatning a DD disclosed herein {e.g., a DD having an amino acid sequence disclosed in Table
1, or having the amino acid sequence of SEQ ID NO: 11-949, or 950); a nucleic acid encoding the
protein; a vector eontaining the nucleic acid; or 2 host cell contaiming the nucleic acid or vector,
[0066] in some embodiments, the disclosure provides a method of treating a subject having a disorder
of the immune system, said method comprising: administering to the subject an effective amount of:
a protein comprising a DD disclosed herein {e.g., a DD having an amino acid sequence disclosed n
Table 1, or having the amino acid sequence of SEQ ID NO: 11-949, or 950); a nucieic acid encoding
the protein; a vector contatning the nucleic acid, or a host cell contarmng the nucleic acid or vector. In
same embodiments, the disorder of the immune system is an autoimmune disease such as rheumatoid
arthritis.

[0067] In some embodiments, the disclosure provides for the use of a composition for treating cancer,
wherein the composition comprises: a protein containing a DD disclosed herein {e.g., a DD having an
amino acid sequence disclosed in Table 1, or having the amino acid sequence of SEQ ID NO: 11-949,
or 950); a nucleic acid enceding the protein, a vector coniaining the nuecleic acid: or & host ceil
contarning the nucleic acid or vector. In some embodiments, the cancer s a B cell malignancy. In
some embodiments, the B cell malignancy is selected from the group consisting of: a lymphoma {e.g.,
a Hodgkin’s lymphoma and non-Hodgkin's lymphoma (NHL), a leukemuia, and a myeloma. In some
embodiments, the B cell malignancy is selected from the group consisting of. acute lymphocytic

leukeria, chronic lymphocytic leukemnia, follicular lymphoma, mantle cell lymphoma, ditfuse large
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B-cell lymphoma, plasmacytoma, and multiple myeloma. In some embodiments, the cancer is multiple
myeloma. In some embodiments, the cancer is breast cancer or ovarian cancer.

[0068] In some embodiments, the disclosure provides for the use of a composttion for treating a B cell
malignancy, wherein the composition comprises: a protein containing a DD disclosed herein {(e.g., a
DI» baving an amino actd sequence disclosed in Table 1, or having the amino acid sequence of SEQ
ID NO: 11-949, or 950); a nucleic acid encoding the proteiry; a vector containing the nucleie acid; or
a host cell contaimung the vucleie acid or vector. In some embodiments, the B cell malignancy is
selected from the group consisting of: a iymphoma {e.g., a Hodgkin’s lvmphoma and non-Hodgkin’s
fymphorma (NHL), a leukenua, and a myeloma. In some embodiments, the B cell malignancy 1s
selected from the group consisting of: acute lymphocytic leukemia, chronic lymphocytic feukemia,
follicular lymphoma, mantle cell lymphoma, diffuse large B-cell lymphoma, plasmacytoma and
multiple myeloma. In some embodiments, the B cell malignancy ts multiple myeloma.

[0069] i some embodiments, the disclosure provides tor the use of a composition for the treatment
of a B cell associated disorder, wherein the composition comprises: a protein containing a DD
disclosed herein (e.g., a DD having an amino acid sequence disclosed in Table 1, or having the amino
acid sequence of SEQ ID NO: 11-949, or 950); a nucieic acid encoding the protein; & vector containing
the nucleic acid; or a host cell comtaining the nucleic acid or vector,

[0070] in some emboduments, the disclosure provides for the use of a composition for the treatment
of a disorder of the immune system, wherein the composition comprises: a protein containing a DD
disclosed herein (e.g., a DD having an amino acid sequence disclosed in Table 1, or having the amino
actd sequence of SEQ 1D NO: 11-949, or 950); a nucleic acid encoding the protein; a vector confaining
the nucleic acid; or a host cell contaning the nucleic acid or vector. In some embodiments, disorder
of the immune system s an autcimmune disease such as rheumatotd arthritis.

[0071] in additional embodimenis, the disclosure provides for use of an immune cell comprising a
chirneric antigen recepior {CAR) for the treatment of cancer, wherein the CAR comprises: a target
binding domain comprising a polypeptide having an amino acid sequence comprising, the polypeptide
haviog an amino acid sequence selected from the group counsisting of SEQ 1D NO: 11-949, and 950,
wherein the polypeptide specifically binds a target of interest expressed by a cancer cell, a
transmembrane domain and an intracellular domain, wherein the intracellular domain comprises a

signaling domain, wherein, upon administration to a subject having cancer, the target binding domain
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specifically binds to the target of interest expressed by a cancer cell, and wherein the binding of the
target of interest induces the immune cell to generate cytotoxic signals that result in cytotoxic effects
on the cancer cell. In some embodiments, the immune cell is a T cell or a natural killer (NK) cell. In
some embodiments, the immune cell is a T cell. In some embodiments, the immune cell 1s a natural
kilier (NK} cell. In some embodiments, the immune cell is not a T cell or an NK cell. In further
embodiments, a combination of different CAR immune cell types (e.g., T cells and NK cells) is used.
In some embodiments, the cancer is multiple myeloma. In some embodiments, the cancer is breast
cancer or ovarian cancer.

[0072] in additional embodiments, the disclosure provides for use of an imoune cell comprising a
chimeric antigen receptor {CAR) for the treatment of a B cell malignancy, wherein the CAR
comprises: a target binding domain comprising a polypeptide having an amino acid sequence
comprising, the polypeptide having an amino actd sequence selected from the group consisting of SEQ
ID NO: 11-949, or 950, wherein the polypeptide specifically binds a target of interest (e.g., a target
expressed by a malignant B cell, such as BCMA, C51, or CID123, wherein the target binding domain
comprises an amino acid sequence selected from the group consisting of SEQ ID NG: 11-306, 307-
740, and §96-910), a transmembrane domain and an intracellular domatn, wherein the intraceliular
domain comprises a signaling domain, wherein, upon administration to a subject having cancer, the
target binding domain specifically binds to the target of interest expressed by a malignant B cell, and
wherein the binding of the target of interest induces the immune cell to generate cytotoxic signals that
result 1n cytotoxic effects on the malignant B cell. In some embodiments, the immune cell is a T cell
or a natural killer (NK) cell. In some embodiments, the immune cell is a T cell. In some embodiments,
the immune cell 1s a natural killer (NK) cell. In some embodiments, the immune cell is not a T cell or
an NK cell. In further embodiments, a combination of different CAR immune cell types (e.g., T cells
and NK cells) is used. In some embodiments, the B cell malignancy is multiple myeloma.

[0073] In additional embodiments, the disclosure provides for use of an tmmune cell comprising a
chimeric antigen receptor {CAR) for the treatment of a disorder of the immune system, wherein the
CAR comprises: a target binding domain comprising a polypeptide having an amino acid sequence
comprising, the polypeptide having an amino acid sequence selected from the group consisting of SEQ
D NO: 11-949, and 950, wherein the polypeptide specifically binds a target of interest expressed by

the immune cell to be targeted, a transmembrane domain and an intraceliular domain, wherein the
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intracellular domain comprises a signaling domain, wherein, upon administration to a subject having
the disorder of the imumune system, the target binding domain specifically binds to the target of interest
expressed by the targeted immune cell, and wherein the binding of the target of interest induces the
recombinant immune cell to generate cytotoxic signals that result in cytotoxic effects on the targeted
immune cell. In some embodiments, the immune cell 1s a3 T cell or a natural killer (NK) cell. In some
embodiments, the immune cell is not a T cell or an NK cell. In some embodiments, the immune cell
is a natural killer (NK)} cell. In some embodiments, the immune cell is not a T cell or an NK cell. In
further embodiments, a combination of different CAR immune cell types (e.g., T cells and NK cells)
is used.

[0074] The methods summarized above and/or set forth herein describe certain actions taken by a
practitioner; however, it should be understood that they can also include the instruction of those actions
by another party. Thus, actions such as "administering a T cell comprising a target specific binding
polypeptide-CAR" include "instructing the administration of a T cell comprising a target specific
binding polypeptide-CAR."

[0075] In some embodiments, the disclosure provides:

Gg

[1.] A protein comprising a D Domain (DD) target binding domain wherein the DD is a member
selected from the group consisting of:

(a) a DD that specifically binds BCMA and comprises the amino acid sequence of SEQ
ID NO: 11-305, or 306;

(b) a DD that specifically binds CD123 and comprises the amino acid sequence of SEQ
ID NO: 307-739, or 740;

(©) a DD that specifically binds AFP and comprises the amino acid sequence of SEQ ID
NO: 741-874, or 886-895;

(d) a DD that specifically binds AFP p26 and comprises the amino acid sequence of SEQ
ID NO: 741-874, or 886-895;

(e) a DD that specifically binds CS1 and comprises the amino acid sequence of
SEQ ID NO: 896-909, or 910; and

® a DD that specifically binds HER2 and comprises the amino acid sequence of SEQ ID
NO: 911-949, or 950;

[2.] the protein of [1], wherein the DD is fused to a heterologous polypeptide;
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the protein of [2], wherein the heterologous polypeptide comprises a full-length antibody or
an antibody fragment;

the protein of [2], wherein the heterologous polypeptide comprises a member selected from
the group consisting of;,

(a) a transmembrane domain;

(b) a membrane associating domain,;

(©) human serum albumin or a fragment thereof;,

(d) AFP or a fragment thereof;,

(e) AFP p26 or a fragment thereof, and

® the extracellular domain of a receptor or a fragment thereof;

the protein of [3], wherein the DD is fused to: the amino terminus of a full-length antibody
heavy chain; the amino terminus of a full-length antibody light chain; the carboxyl terminus
of a full-length antibody heavy chain; or the carboxyl terminus of a full-length antibody light
chain;

the protein of [3], wherein the heterologous polypeptide is an Fc;

the protein of [2], wherein the heterologous polypeptide comprises the extracellular domain,
or a fragment of an extracellular domain, of a receptor selected from the group consisting of:
BCMA, CD123, CS1, and CD19:

the protein according to any one of [1]-[7], which is labeled,;

the protein according to [9, wherein the label is selected from the group consisting of an
enzymatic label, a fluorescent label, a luminescent label, a bioluminescent label and a biotin
moiety;

a protein according to any one of [1]-[10], which conjugated to a therapeutic or cytotoxic
agent;

a chimeric antigen receptor (CAR) which comprises a target binding domain comprising the
protein according to any one of [1]-[5];

the CAR of [11], which comprises, a target binding domain, a transmembrane domain, and
an intracellular signaling domain,;

the CAR of [11] or [12], wherein transmembrane domain comprises a 41BB or CD28
transmembrane domain;

the CAR according to any one of [11]-[13], wherein the intracellular signaling domain is
selected from the group consisting of a domain of a human T cell receptor alpha, beta, or zeta
chain; a human 41BB domain; a human CD28 domain; and any combination thereof;
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[15.] a CAR according to any one of [11]-[14], wherein the intracellular signaling domain
comprises the intracellular domain of a costimulatory molecule selected from the group
consisting of CD27, CD28, 4IBB, 0X40, CD30, CD40, PD1, lymphocyte function-
associated antigen- 1 (LFA-1), CD2, CD7, LIGHT, NKG2C, NKG2D, B7-H3, a ligand that
specifically binds with CD83, and any combination thereof;

[16.] a protein according to any on of [1]-[15], which further comprises a second target binding
domain having the same or a different target than the DD target binding domain;

[17.] anisolated nucleic acid encoding the protein according to any one of [1]-[16];
[18.] a vector comprising the nucleic acid of [17];

[19.] the vector of [18], wherein the nucleic acid is operably linked with a nucleotide sequence
which regulates the expression of the protein encoded by the nucleic acid,;

[20.] the vector of [19] which is a lentiviral vector;

[21.] ahost cell comprising the nucleic acid acording to [17] or the vector according to any one of
[18-21;

[22.] acell engineered to express the protein according to any one of [1]-[16];
[23.] acell according to [21] or [22], wherein the cell is a T cell or a natural killer (NK) cell,

[24.] a pharmaceutical composition comprising the protein according to any one of [1]-[16], the
nucleic acid of [17], the vector of [18], [19] or [20], or the cell according to any one of [21]-
[23];

[25.] a kit comprising the protein according to any one of [1]-[16];
[26.] a method of treating a subject having cancer, the method comprising:

administering to the subject an effective amount of a protein according to any one of [1]-[16],
the nucleic acid of [17], the vector of [18], [19] or [20], the cell according to any one of [21]-
[23], or the pharmaceutical composition according to [24];

[26.] the method of [26], wherein the cancer is a B cell malignancy selected from the group
consisting of: a lymphoma (e.g., a Hodgkin’s lymphoma and non-Hodgkin’s lymphoma
(NHL), a leukemia, a plasmacytoma and a myeloma;

[28.] the method of [27], wherein the B cell malignancy is selected from the group consisting of:
chronic lymphocytic leukaemia, follicular lymphoma, mantle cell lymphoma, and diffuse
large B-cell lymphoma, plasmacytoma and multiple myeloma;

[27.] the method of [26], wherein the cancer is a myeloid malignancy selected from the group
consisting of’ chronic myeloid leukemia, acute myeloid leukemia, leukemia, plasmacytoma
and myeloma;
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a method of treating a subject having a B cell associated disorder (e.g., monoclonal
gammapathy of determined significance), (MGUS)), the method comprising: administering
to the subject an effective amount of a protein according to any one of [1]-[16], the nucleic
acid of [17], the vector of [18], [19] or [20], the cell according to any one of [21]-[23], or the
pharmaceutical composition according to [24];

a method of treating a subject having a disorder of the immune system, the method
comprising: administering to the subject an effective amount of a protein according to any
one of [1]-[16], the nucleic acid of [17], the vector of [18], [19] or [20], the cell according to
any one of [21]-[23], or the pharmaceutical composition according to [24];

the method of [30], wherein the disorder of the immune system is an autoimmune disease
such as rheumatoid arthritis;

a method of treating a subject having cancer, the method comprising:

administering an immune cell comprising a chimeric antigen receptor (CAR) to the subject,
wherein the CAR comprises: a target binding domain comprising a DD having an amino acid
sequence selected from the group consisting of SEQ ID NO: 11-949, and 950, optionally
wherein the DD specifically binds a target of interest expressed by a cancer cell;

a transmembrane domain and an intracellular domain; wherein the intracellular domain
comprises a signaling domain, and wherein, upon administration to a subject, the target
binding domain specifically binds to the target of interest expressed by a cancer cell, and

wherein the binding of the target of interest induces the immune cell to generate cytotoxic
signals that result in cytotoxic effects on the cancer cell;

the method of [32], wherein the immune cell is a T cell;
the method of [32], wherein the immune cell is a NK cell;
the method of [32] wherein the administration is intravenous;

use of a composition for treating cancer, wherein the composition comprises: a protein
according to any one of [1]-[16], the nucleic acid of [17], the vector of [18], [19] or [20], or
the cell according to any one of [21]-[23];

the use according to [36], wherein the cancer is a B cell malignancy;

the use according to [37], wherein the B cell malignancy is selected from the group
consisting of: a lymphoma (e.g., a Hodgkin’s lymphoma and non-Hodgkin’s lymphoma
(NHL), a leukemia, and a myeloma;

the use according to [38], wherein the B cell malignancy wherein the B cell malignancy is
selected from the group consisting of: chronic lymphocytic leukaemia, follicular lymphoma,
mantle cell lymphoma, and diffuse large B-cell lymphoma;
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use of a composition for the treatment of a B cell associated disorder, wherein the
composition comprises: a protein according to any one of [1]-[16], the nucleic acid of [17],
the vector of [18], [19] or [20], the cell according to any one of [21]-[23], or the
pharmaceutical composition according to [24]

use of a composition for the treatment of a disorder of the immune system, wherein the
composition comprises: a protein according to any one of [1]-[16], the nucleic acid of [17],
the vector of [18], [19] or [20], the cell according to any one of [21]-[23], or the
pharmaceutical composition according to [24]

the use according to [41], wherein the disorder of the immune system is an autoimmune
disease such as rheumatoid arthritis;

use of an immune cell comprising a chimeric antigen receptor (CAR) for the treatment of
cancer, wherein the CAR comprises: a target binding domain comprising a DD comprising
an amino acid sequence selected from the group consisting of SEQ ID NO: 11-949, or 950,
and optionally wherein the target binding domain specifically binds a target of interest
expressed by a cancer cell,

a transmembrane domain and an intracellular domain, wherein the intracellular domain
comprises a signaling domain, wherein, upon administration to a subject having cancer, the
target binding domain specifically binds to the target of interest expressed by a cancer cell,
and

wherein the binding of the target of interest induces the immune cell to generate cytotoxic
signals that result in cytotoxic effects on the cancer cell;

the use according to [43], wherein the immune cell is a T cell or a natural killer (NK) cell.

BRIEF DESCRIPTION OF THE DRAWINGS

[0076] FIGS. 1A-1B, DDpp impart novel binding specificities to another molecule (e.g., a full length

antibody) as part of a fusion protein (e.g., an antibody-DDpp fusion protein. DDpp-antibody fusions

were created using an RSV-specific antibody (SYN) and either the target-less peptide of SEQ ID NO:
1 (DD) or the CD137-specific DDpp (bb10) (SEQ ID NO: 876). The DDpp are fused to the N-terminus
(bb10-SYN and DD-SYN) or the C-terminus (SYN-bb10 and SYN-DD). All four antibody fusions
bind to RSV (FIG. 1A). However, the fusion of bb10 to either the N-terminus (bb10-SYN) or C-

terminus (SYN-bb10) of the antibody heavy chain imparts a novel CD137 binding specificity to an

otherwise mono-specific antibody (FIG. 1B).
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[0077] FIGS. 2A-2F. CD123-DDpp-CAR T cells produce cytokines in response to target binding.
FIGS. 2A and 2B show data related to the production of interferon gamma (IFNvy) by T cells expressing
CD123-DDpp-CARs when co-cultured with CD 123 negative tumor K562 and CD123 positive tumor
BDCM, respectively. FIGS. 2C and 2D depicts similar data measuring the production of interleukin-
2 (IL2) by CD123-DDpp-CAR T cells when co-cultured with K562 and BDCM, respectively. FIG.
2E and 2F show similar target-driven cytokine (IFNy, IL2) by PD-L1-DDppCAR T cells when co-
cultured with PDL1 expressing tumor cells (SUDHL-1).

[0078] FIGS. 3A-3B. T cells expressing DDpp-CARs do not undergo excessive exhaustion to a greater
degree than scFv. FIG. 3A depicts expression of three exhaustion markers (LAG3, PD1, and TIM3)
on T cells expressing various DDpp-CARs at similar levels of the expression of those markers on
scFv-CAR 32716 (32716 (Du X1, Ho M, Pastan 1. 2007. New immunotoxins targeting CD123, a stem
cell antigen on acute myeloid leukemia cells. J Immunother. 30(6): 607-13). FIG. 3B shows flow
cytometry data depicting similar exhaustion marker expression on DDpp-CAR T cells (expressing
CD123 targeting cg06 DDpp) as compared to a CAR T cell expressing CD123-specific scFv (32716).
[0079] FIGS. 4A-4C. T cells expressing DDpp-CARs (CD123-targeting) undergo degranulation when
co-cultured with target-expressing tumor cells (BDCM). FIGS 4A-4C show results obtained by
culturing T cells alone (FIG. 4A) or in the presence of K562 (FIG. 4B) or BDCM (FIG. 4C) cells.
[0080] FIGS. 5A-5D. T cells expressing DDpp-CARs mediate target-specific tumor cytotoxicity. FIG.
5A shows data related to CD123-DDpp-CAR T cells kill percentage of K562 tumor cells that are
negative for CD123. FIG. 5B shows kill percentages when the CD123 targeting DDpp-CAR T cells
are co-cultured with CD123 positive BDCM cells. The data from FIGS. SA and 5B were generated
using T cells from a first donor blood sample. FIGS. 5C and 5D show similar data from T cells
collected from a second donor.

[0081] FIGS. 6A-6E. Bi-specific DDpp-CAR T cells. FIG. 6A shows the percentage of T cells
expressing CD123 targeting DDpp-CARs (cg06). FIG. 6B shows the percentage of T cells expressing
PDL1 targeting DDpp-CARs (pb04). FIG. 6C shows the percentage of T cells expressing bi-specific
CD123-PDL1 targeting DDpp-CARs (expressed with cg06 DDpp distal to the T cell membrane versus
the pb04 DDpp). FIG. 6D shows the percentage of T cells expressing bi-specific PDL1-CD123
targeting DDpp-CARs (expressed with pb04 DDpp distal to the T cell membrane versus the cg06
DDpp). FIG. 6E depicts data related to the increased intracellular signaling of bispecific DDpp.
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[0082] FIGS. 7A and 7B show that dual-binding domain adaptor proteins drive enhanced signaling
by CAR-expressing Jurkat NFAT-Luciferase reporter cells over single-binding domain adaptor
proteins. In FIG. 7A, 50,000 reporter cells previously transduced with an AFP (p26 domain)-binding
CAR (af03) were cultured for 5 hours in the presence of the CD123-specific Cg06-adaptor (Cg06-
p26) or the Cg06-dual adaptor protein (Cg06-p26-Cg06 in the presence of 50,000 CD123* MOLM13
or CD123-deficient MOLM 13 cells, then assessed for luciferase activity. CD123 deficient cells were
generated using CRISPR/Cas9 genetic engineering technology. In FIG. 7B, 50,000 reporter cells
previously transduced with an AFP (p26 domain)-binding CAR (af03) were cultured for 5 hours in
the presence of the BCMA-specific Bc40-adaptor (Bc40-p26) or the Bc40-dual adaptor protein (Bc40-
p26-Bc40) in the presence or absence of 50,000 BCMA™ U266 cells, then assessed for luciferase
activity.

[0083] FIG. 8. The BCMA-targeting DDpp-CAR comprising the bc40 DDpp (SEQ-ID NO: 164)

eradicates the BCMA-expressing tumor, U226 in a mouse model of B cell cancer.

DETAILED DESCRIPTION
[0084] The section headings used herein are for organizational purposes only and are not to be

construed as in any way limiting of the subject matter described.

Definition of Terms
[0085] It is understood that wherever embodiments, are described herein with the language
"comprising" otherwise analogous embodiments, described in terms of "consisting of" and/or
"consisting essentially of"" are also provided. However, when used in the claims as transitional phrases,
each should be interpreted separately and in the appropriate legal and factual context (e.g.,
"comprising" is considered more of an open-ended phrase while "consisting of" is more exclusive and
"consisting essentially of" achieves a middle ground).

[0086] As used herein, the singular form "a", "an", and "the" includes plural references unless

indicated otherwise.

[0087] The term "and/or" as used in a phrase such as "A and/or B" herein is intended to include both
A and B; A or B; A (alone); and B (alone). Likewise, the term "and/or" as used in a phrase such as "A,
B, and/or C" is intended to encompass each of the following embodiments: A, B, and C; A, B, or C;

AorC;AorB;BorC; Aand C; A and B; B and C; A (alone); B (alone); and C (alone).
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[0088] The terms "protein" and "polypeptide" are used interchangeably herein to refer to a biological
polymer comprising units derived from amino acids linked via peptide bonds; a protein can be
composed of two or more polypeptide chains.

[0089] The terms "antibody" or "immunoglobulin," as used interchangeably herein, include full-length
antibodies and antibody fragments including any functional domain of an antibody such as an antigen-
binding fragment or single chains thereof, an effector domain, salvage receptor binding epitope, or
portion thereof. A typical antibody comprises at least two heavy (H) chains and two light (L) chains
interconnected by disulfide bonds. Each heavy chain is comprised of a heavy chain variable region
(abbreviated herein as VH) and a heavy chain constant region. The heavy chain constant region is
comprised of three domains, CH1, CH2, and CH3. Each light chain is comprised of a light chain
variable region (abbreviated herein as VL) and a light chain constant region. The light chain constant
region is comprised of one domain, Cl. The VH and VL regions can be further subdivided into regions
of hypervariablity, termed Complementarity Determining Regions (CDRs), interspersed with regions
that are more conserved, termed framework regions (FW). Each VH and VL is composed of three
CDRs and four FWs, arranged from amino-terminus to carboxyl-terminus in the following order:
FWI1, CDRI1, FW2, CDR2, FW3, CDR3, FW4. The variable regions of the heavy and light chains
contain a binding domain that interacts with an antigen. The constant regions of the antibodies can
mediate the binding of the immunoglobulin to host tissues or factors, including various cells of the
immune system (e.g., effector cells) and the first component (C1q) of the classical complement system.
Examples of antibodies of the present disclosure include typical antibodies, scFvs, and combinations
thereof where, for example, a DDpp is covalently linked (e.g., via peptide bonds or via a chemical
linker) to the N-terminus of either the heavy chain and/or the light chain of a typical whole (full-
length) antibody, or intercalated in the H chain and/or the L chain of a full-length antibody.

[0090] The term "antibody fragment" refers to a portion of an intact antibody and refers to any
functional domain of an antibody such as an antigen-binding fragment or single chains thereof, an
effector domain or a portion thereof, and a salvage receptor binding epitope or a portion thereof.
Examples of antibody fragments include, but are not limited to, Fab, Fab', F(ab")2, and Fv fragments,
linear antibodies, single chain antibodies, and multi-specific antibodies formed from antibody
fragments. "Antibody fragment" as used herein comprises an antigen-binding site or epitope binding

site. In one embodiment, the DDpp fusion protein comprises an effector domain or portion thereof. In



CA 03082406 2020-05-11

WO 2019/099433 PCT/US2018/060887

36

one embodiment, the DDpp fusion protein comprises a salvage receptor binding epitope, or portion
thereof.

[0091] As used herein, the term, "Fc region" or simply "Fc¢" is understood to mean the carboxyl-
terminal portion of an immunoglobulin chain constant region, preferably an immunoglobulin heavy
chain constant region, or a portion thereof. For example, an immunoglobulin Fc region may comprise
(1) a CHI1 domain, a CH2 domain, and a CH3 domain, (2) a CH1 domain and a CH2 domain, (3) a
CH1 domain and a CH3 domain, 4) a CH2 domain and a CH3 domain, or (5) a combination of two or
more domains and an immunoglobulin hinge region. Thus, in various embodiments, Fc refers to the
last two constant region immunoglobulin domains of IgA, IgD, and IgG, and the last three constant
region immunoglobulin domains of IgE and IgM, and the flexible hinge N-terminal to these domains.
For IgA and IgM Fc may include the J chain. For IgG, Fc comprises immunoglobulin domains Cy2
and Cy3 and the hinge between Cyl and Cy2. In a preferred embodiment the immunoglobulin Fc region
comprises at least an immunoglobulin hinge region a CH2 domain and a CH3 domain, and preferably
lacks the CH1 domain. In one embodiment, the class of immunoglobulin from which the heavy chain
constant region is derived is IgG (Igy) (y subclasses 1, 2, 3, or 4). Other classes of immunoglobulin,
IgA (Iga), IgD (Igd), IgE (Ige) and IgM (Igu), may be used. Although the boundaries of the Fc region
may vary, the human IgG heavy chain Fc region is usually defined to comprise residues C226 or p260
to its carboxyl-terminus, wherein the numbering is according to the EU index as set forth in Kabat
(Kabat et al., Sequences of Proteins of Immunological Interest, Sth Ed. Public Health Service, NIH,
Bethesda, Md. (1991)). Fc may refer to this region in isolation, or this region in the context of a full-
length antibody, antibody fragment, or Fc fusion protein. Polymorphisms have been observed at a
number of different Fc¢ positions, including but not limited to positions 270, 272, 312, 315, 356, and
358 as numbered by the EU index, and thus slight differences between the presented sequence and
sequences in the prior art may exist. The choice of appropriate immunoglobulin heavy chain constant
region is discussed in detail in U.S. Pat. Nos. 5,541,087, and 5,726,044, each of which is herein
incorporated by reference in its entirety. The choice of particular immunoglobulin heavy chain
constant region sequences from certain immunoglobulin classes and subclasses to achieve a particular
result is considered to be within the level of skill in the art. The portion of the DNA construct encoding
the immunoglobulin Fc¢ region preferably comprises at least a portion of a hinge domain, and

preferably at least a portion of a CH3 domain of Fc gamma or the homologous domains in any of IgA,
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IgD, IgE, or IgM. Furthermore, it is contemplated that substitution or deletion of amino acids within
the immunoglobulin heavy chain constant regions may be useful in the practice of the methods and
compositions disclosed herein. One example would be to introduce amino acid substitutions in the
upper CH2 region to create an Fc¢ variant with reduced affinity for Fc¢ receptors (Cole, J. Immunol.
159: 3613 (1997)).

[0092] "Antibody-dependent cell-mediated cytotoxicity" or "ADCC" refer to a cell-mediated reaction
in which nonspecific cytotoxic cells that express Fc receptors (FcRs) (e.g., Natural Killer (NK) cells,
neutrophils, and macrophages) recognize bound antibody on a target cell and subsequently cause lysis
(or other cytotoxic effects) of the target cell. To assess ADCC activity of a molecule of interest, any
in vitro ADCC assay known in the art can be used, such as that described in U.S. Pat. No. 5,500,362
or 5,821,337. Useful effector cells for such assays include, but are not limited to, peripheral blood
mononuclear cells (PBMC) and Natural Killer (NK) cells. Alternatively, or additionally, ADCC
activity of the molecule of interest can be assessed in vivo, e.g., in an animal model such as that
disclosed in Clynes ef al. PNAS 95: 652-656 (1998).

[0093] The terms "single chain variable fragment(s)," or "scFv" antibodies as used herein refer to
forms of antibodies (e.g., antibody fragments) comprising the variable regions of only the heavy and
light chains, connected by a linker peptide. In one embodiment, a DDpp fusion protein comprises a
DDpp and a scFv.

[0094] The term "linker" refers to a peptide or other chemical linkage located between a DDpp and
another polypeptide of a DDpp fusion protein. Suitable linkers for coupling the two or more linked
DDpp will be clear to the persons skilled in the art and non-limiting examples are described herein.
[0095] The term "operably linked," as used herein, indicates that two molecules are attached so as to
each retain at least some level of functional activity that each molecule had alone (assuming that each
molecule had a function activity). In embodiments, when one molecule was without functional
activity, it is operably linked with another molecule if the other molecule retains at least some level of
its functional activity. Operably linked can also refer to linkage of two non-functional molecules. Two
molecules can be "operably linked" whether they are attached directly or indirectly (e.g., via a linker).
[0096] The terms "specifically binds," "having selective affinity for," "binds," or "binding" are used
interchangeably to mean that a binding agent such as a DDpp reacts or associates more frequently,

more rapidly, with greater duration, with greater affinity, or with some combination of the above, to
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the epitope, protein, or target molecule than with alternative substances, including proteins unrelated
to the target epitope, protein, or target molecule. Because of the sequence identity between
homologous proteins in different species, specific binding can, in some embodiments, include a
binding agent that recognizes a protein or target in more than one species. Likewise, because of
homology within certain regions of polypeptide sequences of different proteins, specific binding can
include a binding agent that recognizes more than one protein or target. It is understood that, in certain
embodiments, a binding agent that specifically binds a first target may or may not specifically bind a
second target. As such, "specific binding" does not necessarily require (although it can include)
exclusive binding, e.g., binding to a single target. Thus, a binding agent may, in certain embodiments,
specifically bind more than one target. In certain embodiments, multiple targets may be bound by the
same antigen-binding site on the binding agent.

[0097] "Target" refers to any molecule or combination of molecules that can be bound by a DDpp
such as a DDpp fusion protein, or other component of the DDpp fusion protein such as an antibody or
antibody variable domain fragment.

[0098] The terms "epitope" and "antigenic determinant" are used interchangeably herein and refer to
that portion of any molecule (e.g., a target of interest such as BCMA, CD123, AFP, or AFP p26)
capable of being recognized and specifically bound by a particular binding agent (e.g., an DDpp or
antibody). When the recognized molecule is a polypeptide, epitopes can be formed from contiguous
amino acids and noncontiguous amino acids and/or other chemically active surface groups of
molecules (such as carbohydrates) juxtaposed by tertiary folding of a protein. Epitopes formed from
contiguous amino acids are typically retained upon protein denaturing, whereas epitopes formed by
tertiary folding are typically lost upon protein denaturing. An epitope typically includes at least 3
amino acids, and more usually, at least 5 or 8-10 amino acids in a unique spatial conformation.
[0099] A "peptide tag" as used herein refers to a peptide sequence that is part of or attached (for
instance through genetic engineering) to another protein, to provide a function to the resultant fusion.
Peptide tags are usually relatively short in comparison to a protein to which they are fused; by way of
example, peptide tags are, in some embodiments, four or more amino acids in length, such as, 5, 6, 7,
8,9, 10, 15, 20, or 25 or more amino acids. In some embodiments, the DDpp is a fusion protein that
contains a peptide tag. In other embodiments, the DDpp specifically binds a peptide tag. Numerous

peptide tags that have uses as provided herein are known in the art. Examples of peptide tags that may
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be a component of a DDpp fusion protein or a target bound by a DDpp (e.g., a DDpp fusion protein)
include but are not limited to HA (hemagglutinin), c-myc, the Herpes Simplex virus glycoprotein D
(gD), T7, GST, GFP, MBP, Strep-tags, His-tags, Myc-tags, TAP-tags and FLAG® tag (Eastman
Kodak, Rochester, N.Y.) Likewise, antibodies to the tag epitope allow detection and localization of
the fusion protein using techniques known in the art, such as, Western blots, ELISA assays, and
immunostaining of cells.

[00100] The term "naturally occurring" when used in connection with biological materials such
as a nucleic acid molecules, polypeptides, and host cells, refers to those which are found in nature and
not modified by a human being. Conversely, "non-natural" or "synthetic" when used in connection
with biological materials refers to those materials which are not found in nature and have been
modified by a human being.

[0100] As used herein "modifications" with respect to the sequence of a reference sequence
includes substitutions, deletions insertions and/or additions of the sequence of the corresponding
amino acid position of the reference sequence (e.g., a DD disclosed herein).

[0101] A "substitution" with respect to the sequence of a reference sequence refers to a
replacement of a particular amino acid residue with a different amino acid residue at a corresponding
amino acid position of the reference sequence.

[0102] A "conservative" amino acid substitution is one in which one amino acid residue is
replaced with another amino acid residue having a similar side chain. Families of amino acid residues
having similar side chains have been defined in the art, including basic side chains (e.g., lysine (K),
arginine (R), histidine (H)), acidic side chains (e.g., aspartic acid (D), glutamic acid (E)), uncharged
polar side chains (e.g., glycine (G), asparagine (N), glutamine (Q), serine (S), threonine (T), tyrosine
(Y), cysteine (C)), nonpolar side chains (e.g., alanine (A), valine (V), leucine (L), isoleucine (I),
proline (P), phenylalanine (F), methionine (M), tryptophan (W), beta-branched side chains (e.g.,
threonine (T), valine (V), isoleucine (I)) and aromatic side chains (e.g., tyrosine (Y), phenylalanine
(F), tryptophan (W), histidine (H)). For example, substitution of a phenylalanine for a tyrosine is a
conservative substitution. In particular embodiments, conservative substitutions in the sequences of
the DDpp result in the altered or unaltered specific binding of the DDpp containing the substitution to
the target of interest (e.g., BCMA, CD123, AFP, or AFP p26) to which it binds. In one embodiment,
conservative substitutions in the sequences of the DDpp do not abrogate the binding of the DDpp
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containing the substitution to the target of interest to which it binds. Methods of identifying nucleotide
and amino acid conservative substitutions and non-conservative substitutions which confer, alter or
maintain selective binding affinity are known in the art (see, e.g., Brummell, Biochem. 32: 1180-1187
(1993), Kobayashi, Protein Eng. 12(10): 879-884 (1999); and Burks, PNAS 94: 412-417 (1997)).

[0103] A "non-conservative" amino acid substitution is one in which one amino acid residue
is replaced with another amino acid residue having a dissimilar side chain. In one embodiment, non-
conservative substitutions in the sequences of the DDpp result in the specific binding of the DDpp
containing the substitution to the target of interest (e.g., BCMA, CD123, AFP, or AFP p26) to which
it binds. In one embodiment, non-conservative substitutions in the sequences of the DDpp do not
abrogate the binding of the DDpp containing the substitution to the target of interest to which it binds.
[0104] "Non-natural amino acids," "amino acid analogs" and "non-standard amino acid
residues" are used interchangeably herein. Non-natural amino acids that can be substituted in a DDpp
as provided herein are known in the art. In one embodiment the non-natural amino acid is 4-
hydroxyproline which can be substituted for proline; 5-hydroxylysine which can be substituted for
lysine; 3-methylhistidine which can be substituted for histidine; homoserine which can be substituted
for serine; and ornithine which can be substituted for lysine. Additional examples of non-natural amino
acids that can be substituted in a DDpp disclosed herein include, but are not limited to molecules such
as: D-isomers of the common amino acids, 2,4-diaminobutyric acid, alpha-amino isobutyric acid,
A-aminobutyric acid, Abu, 2-amino butyric acid, gamma-Abu, epsilon-Ahx, 6-amino hexanoic acid,
Aib, 2-amino isobutyric acid, 3-amino propionic acid, ornithine, norleucine, norvaline,
hydroxyproline, sarcosine, citrulline, homocitrulline, cysteic acid, t-butylglycine, t-butylalanine,
phenylglycine, cyclohexylalanine, beta-alanine, lanthionine, dehydroalanine, y-aminobutyric acid,
selenocysteine and pyrrolysine fluoro-amino acids, designer amino acids such as beta-methyl amino
acids, C alpha-methyl amino acids, and N alpha-methyl amino acids, or combinations of non-natural
amino acids. Additional non-natural amino acids can include for example, 4-amino butyric acid, 4-
amino-3-hydroxy-5-phenylpentanoic acid, 4-amino-3-hydroxy-6-methylheptanoic acid, 2-thienyl
alanine, and/or D-isomers of amino acids. As discussed herein, in some embodiments, non-natural
amino acids or amino acid analogs can include deletion of one or more amino acids from a sequence.
[0105] The terms "polynucleotide" and "nucleic acid," used interchangeably herein, refer to a

polymeric form of nucleotides of any length, either ribonucleotides or deoxyribonucleotides. These
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terms include, but are not limited to, DNA, RNA, cDNA (complementary DNA), mRNA (messenger
RNA), rRNA (ribosomal RNA), shRNA (small hairpin RNA), snRNA (small nuclear RNA), snoRNA
(short nucleolar RNA), miRNA (microRNA), genomic DNA, synthetic DNA, synthetic RNA, and/or
tRNA.

[0106] The term "naked DNA" as used herein refers to DNA (e.g., histone free DNA) encoding
a protein such as a DDpp (e.g., a CAR) disclosed herein is a DNA that is cloned in a suitable expression
vector in proper orientation for expression (e.g., a plasmid). Viral vectors which can be used to carry
and/or express DNA encoding the DDpp include but are not limited to SIN lentiviral vectors, retroviral
vectors, foamy virus vectors, adenovirus vectors, adeno-associated virus (AAV) vectors, hybrid
vectors and/or plasmid transposons (for example sleeping beauty transposon system) or integrase
based vector systems. Other vectors that can be used in connection with making and using DDpp are
described herein or otherwise known in the art.

[0107] The terms "vector", "cloning vector" and "expression vector" as used herein refer to the
vehicle by which a nucleic acid sequence (e.g., a disclosed DDpp coding sequence) can be maintained
or amplified in a host cell (e.g., cloning vector) or introduced into a host cell, so as to transform the
host and promote expression (e.g., transcription and translation) of the introduced sequence. Vectors
include plasmids, phages, viruses, efc.

[0108] A "host cell" includes an individual cell or cell culture which can be or has been a
recipient of nucleic acids encoding a disclosed DDpp. Host cells includes but are not limited to viral
particles, phagemids, bacteria, yeast plant, animal, and mammalian cells. Host cells include progeny
of a single host cell, and the progeny may not necessarily be completely identical (in morphology or
in total DNA complement) to the original parent cell due to natural, accidental, or deliberate mutation
and/or change. A host cell includes cells transfected or infected in vivo, in vitro, or ex vivo with nucleic
acids encoding a disclosed DDpp. In some examples, the host cell is capable of expressing and
displaying a disclosed DDpp on its surface, such as for example, in phage display or a CAR T cell.

"Expression" includes transcription and/or translation.

[0109] As used herein, the terms "solid support," "support," "matrices," and "resins" are used
interchangeably and refer to, without limitation, any column (or column material), bead, test tube,
microtiter dish, solid particle (for example, agarose or sepharose), microchip (for example, silicon,

silicon-glass, or gold chip), or membrane (e.g., biologic or filter membrane) to which a DDpp,
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antibody, or other protein may be attached (e.g., coupled, linked, or adhered), either directly or
indirectly (for example, through other binding partner intermediates such as other antibodies or Protein
A), or in which a DDpp or antibody may be embedded (for example, through a receptor or channel).
Reagents and techniques for attaching polypeptides to solid supports (e.g., matrices, resins, plastic,
etc.) are well known in the art. Suitable solid supports include, but are not limited to, a
chromatographic resin or matrix (e.g., SEPHAROSE-4 FF agarose beads), the wall or floor of a well
in a plastic microtiter dish, a silica based biochip, polyacrylamide, agarose, silica, nitrocellulose,
paper, plastic, nylon, metal, and combinations thereof. DDpp and other compositions may be attached
on a support material by a non-covalent association or by covalent bonding, using reagents and
techniques known in the art. In one embodiment, the DDpp is coupled to a chromatography material
using a linker.

[0110] As used herein, the terms "pharmaceutically acceptable," or "physiologically tolerable"
and grammatical variations thereof, as they refer to compositions, carriers, diluents and reagents, are
used interchangeably and represent that the materials are capable of administration to or upon a human
without the production of therapeutically prohibitive undesirable physiological effects such as nausea,
dizziness, gastric upset and the like.

[0111] "Modulate," means adjustment or regulation of amplitude, frequency, degree, or
activity. In another related aspect, such modulation may be positively modulated (e.g., an increase in
frequency, degree, or activity) or negatively modulated (e.g., a decrease in frequency, degree, or
activity). In some embodiments, modulation in a positive or negative direction is referenced as
compared to the cell, tissue, or organ function prior to administration of a therapeutic. In additional
embodiments, modulation in a positive or negative direction is referenced with respect to a normal,
healthy cell, tissue or organ.

[0112] An "effective amount" of a DDpp such as a DDpp fusion protein as provided herein, is
an amount sufficient to carry out a specifically stated purpose such as to bring about an observable
change in the level of one or more biological activities related to the target to which the DDpp (e.g., a
DDpp fusion protein) binds. In certain embodiments, the change increases the level of target activity.
In other embodiments, the change decreases the level of target activity. An "effective amount" can be
determined empirically and in a routine manner, in relation to the stated purpose. The term

"therapeutically effective amount" refers to an amount of a DDpp such as a DDpp fusion protein, or



CA 03082406 2020-05-11

WO 2019/099433 PCT/US2018/060887

43

other therapeutic agent effective to "treat" (e.g., reduce symptoms of) a disease or disorder in a subject
(mammal). The term "therapeutically effective amount" also refers to an amount effective, at dosages
and for periods of time necessary, to achieve a desired prophylactic result.

[0113] "Patient," "subject," "animal" and "mammal" are used interchangeably and refer to
mammals such as human patients and non-human primates, as well as experimental animals such as
rabbits, rats, and mice, and other animals. Animals include all vertebrates, e.g., mammals and non-
mammals, such as chickens, amphibians, and reptiles. "Mammal" as used herein refers to any member
of the class Mammalia, including, without limitation, humans and nonhuman primates such as
chimpanzees and other apes and monkey species; farm animals such as cattle, sheep, pigs, goats and
horses; domestic mammals such as dogs and cats; laboratory animals including rodents such as mice,
rats and guinea pigs, and the like. In a particular embodiment, the patient is a human. The term does
not denote a particular age or sex. Thus, adult and newborn subjects, as well as embryos and fetuses,
whether male or female, are intended to be included within the scope of this term.

[0114] The terms "treat," "treatment," and "treating," as used herein refer to both therapeutic
treatment and prophylactic or preventative measures, wherein the object is to prevent or slow down
(lessen or delay) the symptoms, complications, or biochemical indicia of a disease, condition, or
disorder, alleviating the symptoms or arresting or inhibiting further development of the disease,
condition, or disorder. Treatment can be prophylactic (to prevent or delay the onset of the disease, or
to prevent the manifestation of clinical or subclinical symptoms thereof) or therapeutic suppression or
alleviation of symptoms after the manifestation of the disease, condition, or disorder targeted
pathologic condition, prevent the pathologic condition, pursue or obtain beneficial results, or lower
the chances of the individual developing the condition even if the treatment is ultimately unsuccessful.
Those in need of treatment include those already with the condition as well as those prone to have the
condition or those in whom the condition is to be prevented. Treatment can be with a DDpp fusion
protein alone or in combination with an additional therapeutic agent.

[0115] "Cancer," "tumor," or "malignancy" are used as synonymous terms and refer to any of
a number of diseases that are characterized by uncontrolled, abnormal proliferation of cells, the ability
of affected cells to spread locally or through the bloodstream and lymphatic system to other parts of
the body (metastasize) as well as any of a number of characteristic structural and/or molecular features.

"Tumor," as used herein refers to all neoplastic cell growth and proliferation, whether malignant or
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benign, and all pre-cancerous and cancerous cells and tissues. A "cancerous tumor," or "malignant
cell" is understood as a cell having specific structural properties, lacking differentiation and being
capable of invasion and metastasis. Cancers that can be treated using DDpp fusion proteins provided
herein include hematological tumors, such as leukemias and lymphomas, or solid tumors. In particular
embodiments, the cancer to be treated is a leukemia or a lymphoma. Types of cancers to be treated
with the DBDpp include, but are not limited to, carcinoma, blastoma, and sarcoma, and certain
leukemia or lymphoid malignancies, benign and malignant tumors, and malignancies e.g., sarcomas,
carcinomas, and melanomas. Types of cancer and tumors that may be treated using DDpp-include
without limitation, breast, lung, brain, bone, liver, kidney, colon, head and neck, ovarian,
hematopoietic (e.g., leukemia), and prostate cancer. In some embodiments, the cancer and tumors that
may be treated using DDpp-include breast and ovarian cancer. Other types of cancer and tumors that
may be treated using DDpp-containing antibodies are described herein or otherwise known in the art.
[0116] The terms tumor antigen or cancer antigen are used interchangeably herein. Tumor and
cancer antigens may be tumor-specific antigen (TSA), cancer-specific antigens (CSA) tumor-
associated antigen (TAA) or cancer-associated antigens (CAA). A TSA is an antigen that is unique to
tumor cells and does not occur on other cells in the body. A TAA is an antigen that is found on both
tumor and some normal cells. Because of the dynamic nature of tumors, in some instances, tumor cells
may express unique antigens at certain stages, and at others also express antigens that are also
expressed on non-tumor cells. Thus, inclusion of a certain marker as a TAA does not preclude it being
considered a TSA.

[0117] The term "target cell" as used herein refers to a cell or cells which are involved in a
disease and can be targeted by DDpp containing compositions. Other target cells include any cell in a
subject (e.g., a human or animal) that can be targeted by disclosed DDpp. The target cell can be a cell
expressing or overexpressing a target specifically bound by a DDpp fusion protein.

[0118] The term "effector cells" as used herein refers to leukocytes which express one or more
FcRs and perform effector functions. Preferably, the cells express at least Fc(RIII and perform ADCC
effector function. Examples of human leukocytes which mediate ADCC include peripheral blood
mononuclear cells (PBMC), natural killer (NK) cells, monocytes, cytotoxic T cells and neutrophils;

with PBMCs and NK cells being preferred in certain embodiments. The eftector cells can be isolated
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from native source thereof, e.g., from blood or PBMCs as described herein or otherwise known in the
art. In a specific embodiment, the effector cells are human effector cells.

[0119] The term "effector function" refers to the specialized immune function of a
differentiated cell. Effector function of a T cell, for example, may be cytolytic activity or helper
activity including the secretion of cytokines.

[0120] The term "immune cell" as used herein refers to the cells of the mammalian immune
system including but not limited to antigen presenting cells, B cells, basophils, cytotoxic T cells,
dendritic cells, eosinophils, granulocytes, helper T cells, leukocytes, lymphocytes, macrophages, mast
cells, memory cells, monocytes, natural killer cells, neutrophils, phagocytes, plasma cells and T cells.
[0121] The terms "T cell" and "T lymphocyte" are interchangeable and used synonymously
herein. Examples include but are not limited to naive T cells, central memory T cells, effector memory
T cells or combinations thereof.

[0122] The term "immune response" as used herein refers to immunities including but not
limited to innate immunity, humoral immunity, cellular immunity, immunity, inflammatory response,
acquired (adaptive) immunity, autoimmunity and/or overactive immunity.

[0123] The term "transduction" as used herein refers to the introduction of a foreign nucleic
acid into a cell using a viral vector. "Transfection" as used herein refers to the introduction of a foreign
nucleic acid into a cell using recombinant DNA technology. The term "transformation" means the
introduction of a "foreign" (e.g., extrinsic, extracellular, or otherwise non-endogenous) nucleic acid
(DNA or RNA) sequence to a host cell, so that the host cell will express the introduced nucleic acid
to produce a desired substance, such as a protein or enzyme coded by the introduced coding sequence.
The introduced nucleic acid sequence can also be called a "cloned" or "foreign" gene or sequence, can
include regulatory or control sequences, such as start, stop, promoter, signal, secretion, or other
sequences used by a cell's genetic machinery. The nucleic acid sequence can include nonfunctional
sequences or sequences with no known function. A host cell that receives and expresses introduced
nucleic acid (e.g., DNA or RNA) has been "transformed" and is a "transformant" or a "clone." The
DNA or RNA introduced to a host cell can come from any source, including cells of the same genus
or species as the host cell, or cells of a different genus or species or may be non-naturally occurring.
[0124] "Cell surface receptor" refers to molecules and complexes of molecules capable of

receiving a signal and the transmission of such a signal across the plasma membrane of a cell. An
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example of a cell surface receptor provided herein is an activated integrin receptor, for example, an
activated avP3 integrin receptor on a metastatic cell. As used herein, "cell surface receptor" also
includes a molecule expressed on a cell surface that contains a DDpp capable of binding a target of
interest (e.g.,, BCMA, CD123, CS1, HER2, AFP, or AFP p26). The term "receptor" denotes a cell-
associated protein that binds to, or otherwise interacts with, a molecule (e.g., a ligand) and mediates
the effect of the ligand on the cell. In some embodiment, the molecule that interacts with a receptor is
a bioactive molecule. Membrane-bound cell-surface receptors are typically characterized by a multi-
domain structure comprising an extracellular ligand-binding domain, a membrane spanning domain,
and an intracellular effector domain that is typically involved in signal transduction.

[0125] The term "CS1" as used herein refers to an NK cell receptor regulating immune
functions that is also expressed on B cells, T cells, dendritic cells, NK-T cells, and monocytes. CS1 is
overexpressed in multiple myeloma and has been successfully targeted for immunotherapy multiple
myeloma. Malaer & Mathew, Am J Cancer Res. 7(8): 1637-1641 (2017). CS1 is also known as
SLAMY7, protein 19A, CRACC, and CD319. The term "CS1" includes variants, isoforms, homologues,
orthologs and paralogs. CS1 is a transmembrane protein with various differentially spliced isoforms.
In some embodiments, the amino acid sequence of human CS1, comprising a 22 amino acid residue
N-terminal signal sequence (MAGSPTCLTLIYILWQLTGSAA, SEQ ID NO: 924) and an
extracellular domain comprising the 226 N-terminal residues (SEQ ID NO: 925), has Genbank
Accession No. NP_067004 (SEQ ID NO: 926). In some embodiments, the amino acid sequence of
human CS1 has Genbank Accession No. NP 001269517, NP 001269518, NP 001269519,
NP 001269520, NP 001269521, NP 001269522, NP 001269523, NP 001269524, or
NP 001269525.

[0126] "Chimeric antigen receptor" or "CAR" or "CARs" as used herein refers to an
engineered receptor, which grafts an antigen or target specificity onto a cell (for example T cells such
as naive T cells, central memory T cells, effector memory T cells, NK cells, NKT cells or combination
thereof). CARs are also known as artificial T cell receptors, chimeric T cell receptors or chimeric

immunoreceptors.

D Domain Polypeptides (DDpp)
[0127] Unless otherwise indicated, the practice of the disclosed compositions and methods

employs standard techniques of molecular biology (including recombinant techniques, tissue culture,
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and cell transformation), microbiology, cell biology, biochemistry and immunology, which are within
the skill of the art. Such techniques are typically performed according to the manufacturer's
specifications or as commonly accomplished using or routinely modifying known procedures such as,
those set forth in Sambrook ef al. (Molecular Cloning: A Laboratory Manual. Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y. (1989)); PCR Technology: Principles and Applications
for DNA Amplification (ed. H. A. Erlich, Freeman Press, NY, N.Y, 1992); Oligonucleotide Synthesis
(Gait, ed., 1984); Animal Cell Culture (Freshney, ed., 1987); Handbook of Experimental Immunology
(Weir et al., eds.; Gene Transfer Vectors for Mammalian Cells (Miller, ed., 1987); Current Protocols
in Molecular Biology (Ausubel,, ed., 1987); PCR Protocols: A Guide to Methods and Applications
(Innis, ed., Academic Press, San Diego, Calif., 1990); Mattila, ef al., Nucleic Acids Res. 19: 967
(1991); Eckert, et al., PCR Methods and Applications 1: 17 (1991); PCR (McPherson, ed., IRL Press,
Oxford), PCR: The Polymerase Chain Reaction, (Mullis, ed., 1994); Harlow, Antibodies: A
Laboratory Manual, (Cold Spring Harbor Laboratory Press, 2nd ed. 1988) and Kontermann, ed., "The
Antibody Engineering Lab Manual" (Springer Verlag, Heidelberg/New York, 2000); Current
Protocols in Immunology (Coligan, ed., 1991); The Immunoassay Handbook (Wild, ed., Stockton
Press NY, 1994); and Methods of Immunological Analysis (Masseyeft., ed., Weinheim: VCH Verlags
gesellschaft mbH, 1993); and Gennaro, ef al. 2000, Remington: the Science and Practice of Pharmacy,
20th Ed. Lipincott Williams and Wilkins: Baltimore, Md., or as described herein. Unless specific
definitions are provided, the nomenclature utilized in connection with, and the laboratory procedures
and techniques of analytical chemistry, synthetic organic chemistry, and medicinal and pharmaceutical
chemistry described herein, are those known and used in the art. Additionally, standard techniques can
be used for chemical syntheses, chemical analyses, recombinant production, purification,
pharmaceutical preparation, formulation, delivery, and treatment of patients.

[0128] According to various embodiments, the disclosure provides a DDpp that specifically
binds a target of interest selected from the group consisting of BCMA, CD123, CS1, HER2, AFP, and
AFP p26. In some embodiments, a DD of the DDpp comprises an amino acid sequence selected from
the group consisting of SEQ ID NO: 11-949, and 950. In some embodiments, the DDpp comprises a
D Domain {I213) selected from the group consisting of (a) 3 DD that specifically binds BCMA and
comprises the amino acid sequence of SEQ ID NGO: 11-305, or 306; (b) a DD that specifically binds
or 740; (¢} a DD that

CD123 and comprises the amino acid sequence of SEQ ID NO: 307-739

2
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specifically binds AFP or a fragment thereof, and comprises the amino acid sequence of SEQ D NO:
741-874, or 886-895; (d) a DD that specifically binds AFP p26 and comprises the amino acid sequence
of SEQ I N{: 741-874, or B886-895, {e) a DI} that specifically binds C81 (SEQ ID NO: 925y or a
fragment thereot, and comprises the amino acid sequence of SEQ ID NO: 896-909, or 910, (£} a DD
that specifically binds HERZ or a fragment thereof, and comprises the amino acid sequence of SEQ
ID NO: 911-949, or 950. Proteins comprising variants of {a)-(f) that retain the ability to specifically
bind their respective targets are also provided.

[0129] In additional embodiments, a DD of the DDpp is a variant of a DD reference sequence
selected from the group consisting of SEQ ID NO: 11-949, and 950, that retains the ability to
specifically bind the target of the reference DD. In some embodiments, the sequence of the variant
DD comprises the amino acid sequence of a variant that has at least 75%, 80%, 85%, 87%, 89%, 90%,
92%, 94%, 96% or 98% sequence identity to a reference DD sequence selected from the group
consisting of SEQ ID NO: 11-949, and 950, and the variant DD retains the ability to specifically bind
the target of the reference DD sequence.

[0130] In some embodiments, a DD of the DDpp is a variant of a BCMA-binding DD reference
sequence selected from the group consisting of SEQ ID NO: 11-305, and 306, that retains the ability
to specifically bind BCMA. In some embodiments, the sequence of the variant DD comprises the
amino acid sequence of a variant that has at least 75%, 80%, 85%, 87%, 89%, 90%, 92%, 94%, 96%
or 98% sequence identity to a reference DD sequence selected from the group consisting of SEQ ID
NO: 11-305, and 306, and the variant DD retains the ability to specifically bind BCMA.

[0131] In some embodiments, a DD of the DDpp is a variant of a CD123-binding DD reference
sequence selected from the group consisting of SEQ ID NO: 307-739, and 740, that retains the ability
to specifically bind CD123. In some embodiments, the sequence of the variant DD comprises the
amino acid sequence of a variant that has at least 75%, 80%, 85%, 87%, 89%, 90%, 92%, 94%, 96%
or 98% sequence identity to a reference DD sequence selected from the group consisting of SEQ ID
NO: 307-739, and 740, and the variant DD retains the ability to specifically bind CD123.

[0132] In some embodiments, a DD of the DDpp is a variant of a CS1-binding DD reference
sequence selected from the group consisting of SEQ ID NO: 896-909, and 910, that retains the ability
to specifically bind CS1. In some embodiments, the sequence of the variant DD comprises the amino

acid sequence of a variant that has at least 75%, 80%, 85%, 87%, 89%, 90%, 92%, 94%, 96% or 98%
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sequence identity to a reference DD sequence selected from the group consisting of SEQ ID NO: 896-
909, and 910, and the variant DD retains the ability to specifically bind CS1.

[0133] In some embodiments, a DD of the DDpp is a variant of a HER2-binding DD reference
sequence selected from the group consisting of SEQ ID NO: 911-949, and 950, that retains the ability
to specifically bind HER2. In some embodiments, the sequence of the variant DD comprises the amino
acid sequence of a variant that has at least 75%, 80%, 85%, 87%, 89%, 90%, 92%, 94%, 96% or 98%
sequence identity to a reference DD sequence selected from the group consisting of SEQ ID NO: 911-
949, and 950, and the variant DD retains the ability to specifically bind HER2.

[0134] In some embodiments, a DD of the DDpp is a variant of a AFP-binding DD reference
sequence selected from the group consisting of SEQ ID NO: 741-874, and 8%6-895, that retains the
ability to specifically bind AFP. In some embodiments, the sequence of the variant DD comprises the
amino acid sequence of a variant that has at least 75%, 80%, 85%, 87%, 89%, 90%, 92%, 94%, 96%
or 98% sequence identity to a reference DD sequence selected from the group consisting of SEQ ID
NO: 741-874, and 886-895, and the variant DD retains the ability to specifically bind AFP.

[0135] In some embodiments, a DD of the DDpp is a variant of a AFP p26-binding DD
reference sequence selected from the group consisting of SEQ ID NO: 741-874, or §86-895, that
retains the ability to specifically bind AFP p26. In some embodiments, the sequence of the variant DD
comprises the amino acid sequence of a variant that has at least 75%, 80%, 85%, 87%, 89%, 90%,
92%, 94%, 96% or 98% sequence identity to a reference DD sequence selected from the group
consisting of SEQ ID NO: 741-874, or 886-895, and the variant DD retains the ability to specifically
bind AFP p26.

[0136] In particular embodiments, the identity between a variant DD (query) sequence and a
reference DD sequence, also referred to as a global sequence alignment, is determined using the
FASTDB computer program based on the algorithm of Brutlag et al. Comp. App. Biosci. 6: 237-245
(1990). Preferred parameters used in a FASTDB amino acid alignment are: Matrix=PAM 0, k-tuple=2,
Mismatch Penalty=1, Joining Penalty=20, Randomization Group Length=0, Cutoff Score=1, Window
Size=sequence length, Gap Penalty=5, Gap Size Penalty=0.05, Window Size=500 or the length of the
subject amino acid sequence, whichever is shorter. According to this embodiment, if the reference DD
sequence is shorter than the variant DD query sequence due to N- or C-terminal deletions, not because

of internal deletions, a manual correction is made to the results to take into consideration the fact that
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the FASTDB program does not account for N- and C-terminal truncations of the reference DD
sequence when calculating global percent identity. For reference sequences truncated at the N- and C-
termini, relative to the query sequence, the percent identity is corrected by calculating the number of
residues of the query sequence that are N- and C-terminal of the reference sequence, which are not
matched/aligned with a corresponding subject residue, as a percent of the total bases of the query
sequence. A determination of whether a residue is matched/aligned is determined by results of the
FASTDB sequence alignment. This percentage is then subtracted from the percent identity, calculated
by the above FASTDB program using the specified parameters, to arrive at a final percent identity
score. This final percent identity score is what is used for the purposes of this embodiment.

[0137] In some embodiments, the DDpp contains a variant DD containing an amino acid
sequence that differs from a corresponding reference DD of SEQ ID NO: 11-949, or 950, in two or
more categories of sequence modifications (i.e., substitutions, deletions, insertions, and additions),
and the variant DD retains the ability to bind the target of the respective reference DD (e.g., BCMA,
CD123, CS1, HER2, AFP, and AFP p26). For example, the sequence of the variant DD may include
combinations of amino acid deletions, insertions and substitutions compared to the sequence of the
reference DD. In some embodiments, the sequence of the variant DD contains 1, 2, 3,4, 5,6, 7, 8, 9,
10, or more than 10, amino acid substitutions compared to a reference DD sequence of SEQ ID NO:
11-949, or 950. In some embodiments, the sequence of the variant DD contains 1, 2, 3,4, 5,6, 7,8, 9,
10, or more than 10, conservative amino acid substitutions compared to a reference DD sequence of
SEQ ID NO: 11-949, or 950. In some embodiments, the sequence of the variant DD contains 1, 2, 3,
4,5,6,7,8,9, 10, or more than 10, nonconservative amino acid substitutions compared to a reference
DD sequence of SEQ ID NO: 11-949, or 950. In some embodiments, the sequence of the variant DD
contains 1, 2, 3,4, 5,6, 7, 8,9, 10, or more than 10, conservative and nonconservative amino acid
substitutions compared to a reference DD sequence of SEQ ID NO: 11-949, or 950. In some
embodiments, the sequence of the variant DD contains 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more than 10,
amino acid deletions compared to a reference DD sequence of SEQ ID NO: 11-949, or 950. In some
embodiments, the sequence of the variant DD contains 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more than 10,
amino acid insertions in a reference DD sequence of SEQ ID NO: 11-949, or 950 and the variant DD
retains the ability to bind the target of the reference DD. Additionally provided are DDpp comprising

a variant DD in which amino acid residues have been deleted from the amino terminus, the carboxy
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terminus, or both the amino and carboxy termini of a corresponding reference DD of SEQ ID NO:
866, and 867 In some embodiments, the sequence of the variant DD contains a sequence with 1, 2, 3,
4,5,6,7,8,9,10, 11, or 12, amino acid residues deleted from the amino terminus of a reference DD
sequence of SEQ ID NO: 11-949, or 950 and the variant DD retains the ability to bind the target of
the reference DD. In some embodiments, the sequence of the variant DD contains a sequence with 1,
2,3,4,5,6,7,8,9,10, 11, or 12, amino acid residues deleted from the carboxy terminus of a reference
DD of SEQ ID NO: 11-949, or 950 and the variant DD retains the ability to bind the target of the
reference DD. In some embodiments, the sequence of the variant DD sequence contains 1-5, 1-10, or
1 to 15, amino acid residues deleted from the amino terminus of a reference DD sequence of SEQ ID
NO: 11-949, or 950, the variant DD sequence has 1-5, 1-10, or 1 to 15, amino acid residues deleted
from the carboxy terminus of the reference DD sequence, and the variant DD retains the ability to bind
the target of the reference DD.

DDpp fusion proteins
[0138] A "fusion protein," "chimeric polypeptide,

chimeric protein," "chimeric antigen," and
a DDpp that comprises/contains a heterologous polypeptide, is a polypeptide comprised of at least two
polypeptides and optionally a linker to operatively link the two polypeptides into one continuous
polypeptide produced, e.g., by recombinant processes. The two polypeptides may be operably attached
directly or indirectly.

[0139] A "DDpp fusion protein" provided herein comprises at least one DDpp disclosed herein
that specifically binds a target of interest (e.g., BCMA (SEQ ID NO: 7), CD123 (SEQ ID NO: 8), CS1
(SEQ ID NO: 925), HER2 (SEQ ID NO: 927), AFP (SEQ ID NO: 9), AFP p26 (SEQ ID NO: 10), or
a fragment thereof). In one embodiment, the DDpp fusion protein contains one DDpp.

[0140] In some embodiments, the DDpp fusion protein is a soluble protein comprising one or
more target-binding DDpp and a p26 protein (e.g., having the sequence of SEQ ID NO: 10, 928, 929,
930, 931, 932, 933, or 934). Such fusion proteins containing p26 sequences have been discovered
herein to have surprisingly long serum half-life. In some embodiments, the soluble DDpp fusion
protein has a plasma half-life in vivo of at least 1 hour, at least 2 hours, at least 4 hours, at least 8 hours,
at least 16 hours, at least 32 hours, at least 64 hours, or more. In some embodiments, the soluble fusion
protein has an in vivo plasma half-life of at least 1 hour, at least 2 hours, at least 4 hours, at least 8

hours, at least 16 hours, at least 32 hours, at least 64 hours, or more hours 65 hours, or 1-10 hours, 2-
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10 hours, 4-10 hours, 6-10 hours, or 6-9 hours in a mouse. In some embodiments, the soluble DDpp
fusion protein has an in vivo plasma half-life of at least 1 hour, at least 2 hours, at least 4 hours, at least
8 hours, at least 16 hours, at least 32 hours, at least 64 hours, or more hours 65 hours, or 1-10 hours,
2-10 hours, 4-10 hours, 6-10 hours, or 6-9 hours, in a human.

[0141] In some embodiments, the disclosure provides a method for modifying the in vivo half-
life (e.g., in a mouse or human) of a soluble fusion protein comprising a p26 protein (e.g., having the
sequence of SEQ ID NO: 10, 928, 929, 930, 931, 932, 933, or 934). In some embodiments, the soluble
p26 fusion protein comprises one or more target-binding DDpp. In some embodiments, the half-life
of the p26 soluble fusion protein is increased or decreased by substituting or deleting one or more
amino acid residues normally found in the human p26 protein, or by inserting one or more amino acid
residues not normally found in the human p26 protein. In another embodiment, the p26 sequence of
the soluble fusion protein is modified through 1, 2, 3, 5, 5, 10, or 1-20, 1-10, 3-10, or 3-5, amino acid
substitutions (conservative and/or nonconservative substitutions), deletions, and/or insertions so as to
increase or decrease the in vivo half-life of the soluble fusion protein. In a particular embodiment, the
amino acid residue corresponding to the glutamine (Gln, Q) at position 217 of SEQ ID NO: 10 of p26
is substituted with another amino acid residues. In a further embodiment the substitution is
GIn217Pro.In another embodiment, the p26 sequence of the soluble fusion protein is modified through
deletion of 1-150, 1-100, 1-50, 1-25 or 1-10 amino acid residues so as to increase or decrease the in
vivo half-life of the soluble fusion protein. In additional embodiments, the p26 sequence of the soluble
fusion protein is modified through 1, 2, 3, 5, 5, 10 or 1-20, 1-10, 3-10, or 3-5, amino acid substitutions
(conservative and/or nonconservative substitutions), deletions, and/or insertions so as to increase or
decrease the interaction of the soluble fusion protein with FcRn.

Multimeric DDpp fusion proteins

[0142] In one embodiment, the DDpp fusion protein comprises more than one DDpp, wherein
two or more DDpp have the same or different specificities. In additional embodiments, the DDpp
fusion protein comprises a tandem repeat of the same or different DD that allow a DDpp fusion protein
to bind multiple targets and/or repeating epitopes or different epitopes on the same target. In some
embodiments, the DDpp fusion protein comprises at least 2, 3, 4, or 5, or more than 5, DDpp. In some
embodiments, the DDpp fusion protein contains 1-3, 1-4, 1-5, or more than 5, different DDpp. In some

embodiments, the DDpp fusion protein contains at least 2, 3, 4, or 5, or more than 5, different DDpp.
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Thus, a DDpp fusion protein can be a monomeric DDpp (i.e., containing one DDpp) or multimeric
DDpp (i.e., containing more than one DDpp in tandem optionally operably connected by a linker). In
some embodiments, the use of multimeric DDpp provides enhanced (e.g., synergistic) target binding.
In additional embodiments, multimeric DDpp allows targeting of more than one target using a single
DDpp construct (e.g., bi-, tri-specific, efc.). The linkage of two or more identical DDpp results in a
multivalent molecule that provides distinct advantages (e.g., increased binding avidity, target
clustering and receptor activation) over monovalent compositions. The linkage of two or more
different DDpp results in a multivalent and multi-specific molecule that has the potential to bind more
than one target antigen, either independently or simultaneously.

[0143] The multimeric DDpp fusion protein can be a DDpp homo-multimeric (i.e., containing
more than one of the same DDpp in tandem optionally connected by linker(s) (e.g., homodimers,
homotrimers, homotetramers efc.) or DDpp hetero-multimeric (i.e., containing two or more DDpp in
which there are at least two different DDpp protein. The number of monomeric DDpp included within
a multimeric composition may vary, depending on the embodiment, and may be defined, at least in
part, by the expression system in which the DDpp is produced. In some embodiments, however, the
fusion proteins may comprises multimers of about 5 to about 10 DDpp subunits, about 10 to about 15
subunits, about 15 to about 20 subunits, about 20 to about 25 subunits, or about 25 to about 30 subunits
(including numbers in between those listed as well as endpoints). Moreover, multiple tandem
components of a DDpp fusion protein can contain the same or different DDpp. In some DDpp fusions,
the DDpp are present as a monomer, or in homomultimers or heteromers such as, homodimers or
heterodimers, homotrimers or heterotrimers, homotetramers or heterotetramers.

[0144] A DDpp fusion protein can be "monospecific" or "multi-specific." A DDpp fusion
protein that is "multi-specific" (e.g., bispecific, trispecific or of greater multi-specificity) recognizes
and binds to two or more different epitopes present on one or more different molecules (e.g., proteins,
solid support structures, efc.).

[0145] In some embodiments, two or more DDs are fused together as a multivalent DDpp. The
DD of the multivalent DDpp may be the same or different. Thus, the disclosure provides a DDpp
homo-dimer (i.e., a DDpp comprising two identical DD), a DDpp homo-multimer (i.e., a DDpp
comprising three or more identical DD), a DDpp hetero-dimer (i.e., a DDpp comprising two different

DD), and DDpp hetero-multimer (i.e., a DDpp comprising three or more DD, wherein at least two of
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the DD are different) comprising any of the DD described herein, optionally attached by one or more
linkers.

[0146] In some embodiments, two or more DDs are linked by a multimerization domain or
attached via chemical linkage, to generate a multivalent DD complex. The DD of the multivalent DD
complex may be the same or different. Thus, the disclosure provides a DD homo-dimer complex (i.e.,
a DD complex comprising two identical DD), a DD homo-multimer complex (i.e., a DD complex
comprising three or more identical DD), a DD hetero-dimer complex (i.e., a DD complex comprising
two different DD), and DD hetero-multimer complex (i.e., a DD complex comprising three or more
DD, wherein at least two of the DD are different) comprising any of the DD described herein,
optionally attached by one or more linkers.

[0147] In one embodiment, a multi-specific DDpp fusion protein contains at least two DDpp
that bind to at least two different epitopes on a single target of interest (e.g., BCMA, CD123, CSI,
HER2, AFP, or AFP p26). In a further embodiment, the DDpp fusion is bispecific and specifically
binds to two different targets expressed on the surface of two different cell types. In one embodiment
the bispecific DDpp fusion protein specifically binds to a target on a cancer cell and a target on an
immune effector cell. In one embodiment the bispecific DDpp fusion protein specifically binds a target
expressed on a cancer cell (e.g., BCMA, CS1, CD123, and CD19) and a target expressed on the surface
of a T lymphocyte (e.g., CD3). In one embodiment the bispecific DDpp fusion protein specifically
binds BCMA and CS1.

[0148] In additional embodiments, a multi-specific DDpp fusion protein comprises at least one
DDpp that specifically binds one epitope on a target of interest and at least one other domain or
sequence conferring function (e.g., an antibody fragment or domain such as an scFv) that specifically
binds to a different epitope on the same target of interest. In one embodiment, a multi-specific DDpp
fusion protein comprises at least one DDpp that specifically binds to an epitope on a target of interest
and at least one domain or sequence conferring function e.g., an antibody fragment or domain (e.g.,
scFv), that specifically binds to an epitope on a different target of interest. In one embodiment, the
multi-specific DDpp fusion protein comprises at least one DDpp that specifically binds to an epitope
on a target of interest and at least one domain or sequence that specifically binds to an epitope on a

different target on the same cell. In other embodiments, a DDpp fusion protein comprises at least one
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DDpp and at least one other DDpp or domain sequence conferring function, e.g., an antibody fragment
or domain that specifically binds to a solid support.

[0149] In a further embodiment, the multimeric DDpp fusion comprising 2 or more DDpp are
in turn fused with other heterologous proteins (or their subdomains) and in so doing, impart the
multivalent and multi-specific properties to the fusion partner. Examples of fusion partners of a DDpp
include but are not limited to, antibodies, antibody subdomains (e.g., scFv or Fc domains), serum
albumin, serum albumin subdomains, cell surface receptors, an alpha chain of a T cell receptor (TCR),
a beta chain of a T cell receptor, cell surface receptor subdomains, peptides, peptide tags (e.g., FLAG
or myc), fibronectin type IlI repeats, z-domains, elastin-like polypeptides. The number and location
of DDpp and their respective positions within the fusion protein can vary. For example, DDpp(s) can
be located at one or all termini of a fusion partner and/or interspersed within heterologous subunits
within the DDpp fusion partner.

[0150] In additional embodiments, a DDpp fusion protein comprises a DDpp and a polypeptide
sequence containing an additional domain. In some embodiments, the DDpp fusion protein comprises
a DDpp and a member selected from: an antibody, an antibody fragment (e.g., an antigen binding
domain or portion thereof (e.g., an scFv), an effector domain or portion thereof, an FcRn binding
domain or portion thereof, and an Fc or a portion thereof), a serum protein (e.g., albumin or a portion
thereof), a cytokine, a growth factor, a hormone, an imaging agent, a labeling agent, and a peptide tag.
In some embodiments, the DDpp fusion protein comprises an Fc domain of an immunoglobulin (e.g.,
a human Fc domain) or a portion thereof. In further embodiments, the Fc domain is a variant human
Fc domain.

[0151] In some embodiments, the DDpp is fused to a heterologous polypeptide. In some
embodiments, the heterologous polypeptide comprises a full-length antibody or an antibody fragment.
in some embodiments, the DD is fused to: the amino terminus of a full-length antibody heavy chain;
the amino terminus of a full-length antibody light chain; the carboxyl terminus of a full-length
antibody heavy chain; or the carboxyl terminus of a full-length antibody light chain. In other
embodiments, the DD is fused to an antibody fragment which is an Fc¢. In additional embodiments, the
heterologous polypeptide comprises a member selected from the group consisting of: (i) a
transmembrane domain; (it} a membrane associating domain; {11t} human serum albumin or a fragment

thereof, (iv} AFP or a fragment thereof;, (v} AFP p26 or a fragment thereof, (vi) the extracellular
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domain of a receptor or a fragment thereof, and (vii) the extracellular domain of an intracellular
receptor (e.g., a nuclear protein) or a fragment thereof. In some embodiments, the DDpp contains a
heterologous polypeptide comprising the extracellular domain, or a fragment of an extracellular
domain, of a cell surface receptor.

[0152] In some embodiments, the DDpp of a DDpp fusion protein is incorporated into a larger,
multi-domain molecular complex (e.g., a monomeric or multimeric DDpp fusion protein) and in so
doing, imparts the functional attributes of the incorporated DDpp to the resultant fusion protein. In
some embodiments, the DDpp fusion protein comprises a DDpp and a polypeptide sequence from an
antibody, an antibody fragment, a serum protein (e.g., human serum albumin) or serum protein
fragment, or a cell surface receptor, an alpha chain of a T cell receptor (TCR), a beta chain of a T cell
receptor, cytokine, growth factor, hormone, or enzyme, or fragment thereof. Incorporation of DD into
multidomain and/or multifunctional complexes can routinely be achieved by way of recombinant
fusion to another polypeptide, binding to another chemical moiety, and covalent chemical linkage to
another polypeptide (or other desirable chemical compound) using techniques known in the art. DDpp
fusion proteins can additionally contain other optional components such as linkers and other

components described herein.

DDpp fusion proteins as CARs

[0153] In addition to the incorporation of DD into soluble multi-domain proteins, the present
invention provides a means by which to create cell-associated DDpp, comprised of at least one DDpp
designed to impart binding specificity a membrane bound fusion protein. DDpp-receptors may be
expressed by any cell type.

[0154] In one embodiment, the DDpp-receptor fusion protein comprises a chimeric antigen
receptor (CAR), or DDpp-CAR, that comprises: an extracellular targeting domain and a
transmembrane domain. In another embodiment, the DDpp-CAR is composed of an extracellular
targeting domain, a transmembrane domain, and a cytoplasmic domain wherein the cytoplasmic
domain comprises the signaling domain. In a further embodiment the DDpp-CAR extracellular domain
comprises one or more DDpp, in which each DDpp constitutes a specific binding domain with the
same or different specificities. In some embodiments, the target-specific domain is directed to one (or

more) of the cancer or tumor antigens disclosed herein, such as BCMA, CD123, CS1, HER2, AFP,
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and AFP p26, as non-limiting examples. In one embodiment, the intracellular domain (e.g., the
cytoplasmic domain) of the DDpp-CAR comprises the intracellular domain of CD3 zeta chain. In
another embodiment the intracellular signaling domain of the DDpp is comprised of part of the
intracellular domain of CD3 zeta chain. In a further embodiment, the intracellular domain of the
DDpp-CAR comprises the intracellular domain of CD3 zeta chain and a costimulatory signaling
region. The costimulatory signaling region refers to a portion of the DDpp-CAR comprising all or part
of the intracellular domain of a costimulatory molecule. Costimulatory molecules are cell surface
molecules other than antigens receptors or their ligands that are required for an efficient response of
lymphocytes to antigen. Costimulatory molecules and portions of these molecules that are able to
confer costimulatory properties to an AR are known in the art and can routinely be incorporated into
the DDpp-CAR. In addition, truncations or mutation to these intracellular signaling and costimulatory
domains may be incorporated to further enhance or reduce receptor signaling. In preferred
embodiments, a T cell is genetically modified to stably express a DDpp-CAR. In such embodiments,
the cytoplasmic domain of the DDpp-CAR can be designed to comprise the CD28 and/or 41BB
signaling domain by itself or be combined with any other desired cytoplasmic domain(s) useful in the
context of the disclosed embodiments. In one embodiment, the cytoplasmic domain of the DDpp-CAR
can be designed to further comprise the signaling domain of CD3-zeta. In one embodiment, the DDpp-
CAR comprises an extracellular targeting domain, an extracellular protein linker with a
transmembrane domain that passes through the cellular membrane (such as found in T cells or NK
cells), and a cytoplasmic domain, optionally comprising multiple signaling modules. In some
embodiments, the DDpp-CAR may also comprise an epitope tag. In some embodiments, the
cytoplasmic domain of the DDpp-CAR can include but is not limited to CD3-zeta, 41BB and CD28
signaling modules and combinations thereof.

[0155] In additional embodiments, the disclosure provides a chimeric antigen receptor (CAR),
wherein the CAR includes a targeting domain comprising a DDpp disclosed herein, a transmembrane
domain, and an intracellular signaling domain. In some embodiments, the intracellular signaling
domain is selected from the group consisting of a human CD3 zeta domain, 41BB domain, a CD28
domain and/or any combination thereof. Depending on the embodiment, the costimulatory signaling
region can comprise, for example, the intracellular domain of a costimulatory molecule selected from

the group consisting of CD27, CD28, 41BB, 0X40, CD30, CD40, PD1, lymphocyte function-
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associated antigen-1 (LFA 1), CD2, CD7, LIGHT, NKG2C, B7H3, a ligand that specifically binds
with CD83, and any combination thereof. In some embodiments, the targeting domain of the CAR
comprises a plurality of binding domains (e.g., DDs, or one or more DD and a scFv) that includes an
additional target-binding polypeptide. Nucleic acids encoding CARs that include the target-binding
polypeptides as part (or all) of the targeting region are also provided.
[0156] The disclosure also provides cells comprising a nucleic acid sequence encoding a CAR,
wherein the CAR comprises an antigen binding domain made up of, at least in part, a disclosed DDpp
that binds a target of interest (e.g., BCMA, CD123, CS1, HER2, AFP, and AFP p26), a transmembrane
domain, and a signaling domain. In some embodiments, the CAR binds specifically to a tumor antigen
(and thus functions to deliver the cell expressing the CAR to the tumor. In some embodiments, the
tumor antigen is associated with a hematologic malignancy. In some embodiments, the tumor antigen
is BCMA. In some embodiments, the tumor antigen is CD123. In some embodiments, the tumor
antigen is CS1. In additional embodiments, tumor antigen is associated with a solid tumor. In some
embodiments, the tumor antigen is HER2. In some embodiments, both solid and hematologic tumors
are targeted. In some embodiments, the cell expressing the CAR is a T cell, a natural killer (NK) cell
or other immune cell type. In some embodiments, the cell expressing the CAR (whether T cell, NK
cell or other cell type) exhibits an anti-tumor immunity when the polypeptide binds to its
corresponding tumor antigen.

Extracellular Domain
[0157] Depending on the desired antigen to be targeted, the DDpp-CAR can be engineered to
include an antigen binding DDpp that is specific to the desired antigen target. For example, if BCMA
is the desired antigen that is to be targeted, one or more BCMA-binding DDpp can be incorporated
into the target specific binding domain of the DDpp-CAR. Moreover, the DDpp-CAR can include
more than one DDpp, imparting multispecificity or multivalency to the DDpp-CAR. In some
embodiments, the DDpp-CAR comprises a BCMA-binding DDpp. In some embodiments, the DDpp-
CAR comprises a CS1-binding DDpp. In some embodiments, the DDpp-CAR comprises a BCMA-
binding DDpp and a CS1-binding DDpp.
[0158] The choice of DDpp incorporated into the extracellular domain of the DDpp receptor
(e.g., DDpp-CAR) depends upon the identity of the cell or cells to be targeted. For example, a DDpp-

CAR may specifically bind to cell surface proteins such as a receptor on the same cell or another cell.
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In other embodiments, DDpp-CAR specifically binds to a soluble molecule, such as an
immunoglobulin. In other embodiments, the targets of interest bound by the DDpp-CAR include those
associated with viral, bacterial and parasitic infections, diseases and disorders of the immune system
(e.g., autoimmune disease).

[0159] In other embodiments, the DDpp-CAR may be chosen to recognize a ligand that acts
as a cell surface marker on target cells associated with a cancer. A DDpp-CAR can in some
embodiments, target and bind a tumor antigen (e.g., a TAA or other tumor antigen described herein or
otherwise known in the art. Accordingly, provided herein are methods for creating DDpp-CAR, their
use in creating chimeric cells such as, human T cells and natural killer cells and the use of these
chimeric T cells in adoptive immunotherapy.

[0160] In the context provided herein, "tumor antigen" refers to antigens that are common to
specific hyperproliferative disorders such as cancer. Tumor antigens that can be specifically bound by
a DDpp in a DDpp-CAR are disclosed herein. In one embodiment, a DDpp in a DDpp-CAR
specifically binds a tumor-specific antigen (TSA) or a tumor-associated antigen (TAA). A TSA is
unique to tumor cells and does not occur on other cells in the body. A TAA associated antigen is not
unique to a tumor cell and instead is also expressed on a normal cell under conditions that fail to induce
a state of immunologic tolerance to the antigen. The expression of the antigen on the tumor may occur
under conditions that enable the immune system to respond to the antigen. TAAs may be antigens that
are expressed on normal cells during fetal development when the immune system is immature and
unable to respond or they may be antigens that are normally present at extremely low levels on normal
cells but which are expressed at much higher levels on tumor cells.

[0161] In some embodiments, a DDpp in the antigen binding moiety portion of a DDpp-CAR
specifically binds BCMA, CS1, HER2, or CD123. In some embodiments, the DDpp specifically binds
a BCMA protein having an amino acid sequence consisting of SEQ ID NO: 7. In further embodiments,
the DDpp specifically binds BCMA and comprises an amino acid sequence selected from the group
consisting of SEQ ID NO: 11-305, and 306. In some embodiments, the DDpp specifically binds a
CD123 protein having an amino acid sequence consisting of SEQ ID NO: 8. In further embodiments,
the DDpp specifically binds CD123 and comprises an amino acid sequence selected from the group
consisting of SEQ ID NO: 307-739, and 740. In some embodiments, the DDpp specifically binds a
CS1 protein having an amino acid sequence consisting of SEQ ID NO: 925. In further embodiments,
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the DDpp specifically binds CS1 and comprises an amino acid sequence selected from the group
consisting of SEQ ID NO: 896-909, and 910. In some embodiments, the DDpp specifically binds a
CS1 and BCMA. In some embodiments, the DDpp specifically binds a HER2 protein having an amino
acid sequence consisting of SEQ ID NO: 927. In further embodiments, the DDpp specifically binds
HER?2 and comprises an amino acid sequence selected from the group consisting of SEQ ID NO: 911-
949, and 950. In additional embodiments, the antigen binding moiety portion of the DDpp-CAR
further binds a target selected from: HVEM, BTLA, DR3, CD19, CD20, and CD22.
[0162] In one embodiment, a DDpp in a DDpp-CAR specifically binds a tumor antigen
associated with a malignant tumor. In one embodiment, a DDpp of a DDpp-CAR binds to an antigen
selected from: a B cell lymphoma-specific idiotype immunoglobulin; a B cell differentiation antigen
such as CD19, CD20 and CD37; TSLPR and IL7R on myeloid cells, and heat shock protein gp96 on
multiple myeloma cells.
[0163] In some embodiments, a DDpp in the antigen binding moiety portion of a DDpp-CAR
specifically binds AFP, AFP p26, or a fragment thereof. In some embodiments, the DDpp specifically
binds an AFP protein having an amino acid sequence consisting of SEQ ID NO: 9, or a fragment
thereof. In some embodiments, the DDpp specifically binds an AFP p26 protein having an amino acid
sequence consisting of SEQ ID NO: 10, or a fragment thereof. In further embodiments, the DDpp
specifically comprises an amino acid sequence selected from the group consisting of SEQ ID NO:
741-874, and 886-895. In some embodiments, the antigen binding moiety portion of the DDpp-CAR
further binds a tumor antigen. In additional embodiments, the antigen binding moiety portion of the
DDpp-CAR further binds a target selected from: BCMA, CD123, CS1, HER2, HVEM, BTLA, DR3,
CD19, CD20, and CD22.

Transmembrane Domain
[0164] "Transmembrane domain" (TMD) as used herein refers to the region of a cell surface
expressed DDpp fusion protein such as a DDpp-CAR, which crosses the plasma membrane. In some
embodiments, the transmembrane domain of the DDpp-CAR is the transmembrane region of a
transmembrane protein (for example Type I transmembrane proteins), an artificial hydrophobic
sequence or a combination thereof. Other transmembrane domains will be apparent to those of skill in

the art and may be used in connection with alternate embodiments provided herein.
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[0165] The DDpp receptor (e.g., DDpp-CAR) can be designed to contain a transmembrane
domain that is fused to the extracellular domain of the DDpp receptor. As described above, the fusion
of the extracellular and transmembrane domains can be accomplished with or without a linker. In one
embodiment, the transmembrane domain that is naturally associated with one of the domains in the
DDpp-CAR is used. In a specific embodiment, the transmembrane domain in the DDpp-CAR is the
CDS8 transmembrane domain. In some instances, the transmembrane domain of the DDpp-CAR
comprises the CD8 hinge domain. In some embodiments, the transmembrane domain is be selected or
modified by amino acid substitution to promote or inhibit association with other surface membrane
proteins.

[0166] The transmembrane domain can be derived either from a natural or from a synthetic
source. Where the source is natural, the domain can be derived from any membrane-bound or
transmembrane protein. Transmembrane regions of particular use for the purposes herein may be
derived from (i.e., comprise at least the transmembrane region(s) of) a member selected from the
group: the alpha, beta or zeta chain of the T cell receptor; CD28, CD3 epsilon, CD45, CD4, CD5,
CDS8, CD9, CD16, CD22, CD33, CD37, CD64, CD80, CD86, CD134, CD137, and CD154.
Alternatively the transmembrane domain can be synthetic, in which case the DDpp-CAR
transmembrane domain will comprise predominantly hydrophobic residues such as leucine and valine.
In further embodiments, the transmembrane domain comprises the triplet of phenylalanine, tryptophan
and valine at each end of a synthetic transmembrane domain.

[0167] "Extracellular spacer domain" (ESD) as used herein refers to the hydrophilic region
which is between the antigen-specific targeting region and the transmembrane domain. In some
embodiments, the DDpp-CAR comprise an extracellular spacer domain. In other embodiments, the
DDpp-CAR does not comprise an extracellular spacer domain. The extracellular spacer domains
include but are not limited to Fc fragments of antibodies or fragments or derivatives thereof, hinge
regions of antibodies or fragments or derivatives thereof, CH2 regions of antibodies, CH3 regions of
antibodies, artificial spacer sequences or combinations thereof. Additional examples of extracellular
spacer domains include but are not limited to CD8a hinge, and artificial spacers made of polypeptides
which may be as small as, for example, Gly3 or CHI and CH3 domains of IgGs (such as human IgG4).
In some embodiments, the extracellular spacer domain is any one or more of (i) a hinge, CH2 and CH3

regions of IgG4, (i1) a hinge region of IgG4, (ii1) a hinge and CH2 of IgG4, (iv) a hinge region of
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CD8a, (v) a hinge, CH2 and CH3 regions of IgGl, (vi) a hinge region of IgGl or (vi) a hinge and CH2
region of IgGl. Other extracellular spacer domains will be apparent to those of skill in the art and may
be used in connection with alternate embodiments, provided herein.

[0168] In some embodiments, a short oligo- or polypeptide linker, from about 1 to 100 amino
acids in length, is used to link together any of the domains of a DDpp-CAR. Linkers can be composed
of flexible residues like glycine and serine (or any other amino acid) so that the adjacent protein
domains are free to move relative to one another. The amino acids sequence composition of the linker
may be selected to minimize potential immunogenicity of the DDpp-CAR or DDpp fusion protein.
Longer linkers can be used when it is desirable to ensure that two adjacent domains do not sterically
interfere with one another. In some embodiments, preferably between 2 and 10 amino acids in length
forms the linkage between the transmembrane domain and the cytoplasmic signaling domain of the
DDpp-CAR. In further embodiments, the linker is between 10 and 15 amino acids in length, or
between 15 and 20, or between 20 and 30, or between 30 and 60, or between 60 and 100 amino acids
in length (or any range in between those listed). In further embodiments, the linker is a glycine-serine
doublet sequence. Further embodiments employ a fragment of the hinge region derived from the
human T cell surface glycoprotein CD8 alpha-chain (for example ranging from amino acid positions
138-182 CDS8 alpha chain; Swiss-Prot accession number PO1732). Further embodiments employ a
fragment of the CD8 hinge region that has been further modified, through amino acid substitution, to
improve expression function or immunogenicity. Further embodiments employ a fragment of the
extracellular region derived from the human CD28 Further embodiments employ a fragment of the
CD28 extracellular region that has been further modified, through amino acid substitution, to improve
expression function or immunogenicity.

Intracellular Domain

[0169] "Intracellular signaling domain" (ISD) or "cytoplasmic domain" as used herein refer to
the portion of the DDpp-CAR which transduces the effector function signal and directs the cell to
perform its specialized function. The cytoplasmic domain (i.e., intracellular signaling domain) of a
DDpp-CAR is responsible for activation of at least one of the normal effector functions of an immune
cell engineered to express a DDpp-CAR. The term "effector function" refers to a specialized function
of a cell. The effector function of a T cell, for example, includes cytolytic activity and helper activity

including the secretion of cytokines. Thus the term "intracellular signaling domain" refers to the
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portion of a DDpp-CAR protein which transduces the effector function signal and directs the cell to
perform a specialized function. While typically the entire intracellular signaling domain corresponding
to a naturally occurring receptor can be employed, in many cases it is not necessary to use the entire
chain. To the extent that a truncated portion of the intracellular signaling domain is used, such
truncated portion can be used in place of the intact chain as long as it transduces the effector function
signal. The term intracellular signaling domain is thus meant to include any truncated portion of the
intracellular signaling domain sufficient to transduce the effector function signal. In one embodiment,
an intracellular signaling domain in the DDpp-CAR includes the cytoplasmic sequences of the T cell
receptor (TCR) and also the sequence of co-receptors that act in concert to initiate signal transduction
following antigen receptor engagement, or any derivative or variant of these sequences that has
functional capability. Examples of domains that transduce an effector function signal include but are
not limited to the  chain of the T cell receptor complex or any of its homologs (e.g., 1| chain, FcsRly
and [ chains, MB 1 (Iga) chain, B29 (Ig) chain, efc.), human CD3 zeta chain, CD3 polypeptides (A, &
and ¢), syk family tyrosine kinases (Syk, ZAP 70, efc.), src family tyrosine kinases (Lck, Fyn, Lyn,
efc.) and other molecules involved in T cell transduction, such as CD2, CDS5 and CD28.

[0170] It is known that signals generated through the TCR alone are insufficient for full
activation of the T cell and that a secondary or co-stimulatory signal is also required. Thus, T cell
activation can be said to be mediated by two distinct classes of cytoplasmic signaling sequence: those
that initiate antigen-dependent primary activation through the TCR (primary cytoplasmic signaling
sequences) and those that act in an antigen-independent manner to provide a secondary or co-
stimulatory signal (secondary cytoplasmic signaling sequences).

[0171] Primary cytoplasmic signaling sequences regulate primary activation of the TCR
complex either in a stimulatory way, or in an inhibitory way. Primary cytoplasmic signaling sequences
that act in a stimulatory manner may contain signaling motifs which are known as immunoreceptor
tyrosine-based activation motifs (ITAMs).

[0172] Examples of ITAM containing primary cytoplasmic signaling sequences that are of
particular use in the provided embodiments include those derived from TCR zeta, FcR gamma, FcR
beta, CD3 gamma, CD3 delta, CD3 epsilon, CD22, CD79a, CD79b, and CD66d. It is particularly
preferred that cytoplasmic signaling molecule in the CAR comprises a cytoplasmic signaling sequence

derived from CD3 zeta.
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[0173] "Co-stimulatory domain" (CSD) as used herein refers to the portion of a CAR or DDpp-
CAR which enhances the proliferation, survival and/or development of memory cells. The DDpp-
CAR may comprise one or more co-stimulatory domains. Each co-stimulatory domain comprises the
costimulatory domain of any one or more of, for example, a member of the TNFR superfamily,
selected from CD28, CD137 (4-1BB), CD134 (0X40), Dapl0, CD27, CD2, CDS, ICAM-1, LFA-
1(CD1 1a/CD18), Lck, TNFR-I, TNFR-II, Fas, CD30, and CD40 or a combination thereof. Other co-
stimulatory domains (e.g., from other proteins) will be apparent to those of skill in the art and may be
used in connection with alternate embodiments encompassed by the disclosure.

[0174] In a preferred embodiment, the cytoplasmic domain of a DDpp-CAR comprises the
CD3-zeta signaling domain by itself or combined with any other desired cytoplasmic domain(s) useful
in the context of the DDpp-CAR. For example, the cytoplasmic domain of the DDpp-CAR can
comprise a CD3 zeta chain portion and a costimulatory signaling region. The costimulatory signaling
region refers to a portion of the CAR comprising the intracellular domain of a costimulatory molecule.
A costimulatory molecule is a cell surface molecule other than an antigen receptor or their ligands that
is required for an efficient response of lymphocytes to an antigen. Examples of such molecules include
CD27, CD28, 41BB (CD 137), 0X40, CD30, CD40, PDI1, ICOS, lymphocyte function-associated
antigen-1 (LFA1), CD2, CD7, LIGHT, NKG2C, B7H3, TIM1, and LAG3.

[0175] Polypeptide linkers may be positioned between adjacent elements of the DDpp-CAR.
For example linkers may be positioned between adjacent DDpp or between DDpp and the
transmembrane domain or between the transmembrane domain and the cytoplasmic domain or
between adjacent cytoplasmic domains. The cytoplasmic signaling sequences within the cytoplasmic
signaling portion of the DDpp-CAR may be linked to each other in a random or specified order.
Optionally, a short linker, preferably between 2 and 10 amino acids in length may form the linkage. A
glycine-serine doublet provides a particularly suitable linker.

[0176] In additional embodiments, the DDpp fusion protein is a chimeric antigen receptor
{CAR)Y which comprises a target binding domain comprising a DD disclosed herein (e.g., a DD
comprising the amino acid sequence of SEQ ID NO: 11-949, or 950). In some embodiments, the DI
binds BCMA and comprises an amino acid sequence selected from the group consisting of SEQ ID
NO: 11-305, and 306. in scine embodiments, the DD binds CD23 and comywises an amino acid

sequence selected from the group conatsting of SEQ ID NO: 307-739, and 740. In some embodiments,
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the DB binds €81 and comprises an amino acid sequence selected from the group consisting of SEQ
ID NO: 896-909, and 910. In some embodiments, the DI binds HERZ and comprises an amino acid
sequence selected from the group consisting of SEQ ID NO: 911-949, and 950. I some embodiments,
the DM binds AFP and comprises an amino acid sequence selected from the group consisting of SEQ
ID NO: 741-874, and 886-895. in some embaodinents, the I binds AFP p26 and comprises an amino
acid sequence selected from the group consisting of SEQ ID NO: 741-874, and 886-895. In some
rabodiments, the CAR comprises, a target bindiog domain, a ansmembrane domain, and an
intracelluiar stgnaling domain. In some embodiments, the CAR transmembrane domain comprises a
41BB or CD28 transmembrave domain. In some embodiments the CAR comprises an wtracetiviar
signaling domain selected from the group consisiing of a domain of a haman T cell receptor alpha,
beta, or zeta chain, a2 human 4188 domain; a human CDZ2 domain; and any combination thereof. In
some embodiments, the CAR intracellular signaling domain comprises the intraceitular domain of a
costimulatory molecule selected trom the group consisting of CD27, CD2E, 4IBB, OX40, CD30,
CD40, PDIY, lymphocoyte function~-associated antigen-1 (LFA-1), CD2, O, LIGHT, NEG2ZC, B7-
H3, a ligand that specifically binds with CDB3, and any combination thereof. In some embodiments
the CAR further comprises a second target binding domain having the same or a different target than
the DD target binding domain. In some embodiments, the CAR comprises a first target inding domain
that binds C51 and a second target binding domain that binds BCMA | To some emboduments, the CAR
is expressed in an immune cell. In some embodiments, the immune cell is a T cell (CAR-T celljor a
natural killer (NK) cell (CAR-NK cell}. In some embodiments, the CAR 15 associated with a liposome.
In some embodiments, the CAR comprises 2, 3, 4, 5, or more than 5, DD and/or other binding domains
(e.g., scFv) that specifically bind a target of interest (e.g.,, BCMA, CS1, or CD123) expressed on the
surface of the cancer cell. In additional embodiments, the CAR comprises 2, 3, 4, 5, or more than 5,
DD or other binding domains (e.g., scFv) that specifically bind a second, different target of interest,
expressed on the surface of the cancer cell. In additional embodiments, the administered CAR further
comprises 2, 3, 4, 5, or more than 5, DD or other binding domains (e.g., scFv) that specifically binds
a second, different target of interest, expressed by a second, different cancer cell or a vascular
endothelial cell.

Additional DDpp fusion proteins
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[0177] In some embodiments, the DDpp contains a heterologous polypeptide comprising a
fragment consisting of 5-500, 5-400, 5-300, 5-200, 5-100, 5-50, 10-500, 10-400, 10-300, 10-200, 10-
100, or 10-50 amino acids of an extracellular domain, of a cell surface receptor. In some embodiments,
the DDpp contains a heterologous polypeptide that comprises the extracellular domain, or a fragment
of an extracellular domain of BCMA (SEQ ID NO: 7) or CD123 (SEQ ID NO: 8). In some
embodiments, the DDpp contains a heterologous polypeptide that comprises the extracellular domain,
or a fragment of an extracellular domain of BCMA (SEQ ID NO: 7), or CD123 (SEQ ID NO: 8), or
CS1 (SEQ ID NO: 925). In some embodiments, the DDpp contains a heterologous polypeptide that
comprises the extracellular domain, or a fragment of an extracellular domain, of a receptor selected
from the group consisting of: CD19, CD20, CD22, HVEM, BTLA, DR3, CD37; TSLPR, IL7R, and
gp96.

[0178] In some embodiments, the protein contains a heterologous polypeptide that comprises
a serum protein or an antigenic fragment of a serum protein (e.g., AFP, and AFP p26). In some
embodiments, the DDpp contains a heterologous polypeptide comprising a fragment consisting of 5-
500, 5-400, 5-300, 5-200, 5-100, 5-50, 10-500, 10-400, 10-300, 10-200, 10-100, or 10-50 amino acids
of a serum protein. In some embodiments, the protein contains a heterologous polypeptide that
comprises an intracellular protein or an antigenic portion of an intracellular protein (e.g., a nuclear
protein). In some embodiments, the DDpp contains a heterologous polypeptide comprising a fragment
consisting of 5-500, 5-400, 5-300, 5-200, 5-100, 5-50, 10-500, 10-400, 10-300, 10-200, 10-100, or 10-
50 amino acids of an intracellular protein. In some embodiments, the DDpp contains a heterologous
polypeptide having the sequence of SEQ ID NO: 10, 928, 929, 930, 931, 932, 933, or 934.

[0179] In some embodiments, the DDpp fusion protein specifically binds BCMA, CD123,
CS1, HER2, AFP, and/or AFP p26, and further binds one or more additional targets of interest. The
targets of interest specifically bound by a DDpp fusion protein can be any molecule for which it is
desirable for a DDpp to bind. For example, the targets specifically bound by the DDpp fusion protein
can be BCMA, CD123, CS1, HER2, AFP, and/or AFP p26, and additionally any additional target of
manufacturing, formulation, therapeutic, diagnostic, or prognostic relevance or value. A number of
exemplary additional targets are provided herein, by way of example, and are intended to be illustrative
and not limiting. The additional target of interest bound by the DDpp fusion protein can be naturally

occurring or synthetic. The additional target of interest can be an extracellular component or an
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intracellular component, a soluble factor (e.g., an enzyme, hormone, cytokine, and growth factor,
toxin, venom, pollutant, efc.), or a transmembrane protein (e.g., a cell surface receptor). In some
embodiments, the target of interest bound by the DDpp fusion protein is a human protein. In one
embodiment, a DDpp (e.g., a DDpp fusion protein) binds a human protein target of interest and its
monkey (e.g., cynomolgous monkey), mouse, rabbit, hamster and/or a rabbit ortholog.
[0180] In one embodiment a DDpp fusion protein specifically binds BCMA, CD123, CSI,
HER2, AFP, and/or AFP p26, and a serum protein. In one embodiment, the DDpp fusion protein
specifically binds a serum protein selected from: serum albumin (e.g., human serum albumin (HSA)),
thyroxin-binding protein, transferrin, fibrinogen, and an immunoglobulin (e.g., IgG, IgE and IgM).
Without being bound by theory, the binding of a DDpp to a carrier protein is believed to confer upon
the DDpp (or a fusion thereof) an improved pharmacodynamic profile that includes, but is not limited
to, improved tumor targeting, tumor penetration, diffusion within the tumor, and enhanced therapeutic
activity compared to the DDpp fusion protein in which the carrier protein binding sequence is missing
(see, e.g., WOO01/45746, the contents of which is herein incorporated by reference in its entirety).
Antibody-based DDpp fusion proteins
[0181] In some embodiments, the DDpp fusion protein comprises a full-length antibody or a
fragment or subdomain of an antibody. In some embodiment, the DDpp fusion protein comprises a
full length IgG antibody (e.g., IgG1, IgG2, IgG2, or IgG4). In further embodiments, the DDpp fusion
protein comprises a full length antibody that specifically binds a cancer antigen. In further
embodiments, the DDpp comprises a commercially approved therapeutic antibody (e.g., rituximab,
ofatumumab, ocrelizumab, veltuzumab, MEDI-551, epratuzumab, belimumab, tabalumab, AMG-557,
MEDI-570, and NN882). In other embodiments, the DDpp is an Fc fusion protein. In further
embodiments, the Fc protein comprises a variant human F¢ domain.
[0182] In some embodiments, the DDpp fusion protein comprises a full-length antibody or an
antibody fragment or subdomain (e.g., an IgG1 antibody, IgG3 antibody, antibody variable region,
CDR3, scFv, Fc, FcRn binding subdomain, and other antibody subdomains). DDpp proteins can be
operably linked to one another and/or to one or more termini of an antibody, antibody chain, antibody
fragment, or antibody subdomain to form a DDpp fusion protein.
[0183] The antibody component of a DDpp fusion protein can be any suitable full-length

immunoglobulin or antibody fragment (e.g., an antigen binding domain and/or effector domain) or a
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fragment thereof. In one embodiment, the DDpp-antibody fusion protein retains the structural and
functional properties of a traditional monoclonal antibody. Thus, in some embodiments, the DDpp-
antibody fusion protein retains the epitope binding properties, but advantageously also incorporate,
via the DDpp fusion, one or more additional target-binding specificities. Antibodies that can be used
in the DDpp fusions include, but are not limited to, monoclonal, multi-specific, human, humanized,
primatized, and chimeric antibodies. Immunoglobulin or antibody molecules provided herein can be
of any type (e.g., IgG, IgE, IgM, IgD, IgA, and IgY), class (e.g., IgGl, IgG2, 1gG3, 1gG4, IgAl and
IgA2) or subclass of immunoglobulin molecule. In specific embodiments, the antibodies are Fc
optimized antibodies. Antibodies can be from or derived from any animal origin including birds and
mammals or generated synthetically. The antibody component of the DDpp-antibody fusion protein
can be naturally derived or the result of recombinant engineering (e.g., phage display, xenomouse, and
synthetic). In certain embodiments, the antibody component of the antibody-DDpp fusion enhances
half-life, and increase or decrease antibody dependent cellular cytotoxicity (ADCC), and/or
complement dependent cytotoxicity (CDC) activity. In some embodiments, the antibodies are human,
murine, donkey, rabbit, goat, guinea pig, camel, llama, horse, or chicken antibodies. In specific
embodiments, the antibodies are human.

[0184] It is generally understood that the constant region mediates several effector functions.
For example, binding of the C1 component of complement to antibodies activates the complement
system. Activation of complement is important in the opsonization and lysis of cell pathogens. The
activation of complement also stimulates the inflammatory response and can also be involved in
autoimmune hypersensitivity. Further, antibodies bind to cells via the Fc region, with an Fc receptor
site on the antibody Fc region binding to an Fc receptor (FcR) on a cell. There are a number of Fc
receptors that are specific for different classes of antibody, including IgG (gamma receptors), IgE (eta
receptors), IgA (alpha receptors) and IgM (mu receptors). Binding of antibody to Fc receptors on cell
surfaces triggers a number of important and diverse biological responses including engulfment and
destruction of antibody-coated particles, clearance of immune complexes, lysis of antibody-coated
target cells by killer cells (called antibody-dependent cell-mediated cytotoxicity, or ADCC), release
of inflammatory mediators, placental transfer and control of immunoglobulin production.

[0185] In certain embodiments, the DDpp-Fc fusion protein has an altered effector function

that, in turn, affects the biological profile of the administered DDpp-Fc fusion protein. For example,
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the deletion or inactivation (through point mutations or other means) of a constant region subdomain
can reduce Fc receptor binding of the circulating modified antibody. In other cases the constant region
modifications, can moderate complement binding and thus reduce the serum half-life and nonspecific
association of a conjugated cytotoxin. Yet other modifications of the constant region can be used to
eliminate disulfide linkages or oligosaccharide moieties that allow for enhanced localization due to
increased antigen specificity or antibody flexibility. Similarly, modifications to the constant region in
accordance with this disclosure can easily be made using biochemical or molecular engineering
techniques known to those of ordinary skill in the art.

[0186] In some embodiments, the DDpp-Fc fusion protein does not have one or more effector
functions. For instance, in some embodiments, the DDpp-Fc¢ fusion protein has no antibody-dependent
cellular cytoxicity (ADCC) activity and/or no complement-dependent cytoxicity (CDC) activity. In
certain embodiments, the DDpp-Fc fusion protein does not bind to an F¢ receptor and/or complement
factors. In certain embodiments, the DDpp-Fc fusion protein has no effector function. Examples of Fc
sequence engineering modifications that reduce or eliminate ADCC and/or CDC activity and Fc
receptor and/or complement factor binding are described herein or otherwise know in the art, as are
assays and procedures for testing the same.

[0187] In some embodiments, DDpp-Fc¢ fusion protein is engineered to fuse the CH3 domain
directly to the hinge region of the respective modified antibody. In other constructs a peptide spacer
is inserted between the hinge region and the modified CH2 and/or CH3 domains. For example,
compatible constructs can be expressed in which the CH2 domain has been deleted and the remaining
CH3 domain (modified or unmodified) is joined to the hinge region with a 5-20 amino acid spacer.
Such a spacer can be added, for instance, to ensure that the regulatory elements of the constant domain
remain free and accessible or that the hinge region remains flexible. Amino acid spacers can, in some
cases, prove to be immunogenic and elicit an unwanted immune response against the construct.
Accordingly, in certain embodiments, any spacer added to the construct can be relatively non-
immunogenic, or even omitted altogether, so as to maintain the desired biochemical qualities of the
modified DDpp-Fc fusion protein.

[0188] In additional embodiments, the DDpp-Fc fusion protein is modified by the partial
deletion or substitution of a few or even a single amino acid in a constant region. For example, the

mutation of a single amino acid in selected areas of the CH2 domain can be enough to substantially
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reduce Fc binding and thereby. Similarly one or more constant region domains that control the effector
function (e.g., complement C1Q binding) can be fully or partially deleted. Such partial deletions of
the constant regions can improve selected characteristics of the DDpp-Fc fusion protein (e.g., serum
half-life) while leaving other desirable functions associated with the corresponding constant region
domain intact. In some embodiments, the constant region of the DDpp-Fc fusion protein is modified
through the mutation or substitution of one or more amino acids that enhances the profile of the
resulting construct. In this respect it is possible to disrupt the activity provided by a conserved binding
site (e.g., Fc binding) while substantially maintaining the configuration and immunogenic profile of
the modified DDpp-Fc fusion protein. The disclosure also provides an DDpp-Fc fusion protein that
contains the addition of one or more amino acids to the constant region to enhance desirable
characteristics such, as decreasing or increasing effector function or providing attachments sites for
one or more cytotoxin, labeling or carbohydrate moieties. In such embodiments, it can be desirable to
insert or replicate specific sequences derived from selected constant region domains.

[0189] In some embodiments, the DDpp is operably linked to an antibody fragment or
subdomain (e.g., scFv, diabody, EP 404,097; WQO93/111161; WO14/028776; and Holliger ef al.,
PNAS 90: 6444-6448 (1993), the contents of each of which is herein incorporated by reference in its
entirety). The antibody fragment or subdomain can be any fragment or domain of an antibody. See for
example, W0O04/058820, W099/42077 and WO05/017148, the contents of each of which is herein
incorporated by reference in its entirety. For example, a DDpp fusion protein can contain an antibody
effector domain or derivative of an antibody effector domain that confers one or more effector
functions to the DDpp and/or confers upon the DDpp fusion protein the ability to bind to one or more
Fc receptors. In some embodiments, a DDpp-antibody fusion protein contains an antigen-binding
fragment of an antibody or a fragment thereof. In additional embodiments, a DDpp-antibody fusion
protein contains an immunoglobulin effector domain that comprises one or more CH2 and or CH3
domains of an antibody having effector function provided by the CH2 and CH3 domains. Other
sequences in the DDpp fusion that provide an effector function and that are encompassed by the
invention will be clear to those skilled in the art and can routinely be chosen and designed into a DDpp
fusion protein encompassed herein on the basis of the desired effector function(s).

[0190] In one embodiment, the DDpp fusion contains a full-length antibody or an antibody

fragment that is an antigen-binding fragment. In a further embodiment, the antibody or antibody
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fragment binds a disease-related antigen. In one embodiment the DDpp fusion protein comprises an
antibody or an antibody fragment that specifically binds a cancer antigen. In another embodiment, the
DDpp fusion protein comprises an antibody or an antibody fragment that specifically binds a particular
pathogen (e.g., a bacterial cell (e.g., tuberculosis, smallpox, anthrax)), a virus (e.g., HIV), a parasite
(e.g., malaria, leishmaniosis), a fungal infection, a mold, a mycoplasm, a prion antigen, In another
embodiment, the DDpp fusion protein comprises an antibody or an antibody fragment that specifically
binds a particular pathogen (e.g., a bacterial cell (e.g., tuberculosis, smallpox, anthrax)), a virus (e.g.,
HIV), a parasite (e.g., malaria, leishmaniosis), a fungal infection, a mold, a mycoplasm, or a prion
antigen. In another embodiment, the DDpp fusion protein comprises an antibody or an antibody
fragment that specifically binds an antigen associated with a disease or disorder of the immune system.
[0191] In preferred embodiments, the DDpp fusion protein containing an antibody fragment
or domain retains activities of the parent antibody. Thus, in certain embodiments, the DDpp fusion
protein containing an antibody fragment or domain is capable of inducing complement dependent
cytotoxicity. In certain embodiments, the DDpp fusion protein containing an antibody fragment or
domain is capable of inducing antibody dependent cell mediated cytotoxicity (ADCC).

[0192] Accordingly, in some embodiments, the DDpp fusion protein comprises an antibody
fragment that confers upon the DDpp fusion protein a biological or biochemical characteristic of an
immunoglobulin. In some embodiments, the antibody fragment confers a characteristic selected from:
the ability to non-covalently dimerize, the ability to localize at the site of a tumor, and an increased
serum half-life when compared to the DDpp fusion protein in which said one or more DDpp have been
deleted. In certain embodiments, the DDpp fusion protein is at least as stable as the corresponding
antibody without the attached DDpp. In certain embodiments, the DDpp fusion protein is more stable
than the corresponding antibody without the attached DDpp. DDpp fusion protein stability can be
measured using established methods, including, for example, ELISA techniques. In some
embodiments, the DDpp fusion protein is stable in whole blood (in vivo or ex vivo) at 37° C for at least
about 10 hours, at least about 15 hours, at least about 20 hours, at least about 24 hours, at least about
25 hours, at least about 30 hours, at least about 35 hours, at least about 40 hours, at least about 45
hours, at least about 48 hours, at least about 50 hours, at least about 55 hours, at least about 60 hours,
at least about 65 hours, at least about 70 hours, at least about 72 hours, at least about 75 hours, at least

about 80 hours, at least about 85 hours, at least about 90 hours, at least about 95 hours, or at least about
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100 hours (including any time between those listed). In one embodiment, a DDpp fusion contains an
immunoglobulin effector domain or half-life influencing domain that corresponds to an
immunoglobulin domain or fragment in which at least a fraction of one or more of the constant region
domains has been altered so as to provide desired biochemical characteristics such as reduced or
increased effector functions, the ability to non-covalently dimerize, increased ability to localize at the
site of a tumor, reduced serum half-life, or increased serum half-life when compared with an
immunoglobulin fragment having the corresponding unaltered immunoglobulin sequence. These
alterations of the constant region domains can be amino acid substitutions, insertions, or deletions.
[0193] In one embodiment, a DDpp fusion protein comprises an amino acid sequence of an
immunoglobulin effector domain or a derivative of an immunoglobulin effector domain that confers
antibody dependent cellular cytotoxicity (ADCC) to the DDpp fusion protein. In additional
embodiments, a DDpp fusion protein comprises a sequence of an immunoglobulin effector domain
that has been modified to increase ADCC (see, e.g., Bruhns, Blood 113: 3716-3725 (2009); Shields,
J. Biol. Chem. 276: 6591-6604 (2001); Lazar, PNAS 103: 4005-4010 (2006); Stavenhagen, Cancer
Res. 67: 8882-8890 (2007); Horton, Cancer Res. 68: 8049-8057 (2008); Zalevsky, Blood 113: 3735-
3743 (2009); Bruckheimer, Neoplasia 11: 509-517 (2009); WO06/020114; Strohl, Curr. Op.
Biotechnol. 20: 685-691 (2009), and WO04/074455; the contents of each of which is herein
incorporated by reference in its entirety). Examples of immunoglobulin fragment engineering
modifications contained in an amino acid sequence in a DDpp fusion protein that increases ADCC
include immunoglobulin effector domain sequences having one or more modifications corresponding
to: 1gG1-S298A, E333A, K334A; IgG1-S239D, 1332E; IgG1-S239D, A330L, I332E; IgG1-P2471,
A339D or Q; IgG1-D280H, K290S with or without S298D or V; IgG1-F243L, R292P, Y300L; IgG1-
F243L, R292P, Y300L, P396L; and IgG1-F243L, R292P, Y300L, V3051, P396L; wherein the
numbering of the residues in the Fc region is that of the EU index of Kabat ef al. (Kabat ef al.,
Sequences of proteins of Immunological Interest, 1991 Fifth edition, the contents of which is herein
incorporated by reference in its entirety).

[0194] In other embodiments, a DDpp fusion protein comprises a sequence of an
immunoglobulin effector domain that has been modified to decrease ADCC (see, e.g., Idusogie et al.,
J. Immunol. 166: 2571-2575 (2001); Sazinsky ef al., PNAS 105: 20167-20172 (2008); Davis et al., J.
Rheumatol. 34: 2204-2210 (2007); Bolt et al., Eur. J. Immunol. 23: 403-411 (1993), Alegre ef al.,
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Transplantation 57: 1537-1543 (1994); Xu et al., Cell Immunol. 200: 16-26 (2000); Cole et al.,
Transplantation 68: 563-571 (1999); Hutchins ef al., PNAS 92: 11980-11984 (1995); Reddy et al., J.
Immunol. 164: 1925-1933 (2000); WO97/11971; WO07/106585; US 2007/0148167A1; McEarchern
et al., Blood 109: 1185-1192 (2007); Strohl, Curr. Op. Biotechnol. 20: 685-691 (2009); and Kumagai
etal., J. Clin. Pharmacol. 47: 1489-1497 (2007), the contents of each of which is herein incorporated
by reference in its entirety). Examples of immunoglobulin fragment sequence engineering
modifications contained in an amino acid sequence in a DDpp fusion protein that decreases ADCC
include immunoglobulin effector domain sequences having one or more modifications corresponding
to: IgG1-K326W, E333S; 1gG2-E333S; [gG1-N297A; IgG1-L234A, L235A; IgG2-V234A, G237A;
IgG4-L235A, G237A, E318A; 1gG4-S228P, L236E; 1gG2- 118-260; IgG4- 261-447; 1gG2-H268Q,
V309L, A330S, A3318S; [gG1-C2208S, C226S, C229S, p268S; IeG1-C226S, C229S, E233P, 234V,
L235A; or [gG1-L234F, L235E, P331S; wherein the numbering of the residues is that of the EU index
of Kabat (Kabat ef al., Sequences of Proteins of Immunological Interest, 1991 Fifth edition, the
contents of which is herein incorporated by reference in its entirety).

[0195] In additional embodiments, a DDpp fusion protein comprises an amino acid sequence
of an immunoglobulin effector domain, or a derivative of an immunoglobulin effector domain, that
confers antibody-dependent cell phagocytosis (ADCP) to the DDpp fusion protein. In additional
embodiments, a DDpp fusion protein comprises a sequence of an immunoglobulin effector domain
that has been modified to increase antibody-dependent cell phagocytosis (ADCP); (see, e.g., Shields
etal.,]. Biol. Chem. 276: 6591-6604 (2001); Lazar ef al., PNAS 103: 4005-4010 (2006), Stavenhagen
et al., Cancer Res. 67: 8882-8890 (2007); Richards ef al., Mol. Cancer Ther. 7: 2517-2527 (2008);
Horton et al., Cancer Res. 68: 8049-8057 (2008), Zalevsky ef al., Blood 113: 3735-3743 (2009);
Bruckheimer et al., Neoplasia 11: 509-517 (2009); WO06/020114; Strohl, Curr. Op. Biotechnol. 20:
685-691 (2009);, and WO04/074455, the contents of each of which is herein incorporated by reference
in its entirety). Examples of immunoglobulin fragment engineering modifications contained in an
amino acid sequence in a DDpp fusion protein that increases ADCP include immunoglobulin effector
domain sequences having one or more modifications corresponding to: I[gG1-S298A, E333A, K334A,;
IgG1-S239D, 1332E; IgG1-S239D, A330L, I332E; IgG1-P2471, A339D or Q; IgG1-D280H, K290S
with or without $298D or V; IgG1-F243L, R292P, Y300L; IgG1-F243L, R292P, Y300L, P396L;
IgG1-F243L, R292P, Y300L, V305I, P396L; and IgG1-G236A, S239D, I332E; wherein the
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numbering of the residues is that of the EU index of Kabat ef al. (Kabat et al., Sequences of proteins
of Immunological Interest, 1991 Fifth edition, the contents of which is herein incorporated by
reference in its eitrety).

[0196] In other embodiments, a DDpp fusion protein comprises a sequence of an
immunoglobulin effector domain that has been modified to decrease ADCP (see, e.g., Sazinsky et al.,
PNAS 105: 20167-20172 (2008); Davis ef al., J. Rheumatol. 34: 2204-2210 (2007); Bolt et al., Eur.
J. Immunol. 23: 403-411 (1993); Alegre et al., Transplantation 57: 1537-1543 (1994); Xu ef al., Cell
Immunol. 200: 16-20 (2000); Cole et al., Transplantation 68: 563-571 (1999); Hutchins ez al., PNAS
92: 11980-11984 (1995); Reddy ef al., J. Immunol. 164: 1925-1933 (2000); WQO97/11971,
WO07/106585; US 2007/0148167A1; McEarchern et al., Blood 109: 1185-1192 (2007); Strohl, Curr.
Op. Biotechnol. 20: 685-691 (2009); and Kumagai ef al., J. Clin. Pharmacol. 47: 1489-1497 (2007),
the contents of each of which is herein incorporated by reference in its entirety). By way of example,
DDpp fusion proteins can contain an antibody fragment or domain that contains one or more of the
following modifications that decrease ADCC: IgG1-N297A; IgG1-L234A, L235A; 1gG2-V234A,
G237A; 1gG4-L235A, G237A, E318A; IgG4-S228P, L236E; 1gG2 EU sequence 118-260; 1gG4-EU
sequence 261-447; IgG2-H268Q, V309L, A330S, A331S; [gG1-C2208S, C226S, C229S, p268S; IgG1-
C2268, C2298, E233P, L234V, L235A; and IgG1-L234F, L235E, P331S; wherein the numbering of
the residues is that of the EU index of Kabat er al. (Kabat ef al., Sequences of proteins of
Immunological Interest, 1991 Fifth edition, the contents of which is herein incorporated by reference
in its entirety).

[0197] In additional embodiments, a DDpp fusion protein comprises an amino acid sequence
of an immunoglobulin effector domain, or a derivative of an immunoglobulin effector domain, that
confers complement-dependent cytotoxicity (CDC) to the DDpp fusion protein. In additional
embodiments, a DDpp fusion protein comprises a sequence of an immunoglobulin effector domain
that has been modified to increase complement-dependent cytotoxicity (CDC) (see, e.g., Idusogie et
al., J. Immunol. 166: 2571-2575 (2001); Strohl, Curr. Op. Biotechnol. 20: 685-691 (2009); and
Natsume ef al., Cancer Res. 68: 3863-3872 (2008), the contents of each of which is herein incorporated
by reference in its entirety). By way of example, DDpp fusion proteins can contain an antibody
fragment or domain that contains one or more of the following modifications that increase CDC: IgG1-

K326A, E333A,; IgG1-K326W, E333S, IgG2-E333S; wherein the numbering of the residues is that of
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the EU index of Kabat e al. (Kabat e al., Sequences of proteins of Immunological Interest, 1991 Fifth
edition, the contents of which is herein incorporated by reference in its entirety).

[0198] In additional embodiments, a DDpp fusion protein comprises an amino acid sequence
of an immunoglobulin effector domain, or a derivative of an immunoglobulin effector domain, that
confers the ability to bind FcgammaRIIb receptor to the DDpp fusion. In additional embodiments, a
DDpp fusion protein comprises a sequence of an immunoglobulin effector domain that has been
modified to increase inhibitory binding to FcgammaRIIb receptor (see, e.g., Chu et al., Mol. Immunol.
45: 3926-3933 (2008)). An example of an immunoglobulin fragment engineering modification
contained in an amino acid sequence in a DDpp fusion protein that increases binding to inhibitory
FcgammaRIIb receptor is IgG1- S267E, L328F.

[0199] In other embodiments, a DDpp fusion protein comprises a sequence of an
immunoglobulin effector domain that has been modified to decrease CDC (see, e.g., WO97/11971;
WO07/106585; US 2007/0148167A1; McEarchern et al., Blood 109: 1185-1192 (2007), Hayden-
Ledbetter ef al., Clin. Cancer 15: 2739-2746 (2009); Lazar et al., PNAS 103: 4005-4010 (2006);
Bruckheimer ef al., Neoplasia 11: 509-517 (2009); Strohl, Curr. Op. Biotechnol. 20: 685-691 (2009);
and Sazinsky ef al., PNAS 105: 20167-20172 (2008); the contents of each of which is herein
incorporated by reference in its entirety). By way of example, DDpp fusion proteins can contain an
antibody fragment or domain that contains one or more of the following modifications that decrease
CDC: IgG1-S239D, A330L, I332E; IgG2- 118-260; IgG4- 261-447; IgG2-H268Q, V309L, A330S,
A3318S; IgG1-C226S, C229S, E233P, L234V, L235A; IgG1-L234F, L235E, P331S; and IgG1-C226S,
p260S; wherein the numbering of the residues is that of the EU index of Kabat et al. (Kabat e al.,
Sequences of proteins of Immunological Interest, 1991 Fifth edition, the contents of which is herein
incorporated by reference in its entirety).

[0200] The half-life of an IgG is mediated by its pH-dependent binding to the neonatal receptor
FcRn. In certain embodiments, a DDpp fusion protein comprises an amino acid sequence of an
immunoglobulin effector domain, or a derivative of an immunoglobulin effector domain, that confers
the ability to bind neonatal receptor FcRn to the to the DDpp fusion. In certain embodiments, a DDpp
fusion protein comprises a sequence of an immunoglobulin FcRn binding domain that has been
modified to enhance binding to FcRn (see, e.g., Petkova et al., Int. Immunol. 18: 1759-1769 (2006);,
Dall'Acqua ef al., J. Immunol. 169: 5171-5180 (2002); Oganesyan et al., Mol. Immunol. 46: 1750-
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1755 (2009); Dall'Acqua et al., J. Biol. Chem. 281: 23514-23524 (2006); Hinton et al., J. Immunol.
176: 346-356 (2006); Datta-Mannan ef al., Drug Metab. Dispos. 35: 86-94 (2007); Datta-Mannan et
al.,J. Biol. Chem. 282: 1709-1717 (2007), WO06/130834; Strohl, Curr. Op. Biotechnol. 20: 685-691
(2009); and Yeung ef al., J. Immunol. 182: 7663-7671 (2009); the contents of each of which is herein
incorporated by reference in its entirety).

[0201] In additional embodiments, a DDpp fusion protein comprises a sequence of an
immunoglobulin effector domain that has been modified to have a selective affinity for FcRn at pH
6.0, but not pH 7.4. By way of example, DDpp fusion proteins can contain an antibody fragment or
domain that contains one or more of the following modifications that increase half-life: IgG1-M252Y,
$254T, T256E; 1gG1-T250Q, M428L; IgG1-H433K, N434Y; IgG1-N434A; and IgG1-T307A,
E380A, N434A; wherein the numbering of the residues is that of the EU index of Kabat ef al. (Kabat
et al., Sequences of Proteins of Immunological Interest, 1991 Fifth edition, the contents of which is
herein incorporated by reference in its entirety).

[0202] In other embodiments, a DDpp fusion protein comprises a sequence of an
immunoglobulin effector domain that has been modified to decrease binding to FcRn (see, e.g.,
Petkova ef al., Int. Immunol. 18: 1759-1769 (2006); Datta-Mannan et al., Drug Metab. Dispos. 35:
86-94 (2007); Datta-Mannan et al., J. Biol. Chem. 282: 1709-1717 (2007);, Strohl, Curr. Op.
Biotechnol. 20: 685-691 (2009); and Vaccaro et al., Nat. Biotechnol. 23: 1283-1288 (2005); the
contents of each of which is herein incorporated by reference in its entirety). By way of example,
DDpp fusion proteins can contain an antibody fragment or domain that contains one or more of the
following modifications that decrease half-life: IgG1-M252Y, S254T, T256E; H433K, N434F, 436H;
IgG1-1253A; and IgG1-P2571, N434H and D376V, N434H; wherein the numbering of the residues is
that of the EU index of Kabat e al. (Kabat ef al., Sequences of proteins of Immunological Interest,
1991 Fifth edition, the contents of which is herein incorporated by reference in its entirety).

[0203] According to another embodiment, DDpp fusion protein comprises an amino acid
sequence corresponding to a immunoglobulin effector domain that has been modified to contain at
least one substitution in its sequence corresponding to the Fc region (e.g., FC gamma) position selected
from the group consisting of: 238, 239, 246, 248, 249, 252, 254, 255, 256, 258, 265, 267, 268, 269,
270, 272, 276, 278, 280, 283, 285, 286, 289, 290, 292, 293, 294, 295, 296, 298, 301, 303, 305, 307,
309, 312, 315, 320, 322, 324, 326, 327, 329, 330, 331, 332, 333, 334, 335, 337, 338, 340, 360, 373,
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376, 378, 382, 388, 389, 398, 414, 416, 419, 430, 434, 435, 437, 438 and 439, wherein the numbering
of the residues in the Fc region is according to the EU numbering system; of Kabat ef al. (Kabat et al.,
Sequences of proteins of Immunological Interest, 1991 Fifth edition, the contents of which is herein
incorporated by reference in its entirety). In a specific embodiment, the DDpp fusion protein comprises
a sequence of an immunoglobulin effector domain derivative wherein at least one residue
corresponding to position 434 is a residue selected from the group consisting of: A, W, Y, F and H.
According to another embodiment, the DDpp fusion protein comprises a sequence of an
immunoglobulin effector fragment derivative having the following respective substitutions
S298A/E333A/K334A. In an additional embodiment, the DDpp fusion protein comprises an
immunoglobulin effector domain derivative having a substitution corresponding to K322A. In another
embodiment, the DDpp fusion protein comprises a sequence of an immunoglobulin effector domain
derivative having one or any combination of the following substitutions K246H, H268D, E283L,
S324G, S239D and I332E. According to yet another embodiment, a DDpp fusion protein comprises a
sequence of an immunoglobulin effector domain derivative having substitutions corresponding to
D265A/N297A.

[0204] In certain embodiments, a DDpp fusion protein comprises a sequence of an
immunoglobulin effector domain that has been glycoengineered or mutated to increase effector
function using techniques known in the art. For example, the inactivation (through point mutations or
other means) of a constant region domain sequence contained in a DDpp may reduce Fc receptor
binding of the circulating DDpp fusion protein thereby increasing tumor localization. In other cases it
may be that constant region modifications consistent with certain provided embodiments, moderate
complement binding and thus reduce the serum half-life and nonspecific association of a conjugated
cytotoxin. Yet other modifications of the constant region may be used to modify disulfide linkages or
oligosaccharide moieties that allow for enhanced localization due to increased antigen specificity or
antibody flexibility. The resulting physiological profile, bioavailability and other biochemical effects
of the modifications, such as tumor localization, biodistribution and serum half-life, can easily be
measured and quantified using well know immunological techniques without undue experimentation.
[0205] In some embodiments, an immune effector cell comprises a cell surface receptor for an
immunoglobulin or other peptide binding molecule, such as a receptor for an immunoglobulin constant

region and including the class of receptors commonly referred to as "Fc receptors" ("FcR"s). A number
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of FcRs have been structurally and/or functionally characterized and are known in the art, including
FcR having specific abilities to interact with a restricted subset of immunoglobulin heavy chain
isotypes, or that interact with Fc domains with varying affinities, and/or which may be expressed on
restricted subsets of immune effector cells under certain conditions (e.g., Kijimoto-Ochichai ef al.,
Cell Mol. Life. Sci. 59: 648 (2002); Davis ef al., Curr. Top. Microbiol. Immunol. 266: 85 (2002),
Pawankar, Curr. Opin. Allerg. Clin. Immunol. 1: 3 (2001); Radaev ef al., Mol. Immunol. 38: 1073
(2002); Wurzburg ef al., Mol. Immunol. 38: 1063 (2002); Sulica ef al., Int. Rev. Immunol. 20: 371
(2001); Underhill ef al., Ann. Rev. Immunol. 20: 825 (2002); Coggeshall, Curr. Dir. Autoimm. 5: 1
(2002); Mimura et al., Adv. Exp. Med. Biol. 495: 49 (2001); Baumann et al., Adv. Exp. Med. Biol.
495: 219 (2001); Santoso et al., Ital. Heart J. 2: 811 (2001); Novak et al., Curr. Opin. Immunol. 13:
721 (2001); Fossati et al., Eur. J. Clin. Invest. 31: 821 (2001)); the contents of each of which is herein
incorporated by reference in its entirety.

[0206] Cells that are capable of mediating ADCC are examples of immune effector cells. Other
immune effector cells include Natural Killer cells, tumor-infiltrating T lymphocytes (TILs), cytotoxic
T lymphocytes, and granulocytic cells such as cells that comprise allergic response mechanisms.
Immune effector cells thus include, but are not limited to, cells of hematopoietic origin including cells
at various stages of differentiation within myeloid and lymphoid lineages and which may (but need
not) express one or more types of functional cell surface FcR, such as T lymphocytes, B lymphocytes,
NK cells, monocytes, macrophages, dendritic cells, neutrophils, basophils, eosinophils, mast cells,
platelets, erythrocytes, and precursors, progenitors (e.g., hematopoietic stem cells), as well as
quiescent, activated, and mature forms of such cells. Other immune effector cells may include cells of
non-hematopoietic origin that are capable of mediating immune functions, for example, endothelial
cells, keratinocytes, fibroblasts, osteoclasts, epithelial cells, and other cells. Inmune effector cells can
also include cells that mediate cytotoxic or cytostatic events, or endocytic, phagocytic, or pinocytotic
events, or that effect induction of apoptosis, or that effect microbial immunity or neutralization of
microbial infection, or cells that mediate allergic, inflammatory, hypersensitivity and/or autoimmune
reactions.

DDpp fusion proteins with inceasaed half-life
[0207] The disclosed DDpp can be fused or complexed to a second peptide domain increases

the half-life or stability of the DDpp.
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[0208] In one aspect, the DDpp further comprises one or more amino acids that facilitate
synthesis, handling, or use of the peptide, including, but not limited to, one or two lysines at the N-
terminus and/or C-terminus to increase solubility of the polypeptide. Suitable fusion proteins include,
but are not limited to, proteins comprising a DDpp linked to one or more polypeptides, polypeptide
fragments, or amino acids not generally recognized to be part of the protein sequence. In one aspect,
a fusion peptide comprises the entire amino acid sequences of two or more peptides or, alternatively,
comprises portions (fragments) of two or more peptides. In some aspects, a peptide (e.g., Protein S-
binding peptide) is operably linked to, for instance, one or more of the following: a marker protein, a
peptide that facilitates purification, a peptide sequence that promotes formation of multimeric proteins,
or a fragment of any of the foregoing. Suitable fusion partners include, but are not limited to, a His
tag, a FLAG tag, a strep tag, and a myc tag.

[0209] In some embodiments, the DDpp is fused to one or more moieties that enhance the half-
life of the polypeptide. Half-life can be increased by for example, increasing the molecular weight of
the DDpp to avoid renal clearance and/or incorporating a binding domain for FcRn-mediated recycling
pathway. In one embodiment, the DDpp is fused to, or chemically conjugated to, an albumin
polypeptide or a fragment thereof (e.g., human serum albumin (HSA)). In particular embodiments, the
fused or chemically conjugated albumin fragment comprises 10%, 25%, 50%, or 75% of the full length
albumin protein. In additional or alternative embodiments, the DDpp is fused to or complexed with an
albumin binding domain or fatty acid that binds albumin when administered in vivo. An example of
an albumin binding domain is "albu-tag," a moiety derived from on 4-(p-iodophenyl)-butanoic acid
(Dumelin et al., Angew Chem. Int. Ed Engl. 47: 3196-3201 (2008)).

[0210] In one embodiment, the DDpp is fused to, or chemically conjugated to, a transferrin
polypeptide or a fragment thereof (e.g., human transferrin). In particular embodiments, the fused or
chemically conjugated transferrin fragment comprises 10%, 25%, 50%, or 75% of the full length
transferrin protein. In additional or alternative embodiments, the DDpp is fused to or complexed with
a transferrin binding domain that binds transferrin when administered in vivo.

[0211] In some embodiments, the DDpp is fused to, or chemically conjugated to a proline-
alanine-serine multimer (PASylation, XL-Protein GmbH), a non-exact repeat peptide sequence
(XTENylation, rPEG), a homopolymer of glycine residues (HAPylation), elastin-like repeat(s)
sequences (ELPylation; see for example, U.S. Pat. Appl. No. 61/442,106, the contents of which is
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herein incorporated by reference in its entirety), an artificial GLK (GLK fusion; Huang ez a/., Eur. J.
Pharm. Biopharm. 72: 435-41 (2010)), or a CTP peptide from human CG beta-subunit (CTP fusion).
Additional DDpp fusion proteins

[0212] In some embodiments, the DDpp fusion protein specifically binds BCMA, CD123,
CS1, HER2, AFP, and/or AFP p26, and further binds a disease-related antigen. The disease-related
antigen can be an antigen characteristic of a cancer, and/or of a particular cell type (e.g., a
hyperproliferative cell), and/or of a pathogen (e.g., a bacterial cell (e.g., tuberculosis, smallpox, and
anthrax), a virus (e.g., HIV), a parasite (e.g., malaria and leishmaniosis), a fungal infection, a mold, a
mycoplasm, a prion antigen, or an antigen associated with a disorder of the immune system. In further
embodiments, the DDpp fusion protein is conjugated to a therapeutic or cytotoxic agent.

[0213] In an additional embodiment, a DDpp fusion protein is linked to one or more chemical
moieties (e.g., labels) that facilitate detection, multimerization, binding with an interaction partner, or
characterization of DDpp activity. An exemplary chemical moiety is biotin. Other moieties suitable
for conjugation to the DDpp include, but are not limited to, a photosensitizer, a dye, a fluorescence
dye, a radionuclide, a radionuclide-containing complex, an enzyme, a toxin, and a cytotoxic agent.
Photosensitizers include, e.g., Photofrin, Visudyne, Levulan, Foscan, Metvix, Hexvix. RTM.,
Cysview.TM., Laserphyrin, Antrin, Photochlor, Photosens, Photrex, Lumacan, Cevira, Visonac, BF-
200 ALA, and Amphinex. In additional embodiments, a His tag, a FLAG tag, a strep tag, or a myc tag
is conjugated to the DDpp.

[0214] In another embodiment, the DDpp fusion protein comprises a DD that binds BCMA,
CD123, CS1, HER2, AFP, AFP p26, or a fragment thereof, and further binds a peptide tag present on
a target of interest. Such peptide tags provide a useful means by which to detect and/or attach targets
of interest containing the peptide tags. In one embodiment, the DDpp fusion protein specifically binds
a peptide tag selected from the group: a hexahistidyl (His6) tag, a myc tag or a FLAG tag. Other

peptide tags are described herein or otherwise known in the art.

DDpp fusion proteins with an epitope tag
[0215] In some embodiments, the DDpp fusion protein comprises a peptide epitope tag. In

some embodiments, the peptide tag is selected from the group consisting of a hexahistidyl (His6) tag,

a myc tag and a FLAG tag. In additional embodiments, peptide tags include, but are not limited to,
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avitag (allows biotinylation of the tag and isolation with streptavidin), calmodulin, E-tag,
hemagglutinin (HA), S-tag, SBP-tag, softag 1, streptavidin, tetra or poly-cysteine, V5, VSV, and
Xpress tag. Additionally polyhistidyl tags (other than 6 residues) can be used. In additional
embodiments, covalent peptide tags, protein tags, and the like can be used. Covalent peptide tags
include, but are not limited to, isopeptag (covalently binds pilinC protein), Spytag (covalently binds
to the SpyCatcher protein), and Snooptag (covalently binds to the SnoopCatcher protein). In still
additional embodiments, protein tags, including but not limited to biotin carboxyl carrier protein
(BCCP), glutathione-s-transferase, green fluorescent protein (or other fluorophore), Halo tag, Nus tag,
thioredoxin, and Fc tags may optionally be used. In still additional embodiments, multiple types of
tags may be used. In still additional embodiments, no tag is used. In still additional embodiments, the
DDpp fusion protein comprises a removable tag. Any combination of extracellular, transmembrane
and intracellular domains disclosed herein may be used, depending on the embodiment.

DDpp Linkers
[0216] The terms "linker" and spacer are used interchangeably herein to refer to a peptide or
other chemical linkage that functions to link otherwise independent functional domains. In one
embodiment, a linker in a DDpp is located between a DDpp and another polypeptide component
containing an otherwise independent functional domain. Suitable linkers for coupling the two or more
linked DDpp will be clear to the persons skilled in the art and may generally be any linker used in the
art to link peptides, proteins or other organic molecules. In particular embodiments, such a linker is
suitable for constructing proteins or polypeptides that are intended for pharmaceutical use.
[0217] Suitable linkers for operably linking a DDpp and an additional component of a DDpp
fusion protein in a single-chain amino acid sequence include but are not limited to, polypeptide linkers
such as glycine linkers, serine linkers, mixed glycine/serine linkers, glycine- and serine-rich linkers or
linkers composed of largely polar polypeptide fragments.
[0218] In one embodiment, the linker is made up of a majority of amino acids selected from
glycine, alanine, proline, asparagine, glutamine, and lysine. In one embodiment, the linker is made up
of a majority of amino acids selected from glycine, alanine, proline, asparagine, aspartic acid,
threonine, glutamine, and lysine. In one embodiment, the DDpp fusion protein linker is made up of
one or more of the amino acids selected from glycine, alanine, proline, asparagine, glutamine, and

lysine. In one embodiment, the DDpp fusion protein linker is made up of one or more of the amino
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acids selected from glycine, alanine, proline, asparagine, aspartic acid, threonine, glutamine, and
lysine. In another embodiment, the DDpp fusion protein linker is made up of a majority of amino acids
that are sterically unhindered. In another embodiment, a linker in which the majority of amino acids
are glycine, serine, and/or alanine. In some embodiments, the peptide linker is selected from
polyglycines (such as (Gly)s (SEQ ID NO: 935), and (Gly)s (SEQ ID NO: 936), poly(Gly-Ala), and
polyalanines. In some embodiments, the peptide linker contains the sequence of Gly-Gly-Gly-Gly-
Thr-Gly-Gly-Gly-Gly-Ser (SEQ ID NO: 4). In some embodiments, the peptide linker contains the
sequence of Gly-Gly-Gly-Gly-Asp-Gly-Gly-Gly-Gly-Ser (SEQ ID NO: 5).

[0219] In one embodiment, a DDpp fusion comprises a DDpp directly attached (i.e., without
a linker) to another component of the DDpp fusion protein. In one embodiment, a DDpp fusion
comprises at least 2, at least 3, at least 4, DDpp directly attached to another component of the DDpp
fusion.

[0220] In another embodiment, a DDpp can be operably linked to another component of a
DDpp fusion protein through a linker. DDpp fusion proteins can contain a single linker, multiple
linkers, or no linkers. In one embodiment, a DDpp fusion comprises a DDpp operably linked to another
component of the DDpp fusion protein through a linker peptide. In one embodiment, a DDpp fusion
comprises at least 2, 3, 4, or 5 DD operably linked to another component of the DDpp fusion protein
through a linker peptide.

[0221] Linkers can be of any size or composition so long as they are able to operably link a
DDpp in a manner that enables the DDpp to bind a target of interest such as BCMA, CD123, CSI,
HER2, AFP, or AFP p26. In some embodiments, linkers are about 1 to about 100 amino acids, about
1 to 50 amino acids, about 1 to 20 amino acids, about 1 to 15 amino acids, about 1 to 10 amino acids,
about 1 to 5 amino acids, about 2 to 20 amino acids, about 2 to 15 amino acids, about 2 to 10 amino
acids, or about 2 to 5 amino acids. It should be clear that the length, the degree of flexibility and/or
other properties of the linker(s) may have some influence on the properties of the provided DD
containing proteins, including but not limited to the affinity, specificity or avidity for a target of
interest, or for one or more other target proteins of interest. When two or more linkers are used in the
DDpp fusion proteins, these linkers may be the same or different. In the context and disclosure

provided herein, a person skilled in the art will be able to routinely determine the optimal linker
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composition and length for the purpose of operably linking a DDpp and other components of a DDpp
fusion protein.

[0222] The linker can also be a non-peptide linker such as an alkyl linker, or a PEG linker. For
example, alkyl linkers such as -NH-(CH2)s-C(0)-, wherein s=2-20 can be used. These alkyl linkers
may further be substituted by any non-sterically hindering group such as lower alkyl (e.g., C1-C6)
lower acyl, halogen (e.g., Cl, Br), CN, NH2, phenyl, efc. An exemplary non- peptide linker is a PEG
linker. In certain embodiments, the PEG linker has a molecular weight of about 100 to 5000 kDa, or
about 100 to 500 kDa.

[0223] Suitable linkers for coupling DDpp fusion protein components by chemical cross-
linking include, but are not limited to, homo-bifunctional chemical cross-linking compounds such as
glutaraldehyde, imidoesters such as dimethyl adipimidate (DMA), dimethyl suberimidate (DMS) and
dimethyl pimelimidate (DMP) or N-hydroxysuccinimide (NHS) esters such as
dithiobis(succinimidylpropionate) (DSP) and dithiobis (sulfosuccini-midylpropionate) (DTSSP).
Examples of suitable linkers for coupling DDpp fusion protein components of hetero-bifunctional
reagents for cross-linking include, but are not limited to, cross-linkers with one amine-reactive end
and a sulthydryl-reactive moiety at the other end, or with a NHS ester at one end and an SH-reactive
group (e.g., a maleimide or pyridyl).

[0224] In additional embodiments, one or more of the linkers in the DDpp fusion protein is
cleavable. Examples of cleavable linkers include, without limitation, a peptide sequence recognized
by proteases (in vitro or in vivo) of varying type, such as Tev, thrombin, factor Xa, plasmin (blood
proteases), metalloproteases, cathepsins (e.g., GFLG, etc.), and proteases found in other corporeal
compartments.

[0225] In one embodiment, the linker is a "cleavable linker" that facilitates the release of a
DDpp or cytotoxic agent in a cell. For example, an acid-labile linker (e.g., hydrazone), protease-
sensitive (e.g., peptidase-sensitive) linker, photolabile linker, dimethyl linker or disulfide-containing
linker (Chari, Can. Res. 52: 127-131 (1992); U.S. Pat. No. 5,208,020; U.S. Appl. Pub. No.
20090110753; the contents of each of which is herein incorporated by reference in its entirety) can be
used wherein it is desirable that the covalent attachment between a DDpp or a cytotoxic agent and the
fusion partner is intracellularly cleaved when the composition is internalized into the cell. The terms

"intracellularly cleaved" and "intracellular cleavage" refer to a metabolic process or reaction inside a
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cell on an DDpp drug conjugate whereby the covalent attachment, i.e., linked via a linker between the
DDpp and cytotoxic agent, DDpp and fusion partner, or between two DDpp is broken, resulting in the
free DDpp and/or cytotoxic agent dissociated inside the cell.
[0226] Linker optimization can be evaluated using techniques described herein and/or
otherwise known in the art. In some embodiments, linkers do not disrupt the ability of a DDpp to bind
a target molecule and/or another DDpp fusion protein component such as an antibody domain or
fragment to bind an antigen.

DDpp as Chemical Conjugates
[0227] DDpp fusion proteins that promote specific binding to targets of interest can be
chemically conjugated with a variety of compound such as fluorescent dyes, radioisotopes,
chromatography compositions (e.g., beads, resins, gels, efc.) and chemotherapeutic agents. DDpp
conjugates have uses that include but are not limited to diagnostic, analytic, manufacturing and
therapeutic applications.
[0228] The inherent lack of cysteines in the DD sequence provides the opportunity for
introduction of unique cysteines for purposes of site-specific conjugation.
[0229] In some embodiments, the DDpp (e.g., a DDpp fusion protein) contains at least one
reactive residue. Reactive residues are useful, for example, as sites for the attachment of conjugates
such as chemotherapeutic drugs. The reactive residue can be, for example, a cysteine, a lysine, or
another reactive residue. Thus, a cysteine can be added to a DDpp at either the N- or C- terminus, or
within the DDpp sequence. A cysteine can be substituted for another amino acid in the sequence of a
DDpp. In addition, a lysine can be added to a DDpp at either end or within the DDpp sequence and/or
a lysine can be substituted for another amino acid in the sequence of a DDpp. In one embodiment, a
reactive residue (e.g., cysteine, lysine, efc.) is located in a loop sequence of a DD (e.g., amino aicd
residues 22-24 and 46-49 of SEQ ID NOS: 11-949, and 950). In one embodiment, a reactive residue
is located between components of a DDpp fusion, e.g., in a linker located between a DDpp and other
component of a DDpp fusion protein. The reactive residue (e.g., cysteine, lysine, efc.) can also be
located within the sequence of a DDpp, or other component of the DDpp fusion protein. In one
embodiment, a DDpp or a DDpp fusion protein comprises at least one, at least two, at least three
reactive residues. In one embodiment, a DDpp such as a DDpp fusion protein comprises at least one,

at least two, or at least three, cysteine residues.
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BCMA-binding DDpp
[0230] In some embodiments, a DD of the DDpp specifically binds BCMA. In further

embodiments, a DD of the DDpp specifically binds BCMA having an amino acid sequence consisting
of SEQ ID NO: 7. In some embodiments, the DDpp comprises an amino acid sequence selected from
the group consisting of SEQ ID NO: 11-305, and 306. In other embodiments, the BCMA-binding
DDpp comprises a variant of an amino acid sequence selected from the group consisting of SEQ ID
NO: 11-305, and 306.

[0231] In some embodiments, the BCMA-binding DDpp comprises multiple target-binding
domains that bind a single target (e.g., dimers, trimers, efc.). In some embodiments, the DDpp
comprises 2, 3, 4, 5, or more than 5, DD that specifically bind BCMA and that have an amino acid
sequence selected from the group consisting of SEQ ID NO: 11-305, and 306. In some embodiments,
the DDpp comprises 2, 3, 4, 5, or more than 5, DD that have the same sequence. In some embodiments,
the DDpp comprises 2, 3, 4, 5 or more than 5, DD that specifically bind to different epitopes of BCMA
and that have an amino acid sequence selected from the group consisting of SEQ ID NO: 11-305, and
306. In some embodiments, the DDpp comprises a DD that specifically binds BCMA and further
comprises 2, 3, 4, 5 or more than 5, additional different DDs or target-binding binding domains (e.g.,
scFvs) that specifically bind to BCMA or a different target antigen. In some embodiments, the DDpp
comprises a DD that specifically binds BCMA (e.g., a DD having an amino acid sequence selected
from the group consisting of SEQ ID NO: 11-305, and 306) and further comprises one or more
additional DDs or other target-binding binding domains that bind one or more antigens expressed on
the surface of a B cell. In some embodiments, the DDpp comprises a DD that specifically binds BCMA
e.g., a DD having an amino acid sequence selected from the group consisting of SEQ ID NO: 11-305,
and 306) and further comprises one or more additional DDs or other target-binding binding domains
that bind one or more cancer antigens. In some embodiments, the DDpp comprises a DD that
specifically binds BCMA (e.g., a DD having an amino acid sequence selected from the group
consisting of SEQ ID NO: 11-305, and 306) and specifically binds 2, 3, 4, 5, or more than 5, different
targets. In further embodiments, the DDpp comprises a DD that specifically binds BCMA (e.g., a DD
having an amino acid sequence selected from the group consisting of SEQ ID NO: 11-305, and 306)
and specifically binds 2, 3, 4, 5, or more than 5, different cancer antigens. In some embodiments, the

DDpp comprises a DD that specifically binds BCMA (e.g., a DD having an amino acid sequence
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selected from the group consisting of SEQ ID NO: 11-305, and 306) and specifically binds 2, 3, 4, 5,
or more than 5, different cancer antigens expressed on the surface of a cancer cell. In some
embodiments, the DDpp comprises a DD that specifically binds BCMA (e.g., a DD having an amino
acid sequence selected from the group consisting of SEQ ID NO: 11-305, and 306) and specifically
binds 2, 3, 4, 5, or more than 5, cancer antigens expressed on the surface of different cancer cells.
[0232] In some embodiments, the DDpp comprises a variant of a BCMA-binding DD
disclosed herein (reference DD) that retains the ability to specifically bind BCMA. In some
embodiments, the sequence of the BCMA-binding DD variant contains 1, 2, 3,4, 5,6, 7, 8, 9, or 10,
1-3, 1-5, or 1-10, conservative or non-conservative substitutions compared to a reference BCMA-
binding DD having an amino acid sequence selected from the group consisting of SEQ ID NO: 11-
305, and 306. In some embodiments, the sequence of the BCMA-binding DD variant contains 1, 2, 3,
4,5,6,7,8,9, or 10, 1-3, 1-5, or 1-10, conservative substitutions compared to a reference BCMA-
binding DD having an amino acid sequence selected from the group consisting of SEQ ID NO: 11-
305, and 306. In some embodiments, the sequence of the BCMA-binding DD variant contains 1, 2, 3,
4,5,6,7,8,9,0r 10, 1-3, 1-5, or 1-10, non-conservative substitutions compared to a reference BCMA-
binding DD having an amino acid sequence selected from the group consisting of SEQ ID NO: 11-
305, and 306.

[0233] In some embodiments, the sequence of the BCMA-binding DD variant contains a total
of 1,2,3,4,5,6,7,8,9, or 10, 1-3, 1-5, or 1-10, conservative or non-conservative substitutions in
positions corresponding to amino acid residues 1-22, 29-46, and 52-72, of a reference BCMA-binding
DD having an amino acid sequence selected from the group consisting of SEQ ID NO: 11-305, and
306. In some embodiments, the sequence of the BCMA-binding DD variant contains a total of 1, 2, 3,
4,5,6,7,8,9,0r 10, 1-3, 1-5, or 1-10, conservative substitutions in positions corresponding to amino
acid residues 1-22, 29-46, and 52-72, of a reference BCMA-DD having an amino acid sequence
selected from the group consisting of SEQ ID NO: 11-305, and 306. In some embodiments, the
sequence of the BCMA-binding DD variant contains a total of 1,2, 3,4, 5,6, 7, 8,9, or 10, 1-3, 1-5,
or 1-10, non-conservative substitutions in positions corresponding to amino acid residues 1-22, 29-46,
and 52-72, of a reference BCMA-binding DD having an amino acid sequence selected from the group

consisting of SEQ ID NO: 11-305, and 306.
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[0234] In some embodiments, the sequence of the BCMA-binding DD variant contains a total
of 1,2,3,4,5,6,7,8,9, or 10, 1-3, 1-5, or 1-10, conservative or non-conservative substitutions in
positions corresponding to amino acid residues: 2-6, 8-10, 12, 13, 15-17, 19, 20, 29, 30, 32-34, 36, 37,
39-41, 43, 44, 52-55, 57-59, 61, 62, 64-66, and 68-70, of a reference BCMA-binding DD having an
amino acid sequence selected from the group consisting of SEQ ID NO: 11-305, and 306. In some
embodiments, the sequence of the BCMA-binding DD variant contains a total of 1, 2, 3, 4, 5, 6, 7, 8,
9,0r 10, 1-3, 1-5, or 1-10, conservative substitutions in positions corresponding to amino acid residues:
2-6,8-10, 12, 13, 15-17, 19, 20, 29, 30, 32-34, 36, 37, 39-41, 43, 44, 52-55, 57-59, 61, 62, 64-66, and
68-70, of a reference DD having an amino acid sequence selected from the group consisting of SEQ
ID NO: 11-305, and 306. In some embodiments, the sequence of the BCMA-binding DD variant
contains a total of 1,2, 3,4,5,6,7,8,9, or 10, 1-3, 1-5, or 1-10, non-conservative substitutions in
positions corresponding to amino acid residues: 2-6, 8-10, 12, 13, 15-17, 19, 20, 29, 30, 32-34, 36, 37,
39-41, 43, 44, 52-55, 57-59, 61, 62, 64-66, and 68-70, of a reference DD having an amino acid
sequence selected from the group consisting of SEQ ID NO: 11-305, and 306.

[0235] In some embodiments, the disclosure provides a BCMA-binding DDpp that completely
or partially (e.g., overlap with an epitope) block binding of a reference DD to BCMA, wherein the
reference DD has an amino acid sequence selected from SEQ ID NO: 11-305, and 306. In other
embodiments, the disclosure provides BCMA-binding DDpp that bind to the same epitope of BCMA
as a a reference DD consisting of an amino acid sequence selected from SEQ ID NO: 11-305, and 306.
[0236] In some embodiments, the DDpp is a fusion protein comprising a DD that specifically
binds BCMA. In some embodiments, the DD specifically binds a BCMA protein having an amino
acid sequence consisting of SEQ ID NO: 7. In some embodiments, the BCMA-binding DDpp fusion
protein comprises an amino acid sequence selected from the group consisting of SEQ ID NO: 11-305,
and 306. In other embodiments, the DDpp comprises a variant of an amino acid sequence selected
from the group consisting of SEQ ID NO: 11-305, and 306. In some embodiments, the DDpp fusion
protein comprises a full-length antibody or a portion (fragment) of an antibody. In some embodiments,
the DDpp fusion protein comprises a full length IgG antibody (e.g., 1gG1, 1gG2, I1gG2, or IgG4). In
further embodiments, the DDpp fusion protein comprises a full length antibody that specifically binds
a cancer antigen. In further embodiments, the DDpp comprises a commercially approved therapeutic

antibody (e.g., rituximab, ofatumumab, ocrelizumab, veltuzumab, MEDI-551, epratuzumab,
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belimumab, tabalumab, AMG-557, MEDI-570, and NN882). In other embodiments, the BCMA-
binding DDpp is an Fc fusion protein. In further embodiments, the Fc protein comprises a variant
human Fc domain.

[0237] In some embodiments, the DDpp fusion protein comprises a BCMA-binding DD
operably linked to a serum protein. In some embodiments, the DDpp fusion protein comprises an
amino acid sequence selected from the group consisting of SEQ ID NO: 11-305, and 306. In other
embodiments, the BCMA-binding DDpp fusion protein comprises a variant of an amino acid sequence
selected from the group consisting of SEQ ID NO: 11-305, and 306. In further embodiments, the DDpp
fusion protein comprises human serum albumin or a fragment thereof. In some embodiments, the
DDpp fusion protein comprises AFP or AFP p26, or a fragment thereof. In some embodiments, the
DDpp fusion protein comprises AFP (e.g., SEQ ID NO: 9), or a fragment thereof. In other
embodiments, the DDpp fusion protein comprises AFP p26 (SEQ ID NO: 10), or a fragment thereof.
In some embodiments, the DDpp fusion protein comprises a polypeptide having the sequence of SEQ
ID NO: 10, 928, 929, 930, 931, 932, 933, or 934. In some embodiments, the DDpp fusion protein
contains a fragment of a serum protein or an antigenic fragment of a serum protein (e.g., AFP, and
AFP p26). In some embodiments, the DDpp fusion protein comprises a fragment consisting of 5-500,
5-400, 5-300, 5-200, 5-100, 5-50, 10-500, 10-400, 10-300, 10-200, 10-100, or 10-50 amino acids of a
serum protein.

[0238] In some embodiments, the BCMA-binding DDpp fusion protein comprises the
extracellular domain of a receptor or a fragment thereof. In some embodiments, the DDpp fusion
protein comprises a DD that comprises an amino acid sequence selected from the group consisting of
SEQ ID NO: 11-305, and 306. In other embodiments, the BCMA-binding DDpp fusion protein
comprises a variant of an amino acid sequence selected from the group consisting of SEQ ID NO: 11-
305, and 306. In further embodiments, the BCMA-binding DDpp fusion protein comprises the
extracellular domain of CD123 (SEQ ID NO: 8), or a fragment thereof. In some embodiments, the
BCMA-binding DDpp fusion protein comprises the extracellular domain of of a receptor selected from
the group consisting of: CD19, CD20, CD22, HVEM, BTLA, DR3, CD37; TSLPR, IL7R, and gp96,
or a fragment thereof.

[0239] In some embodiments, the BCMA-binding DDpp fusion protein contains a fragment
consisting of 5-500, 5-400, 5-300, 5-200, 5-100, 5-50, 10-500, 10-400, 10-300, 10-200, 10-100, or 10-
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50 amino acids of an extracellular domain, of a cell surface receptor. In some embodiments, the DDpp
fusion protein contains a fragment of an extracellular domain of BCMA (SEQ ID NO: 7) or CD123
(SEQ ID NO: 8). In some embodiments, the DDpp fusion protein contains a fragment of an
extracellular domain of BCMA (SEQ ID NO: 7), CD123 (SEQ ID NO: 8), or CS1 (SEQ ID NO: 925).
In some embodiments, the DDpp contains a fragment of an extracellular domain, of a receptor selected
from the group consisting of: CD19, CD20, CD22, HVEM, BTLA, DR3, CD37; TSLPR, IL7R, and
gp96.
[0240] in additional embodiments, the BCMA-binding DDpp fusion protein comprises an
intracellular protein (e.g, a nuclear protein) or a fragment thereof. In some embodiments, the DDpp
fusion protein comprises a DD that comprises an amino acid sequence selected from the group
consisting of SEQ ID NO: 11-305, and 306. In other embodiments, the BCMA-binding DDpp fusion
protein comprises a variant of an amino acid sequence selected from the group consisting of SEQ ID
NO: 11-305, and 306. In some embodiments, the BCMA-binding DDpp fusion protein comprises a
fragment consisting of 5-500, 5-400, 5-300, 5-200, 5-100, 5-50, 10-500, 10-400, 10-300, 10-200,
10-100, or 10-50 amino acid residues of an intracellular protein (e.g., a nuclear protein).
CD123-binding DDpp
[0241] In some embodiments, a DD of the DDpp specifically binds CD123. In further
embodiments, the DD specifically binds CD123 having an amino acid sequence consisting of SEQ ID
NO: 8. In some embodiments, the DDpp comprises an amino acid sequence selected from the group
consisting of SEQ ID NO: SEQ ID NO: 307-739, and 740. In other embodiments, the DDpp comprises
a variant of an amino acid sequence selected from the group consisting of SEQ ID NO: SEQ ID NO:
307-739, and 740.
[0242] In some embodiments, the CD123-binding DDpp comprises multiple target-binding
domains that bind a single target (e.g., dimers, trimers, efc.). In some embodiments, the DDpp
comprises 2, 3, 4, 5, or more than 5, DD that specifically bind CD123 and that have an amino acid
sequence selected from the group consisting of SEQ ID NO: 307-739, and 740. In some embodiments,
the DDpp comprises 2, 3, 4, 5, or more than 5, DD that have the same sequence. In some embodiments,
the DDpp comprises 2, 3, 4, 5 or more than 5, DD that specifically bind to different epitopes of CD123
and that have an amino acid sequence selected from the group consisting of SEQ ID NO: 307-739,
and 740. In some embodiments, the DDpp comprises a DD that specifically binds CD123 and further
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comprises 2, 3, 4, 5 or more than 5, additional different DDs or target-binding binding domains (e.g.,
scFvs) that specifically bind to CD123 or a different target antigen. In some embodiments, the DDpp
comprises a DD that specifically binds CD123 (e.g., a DD having an amino acid sequence selected
from the group consisting of SEQ ID NO: 307-739, and 740) and further comprises one or more
additional DDs or other target-binding binding domains that bind one or more antigens expressed on
the surface of a B cell. In some embodiments, the DDpp comprises a DD that specifically binds CD123
e.g., a DD having an amino acid sequence selected from the group consisting of SEQ ID NO: 307-
739, and 740) and further comprises one or more additional DDs or other target-binding binding
domains that bind one or more cancer antigens. In some embodiments, the DDpp comprises a DD that
specifically binds CD123 (e.g., a DD having an amino acid sequence selected from the group

consisting of SEQ ID NO: 307-739, and 740) and specifically binds 2, 3, 4, 5

2 2 2 2

or more than 5, different
targets. In further embodiments, the DDpp comprises a DD that specifically binds CD123 (e.g., a DD
having an amino acid sequence selected from the group consisting of SEQ ID NO: 307-739, and 740)
and specifically binds 2, 3, 4, 5, or more than 5, different cancer antigens. In some embodiments, the
DDpp comprises a DD that specifically binds CD123 (e.g., a DD having an amino acid sequence
selected from the group consisting of SEQ ID NO: 307-739, and 740) and specifically binds 2, 3, 4,
5, or more than 5, different cancer antigens expressed on the surface of a cancer cell. In some
embodiments, the DDpp comprises a DD that specifically binds CD123 (e.g., a DD having an amino
acid sequence selected from the group consisting of SEQ ID NO: 307-739, and 740) and specifically
binds 2, 3, 4, 5, or more than 5, cancer antigens expressed on the surface of different cancer cells.

[0243] In some embodiments, the DDpp comprises a variant of a CD123-binding DD disclosed
herein (reference DD) that retains the ability to specifically bind CD123. In some embodiments, the
sequence of the CD123-binding DD variant contains 1, 2, 3,4, 5,6, 7, 8,9, or 10, 1-3, 1-5, or 1-10,
conservative or non-conservative substitutions compared to a reference CD123-binding DD having an
amino acid sequence selected from the group consisting of SEQ ID NO: 307-739, and 740. In some
embodiments, the sequence of the CD123-binding DD variant contains 1, 2, 3,4, 5, 6, 7, 8, 9, or 10,
1-3, 1-5, or 1-10, conservative substitutions compared to a reference CD123-binding DD having an
amino acid sequence selected from the group consisting of SEQ ID NO: 307-739, and 740. In some
embodiments, the sequence of the CD123-binding DD variant contains 1, 2, 3,4, 5, 6, 7, 8, 9, or 10,
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1-3, 1-5, or 1-10, non-conservative substitutions compared to a reference CD123-binding DD having
an amino acid sequence selected from the group consisting of SEQ ID NO: 307-739, and 740.

[0244] In some embodiments, the sequence of the CD123-binding DD variant contains a total
of 1,2,3,4,5,6,7,8,9, or 10, 1-3, 1-5, or 1-10, conservative or non-conservative substitutions in
positions corresponding to amino acid residues 1-22, 29-46, and 52-72, of a reference CD123-binding
DD having an amino acid sequence selected from the group consisting of SEQ ID NO: 4307-739, and
740. In some embodiments, the sequence of the CD123-binding DD variant contains a total of 1, 2, 3,
4,5,6,7,8,9,0r 10, 1-3, 1-5, or 1-10, conservative substitutions in positions corresponding to amino
acid residues 1-22, 29-46, and 52-72, of a reference CD123-DD having an amino acid sequence
selected from the group consisting of SEQ ID NO: 307-739, and 740. In some embodiments, the
sequence of the CD123-binding DD variant contains a total of 1, 2, 3,4, 5,6, 7, 8,9, or 10, 1-3, 1-5,
or 1-10, non-conservative substitutions in positions corresponding to amino acid residues 1-22, 29-46,
and 52-72, of a reference CD123-binding DD having an amino acid sequence selected from the group
consisting of SEQ ID NO: 307-739, and 740.

[0245] In some embodiments, the sequence of the CD123-binding DD variant contains a total
of 1,2,3,4,5,6,7,8,9, or 10, 1-3, 1-5, or 1-10, conservative or non-conservative substitutions in
positions corresponding to amino acid residues: 2-6, 8-10, 12, 13, 15-17, 19, 20, 29, 30, 32-34, 36, 37,
39-41, 43, 44, 52-55, 57-59, 61, 62, 64-66, and 68-70, of a reference CD123-binding DD having an
amino acid sequence selected from the group consisting of SEQ ID NO: 307-739, and 740. In some
embodiments, the sequence of the CD123-binding DD variant contains a total of 1, 2, 3, 4,5, 6, 7, 8,
9,0r 10, 1-3, 1-5, or 1-10, conservative substitutions in positions corresponding to amino acid residues:
2-6,8-10, 12, 13, 15-17, 19, 20, 29, 30, 32-34, 36, 37, 39-41, 43, 44, 52-55, 57-59, 61, 62, 64-66, and
68-70, of a reference DD having an amino acid sequence selected from the group consisting of SEQ
ID NO: 307-739, and 740. In some embodiments, the sequence of the CD123-binding DD variant
contains a total of 1,2, 3,4,5,6,7,8,9, or 10, 1-3, 1-5, or 1-10, non-conservative substitutions in
positions corresponding to amino acid residues: 2-6, 8-10, 12, 13, 15-17, 19, 20, 29, 30, 32-34, 36, 37,
39-41, 43, 44, 52-55, 57-59, 61, 62, 64-66, and 68-70, of a reference DD having an amino acid
sequence selected from the group consisting of SEQ ID NO: 307-739, and 740.

[0246] In some embodiments, the disclosure provides CD123-binding DDpp that completely
or partially (e.g., overlap with an epitope) block binding of a reference DD to CD123, wherein the
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reference DD has an amino acid sequence selected from SEQ ID NO: 307-739, and 740. In other
embodiments, the disclosure provides CD123-binding DDpp that bind to the same epitope of CD123as
a a reference DD consisting of an amino acid sequence selected from SEQ ID NO: 307-739, and 740.
[0247] In some embodiments, the DDpp is a fusion protein comprising a DD that specifically
binds CD123. In some embodiments, a DD of the DDpp fusion protein specifically binds CD123
having an amino acid sequence consisting of of SEQ ID NO: 8. In some embodiments, the DDpp
comprises an amino acid sequence selected from the group consisting of SEQ ID NO: 307-739, and
740. In other embodiments, the DDpp comprises a variant of an amino acid sequence selected from
the group consisting of SEQ ID NO: 307-739, and 740. In some embodiments, the DDpp fusion protein
comprises a full-length antibody or a portion (fragment) of an antibody. In some embodiments, the
DDpp fusion protein comprises a full length IgG antibody (e.g., IgG1, IgG2, IgG2, or IgG4). In further
embodiments, the DDpp fusion protein comprises a full length antibody that specifically binds a cancer
antigen. In further embodiments, the DDpp comprises a commercially approved therapeutic antibody
(e.g., rituximab, ofatumumab, ocrelizumab, veltuzumab, MEDI-551, epratuzumab, belimumab,
tabalumab, AMG-557, MEDI-570, and NN882). In other embodiments, the CD123-binding DDpp is
an Fc fusion protein.

[0248] In some embodiments, the DDpp is a fusion protein comprising a CD123-binding DD
operably linked to a serum protein. In some embodiments, the CD123-binding DDpp fusion protein
comprises an amino acid sequence selected from the group consisting of SEQ ID NO: 307-739, and
740. In other embodiments, the CD123-binding DDpp fusion protein comprises a variant of an amino
acid sequence selected from the group consisting of SEQ ID NO: 307-739, and 740. In some
embodiments, the CD123-binding DDpp fusion protein comprises all or a portion of human serum
albumin. In some embodiments, the DDpp fusion protein comprises AFP (SEQ ID NO: 9), or a
fragment thereof. in some embodiments, the CD123-binding & Dpp fusion protein comprises AFP p26
{SEQ ID NO: 10), or a fragment thereof. In some embodiments, the CD123-bindng DDpp fusion
protein comprises a polypeptide having the sequence of SEQ ID NO: 10, 928, 929, 930, 931, 932, 933,
or 934. In some embodiments, the DDpp fusion protein contains a fragment of a serum protein or an
antigenic fragment of a serum protein (e.g., AFP, and AFP p26). In some embodiments, the DDpp
fusion protein comprises a fragment consisting of 5-500, 5-400, 5-300, 5-200, 5-100, 5-50, 10-500,
10-400, 10-300, 10-200, 10-100, or 10-50 amino acids of a serum protein.
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[0249] In some embodiments, the CDI123-binding DDpp fusion protein comprises the
extracellular domain of a receptor or a fragment thereof. In some embodiments, the DDpp fusion
protein comprises a DD that comprises an amino acid sequence selected from the group consisting of
SEQ ID NO: 307-739, and 740. In other embodiments, the CD123-binding DDpp fusion protein
comprises a variant of an amino acid sequence selected from the group consisting of SEQ ID NO:
307-739, and 740. In further embodiments, the CD123-binding DDpp fusion protein comprises the
extracellular domain of CD123 (SEQ ID NO: 8), or a fragment thereof. In some embodiments, the
CD123-binding DDpp fusion protein comprises the extracellular domain of of a receptor selected from
the group consisting of: CD19, CD20, CD22, HVEM, BTLA, DR3, CD37; TSLPR, IL7R, and gp96,
or a fragment thereof.
[0250] In some embodiments, the CD123-binding DDpp fusion protein contains a fragment
consisting of 5-500, 5-400, 5-300, 5-200, 5-100, 5-50, 10-500, 10-400, 10-300, 10-200, 10-100, or 10-
50 amino acids of an extracellular domain, of a cell surface receptor. In some embodiments, the DDpp
fusion protein contains a fragment of an extracellular domain of BCMA (SEQ ID NO: 7). In some
embodiments, the DDpp fusion protein contains a fragment of an extracellular domain of CD123 (SEQ
ID NO: 8). In some embodiments, the DDpp fusion protein contains a fragment of an extracellular
domain of CS1 (SEQ ID NO: 925). In some embodiments, the DDpp contains a fragment of an
extracellular domain, of a receptor selected from the group consisting of: CD19, CD20, CD22, HVEM,
BTLA, DR3, CD37; TSLPR, IL7R, and gp96.
[0251] In additional embodiments, the CDI123-binding DDpp fusion protein comprises an
intracellular protein (e.g., a nuclear protein} or a fragment thereof. In some embodiments, the DDpp
fusion protein comprises a DD that comprises an amino acid sequence selected from the group
consisting of SEQ ID NO: 307-739, and 740. In other embodiments, the CD123-binding DDpp fusion
protein comprises a variant of an amino acid sequence selected from the group consisting of SEQ ID
NO: 307-739, and 740. In some embodiments, the CD123-binding DDpp fusion protein comprises a
fragment consisting of 5-500, 5-400, 5-300, 5-200, 5-100, 5-50, 10-500, 10-400, 10-300, 10-200,
10-100, or 10-50 amino acid residues of an intracellular protein (e.g., a nuclear protein).
CS1-binding DDpp
[0252] In some embodiments, a DD of the DDpp specifically binds CS1. In further

embodiments, the DD specifically binds CS1 having an amino acid sequence consisting of SEQ ID
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NO: 925. In some embodiments, the DDpp comprises an amino acid sequence selected from the group
consisting of SEQ ID NO: 896-909, and 910. In other embodiments, the DDpp comprises a variant of
an amino acid sequence selected from the group consisting of SEQ ID NO: 896-909, and 910.

[0253] In some embodiments, the CS1-binding DDpp comprises multiple target-binding
domains that bind a single target (e.g., dimers, trimers, efc.). In some embodiments, the DDpp
comprises 2, 3, 4, 5, or more than 5, DD that specifically bind CS1 and that have an amino acid
sequence selected from the group consisting of SEQ ID NO: 896-909, and 910. In some embodiments,
the DDpp comprises 2, 3, 4, 5, or more than 5, DD that have the same sequence. In some embodiments,
the DDpp comprises 2, 3, 4, 5 or more than 5, DD that specifically bind to different epitopes of CS1
and that have an amino acid sequence selected from the group consisting of SEQ ID NO: 896-909,
and 910. In some embodiments, the DDpp comprises a DD that specifically binds CS1 and further
comprises 2, 3, 4, 5 or more than 5, additional different DDs or target-binding binding domains (e.g.,
scFvs) that specifically bind to CS1 or a different target antigen. In some embodiments, the DDpp
comprises a DD that specifically binds CS1 (e.g., a DD having an amino acid sequence selected from
the group consisting of SEQ ID NO: 896-909, and 910) and further comprises one or more additional
DDs or other target-binding binding domains that bind one or more antigens expressed on the surface
of a B cell. In some embodiments, the DDpp comprises a DD that specifically binds CS1 e.g., a DD
having an amino acid sequence selected from the group consisting of SEQ ID NO: 896-909, and 910)
and further comprises one or more additional DDs or other target-binding binding domains that bind
one or more cancer antigens. In some embodiments, the DDpp comprises a DD that specifically binds
CS1 (e.g., a DD having an amino acid sequence selected from the group consisting of SEQ ID NO:
896-909, and 910) and specifically binds 2, 3, 4, 5, or more than 5, different targets. In further
embodiments, the DDpp comprises a DD that specifically binds CS1 (e.g., a DD having an amino acid
sequence selected from the group consisting of SEQ ID NO: 896-909, and 910) and specifically binds
2,3,4,5, or more than 5, different cancer antigens. In some embodiments, the DDpp comprises a DD
that specifically binds CS1 (e.g., a DD having an amino acid sequence selected from the group

consisting of SEQ ID NO: 896-909, and 910) and specifically binds 2, 3, 4, 5
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or more than 5, different
cancer antigens expressed on the surface of a cancer cell. In some embodiments, the DDpp comprises

a DD that specifically binds CS1 (e.g., a DD having an amino acid sequence selected from the group
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consisting of SEQ ID NO: 896-909, and 910) and specifically binds 2, 3, 4, 5, or more than 5, cancer
antigens expressed on the surface of different cancer cells.

[0254] In some embodiments, the DDpp comprises a variant of a CS1-binding DD disclosed
herein (reference DD) that retains the ability to specifically bind CS1. In some embodiments, the
sequence of the CS1-binding DD variant contains 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10, 1-3, 1-5, or 1-10,
conservative or non-conservative substitutions compared to a reference CS1-binding DD having an
amino acid sequence selected from the group consisting of SEQ ID NO: 896-909, and 910. In some
embodiments, the sequence of the CS1-binding DD variant contains 1, 2, 3, 4,5, 6,7, 8,9, or 10, 1-3,
1-5, or 1-10, conservative substitutions compared to a reference CS1-binding DD having an amino
acid sequence selected from the group consisting of SEQ ID NO: 896-909, and 910. In some
embodiments, the sequence of the CS1-binding DD variant contains 1, 2, 3, 4,5, 6,7, 8,9, or 10, 1-3,
1-5, or 1-10, non-conservative substitutions compared to a reference CS1-binding DD having an amino
acid sequence selected from the group consisting of SEQ ID NO: 896-909, and 910.

[0255] In some embodiments, the sequence of the CS1-binding DD variant contains a total of
1,2,3,4,5 6,7, 8,9, or 10, 1-3, 1-5, or 1-10, conservative or non-conservative substitutions in
positions corresponding to amino acid residues 1-22, 29-46, and 52-72, of a reference CS1-binding
DD having an amino acid sequence selected from the group consisting of SEQ ID NO: 896-909, and
910. In some embodiments, the sequence of the CS1-binding DD variant contains a total of 1, 2, 3, 4,
5,6,7,8,9,0r 10, 1-3, 1-5, or 1-10, conservative substitutions in positions corresponding to amino
acid residues 1-22, 29-46, and 52-72, of a reference CS1-DD having an amino acid sequence selected
from the group consisting of SEQ ID NO: 896-909, and 910. In some embodiments, the sequence of
the CS1-binding DD variant contains a total of 1, 2, 3,4, 5, 6,7, 8,9, or 10, 1-3, 1-5, or 1-10, non-
conservative substitutions in positions corresponding to amino acid residues 1-22, 29-46, and 52-72,
of a reference CS1-binding DD having an amino acid sequence selected from the group consisting of
SEQ ID NO: 896-909, and 910.

[0256] In some embodiments, the sequence of the CS1-binding DD variant contains a total of
1,2,3,4,5 6,7, 8,9, or 10, 1-3, 1-5, or 1-10, conservative or non-conservative substitutions in
positions corresponding to amino acid residues: 2-6, 8-10, 12, 13, 15-17, 19, 20, 29, 30, 32-34, 36, 37,
39-41, 43, 44, 52-55, 57-59, 61, 62, 64-66, and 68-70, of a reference CS1-binding DD having an amino
acid sequence selected from the group consisting of SEQ ID NO: 896-909, and 910. In some
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embodiments, the sequence of the CS1-binding DD variant contains a total of 1, 2, 3,4, 5,6, 7, 8, 9,
or 10, 1-3, 1-5, or 1-10, conservative substitutions in positions corresponding to amino acid residues:
2-6,8-10, 12, 13, 15-17, 19, 20, 29, 30, 32-34, 36, 37, 39-41, 43, 44, 52-55, 57-59, 61, 62, 64-66, and
68-70, of a reference DD having an amino acid sequence selected from the group consisting of SEQ
ID NO: 896-909, and 910. In some embodiments, the sequence of the CS1-binding DD variant
contains a total of 1,2, 3,4,5,6,7,8,9, or 10, 1-3, 1-5, or 1-10, non-conservative substitutions in
positions corresponding to amino acid residues: 2-6, 8-10, 12, 13, 15-17, 19, 20, 29, 30, 32-34, 36, 37,
39-41, 43, 44, 52-55, 57-59, 61, 62, 64-66, and 68-70, of a reference DD having an amino acid
sequence selected from the group consisting of SEQ ID NO: 896-909, and 910.

[0257] In some embodiments, the disclosure provides CS1-binding DDpp that completely or
partially (e.g., overlap with an epitope) block binding of a reference DD to CS1, wherein the reference
DD has an amino acid sequence selected from SEQ ID NO: 896-909, and 910. In other embodiments,
the disclosure provides CS1-binding DDpp that bind to the same epitope of CSlas a a reference DD
consisting of an amino acid sequence selected from SEQ ID NO: 896-909, and 910.

[0258] In some embodiments, the DDpp is a fusion protein comprising a DD that specifically
binds CS1. In some embodiments, a DD of the DDpp fusion protein specifically binds CS1 having an
amino acid sequence consisting of of SEQ ID NO: 925. In some embodiments, the DDpp comprises
an amino acid sequence selected from the group consisting of SEQ ID NO: 896-909, and 910. In other
embodiments, the DDpp comprises a variant of an amino acid sequence selected from the group
consisting of SEQ ID NO: 896-909, and 910. In some embodiments, the DDpp fusion protein
comprises a full-length antibody or a portion (fragment) of an antibody. In some embodiments, the
DDpp fusion protein comprises a full length IgG antibody (e.g., IgG1, IgG2, IgG2, or IgG4). In further
embodiments, the DDpp fusion protein comprises a full length antibody that specifically binds a cancer
antigen. In further embodiments, the DDpp comprises a commercially approved therapeutic antibody
(e.g., rituximab, ofatumumab, ocrelizumab, veltuzumab, MEDI-551, epratuzumab, belimumab,
tabalumab, AMG-557, MEDI-570, and NN882). In other embodiments, the CS1-binding DDpp is an
Fc fusion protein.

[0259] In some embodiments, the DDpp is a fusion protein comprising a CS1-binding DD
operably linked to a serum protein. In some embodiments, the CS1-binding DDpp fusion protein

comprises an amino acid sequence selected from the group consisting of SEQ ID NO: 896-909, and
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910. In other embodiments, the CS1-binding DDpp fusion protein comprises a variant of an amino
acid sequence selected from the group consisting of SEQ ID NO: 896-909, and 910. In some
embodiments, the CS1-binding DDpp fusion protein comprises all or a portion of human serum
albumin. In some embodiments, the DDpp fusion protein comprises AFP (SEQ ID NO: 9), or a
fragment thereof. In some embodiments, the CS1-binding Dpp fusion protein comprises AFP p26
{SEQ ID NO: 10), or a fragment thereof. In some embodiments, the CS1-bindng DDpp fusion protein
comprises a polypeptide having the sequence of SEQ ID NO: 10, 928, 929, 930, 931, 932, 933, or 934.
In some embodiments, the DDpp fusion protein contains a fragment of a serum protein or an antigenic
fragment of a serum protein (e.g., AFP, and AFP p26). In some embodiments, the DDpp fusion protein
comprises a fragment consisting of 5-500, 5-400, 5-300, 5-200, 5-100, 5-50, 10-500, 10-400, 10-300,
10-200, 10-100, or 10-50 amino acids of a serum protein.

[0260] In some embodiments, the CSI-binding DDpp fusion protein comprises the
extracellular domain of a receptor or a fragment thereof. In some embodiments, the DDpp fusion
protein comprises a DD that comprises an amino acid sequence selected from the group consisting of
SEQ ID NO: 896-909, and 910. In other embodiments, the CS1-binding DDpp fusion protein
comprises a variant of an amino acid sequence selected from the group consisting of SEQ ID NO:
896-909, and 910. In further embodiments, the CS1-binding DDpp fusion protein comprises the
extracellular domain of CS1 (SEQ ID NO: 925), or a fragment thereof. In some embodiments, the
CS1-binding DDpp fusion protein comprises the extracellular domain of a receptor selected from the
group consisting of: CD19, CD20, CD22, HVEM, BTLA, DR3, CD37; TSLPR, IL7R, and gp96, or a
fragment thereof.

[0261] In some embodiments, the CS1-binding DDpp fusion protein contains a fragment
consisting of 5-500, 5-400, 5-300, 5-200, 5-100, 5-50, 10-500, 10-400, 10-300, 10-200, 10-100, or 10-
50 amino acids of an extracellular domain, of a cell surface receptor. In some embodiments, the DDpp
fusion protein contains a fragment of an extracellular domain of BCMA (SEQ ID NO: 7). In some
embodiments, the DDpp fusion protein contains a fragment of an extracellular domain of CD123 (SEQ
ID NO: 8). In some embodiments, the DDpp fusion protein contains a fragment of an extracellular
domain of CS1 (SEQ ID NO: 925). In some embodiments, the DDpp contains a fragment of an
extracellular domain, of a receptor selected from the group consisting of: CD19, CD20, CD22, HVEM,
BTLA, DR3, CD37; TSLPR, IL7R, and gp96.
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[0262] in additional embodiments, the CSl-binding DDpp fusion protein comprises an
intracellular protein {(e.g., a nuclear protein) or a fragment thereof In some embodiments, the DDpp

fusion protein comprises a DD that comprises an amino acid sequence selected from the group
consisting of SEQ ID NO: 896-909, and 910. In other embodiments, the CS1-binding DDpp fusion
protein comprises a variant of an amino acid sequence selected from the group consisting of SEQ ID
NO: 896-909, and 910. In some embodiments, the CS1-binding DDpp fusion protein comprises a
fragment consisting of 5-500, 5-400, 5-300, 5-200, 5-100, 5-50, 10-500, 10-400, 10-300, 10-200,
10-100, or 10-50 amino acid residues of an intracellular protein (e.g., a nuclear protein).
HER2-binding DDpp

[0263] In some embodiments, a DD of the DDpp specifically binds HER2. In further
embodiments, the DD specifically binds HER2 having an amino acid sequence consisting of SEQ ID
NO: 927. In some embodiments, the DDpp comprises an amino acid sequence selected from the group
consisting of SEQ ID NO: 911-949, and 950. In other embodiments, the DDpp comprises a variant of
an amino acid sequence selected from the group consisting of SEQ ID NO: 911-949, and 950.

[0264] In some embodiments, the HER2-binding DDpp comprises multiple target-binding
domains that bind a single target (e.g., dimers, trimers, efc.). In some embodiments, the DDpp
comprises 2, 3, 4, 5, or more than 5, DD that specifically bind HER2 and that have an amino acid
sequence selected from the group consisting of SEQ ID NO: 911-949, and 950. In some embodiments,
the DDpp comprises 2, 3, 4, 5, or more than 5, DD that have the same sequence. In some embodiments,
the DDpp comprises 2, 3, 4, 5 or more than 5, DD that specifically bind to different epitopes of HER2
and that have an amino acid sequence selected from the group consisting of SEQ ID NO: 911-949,
and 950. In some embodiments, the DDpp comprises a DD that specifically binds HER2 and further
comprises 2, 3, 4, 5 or more than 5, additional different DDs or target-binding binding domains (e.g.,
scFvs) that specifically bind to HER2 or a different target antigen. In some embodiments, the DDpp
comprises a DD that specifically binds HER2 (e.g., a DD having an amino acid sequence selected
from the group consisting of SEQ ID NO: 911-949, and 950) and further comprises one or more
additional DDs or other target-binding binding domains that bind one or more antigens expressed on
the surface of a cancer cell. In some embodiments, the DDpp comprises a DD that specifically binds
HER?2 e.g., a DD having an amino acid sequence selected from the group consisting of SEQ ID NO:
911-949, and 950) and further comprises one or more additional DDs or other target-binding binding
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domains that bind one or more cancer antigens. In some embodiments, the DDpp comprises a DD that
specifically binds HER2 (e.g., a DD having an amino acid sequence selected from the group consisting
of SEQ ID NO: 911-949, and 950) and specifically binds 2, 3, 4, 5, or more than 5, different targets.
In further embodiments, the DDpp comprises a DD that specifically binds HER2 (e.g., a DD having
an amino acid sequence selected from the group consisting of SEQ ID NO: 911-949, and 950) and
specifically binds 2, 3, 4, 5, or more than 5, different cancer antigens. In some embodiments, the DDpp
comprises a DD that specifically binds HER2 (e.g., a DD having an amino acid sequence selected
from the group consisting of SEQ ID NO: 911-949, and 950) and specifically binds 2, 3, 4, 5, or more
than 5, different cancer antigens expressed on the surface of a cancer cell. In some embodiments, the
DDpp comprises a DD that specifically binds HER2 (e.g., a DD having an amino acid sequence
selected from the group consisting of SEQ ID NO: 911-949, and 950) and specifically binds 2, 3, 4,
5, or more than 5, cancer antigens expressed on the surface of different cancer cells.

[0265] In some embodiments, the DDpp comprises a variant of a HER2-binding DD disclosed
herein (reference DD) that retains the ability to specifically bind HER2. In some embodiments, the
sequence of the HER2-binding DD variant contains 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10, 1-3, 1-5, or 1-10,
conservative or non-conservative substitutions compared to a reference HER2-binding DD having an
amino acid sequence selected from the group consisting of SEQ ID NO: 911-949, and 950. In some
embodiments, the sequence of the HER2-binding DD variant contains 1, 2,3, 4, 5,6, 7, 8,9, or 10, 1-
3, 1-5, or 1-10, conservative substitutions compared to a reference HER2-binding DD having an amino
acid sequence selected from the group consisting of SEQ ID NO: 911-949, and 950. In some
embodiments, the sequence of the HER2-binding DD variant contains 1, 2,3, 4, 5,6, 7, 8,9, or 10, 1-
3, 1-5, or 1-10, non-conservative substitutions compared to a reference HER2-binding DD having an
amino acid sequence selected from the group consisting of SEQ ID NO: 911-949, and 950.

[0266] In some embodiments, the sequence of the HER2-binding DD variant contains a total
of 1,2,3,4,5,6,7,8,9, or 10, 1-3, 1-5, or 1-10, conservative or non-conservative substitutions in
positions corresponding to amino acid residues 1-22, 29-46, and 52-72, of a reference HER2-binding
DD having an amino acid sequence selected from the group consisting of SEQ ID NO: 911-949, and
950. In some embodiments, the sequence of the HER2-binding DD variant contains a total of 1, 2, 3,
4,5,6,7,8,9,0r 10, 1-3, 1-5, or 1-10, conservative substitutions in positions corresponding to amino

acid residues 1-22, 29-46, and 52-72, of a reference HER2-DD having an amino acid sequence selected
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from the group consisting of SEQ ID NO: 911-949, and 950. In some embodiments, the sequence of
the HER2-binding DD variant contains a total of 1,2, 3,4, 5,6, 7, 8,9, or 10, 1-3, 1-5, or 1-10, non-
conservative substitutions in positions corresponding to amino acid residues 1-22, 29-46, and 52-72,
of a reference HER2-binding DD having an amino acid sequence selected from the group consisting
of SEQ ID NO: 911-949, and 950.

[0267] In some embodiments, the sequence of the HER2-binding DD variant contains a total
of 1,2,3,4,5,6,7,8,9, or 10, 1-3, 1-5, or 1-10, conservative or non-conservative substitutions in
positions corresponding to amino acid residues: 2-6, 8-10, 12, 13, 15-17, 19, 20, 29, 30, 32-34, 36, 37,
39-41, 43, 44, 52-55, 57-59, 61, 62, 64-66, and 68-70, of a reference HER2-binding DD having an
amino acid sequence selected from the group consisting of SEQ ID NO: 911-949, and 950. In some
embodiments, the sequence of the HER2-binding DD variant contains a total of 1,2, 3,4,5,6,7, 8,9,
or 10, 1-3, 1-5, or 1-10, conservative substitutions in positions corresponding to amino acid residues:
2-6,8-10, 12, 13, 15-17, 19, 20, 29, 30, 32-34, 36, 37, 39-41, 43, 44, 52-55, 57-59, 61, 62, 64-66, and
68-70, of a reference DD having an amino acid sequence selected from the group consisting of SEQ
ID NO: 911-949, and 950. In some embodiments, the sequence of the HER2-binding DD variant
contains a total of 1,2, 3,4,5,6,7,8,9, or 10, 1-3, 1-5, or 1-10, non-conservative substitutions in
positions corresponding to amino acid residues: 2-6, 8-10, 12, 13, 15-17, 19, 20, 29, 30, 32-34, 36, 37,
39-41, 43, 44, 52-55, 57-59, 61, 62, 64-66, and 68-70, of a reference DD having an amino acid
sequence selected from the group consisting of SEQ ID NO: 911-949, and 950.

[0268] In some embodiments, the disclosure provides HER2-binding DDpp that completely
or partially (e.g., overlap with an epitope) block binding of a reference DD to HER2, wherein the
reference DD has an amino acid sequence selected from SEQ ID NO: 911-949, and 950. In other
embodiments, the disclosure provides HER2-binding DDpp that bind to the same epitope of HER2as
a a reference DD consisting of an amino acid sequence selected from SEQ ID NO: 911-949, and 950.
[0269] In some embodiments, the DDpp is a fusion protein comprising a DD that specifically
binds HER2. In some embodiments, a DD of the DDpp fusion protein specifically binds HER2 having
an amino acid sequence consisting of SEQ ID NO: 927. In some embodiments, the DDpp comprises
an amino acid sequence selected from the group consisting of SEQ ID NO: 911-949, and 950. In other
embodiments, the DDpp comprises a variant of an amino acid sequence selected from the group

consisting of SEQ ID NO: 911-949, and 950. In some embodiments, the DDpp fusion protein
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comprises a full-length antibody or a portion (fragment) of an antibody. In some embodiments, the
DDpp fusion protein comprises a full length IgG antibody (e.g., IgG1, IgG2, IgG2, or IgG4). In further
embodiments, the DDpp fusion protein comprises a full length antibody that specifically binds a cancer
antigen. In further embodiments, the DDpp comprises a commercially approved therapeutic antibody
(e.g., rituximab, ofatumumab, ocrelizumab, veltuzumab, MEDI-551, epratuzumab, belimumab,
tabalumab, AMG-557, MEDI-570, and NN882). In other embodiments, the HER2-binding DDpp is
an Fc fusion protein.

[0270] In some embodiments, the DDpp is a fusion protein comprising a HER2-binding DD
operably linked to a serum protein. In some embodiments, the HER2-binding DDpp fusion protein
comprises an amino acid sequence selected from the group consisting of SEQ ID NO: 911-949, and
950. In other embodiments, the HER2-binding DDpp fusion protein comprises a variant of an amino
acid sequence selected from the group consisting of SEQ ID NO: 911-949, and 950. In some
embodiments, the HER2-binding DDpp fusion protein comprises all or a portion of human serum
albumin. In some embodiments, the DDpp fusion protein comprises AFP (SEQ ID NO: 9), or a
fragment thereof. In some embodiments, the HER2-binding 2Dpp fusion protein comprises AFP p26
{SEQ ID NO: 10), or a fragment thereof. In some embodiments, the HER2-bindng DDpp fusion
protein comprises a polypeptide having the sequence of SEQ ID NO: 10, 928, 929, 930, 931, 932, 933,
or 934. In some embodiments, the DDpp fusion protein contains a fragment of a serum protein or an
antigenic fragment of a serum protein (e.g., AFP, and AFP p26). In some embodiments, the DDpp
fusion protein comprises a fragment consisting of 5-500, 5-400, 5-300, 5-200, 5-100, 5-50, 10-500,
10-400, 10-300, 10-200, 10-100, or 10-50 amino acids of a serum protein.

[0271] In some embodiments, the HER2-binding DDpp fusion protein comprises the
extracellular domain of a receptor or a fragment thereof. In some embodiments, the DDpp fusion
protein comprises a DD that comprises an amino acid sequence selected from the group consisting of
SEQ ID NO: 911-949, and 950. In other embodiments, the HER2-binding DDpp fusion protein
comprises a variant of an amino acid sequence selected from the group consisting of SEQ ID NO:
911-949, and 950. In further embodiments, the HER2-binding DDpp fusion protein comprises the
extracellular domain of HER2 (SEQ ID NO: 927), or a fragment thereof. In some embodiments, the

HER2-binding DDpp fusion protein comprises the extracellular domain of a receptor selected from
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the group consisting of: CD19, CD20, CD22, HVEM, BTLA, DR3, CD37; TSLPR, IL7R, and gp96,
or a fragment thereof.

[0272] In some embodiments, the HER2-binding DDpp fusion protein contains a fragment
consisting of 5-500, 5-400, 5-300, 5-200, 5-100, 5-50, 10-500, 10-400, 10-300, 10-200, 10-100, or 10-
50 amino acids of an extracellular domain, of a cell surface receptor. In some embodiments, the DDpp
fusion protein contains a fragment of an extracellular domain of BCMA (SEQ ID NO: 7). In some
embodiments, the DDpp fusion protein contains a fragment of an extracellular domain of CD123 (SEQ
ID NO: 8). In some embodiments, the DDpp fusion protein contains a fragment of an extracellular
domain of CS1 (SEQ ID NO: 925). In some embodiments, the DDpp contains a fragment of an
extracellular domain, of a receptor selected from the group consisting of: CD19, CD20, CD22, HVEM,
BTLA, DR3, CD37; TSLPR, IL7R, and gp96.

[0273] In additional embodiments, the HER2-binding DDpp fuston protein comprises an
intracellular protein (e.g, a nuclear protein} or a fragment thereof. In some embodiments, the DDpp
fusion protein comprises a DD that comprises an amino acid sequence selected from the group
consisting of SEQ ID NO: 911-949, and 950. In other embodiments, the HER2-binding DDpp fusion
protein comprises a variant of an amino acid sequence selected from the group consisting of SEQ ID
NO: 911-949, and 950. In some embodiments, the HER2-binding DDpp fusion protein comprises a
fragment consisting of 5-500, 5-400, 5-300, 5-200, 5-100, 5-50, 10-500, 10-400, 10-300, 10-200,

10-100, or 10-50 amino acid residues of an intracellular protein (e.g., a nuclear protein).

AFP-binding DDpp
[0274] In some embodiments, a DD of the DDpp specifically binds AFP or a fragment thereof.

In further embodiments, a DD of the DDpp specifically binds AFP having an amino acid sequence
consisting of SEQ ID NO: 9 or a fragement thereof. In some embodiments, the DDpp comprises an
amino acid sequence selected from the group consisting of SEQ ID NO: 741-874, and 886-895. In
additional embodiments, the AFP-binding DDpp comprises a variant of an amino acid sequence
selected from the group consisting of SEQ ID NO: 741-874, and 886-895.

[0275] In some embodiments, the AFP-binding DDpp comprises multiple target-binding
domains that bind a single target (e.g., dimers, trimers, efc.). In some embodiments, the DDpp
comprises 2, 3, 4, 5, or more than 5, DD that specifically bind AFP and that have an amino acid
sequence selected from the group consisting of SEQ ID NO: 741-874, and 886-895. In some
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embodiments, the DDpp comprises 2, 3, 4, 5, or more than 5, DD that have the same sequence. In
some embodiments, the DDpp comprises 2, 3, 4, 5 or more than 5, DD that specifically bind to
different epitopes of AFP and that have an amino acid sequence selected from the group consisting of
SEQ ID NO: 741-874, and 886-895. In some embodiments, the DDpp comprises a DD that specifically
binds AFP and further comprises 2, 3, 4, 5 or more than 5, additional different DDs or target-binding
binding domains (e.g., scFvs) that specifically bind to AFP or a different target antigen. In some
embodiments, the DDpp comprises a DD that specifically binds AFP (e.g., a DD having an amino acid
sequence selected from the group consisting of SEQ ID NO: 741-874, and 886-895) and further
comprises one or more additional DDs or other target-binding binding domains that bind one or more
antigens expressed on the surface of a B cell. In some embodiments, the DDpp comprises a DD that
specifically binds AFP e.g., a DD having an amino acid sequence selected from the group consisting
of SEQ ID NO: 741-874, and 886-895) and further comprises one or more additional DDs or other
target-binding binding domains that bind one or more cancer antigens. In some embodiments, the
DDpp comprises a DD that specifically binds AFP (e.g., a DD having an amino acid sequence selected
from the group consisting of SEQ ID NO: 741-874, and 886-895) and specifically binds 2, 3, 4, 5, or
more than 5, different targets. In further embodiments, the DDpp comprises a DD that specifically
binds AFP (e.g., a DD having an amino acid sequence selected from the group consisting of SEQ ID
NO: 741-874, and 886-895) and specifically binds 2, 3, 4, 5, or more than 5, different cancer antigens.
In some embodiments, the DDpp comprises a DD that specifically binds AFP (e.g., a DD having an
amino acid sequence selected from the group consisting of SEQ ID NO: 741-874, and 886-895) and
specifically binds 2, 3, 4, 5, or more than 5, different cancer antigens expressed on the surface of a
cancer cell. In some embodiments, the DDpp comprises a DD that specifically binds AFP (e.g., a DD
having an amino acid sequence selected from the group consisting of SEQ ID NO: 741-874, and 886-
895) and specifically binds 2, 3, 4, 5, or more than 5, cancer antigens expressed on the surface of
different cancer cells.

[0276] In some embodiments, the DDpp comprises a variant of a AFP-binding DD disclosed
herein (reference DD) that retains the ability to specifically bind AFP. In some embodiments, the
sequence of the AFP-binding DD variant contains 1, 2, 3, 4, 5,6, 7, 8, 9, or 10, 1-3, 1-5, or 1-10,
conservative or non-conservative substitutions compared to a reference AFP-binding DD having an

amino acid sequence selected from the group consisting of SEQ ID NO: 741-874, and 886-895. In
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some embodiments, the sequence of the AFP-binding DD variant contains 1, 2, 3,4, 5,6, 7, 8,9, or
10, 1-3, 1-5, or 1-10, conservative substitutions compared to a reference AFP-binding DD having an
amino acid sequence selected from the group consisting of SEQ ID NO: 741-874, and 886-895. In
some embodiments, the sequence of the AFP-binding DD variant contains 1, 2, 3,4, 5,6, 7, 8,9, or
10, 1-3, 1-5, or 1-10, non-conservative substitutions compared to a reference AFP-binding DD having
an amino acid sequence selected from the group consisting of SEQ ID NO: 741-874, and 886-895.
[0277] In some embodiments, the sequence of the AFP-binding DD variant contains a total of
1,2,3,4,5 6,7, 8,9, or 10, 1-3, 1-5, or 1-10, conservative or non-conservative substitutions in
positions corresponding to amino acid residues 1-22, 29-46, and 52-72, of a reference AFP-binding
DD having an amino acid sequence selected from the group consisting of SEQ ID NO: 4741-874, and
886-895. In some embodiments, the sequence of the AFP-binding DD variant contains a total of 1, 2,
3,4,5,6,7,8,9, or 10, 1-3, 1-5, or 1-10, conservative substitutions in positions corresponding to
amino acid residues 1-22, 29-46, and 52-72, of a reference AFP-DD having an amino acid sequence
selected from the group consisting of SEQ ID NO: 741-874, and 886-895. In some embodiments, the
sequence of the AFP-binding DD variant contains a total of 1, 2, 3,4, 5,6, 7, 8,9, or 10, 1-3, 1-5, or
1-10, non-conservative substitutions in positions corresponding to amino acid residues 1-22, 29-46,
and 52-72, of a reference AFP-binding DD having an amino acid sequence selected from the group
consisting of SEQ ID NO: 741-874, and 886-895.

[0278] In some embodiments, the sequence of the AFP-binding DD variant contains a total of
1,2,3,4,5 6,7, 8,9, or 10, 1-3, 1-5, or 1-10, conservative or non-conservative substitutions in
positions corresponding to amino acid residues: 2-6, 8-10, 12, 13, 15-17, 19, 20, 29, 30, 32-34, 36, 37,
39-41, 43, 44, 52-55, 57-59, 61, 62, 64-66, and 68-70, of a reference AFP-binding DD having an amino
acid sequence selected from the group consisting of SEQ ID NO: 741-874, and 886-895. In some
embodiments, the sequence of the AFP-binding DD variant contains a total of 1,2,3,4,5,6,7, 8,9,
or 10, 1-3, 1-5, or 1-10, conservative substitutions in positions corresponding to amino acid residues:
2-6,8-10, 12, 13, 15-17, 19, 20, 29, 30, 32-34, 36, 37, 39-41, 43, 44, 52-55, 57-59, 61, 62, 64-66, and
68-70, of a reference DD having an amino acid sequence selected from the group consisting of SEQ
ID NO: 741-874, and 886-895. In some embodiments, the sequence of the AFP-binding DD variant
contains a total of 1,2, 3,4,5,6,7,8,9, or 10, 1-3, 1-5, or 1-10, non-conservative substitutions in

positions corresponding to amino acid residues: 2-6, 8-10, 12, 13, 15-17, 19, 20, 29, 30, 32-34, 36, 37,
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39-41, 43, 44, 52-55, 57-59, 61, 62, 64-66, and 68-70, of a reference DD having an amino acid
sequence selected from the group consisting of SEQ ID NO: 741-874, and 886-895.

[0279] In some embodiments, the disclosure provides an AFP-binding DDpp that completely
or partially (e.g., overlap with an epitope) block binding of a reference DD to AFP, wherein the
reference DD has an amino acid sequence selected from SEQ ID NO: 741 873, and 874. In other
embodiments, the disclosure provides AFP-binding DDpp that bind to the same epitope of AFP asaa
reference DD consisting of an amino acid sequence selected from SEQ ID NO: 741 873, and 874.
[0280] In some embodiments, the DDpp is a fusion protein comprising a DD that specifically
binds AFP. In some embodiments, the DDpp is a fusion protein comprising a DD that specifically
binds AFP having an amino acid sequence consisting of SEQ ID NO: 9. In further embodiments, the
DDpp comprises an amino acid sequence selected from the group consisting of SEQ ID NO: 741-874,
and 886-895. In other embodiments, the DDpp is a fusion protein comprising a AFP-binding DD that
is a variant of a DD comprising an amino acid sequence selected from the group consisting of SEQ ID
NO: 741-874, and 886-895.

[0281] In some embodiments, the DDpp is a fusion protein comprising a DD that specifically
binds AFP operably linked to a full-length antibody or a portion (fragment) of an antibody. In some
embodiments, the DDpp is an Fc fusion protein. In some embodiment, the DDpp fusion protein
comprises a full length IgG antibody (e.g., 1gG1, IgG2, IgG2, or IgG4). In further embodiments, the
DDpp fusion protein comprises a full length antibody that specifically binds a cancer antigen. In
further embodiments, the DDpp comprises a commercially approved therapeutic antibody (e.g.,
rituximab, ofatumumab, ocrelizumab, veltuzumab, MEDI-551, epratuzumab, belimumab, tabalumab,
AMG-557, MEDI-570, and NN882). In other embodiments, the AFP-binding DDpp is an Fc fusion
protein.

[0282] In some embodiments, the DDpp is a fusion protein comprising an AFP-binding DD
operably linked to a serum protein. In some embodiments, the DDpp fusion protein comprises an
amino acid sequence selected from the group consisting of SEQ ID NO: 741-874, and 886-895. In
other embodiments, the AFP-binding DDpp fusion protein comprises a variant of an amino acid
sequence selected from the group consisting of SEQ ID NO: 741-874, and 886-895. In further
embodiments, the DDpp fusion protein comprises human serum albumin or a fragment thereof. In

some embodiments, the DDpp fusion protein contains a fragment of a serum protein or an antigenic
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fragment of a serum protein. In some embodiments, the DDpp fusion protein comprises a fragment
consisting of 5-500, 5-400, 5-300, 5-200, 5-100, 5-50, 10-500, 10-400, 10-300, 10-200, 10-100, or 10-
50 amino acids of a serum protein.

[0283] In some embodiments, the AFP-binding DDpp fusion protein comprises the
extracellular domain of a receptor or a fragment thereof. In some embodiments, the DDpp fusion
protein comprises a DD that comprises an amino acid sequence selected from the group consisting of
SEQ ID NO: 741-874, and 886-895. In other embodiments, the AFP-binding DDpp fusion protein
comprises a variant of an amino acid sequence selected from the group consisting of SEQ ID NO:
741-874, and 886-895. In further embodiments, the AFP-binding DDpp fusion protein comprises the
extracellular domain of BCMA (SEQ ID NO: 7) or CD123 (SEQ ID NO: 8), or a fragment thereof. In
further embodiments, the AFP-binding DDpp fusion protein comprises the extracellular domain of
BCMA (SEQ ID NO: 7), CD123 (SEQ ID NO: 8), or CS1 (SEQ ID NO: 925), or a fragment thereof.
In some embodiments, the AFP-binding DDpp fusion protein comprises the extracellular domain of
of a receptor selected from the group consisting of: CD19, CD20, CD22, HVEM, BTLA, DR3, CD37,
TSLPR, IL7R, and gp96, or a fragment thereof.

[0284] In some embodiments, the AFP-binding DDpp fusion protein contains a fragment
consisting of 5-500, 5-400, 5-300, 5-200, 5-100, 5-50, 10-500, 10-400, 10-300, 10-200, 10-100, or 10-
50 amino acids of an extracellular domain, of a cell surface receptor. In some embodiments, the DDpp
fusion protein contains a fragment of an extracellular domain of BCMA (SEQ ID NO: 7) or CD123
(SEQ ID NO: 8). In some embodiments, the DDpp fusion protein contains a fragment of an
extracellular domain of BCMA (SEQ ID NO: 7), or CD123 (SEQ ID NO: 8), or CS1 (SEQ ID NO:
925). In some embodiments, the DDpp contains a fragment of an extracellular domain, of a receptor
selected from the group consisting of: CD19, CD20, CD22, HVEM, BTLA, DR3, CD37; TSLPR,
IL7R, and gp96.

[0285] In additional embodiments, the AFP-binding DDpp fusion proiein comprises an
intracellular protein (e.g, a nuclear protein) or a fragment thereof. In some embodiments, the DDpp
fusion protein comprises a DD that comprises an amino acid sequence selected from the group
consisting of SEQ ID NO: 741-874, and 886-895. In other embodiments, the AFP-binding DDpp
fusion protein comprises a variant of an amino acid sequence selected from the group consisting of

SEQ ID NO: 741-874, and 886-895. In some embodiments, the AFP-binding DDpp fusion protein
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comprises a fragment consisting of 5-500, 5-400, 5-300, 5-200, 5-100, 5-50, 10-500, 10-400, 10-300,
10-200, 10-100, or 10-50 amino acid residues of an intracellular protein (e.g., a nuclear protein).
AFP p26-binding DDpp

[0286] In some embodiments, a DD of the DDpp specifically binds AFP p26. In further
embodiments, a DD of the DDpp specifically binds AFP p26 having an amino acid sequence consisting
of SEQ ID NO: 10. In some embodiments, the DDpp comprises an amino acid sequence selected from
the group consisting of SEQ ID NO: 741-874, and 886-895. In additional embodiments, the AFP p26-
binding DDpp comprises a variant of an amino acid sequence selected from the group consisting of
SEQ ID NO: 741-874, and 886-895.

[0287] In some embodiments, the AFP p26-binding DDpp comprises multiple target-binding
domains that bind a single target (e.g., dimers, trimers, efc.). In some embodiments, the DDpp
comprises 2, 3, 4, 5, or more than 5, DD that specifically bind AFP p26 and that have an amino acid
sequence selected from the group consisting of SEQ ID NO: 741-874, and 886-895. In some
embodiments, the DDpp comprises 2, 3, 4, 5, or more than 5, DD that have the same sequence. In
some embodiments, the DDpp comprises 2, 3, 4, 5 or more than 5, DD that specifically bind to
different epitopes of AFP p26 and that have an amino acid sequence selected from the group consisting
of SEQ ID NO: 741-874, and 886-895. In some embodiments, the DDpp comprises a DD that
specifically binds AFP p26 and further comprises 2, 3, 4, 5 or more than 5, additional different DDs
or target-binding binding domains (e.g., scFvs) that specifically bind to AFP p26 or a different target
antigen. In some embodiments, the DDpp comprises a DD that specifically binds AFP p26 (e.g., a DD
having an amino acid sequence selected from the group consisting of SEQ ID NO: 741-874, and 886-
895) and further comprises one or more additional DDs or other target-binding binding domains that
bind one or more antigens expressed on the surface of a B cell. In some embodiments, the DDpp
comprises a DD that specifically binds AFP p26 e.g., a DD having an amino acid sequence selected
from the group consisting of SEQ ID NO: 741-874, and 886-895) and further comprises one or more
additional DDs or other target-binding binding domains that bind one or more cancer antigens. In some
embodiments, the DDpp comprises a DD that specifically binds AFP p26 (e.g., a DD having an amino
acid sequence selected from the group consisting of SEQ ID NO: 741-874, and 886-895) and
specifically binds 2, 3, 4, 5, or more than 5, different targets. In further embodiments, the DDpp
comprises a DD that specifically binds AFP p26 (e.g., a DD having an amino acid sequence selected
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from the group consisting of SEQ ID NO: 741-874, and 886-895) and specifically binds 2, 3, 4, 5, or
more than 5, different cancer antigens. In some embodiments, the DDpp comprises a DD that
specifically binds AFP p26 (e.g., a DD having an amino acid sequence selected from the group
consisting of SEQ ID NO: 741-874, and 886-895) and specifically binds 2, 3, 4, 5, or more than 5,
different cancer antigens expressed on the surface of a cancer cell. In some embodiments, the DDpp
comprises a DD that specifically binds AFP p26 (e.g., a DD having an amino acid sequence selected
from the group consisting of SEQ ID NO: 741-874, and 886-895) and specifically binds 2, 3, 4, 5, or
more than 5, cancer antigens expressed on the surface of different cancer cells.

[0288] In some embodiments, the DDpp comprises a variant of a AFP p26-binding DD
disclosed herein (reference DD) that retains the ability to specifically bind AFP p26. In some
embodiments, the sequence of the AFP p26-binding DD variant contains 1, 2,3, 4,5,6,7, 8,9, or 10,
1-3, 1-5, or 1-10, conservative or non-conservative substitutions compared to a reference AFP p26-
binding DD having an amino acid sequence selected from the group consisting of SEQ ID NO: 741-
874, and 886-895. In some embodiments, the sequence of the AFP p26-binding DD variant contains
1,2,3,4,5,6,7,8,9,0r 10, 1-3, 1-5, or 1-10, conservative substitutions compared to a reference AFP
p26-binding DD having an amino acid sequence selected from the group consisting of SEQ ID NO:
741-874, and 886-895. In some embodiments, the sequence of the AFP p26-binding DD wvariant
contains 1,2,3,4,5,6,7,8,9, or 10, 1-3, 1-5, or 1-10, non-conservative substitutions compared to a
reference AFP p26-binding DD having an amino acid sequence selected from the group consisting of
SEQ ID NO: 741-874, and 886-895.

[0289] In some embodiments, the sequence of the AFP p26-binding DD variant contains a
total of 1, 2,3,4,5,6,7,8,9, or 10, 1-3, 1-5, or 1-10, conservative or non-conservative substitutions
in positions corresponding to amino acid residues 1-22, 29-46, and 52-72, of a reference AFP p26-
binding DD having an amino acid sequence selected from the group consisting of SEQ ID NO: 4741-
874, and 886-895. In some embodiments, the sequence of the AFP p26-binding DD variant contains
atotal of 1, 2, 3, 4,5,6,7,8,9, or 10, 1-3, 1-5, or 1-10, conservative substitutions in positions
corresponding to amino acid residues 1-22, 29-46, and 52-72, of a reference AFP p26-DD having an
amino acid sequence selected from the group consisting of SEQ ID NO: 741-874, and 886-895. In
some embodiments, the sequence of the AFP p26-binding DD variant contains a total of 1, 2, 3, 4, 5,

6,7,8,9,or 10, 1-3, 1-5, or 1-10, non-conservative substitutions in positions corresponding to amino



CA 03082406 2020-05-11

WO 2019/099433 PCT/US2018/060887

109

acid residues 1-22, 29-46, and 52-72, of a reference AFP p26-binding DD having an amino acid
sequence selected from the group consisting of SEQ ID NO: 741-874, and 886-895.

[0290] In some embodiments, the sequence of the AFP p26-binding DD variant contains a
total of 1, 2,3,4,5,6,7,8,9, or 10, 1-3, 1-5, or 1-10, conservative or non-conservative substitutions
in positions corresponding to amino acid residues: 2-6, 8-10, 12, 13, 15-17, 19, 20, 29, 30, 32-34, 36,
37,39-41, 43, 44, 52-55, 57-59, 61, 62, 64-66, and 68-70, of a reference AFP p26-binding DD having
an amino acid sequence selected from the group consisting of SEQ ID NO: 741-874, and 886-895. In
some embodiments, the sequence of the AFP p26-binding DD variant contains a total of 1, 2, 3, 4, 5,
6,7,8,9,0r 10, 1-3, 1-5, or 1-10, conservative substitutions in positions corresponding to amino acid
residues: 2-6, 8-10, 12, 13, 15-17, 19, 20, 29, 30, 32-34, 36, 37, 39-41, 43, 44, 52-55, 57-59, 61, 62,
64-66, and 68-70, of a reference DD having an amino acid sequence selected from the group consisting
of SEQ ID NO: 741-874, and 886-895. In some embodiments, the sequence of the AFP p26-binding
DD variant contains a total of 1, 2, 3, 4, 5, 6,7, 8, 9, or 10, 1-3, 1-5, or 1-10, non-conservative
substitutions in positions corresponding to amino acid residues: 2-6, 8-10, 12, 13, 15-17, 19, 20, 29,
30, 32-34, 36, 37, 39-41, 43, 44, 52-55, 57-59, 61, 62, 64-66, and 68-70, of a reference DD having an
amino acid sequence selected from the group consisting of SEQ ID NO: 741-874, and 886-895.
[0291] In some embodiments, the disclosure provides an AFP p26-binding DDpp that
completely or partially (e.g., overlap with an epitope) block binding of a reference DD to AFP p26,
wherein the reference DD has an amino acid sequence selected from SEQ ID NO: 741 873, and 874.
In other embodiments, the disclosure provides AFP p26-binding DDpp that bind to the same epitope
of AFP p26 as a a reference DD consisting of an amino acid sequence selected from SEQ ID NO: 741
873, and 874.

[0292] In some embodiments, the DDpp is a fusion protein comprising a DD that specifically
binds AFP p26. In some embodiments, the DDpp is a fusion protein comprising a DD that specifically
binds AFP p26 having an amino acid sequence consisting of SEQ ID NO: 9. In further embodiments,
the DDpp comprises an amino acid sequence selected from the group consisting of SEQ ID NO: 741-
874, and 886-895. In other embodiments, the DDpp is a fusion protein comprising a AFP p26-binding
DD that is a variant of a DD comprising an amino acid sequence selected from the group consisting
of SEQ ID NO: 741-874, and 886-895. In some embodiments, the DDpp is a fusion protein comprising
a DD that specifically binds AFP p26 operably linked to a full-length antibody or a portion (fragment)
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of an antibody. In some embodiments, the DDpp is an Fc fusion protein. In some embodiment, the
DDpp fusion protein comprises a full length IgG antibody (e.g., IgG1, 1gG2, 1gG2, or IgG4). In further
embodiments, the DDpp fusion protein comprises a full length antibody that specifically binds a cancer
antigen. In further embodiments, the DDpp comprises a commercially approved therapeutic antibody
(e.g., rituximab, ofatumumab, ocrelizumab, veltuzumab, MEDI-551, epratuzumab, belimumab,
tabalumab, AMG-557, MEDI-570, and NN882). In other embodiments, the AFP p26-binding DDpp
is an Fc fusion protein. In further embodiments, the Fc fusion protein comprises a variant human F¢
domain.

[0293] In some embodiments, the DDpp is a fusion protein comprising an AFP p26-binding
DD operably linked to a serum protein. In some embodiments, the DDpp fusion protein comprises an
amino acid sequence selected from the group consisting of SEQ ID NO: 741-874, and 886-895. In
other embodiments, the AFP p26-binding DDpp fusion protein comprises a variant of an amino acid
sequence selected from the group consisting of SEQ ID NO: 741-874, and 886-895. In further
embodiments, the DDpp fusion protein comprises human serum albumin or a fragment thereof. In
some embodiments, the DDpp fusion protein contains a fragment of a serum protein or an antigenic
fragment of a serum protein. In some embodiments, the DDpp fusion protein comprises a fragment
consisting of 5-500, 5-400, 5-300, 5-200, 5-100, 5-50, 10-500, 10-400, 10-300, 10-200, 10-100, or 10-
50 amino acids of a serum protein.

[0294] In some embodiments, the AFP p26-binding DDpp fusion protein comprises the
extracellular domain of a receptor or a fragment thereof. In some embodiments, the DDpp fusion
protein comprises a DD that comprises an amino acid sequence selected from the group consisting of
SEQ ID NO: 741-874, and 886-895. In other embodiments, the AFP p26-binding DDpp fusion protein
comprises a variant of an amino acid sequence selected from the group consisting of SEQ ID NO:
741-874, and 886-895. In further embodiments, the AFP p26-binding DDpp fusion protein comprises
the extracellular domain of BCMA (SEQ ID NO: 7) or CD123 (SEQ ID NO: 8), or a fragment thereof.
In further embodiments, the AFP p26-binding DDpp fusion protein comprises the extracellular domain
of BCMA (SEQ ID NO: 7), or CD123 (SEQ ID NO: 8), or CS1 (SEQ ID NO: 925), or a fragment
thereof. In some embodiments, the AFP p26-binding DDpp fusion protein comprises the extracellular
domain of of a receptor selected from the group consisting of: CD19, CD20, CD22, HVEM, BTLA,
DR3, CD37; TSLPR, IL7R, and gp96, or a fragment thereof.
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[0295] In some embodiments, the AFP p26-binding DDpp fusion protein contains a fragment
consisting of 5-500, 5-400, 5-300, 5-200, 5-100, 5-50, 10-500, 10-400, 10-300, 10-200, 10-100, or 10-
50 amino acids of an extracellular domain, of a cell surface receptor. In some embodiments, the DDpp
fusion protein contains a fragment of an extracellular domain of BCMA (SEQ ID NO: 7) or CD123
(SEQ ID NO: 8). In some embodiments, the DDpp fusion protein contains a fragment of an
extracellular domain of BCMA (SEQ ID NO: 7), or CD123 (SEQ ID NO: 8), or CS1 (SEQ ID NO:
925). In some embodiments, the DDpp contains a fragment of an extracellular domain, of a receptor
selected from the group consisting of: CD19, CD20, CD22, HVEM, BTLA, DR3, CD37; TSLPR,
IL7R, and gp96.

[0296] in additional embodiments, the AFP p26-binding DDpp fusion protein comprises an
intracellular protein {e.g., a nuclear protein) or a fragment thereof. In some embodiments, the DDpp
fusion protein comprises a DD that comprises an amino acid sequence selected from the group
consisting of SEQ ID NO: 741-874, and 886-895. In other embodiments, the AFP p26-binding DDpp
fusion protein comprises a variant of an amino acid sequence selected from the group consisting of
SEQ ID NO: 741-874, and 886-895. In some embodiments, the AFP p26-binding DDpp fusion protein
comprises a fragment consisting of 5-500, 5-400, 5-300, 5-200, 5-100, 5-50, 10-500, 10-400, 10-300,
10-200, 10-100, or 10-50 amino acid residues of an intracellular protein (e.g., a nuclear protein).
[0297] Nucleic acids encoding the DDpp and vectors containing the nucleic acids are also
provided. Host cells (including viral particles) containing the nucleic acids and vectors are also
provided. In some embodiments, the host cell is a prokaryote or a eukaryote that display the variant
DD on its surface. In some embodiments, the host cell displays the variant DD on its surface. In a
further embodiment, the host cell is a phage that displays the variant DD on its surface. In a further
embodiment, the host cell is a human immune cell that expresses a variant DD fusion protein on its
surface.

[0298] A DDpp agonist refers to a DDpp that in some way increases or enhances the biological
activity of the DDpp target or has biological activity comparable to a known agonist of the DDpp
target. In another embodiment, the DDpp is an antagonist of the target it binds. A DDpp antagonist
refers to a DDpp that completely or partially blocks or in some way interferes with the biological
activity of the DDpp target protein or has biological activity comparable to a known antagonist or

inhibitor of the DDpp target protein.
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[0299] Expressions like "binding affinity for a target", "binding to a target" and the like refer
to a property of a polypeptide which may be directly measured through the determination of the affinity
constants, e.g., the amount of DDpp that associates and dissociates at a given antigen concentration.
Different methods can be used to characterize the molecular interaction, including but not limited to,
competition analysis, equilibrium analysis and microcalorimetric analysis, and real-time interaction
analysis based on surface plasmon resonance interaction (for example using a Biacore® instrument).
These methods are known to the skilled person and are described, for example, in Neri ef al., Tibtech
14: 465-470 (1996) and Jansson ef al., J Biol Chem 272: 8189-8197 (1997).

[0300] Affinity requirements for a given DDpp binding event are contingent on a variety of
factors including, but not limited to: the composition and complexity of the binding matrix, the valency
and density of both the DDpp and target molecules, and the functional application of the DDpp. In one
embodiment, DDpp bind a target of interest (e.g., BCMA, CD123, AFP, or AFP p26) with a
dissociation constant (KD) of less than or equal to 5x107° M, 107> M, 5x10™* M, 107* M, 5x107° M,
or 107 M. In an additional embodiment, a DDpp binds a target of interest with a KD of less than or
equal to 5x10° M, 10 M, 5x1077 M, 107'M, 5x107® M, or 10™® M. In additional embodiments, a
DDpp binds a target of interest with a KD of less than or equal to 5x10™° M, 10~ M, 5x1071°M, 1071
M, 51071 M, 10711 M, 5x1072 M, 10722 M, 5x1073 M, 10713 M, 5x1074 M, 107 M, 5x10—15 M,
or 107° M. In some embodiments, the provided DDpp has a dissociation constant selected from the
group consisting of between 10 M and 10~ M, between 10> M and 10 M, between 10 M and 10~
M, between 107 M and 10® M, between 10®* M and 10 M, between 10° M and 1071 M, between 10
1M and 10" M and between 10! M and 10712 M.

[0301] In some embodiments, the DDpp binds a target of interest (e.g., BCMA, CD123, AFP,
or AFP p26) in active form. In one embodiment the DDpp reversibly binds the target of interest in
active form and also releases the bound target in active form. In some embodiments, the DDpp binds
a target of interest in the native form. In specific embodiments, DDpp binds a target of interest with
an off-rates or Ko of greater than or equal to 1071% sec™!, 5x107 sec™, 107 sec™!, 5x1078 sec™?, 1078
sec 1, 5x1077 sec 71, 1077 sect, 5x107¢ sec 71, 107¢ sec 71, 5x1073 sec 7L, 1073 sec 7L, 5x107* sec”!, 107
sec !, 5x1073 sec!, 103 sec™!, 5x102sec’!, 102 sec”!, 5x107 ' sec™!, or 107! sec™.

[0302] Binding experiments to determine KD and off-rates can routinely be performed in a

number of conditions including, but not limited to, [pH 6.0, 0.01% Tween 2, [pH 6.0, 0.1% gelatin],



CA 03082406 2020-05-11

WO 2019/099433 PCT/US2018/060887

113

[pHS5.0,0.01% Tween 2, [pH 9.0, 0.1% Tween 2, [pH 6.0, 15% ethylene glycol, 0.01% Tween 2, [pH
5.0, 15% ethylene glycol, 0.01% Tween 2, and [pH 9.0, 15% ethylene glycol, 0.01% Tween 2. The
buffers in which to make these solutions can routinely be determined by one skilled in the art, and
depend largely on the desired pH of the final solution. Low pH solutions (<pH 5.5) can be made, for
example, in citrate buffer, glycine-HCI buffer, or in succinic acid buffer. High pH solutions can be
made, for example, in Tris-HCI, phosphate buffers, or sodium bicarbonate buffers. A number of
conditions may routinely be used by those skilled in the art to determine KD and off-rates for the
purpose of determining, for example, optimal pH and/or salt concentrations.

[0303] In one embodiment, the DDpp specifically binds a target of interest (e.g., BCMA,
CD123, AFP, or AFP p26) with a Ko ranging from 0.1 to 107 sec™t, 10 to 107 sec™!, or 0.5 X 107
to 107 sec’. In a specific embodiment, the DDpp (e.g., a DDpp fusion protein) binds a target of interest
with an off rate (Kofr) of less than 5 X 102 sec™t, 102 sec™, 5 X 107 sec™?, or 107 sec™!. In an additional
embodiment, a DDpp, binds a target of interest with an off rate (Kotr) of less than 5 X 10 sec™, 10
sec!, 5 X 107 sec!, or 107 sect, 5 X10° sec™!, 10 sec!, 5 X 107 sec™!, or 107 sec!.

[0304] In one embodiment, the DDpp specifically binds a target of interest (e.g., BCMA,
CD123, AFP, or AFP p26) with a Kon ranging from 10* to 10’ M'sec™!, 10% to 10° M!sec™!, or 10° to
10° Msec!. In a specific embodiment, the DDpp (e.g., a DDpp fusion protein) binds the target of
interest with an on rate (Kon) of greater than 103 M!sec!, 5 X 10° Msec!, 10* Mlsect, or 5 X 10*
M-sect. In an additional embodiment, the DDpp, binds the target of interest with a Kon of greater
than 10° Msec™, 5 X 10° Msec™!, 10 M sec™!, or 5 X 10° Msec™!, or 10’ M sec'l.

[0305] Nucleic acid molecules encoding the disclosed DDpp are encompassed herein, as are
vectors containing these nucleic acids, host cells containing these nucleic acids vectors, and methods
of making the DDpp-albumin fusion proteins and using these nucleic acids, vectors, and/or host cells.
The invention also encompasses pharmaceutical formulations comprising a DDpp-albumin fusion
protein and a pharmaceutically acceptable diluent or carrier. Such formulations can be used in methods
of treating, preventing, ameliorating or diagnosing a disease or disease symptom in a patient,
preferably a mammal, most preferably a human, comprising the step of administering the

pharmaceutical formulation to the patient.

Production of DDpp
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[0306] The disclosed DDpp can routinely be made using commercially available reagents and
techniques known in the art. In one embodiment, the DDpp are synthesized by solid phase synthesis
techniques known in the art, such as, Merrifield, J. Am. Chem. Soc. 85: 2149 (1963); Davis et al.,
Biochem. Intl. 10: 394-414 (1985); Larsen et al., J. Am. Chem. Soc. 115: 6247 (1993); Smith et al., J.
Peptide Protein Res. 44: 183 (1994); O'Donnell ef al., J. Am. Chem. Soc. 118: 6070 (1996), Stewart
and Young, Solid Phase Peptide Synthesis, Freeman (1969); Finn ef al., The Proteins, 3.sup.rd ed., 2:
105-253 (1976); and Erickson ef al., The Proteins, 3.sup.rd ed., 2: 257-527 (1976). The disclosure
contemplates synthetic peptides. Alternatively, the peptide is expressed recombinantly by introducing
a nucleic acid encoding the disclosed DDpp into host cells, which are cultured to express the peptide.
Such peptides are purified from the culture media or cell pellets.
[0307] The production of the DDpp, useful in practicing the provided methods, may be carried
out using a variety of standard techniques for chemical synthesis, semi-synthetic methods, and
recombinant DNA methodologies known in the art. Also provided is a method for producing a DDpp,
individually or as part of multi-domain fusion protein, as soluble agents and cell associated proteins.
[0308] Optionally, the reference sequence and/or the modified polypeptides (e.g., DDpp) can
be de-immunized. For example, residues or motifs that are potentially immunogenic can be identified
and modified in order to reduce or eliminate potential immune responses to the DDpp. Additional
details regarding various embodiments, of the production, selection, and isolation of DDpp are
provided in more detail below.

Recombinant expression of DDpp
[0309] In some embodiments, a DDpp such as a DDpp fusion protein is "recombinantly
produced," (i.e., produced using recombinant DNA technology). Exemplary recombinant methods
available for synthesizing DDpp fusion proteins, include, but are not limited to polymerase chain
reaction (PCR) based synthesis, concatemerization, seamless cloning, and recursive directional
ligation (RDL) (see, e.g., Meyer ef al., Biomacromolecules 3: 357-367 (2002); Kurihara ef al.,
Biotechnol. Lett. 27: 665-670 (2005); Haider ef al., Mol. Pharm. 2: 139-150 (2005); and McMillan e?
al., 32: 3643-3646 (1999), the contents of each of which is herein incorporated by reference in its
entirety).
[0310] Nucleic acids comprising a polynucleotide sequence encoding a DDpp are also

provided. Such polynucleotides optionally further comprise, one or more expression control elements.
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For example, the polynucleotide can comprise one or more promoters or transcriptional enhancers,
ribosomal binding sites, transcription termination signals, and polyadenylation signals, as expression
control elements. The polynucleotide can be inserted within any suitable vector, which can be
contained within any suitable host cell for expression.

[0311] The expression of nucleic acids encoding DDpp is typically achieved by operably
linking a nucleic acid encoding the DDpp to a promoter in an expression vector. Typical expression
vectors contain transcription and translation terminators, initiation sequences, and promoters useful
for regulation of the expression of the desired nucleic acid sequence. Methods known in the art can be
used to routinely construct expression vectors containing the nucleic acid sequence encoding a DDpp
along with appropriate transcriptional/ translational control signals. These methods include, but are
not limited to in vitro recombinant DNA techniques, synthetic techniques and in vivo
recombination/genetic recombination. The expression of the polynucleotide can be performed in any
suitable expression host known in the art including, but not limited to bacterial cells, yeast cells, insect
cells, plant cells or mammalian cells. In one embodiment, a nucleic acid sequence encoding a DDpp
is operably linked to a suitable promoter sequence such that the nucleic acid sequence is transcribed
and/or translated into DDpp in a host. Promoters useful for expression in E. coli, include but are not
limited to, the T7 promoter.

[0312] In one embodiment, a vector comprising a DDpp encoding nucleic acid is introduced
into a host cell (e.g., phagemid) for expression of a DDpp. The vector can remain episomal or become
chromosomally integrated, as long as the insert encoding therapeutic agent can be transcribed. Vectors
can be constructed by standard recombinant DNA technology. Vectors can be plasmids, phages,
cosmids, phagemids, viruses, or any other types known in the art, which are used for replication and
expression in prokaryotic or eukaryotic cells. It will be appreciated by one of skill in the art that a wide
variety of components known in the art (such as expression control elements) can be included in such
vectors, including a wide variety of transcription signals, such as promoters and other sequences that
regulate the binding of RNA polymerase onto the promoter. Any promoter known or demonstrated to
be effective in the cells in which the vector will be expressed can be used to initiate expression of the
DDpp. Suitable promoters can be inducible (e.g., regulated) or constitutive. Non-limiting examples of
suitable promoters include the SV40 early promoter region, the promoter contained in the 3' long

terminal repeat of Rous sarcoma virus, the HSV-1 (herpes simplex virus-1) thymidine kinase
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promoter, the regulatory sequences of the metallothionein gene, efc., as well as the following animal
transcriptional control regions, which exhibit tissue specificity and have been utilized in transgenic
animals: elastase I gene control region which is active in pancreatic acinar cells; insulin gene control
region which is active in pancreatic beta cells, mouse mammary tumor virus control region which is
active in testicular, breast, lymphoid and mast cells, albumin gene control region which is active in
liver, alpha-fetoprotein gene control region which is active in liver, alpha 1-antitrypsin gene control
region which is active in the liver, beta-globin gene control region which is active in erythroid cells,
myelin basic protein gene control region which is active in oligodendrocyte cells in the brain, myosin
light chain-2 gene control region which is active in skeletal muscle, and gonadotropin releasing
hormone gene control region which is active in the hypothalamus. In a particular embodiment, the
promoter is an immunoglobulin gene control region which is active in lymphoid cells.

[0313] In one embodiment, one or several nucleic acids encoding a DDpp is expressed under
the control of a constitutive promoter or, alternately, a regulated expression system. Suitable regulated
expression systems include, but are not limited to, a tetracycline-regulated expression system, an
ecdysone inducible expression system, a lac-switch expression system, a glucocorticoid-inducible
expression system, a temperature-inducible promoter system, and a metallothionein metal-inducible
expression system. If several different nucleic acids encoding a DDpp are contained within the host
cell system, some of the nucleic acids may be expressed under the control of a constitutive promoter,
while others may be expressed under the control of a regulated promoter. Expression levels may be
determined by methods known in the art, including Western blot analysis and Northern blot analysis.
[0314] A variety of host-expression vector systems can be utilized to express a nucleic acid
encoding a DDpp. Vectors containing the nucleic acids encoding the DDpp (e.g., individual DD
subunits or DDpp fusions) or portions or fragments thereof, include plasmid vectors, a single and
double-stranded phage vectors, as well as single and double-stranded RNA or DNA viral vectors.
Phage and viral vectors may also be introduced into host cells in the form of packaged or encapsulated
virus using known techniques for infection and transduction. Moreover, viral vectors may be
replication competent or alternatively, replication defective. Alternatively, cell-free translation
systems may also be used to produce the protein using RNAs derived from the DNA expression
constructs (see, e.g., WO86/05807 and WO89/01036; and U.S. Pat. No. 5,122,464, the contents of

each of which is herein incorporated by reference in its entirety).
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[0315] Generally, any type of cells or cultured cell line can be used to express a DDpp provided
herein. In some embodiments, the background cell line used to generate an engineered host cells is a
phage, a bacterial cell, a yeast cell or a mammalian cell. A variety of host-expression vector systems
may be used to express the coding sequence a DDpp fusion protein. Mammalian cells can be used as
host cell systems transfected with recombinant plasmid DNA or cosmid DNA expression vectors
containing the coding sequence of the target of interest and the coding sequence of the fusion
polypeptide.

[0316] The cells can be primary isolates from organisms (including human), cultures, or cell
lines of transformed or transgenic nature. In some embodiments, the host cell is a human cell. In some
embodiments, the host cell is human T cell. In some embodiments, the host cell is derived from a
human patient.

[0317] Useful host cells include but are not limited to microorganisms such as, bacteria (e.g.,
E. coli, B. subtilis) transformed with recombinant bacteriophage DNA, plasmid DNA or cosmid DNA
expression vectors containing DDpp coding sequences; yeast (e.g., Saccharomyces, Pichia)
transformed with recombinant yeast expression vectors containing DDpp coding sequences; insect cell
systems infected with recombinant virus expression vectors (e.g., baculovirus) containing DDpp
coding sequences;, plant cell systems infected with recombinant virus expression vectors (e.g.,
cauliflower mosaic virus, CaMV; tobacco mosaic virus, TMV) or transformed with recombinant
plasmid expression vectors (e.g., Ti plasmid) containing DDpp coding sequences. In particular
embodiments, the mammalian cell systems are used to produce the DDpp. Mammalian cell systems
typically utilize recombinant expression constructs containing promoters derived from the genome of
mammalian cells (e.g., metallothionein promoter) or from mammalian viruses (e.g., the adenovirus
late promoter; the vaccinia virus 7.5K promoter).

[0318] Prokaryotes useful as host cells in producing a DDpp such as DDpp fusion protein,
include gram negative or gram positive organisms such as, E. coli and B. subtilis. Expression vectors
for use in prokaryotic host cells generally contain one or more phenotypic selectable marker genes
(e.g., genes encoding proteins that confer antibiotic resistance or that supply an autotrophic
requirement). Examples of useful prokaryotic host expression vectors include the pKK223-3
(Pharmacia, Uppsala, Sweden), pGEMI (Promega, Wis., USA), pET (Novagen, Wis., USA) and
pRSET (Invitrogen, Calif., USA) series of vectors (see, e.g., Studier, J. Mol. Biol. 219: 37 (1991) and
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Schoepfer, Gene 124: 83 (1993)). Exemplary promoter sequences frequently used in prokaryotic host
cell expression vectors include T7, (Rosenberg ef al., Gene 56: 125-135 (1987)), beta-lactamase
(penicillinase), lactose promoter system (Chang et al., Nature 275: 615 (1978)); and Goeddel et al.,
Nature 281: 544 (1979)), tryptophan (trp) promoter system (Goeddel ef al., Nucl. Acids Res. 8: 4057
(1980)), and tac promoter (Sambrook ef al., 1990, Molecular Cloning, A Laboratory Manual, 2d Ed.,
Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y ).

[0319] In one embodiment, a eukaryotic host cell systems is be used, including yeast cells
transformed with recombinant yeast expression vectors containing the coding sequence of a DDpp,
such as, the expression systems taught in U.S. Appl. No. 60/344,169 and WO03/056914 (methods for
producing humanlike glycoprotein in a non-human eukaryotic host cell) (the contents of each of which
is herein incorporated by reference in its entirety). Exemplary yeast that can be used to produce the
provided compositions, such as, DD, include yeast from the genus Saccharomyces, Pichia,
Actinomycetes and Kluyveromyces. Yeast vectors typically contain an origin of replication sequence
from a 2mu yeast plasmid, an autonomously replicating sequence (ARS), a promoter region, sequences
for polyadenylation, sequences for transcription termination, and a selectable marker gene. Examples
of promoter sequences in yeast expression constructs include, promoters from metallothionein, 3-
phosphoglycerate kinase (Hitzeman, J. Biol. Chem. 255: 2073 (1980)) and other glycolytic enzymes,
such as, enolase, glyceraldehyde-3 -phosphate dehydrogenase, hexokinase, pyruvate decarboxylase,
phosphofructokinase, glucose-6-phosphate isomerase, 3-phospho glycerate mutase, pyruvate kinase,
triosephosphate isomerase, phosphoglucose isomerase, and glucokinase. Additional suitable vectors
and promoters for use in yeast expression as well as yeast transformation protocols are known in the
art. See, e.g., Fleer, Gene 107: 285-195 (1991) and Hinnen, PNAS 75: 1929 (1978).

[0320] Insect and plant host cell culture systems are also useful for producing the compositions
encompassed by the disclosure. Such host cell systems include for example, insect cell systems
infected with recombinant virus expression vectors (e.g., baculovirus) containing the coding sequence
of a DD; plant cell systems infected with recombinant virus expression vectors (e.g., cauliflower
mosaic virus, CaMV; tobacco mosaic virus, TMV) or transformed with recombinant plasmid
expression vectors (e.g., Ti plasmid) containing the coding sequence of a DD, including, but not

limited to, the expression systems taught in U.S. Pat. No. 6,815,184; U.S. Publ. Nos. 60/365,769, and
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60/368,047; and W0O04/057002, W0O04/024927, and WO03/078614; the contents of each of which is
herein incorporated by reference in its entirety.

[0321] In an additional embodiment the host cell systems may be used, including animal cell
systems infected with recombinant virus expression vectors (e.g., adenoviruses, retroviruses, adeno-
associated viruses, herpes viruses, lentiviruses) including cell lines engineered to contain multiple
copies of the DNA encoding a DDpp either stably amplified (CHO/dhfr) or unstably amplified in
double-minute chromosomes (e.g., murine cell lines). In one embodiment, the vector comprising the
polynucleotide(s) encoding the DDpp is polycistronic. Exemplary mammalian cells useful for
producing these compositions include 293 cells (e.g., 293T and 293F), CHO cells, BHK cells, NSO
cells, SP2/0 cells, YO myeloma cells, P3X63 mouse myeloma cells, PER cells, PER.C6 (Crucell,
Netherlands) cells VERY, Hela cells, COS cells, MDCK cells, 3T3 cells, W138 cells, BT483 cells,
Hs578T cells, HTB2 cells, BT20 cells, T47D cells, CRL7030 cells, HsS78Bst cells, hybridoma cells,
and other mammalian cells. Additional exemplary mammalian host cells that are useful in practicing
the the provided embodiments include but are not limited, to T cells. Some examples of expression
systems and selection methods are described in the following references and references cited therein:
Borth ef al., Biotechnol. Bioen. 71(4): 266-73 (2000), in Werner ef al., Arzneimittel-forschung/Drug
Res. 48(8): 870-80 (1998), Andersen ef al., Curr. Op. Biotechnol. 13: 117-123 (2002), Chadd ef al.,
Curr. Op. Biotechnol. 12: 188-194 (2001), and Giddings, Curr. Op. Biotechnol. 12: 450-454 (2001).
Additional examples of expression systems and selection methods are described in Logan ef al., PNAS
81: 355-359 (1984), Birtner ef al.,, Methods Enzymol. 153: 51-544 (1987)). Transcriptional and
translational control sequences for mammalian host cell expression vectors are frequently derived
from viral genomes. Commonly used promoter sequences and enhancer sequences in mammalian
expression vectors include, sequences derived from Polyoma virus, Adenovirus 2, Simian Virus 40
(SV40), and human cytomegalovirus (CMV). Exemplary commercially available expression vectors
for use in mammalian host cells include pCEP4 (Invitrogen) and pcDNA3 (Invitrogen).

[0322] Physical methods for introducing a nucleic acid into a host cell (e.g., a mammalian host
cell) include calcium phosphate precipitation, lipofection, particle bombardment, microinjection,
electroporation, and the like. Methods for producing cells comprising vectors and/or exogenous
nucleic acids are well-known in the art. See, for example, Sambrook ez al. (2001, Molecular Cloning:

A Laboratory Manual, Cold Spring Harbor Laboratory, New York).
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[0323] Biological methods for introducing a polynucleotide of interest into a host cell include
the use of DNA and RNA vectors. Viral vectors, and especially retroviral vectors, have become the
most widely used method for inserting genes into mammalian (e.g., human) cells. Other viral vectors
can be derived from lentivirus, poxviruses, herpes simplex virus I, adenoviruses and adeno-associated
viruses, and the like. See, for example, U.S. Pat, Nos. 5,350,674 and 5,585,362, the contents of each
of which is herein incorporated by reference in its entirety.

[0324] Methods for introducing a DNA and RNA polynucleotides of interest into a host cell
include electroporation of cells, in which an electrical field is applied to cells in order to increase the
permeability of the cell membrane, allowing chemicals, drugs, or polynucleotides to be introduced
into the cell. DDpp containing DNA or RNA constructs may be introduced into mammalian or
prokaryotic cells using electroporation.

[0325] In a preferred embodiment, electroporation of cells results in the expression of a DDpp-
CAR on the surface of T cells, NK cells, NKT cells. Such expression may be transient or stable over
the life of the cell. Electroporation may be accomplished with methods known in the art including
MaxCyte GT® and STX® Transfection Systems (MaxCyte, Gaithersburg, MD, USA).

[0326] Chemical means for introducing a polynucleotide into a host cell include colloidal
dispersion systems, such as macromolecule complexes, nanocapsules, microspheres, beads, and lipid-
based systems including olLin-water emulsions, micelles, mixed micelles, and liposomes. An
exemplary colloidal system for use as a delivery vehicle in vitro and iz vivo is a liposome (e.g., an
artificial membrane vesicle). In the case where a non-viral delivery system is utilized, an exemplary
delivery vehicle is a liposome. The use of lipid formulations is contemplated for the introduction of
the nucleic acids into a host cell (in vitro, ex vivo or in vivo). In another aspect, the nucleic acid can be
associated with a lipid. The nucleic acid associated with a lipid can be encapsulated in the aqueous
interior of a liposome, interspersed within the lipid bilayer of a liposome, attached to a liposome via a
linking molecule that is associated with both the liposome and the oligonucleotide, entrapped in a
liposome, complexed with a liposome, dispersed in a solution containing a lipid, mixed with a lipid,
combined with a lipid, contained as a suspension in a lipid, contained or complexed with a micelle, or
otherwise associated with a lipid. Lipid, lipid/DNA or lipid/expression vector associated compositions
are not limited to any particular structure in solution. For example, they can be present in a bilayer

structure, as micelles, or with a "collapsed" structure. They can also simply be interspersed in a
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solution, possibly forming aggregates that are not uniform in size or shape. Lipids are fatty substances
which can be naturally occurring or synthetic lipids. For example, lipids include the fatty droplets that
naturally occur in the cytoplasm as well as the class of compounds which contain long-chain aliphatic
hydrocarbons and their derivatives, such as fatty acids, alcohols, amines, amino alcohols, and
aldehydes.

[0327] Lipids suitable for use can be obtained from commercial sources. For example,
dimyristoyl phosphatidylcholine ("DMPC") can be obtained from Sigma, St. Louis, MO; dicetyl
phosphate ("DCP") can be obtained from K & K Laboratories (Plainview, NY); cholesterol ("Choi")
can be obtained from Calbiochem-Behring; dimyristoyl phosphatidylglycerol ("DMPG") and other
lipids may be obtained from Avanti Polar Lipids, Inc. (Birmingham, AL). Stock solutions of lipids in
chloroform or chloroform/methanol can be stored at about -20°C. Chloroform may be used as the only
solvent since it is more readily evaporated than methanol. "Liposome" is a generic term encompassing
a variety of single and multilamellar lipid vehicles formed by the generation of enclosed lipid bilayers
or aggregates. Liposomes can be characterized as having vesicular structures with a phospholipid
bilayer membrane and an inner aqueous medium. Multilamellar liposomes have multiple lipid layers
separated by aqueous medium. They form spontaneously when phospholipids are suspended in an
excess of aqueous solution. The lipid components undergo self-rearrangement before the formation of
closed structures and entrap water and dissolved solutes between the lipid bilayers (Ghosh et al.,
Glycobiology 5: 505-510 (1991)). However, compositions that have different structures in solution
than the normal vesicular structure are also encompassed. For example, the lipids can assume a
micellar structure or merely exist as non-uniform aggregates of lipid molecules. Also contemplated
are lipofectamine-nucleic acid complexes.

[0328] Regardless of the method used to introduce exogenous nucleic acids into a host cell, or
the presence of the recombinant nucleic acid sequence in the host cell can routinely be confirmed
through a variety of assays known in the art. Such assays include, for example, "molecular biological"
assays known in the art, such as Southern and Northern blotting, RT-PCR and PCR; "biochemical"
assays, such as detecting the presence or absence of a particular peptide, e.g., by immunological means
(ELISAs and Western blots) or by assays described herein to identify agents falling within the scope

of the provided embodiments.
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[0329] Reporter genes are used for identifying potentially transfected cells and for evaluating
the functionality of regulatory sequences. In general, a reporter gene is a gene that is not present in or
expressed by the recipient organism, tissue, or cell and that encodes a polypeptide whose expression
is manifested by some easily detectable property, e.g., enzymatic activity. Expression of the reporter
gene is assayed at a suitable time after the DNA has been introduced into the recipient cells. A non-
limiting list of suitable reporter genes can include genes encoding luciferase, beta-galactosidase,
chloramphenicol acetyl transferase, secreted alkaline phosphatase, or the green fluorescent protein
gene (e.g., Ui-Tei et al., FEBS Lett. 479: 79-82 (2000)). Suitable expression systems are known in the
art and can be prepared using known techniques or obtained commercially. In general, the construct
with the minimal 5' flanking region showing the highest level of expression of reporter gene is
identified as the promoter. Such promoter regions can routinely be linked to a reporter gene and used
to evaluate agents for the ability to modulate promoter-driven transcription.
[0330] A number of selection systems can be used in mammalian host-vector expression
systems, including, but not limited to, the herpes simplex virus thymidine kinase, hypoxanthine-
guanine phosphoribosyltransferase and adenine phosphoribosyltransferase (Lowy et al., Cell 22: 817
(1980)) genes, which can be employed in tk’, hgprt” or aprt™ cells, respectively. Additionally,
antimetabolite resistance can be used as the basis of selection for e.g., dhfr, gpt, neo, hygro, trpB, hisD,
ODC (ornithine decarboxylase), and the glutamine synthase system.

Expression of Cell Associated DDpp
[0331] In another embodiment, the production of DDpp results in cell associated DDpp
compositions. For example, the expression of recombinant vectors that encode DDpp operably linked
to a cell membrane anchor or transmembrane domain have the potential to remain cell associated.
DDpp comprising chimeric antigen receptors are intentionally cell associated and used in the context
of the cell in which they are expressed. One particular embodiment relates to a strategy of adoptive
cell transfer of T cells which have been transduced to express a DDpp chimeric antigen receptor
(CAR). Preferably, the cell can be genetically modified to stably express a DDpp on its surface,
conferring novel target specificity that is MHC independent.
[0332] A variety of viral-derived vectors can be used in applications in which viruses are used
for transfection and integration into a mammalian cell genome. Viruses, which are useful as vectors

include, but are not limited to, retroviruses, adenoviruses, adeno-associated viruses, herpes viruses,
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and lentiviruses. Lentiviral vectors are particularly suitable to achieving long-term gene transfer (e.g.,
adoptive T cell immune therapy) since they allow long-term, stable integration of a transgene and its
propagation in daughter cells. Lentiviral vectors have the added advantage over vectors derived from
onco-retroviruses such as murine leukemia viruses in that they can transduce non-proliferating cells,
such as hepatocytes. They also have the added advantage of low immunogenicity. In general, a suitable
vector contains an origin of replication functional in at least one organism, a promoter sequence,
convenient restriction endonuclease sites, and one or more selectable markers, (e.g., WO01/96584 and
WO01/29058; and U.S. Pat. No. 6,326,193). Several vector promoter sequences are available for
expression of the transgenes. One example of a suitable promoter is the immediate early
cytomegalovirus (CMYV) promoter sequence. This promoter sequence is a strong constitutive promoter
sequence capable of driving high levels of expression of any polynucleotide sequence operatively
linked thereto. Another example of a suitable promoter is EF1a. However, other constitutive promoter
sequences can also be used, including, but not limited to the simian virus 40 (SV40) early promoter,
mouse mammary tumor virus (MMTYV), human immunodeficiency virus (HIV) long terminal repeat
(LTR) promoter, MoMuLV promoter, an avian leukemia virus promoter, an Epstein-Barr virus
immediate early promoter, a Rous sarcoma virus promoter, as well as human gene promoters such as,
but not limited to, the actin promoter, the myosin promoter, the hemoglobin promoter, and the creatine
kinase promoter. Inducible promoters include, but are not limited to a metallothionein promoter, a
glucocorticoid promoter, a progesterone promoter, and a tetracycline promoter.

[0333] In order to assess the expression of a DDpp-CAR polypeptide or portions thereof, the
expression vector to be introduced into a cell can also contain either a selectable marker gene or a
reporter gene or both to facilitate identification and selection of expressing cells from the population
of cells sought to be transfected or infected through viral vectors, in other aspects, the selectable
marker may be carried on a separate piece of DNA and used in a co- transfection procedure. Both
selectable markers and reporter genes may be flanked with appropriate regulatory sequences to enable
expression in the host cells. Useful selectable markers include, for example, antibiotic-resistance
genes, such as neo and the like.

[0334] Prior to expansion and genetic modification of the T cells, a source of T cells is obtained
from a subject. T cells can be obtained from a number of sources, including peripheral blood

mononuclear cells, bone marrow, lymph node tissue, cord blood, thymus tissue, tissue from a site of
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infection, ascites, pleural effusion, spleen tissue, and tumors. In varoius embodiments, any number of
T cell lines available in the art, may be used.
[0335] A full discussion of T cell isolation, culturing, activation and expansion methods may

be found in WO/12079000, the contents of which is herein incorporated by reference in its entirety.

[0336] Additionally provided is a host cell comprising nucleic acids encoding a DDpp
described herein. Compositions comprising a nucleic acid sequence encoding the DDpp are also
provided.

[0337] "Co-express" as used herein refers to simultaneous expression of two or more protein

coding sequences. The coding sequences may be nucleic acids encoding, for example, a single protein

or a chimeric protein as a single polypeptide chain.

Chemical Synthesis of DDpp
[0338] In addition to recombinant methods, DDpp production may also be carried out using

organic chemical synthesis of the desired polypeptide using a variety of liquid and solid phase
chemical processes known in the art. Various automatic synthesizers are commercially available and
can be used in accordance with known protocols. See, for example, Tam ef al., J. Am. Chem. Soc.
105: 6442 (1983); Merrifield, Science 232: 341-347 (1986); Barany and Merrifield, The Peptides,
Gross and Meienhofer, eds, Academic Press, New York, 1- 284; Barany ef al., Int. J. Pep. Protein Res.
30: 705-739 (1987), Kelley et al. in Genetic Engineering Principles and Methods, Setlow, J. K., ed.
Plenum Press, NY. 1990, vol. 12, pp. 1-19; Stewart et al., Solid-Phase Peptide Synthesis, W.H.
Freeman Co., San Francisco, 1989. One advantage of these methodologies is that they allow for the
incorporation of non-natural amino acid residues into the sequence of the DDpp.

[0339] The DDpp that are used in the methods ecompassed herein may be modified during or
after synthesis or translation, e.g., by glycosylation, acetylation, benzylation, phosphorylation,
amidation, pegylation, formylation, derivatization by known protecting/blocking groups, proteolytic
cleavage, linkage to an antibody molecule, hydroxylation, iodination, methylation, myristoylation,
oxidation, pegylation, proteolytic processing, phosphorylation, prenylation, racemization,
selenoylation, sulfation, ubiquitination, efc. (See, e.g., Creighton, Proteins: Structures and Molecular
Properties, 2d Ed. (W .H. Freeman and Co., N.Y ., 1992); Postranslational Covalent Modification of
Proteins, Johnson, ed. (Academic Press, New York, 1983), pp. 1-12; Seifter, Meth. Enzymol. 182:
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626-646 (1990), Rattan, Ann. NY Acad. Sci. 663: 48-62 (1992).) In specific embodiments, the
peptides are acetylated at the N-terminus and/or amidated at the C-terminus.

[0340] The disclosure also provides DDpp derivatives and include polypeptides that have been
chemically modified in some manner distinct from addition, deletion, or substitution of amino acids.
In this regard, a DDpp is chemically bonded with polymers, lipids, other organic moieties, and/or
inorganic moieties. Examplary polypeptide modifications are provided in Hermanson, Bioconjugate
Techniques, Academic Press, (1996). The DDpp optionally comprise a functional group that facilitates
conjugation to another moiety (e.g., a peptide moiety). Exemplary functional groups include, but are
not limited to, isothiocyanate, isocyanate, acyl azide, NHS ester, sulfonyl chloride, aldehyde, epoxide,
oxirane, carbonate, arylating agent, imidoester, carbodiimide, anhydride, alkyl halide derivatives (e.g.,
haloacetyl derivatives), maleimide, aziridine, acryloyl derivatives, arylating agents, thiol-disulfide
exchange reagents (e.g., pyridyl disulfides or TNB thiol), diazoalkane, carboyldiimadazole, N,N'-
Disuccinyl carbonate, N-Hydroxysuccinimidyl chloroformate, and hydrazine derivatives. Maleimide
is useful, for example, for generating a DDpp that binds albumin in vivo.

[0341] In some embodiments, the DDpp is covalently modified to include one or more water
soluble polymer attachments. The water soluble polymer (or other chemical moiety) is attached to any
amino acid residue, although attachment to the N- or C-terminus is preferred in some embodiments.
Useful polymers include, but are not limited to, PEG (e.g., PEG approximately 40 kD, 30 kD, 20 kD,
10 kD, 5 kD, or 1 kD in size), polyoxyethylene glycol, polypropylene glycol, monomethoxy-
polyethylene glycol, dextran, hydroxyethyl starch, cellulose, poly-(N-vinyl pyrrolidone)-polyethylene
glycol, propylene glycol homopolymers, a polypropylene oxide/ethylene oxide co-polymer, polysialic
acid (PSA), polyoxyethylated polyols (e.g., glycerol) and polyvinyl alcohol, as well as mixtures of any
of the foregoing. In one embodiment, the DDpp is PEGylated. PEG moieties are available in different
shapes, e.g., linear or branched. For further discussion of water soluble polymer attachments, see U.S.
Pat. Nos. 4,640,835; 4.496,689; 4,301,144; 4,670,417; 4,791,192; and 4,179,337. Other moieties
useful for improving peptide half-life or stability are described herein and include, for instance,
albumin (optionally modified to allow conjugation to the DDpp), fatty acid chains (e.g., C12-C18 fatty
acid, such as a C14 fatty acid, or dicarboxylic acids, such as octadecane dicarboxylic acid (oddc)), an

antibody or fragment thereof (e.g., an Fc¢ portion of an antibody), and proline-alanine-serine multimers.
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[0342] In some embodiments, the DDpp is conjugated to a polyethylene glycol (PEG) moiety,
human serum albumin (HSA), an antibody or antibody fragment, hydroxyethyl starch, a proline-
alanine-serine multimer (PASylation), a C12-C18 fatty acid, or polysialic acid.

[0343] In some embodiments, the DDpp are acylated at the N-terminal amino acid of the
peptide. In another aspect, the DDpp are amidated at the C-terminal amino acid of the polypeptide. In
a still further aspect, the peptides are acylated at the N-terminal amino acid of the peptide and are
amidated at the C-terminal amino acid of the peptide.

[0344] In some embodiments, the DDpp comprises one or more modified or non-proteinogenic
amino acids or a modified linker group (see, e.g., Grant, Synthetic Peptides: A User's Guide, Oxford
University Press (1992)). Modified amino acids include, for example, amino acids wherein the amino
and/or carboxyl group is replaced by another group. Non-limiting examples include modified amino
acids incorporating thioamides, ureas, thioureas, acylhydrazides, esters, olefines, sulfonamides,
phosphoric acid amides, ketones, alcohols, boronic acid amides, benzodiazepines and other aromatic
or non-aromatic heterocycles (see, Estiarte er al., Burgers Medicinal Chemistry, 6.sup.th edition,
Volume 1, Part 4, John Wiley & Sons, New York (2002)). Non-proteinogenic amino acids include,
but are not limited, to beta-alanine (Bal), norvaline (Nva), norleucine (Nle), 4-aminobutyric acid
(gamma-Abu), 2-aminoisobutyric acid (Aib), 6-aminohexanoic acid (epsilon-Ahx), ornithine (Orn),
hydroxyproline (Hyp), taurine, sarcosine, citrulline (Cit), cysteic acid (Coh), cyclohexylalanine (Cha),
methioninesulfoxide (Meo), methioninesulfone (Moo), homoserine-methylester  (Hsm),
propargylglycine (Eag), S-fluorotryptophan (5Fw), 6-fluorotryptophan (6Fw), 3',4'-dimethoxyphenyl-
alanine (Ear), 3'.4'-difluorophenylalanine (Dff), 4'-fluorophenyl-alanine (Pff), 1-naphthyl-alanine
(INi), 2-Naphthylalanine (2N1), 1-methyltryptophan (1Mw), penicillamine (Pen), homoserine (Hse),
t-butylglycine, t-butylalanine, phenylglycine (Phg), benzothienylalanine (Bta), L-homo-cysteine
(Hey), N-methyl-phenylalanine (Nmf), 2-thienylalanine (Thi), 3,3-diphenylalanine (Ebw), L-alpha-t-
Butylglycine (Tle), Bpa, homophenylalanine (Hfe), and S-benzyl-L-cysteine (Ece). These and other
non-proteinogenic amino acids may exist as D- or L-isomers. Examples of modified linkers include
but are not limited to the flexible linker 4,7,10-trioxa-1,13-tridecanediamine (Ttds), glycine, 6-
aminohexanoic acid, beta-alanine (Bal), pentynoic acid (Pyn), and combinations of Ttds, glycine, 6-

aminohexanoic acid and Bal.
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[0345] Any of numerous chemical modifications may be carried out by known techniques,
including, but not limited to acetylation, formylation, efc. Additionally, the derivative may contain

one or more non-classical amino acids.

Table 1 — Exemplary target-specific binding DDs

SEQ NO:| D-Domain Sequence Target |ELISA_avg

MGSWYEFSWRLOATHQRLNALGGSEAELAAFEKETIAAFESE
LOAYKGKGNPEVEELRAYAAGIRGALQOAYRHN

MGSWHEFTWRLIATQORLEALGGSEAELAAFEKETIAAFESE
LOAYKGKGNPEVEELRAYAAGIRHHLOAYRHN

13 MGSWREFAWRLVAINSRLKALGGSEAELAAFEKEIAAFESE BCMA 9.66
LOAYKGKGNPEVEELRHYAASTRDGLOAYRHN )

14 MGSWHEFAWRLOATNQRLNALGGSEAELAAFEKEIAAFESE BCMA 13.14
LOAYKGKGNPEVEELRHYAAHTRNGLOAYRHN )

15 MGSWNEFAWRLTATEQRLMALGGSEAELAAFEKEIAAFESE BCMA 18.28
LOAYKGKGNPEVEELRHYAAGIRDNLOAYRHN )

MGSWTEFAWRLOATHOQRLOALGGSEAELAAFEKEIAAFESE

11 BCMA 9.48683

12 BCMA 17.125

16 BCMA 18.71
LOAYKGKGNPEVEELRVYAAKTIRTI SLOAYRHN

17 MGSWIEFAWRLOATHQRLDALGGSEAELAAFEKEIAAFESE BCMA 18.97
LOAYKGKGNPEVEDLREYAANTRDSLOAYRHN )

18 MGSWHEFTWRLVAIQQORLOALGGSEAELAAFEKETIAAFESE BCMA 19.51

LOAYKGKGNPEVEELRKFAAKIRYELQAYRHN

19 MGSWHEFTWRLIATRERLFALGGSEAELAAFEKEIAAFESE BCMA 12.99
LOAYKGKGNPEVEELREYAASTRNMLOAYRHN )

20 MGSWIEFSWRLEATRORLOALGGSEAELAAFEKEIAAFESE BCMA 9.92
LOAYKGKGNPEVESLRSYAARTIROQELOAYRHN )

21 MGSWVEFSWRLEATRORLOALGGSEAELAAFEKETIAAFESE BCMA 19.14
LOAYKGKGNPEVESLRSYAARTIROQELOAYRHN )

MGSWVEFSWRLEATRORLTALGGSEAELAAFEKETIAAFESE
LOAYKGKGNPEVEDLRKYAARTIRGELQAYRHN

MGSWVEFAWRLTAIDQRLSALGGSEAELAAFEKEIAAFESE
LOAYKGKGNPEVENLREYAAKTRSHLOAYRHN

24 MGSWVEFAWRLEATKQRLTALGGSEAELAAFEKETIAAFESE BCMA 8.9
LOAYKGKGNPEVEELRLYAAKTRRVLOAYRHN )

o5 MGSWVEFAWRLTATHTRLWALGGSEAELAAFEKETIAAFESE BCMA 6.08
LOAYKGKGNPEVESLRKYAAKTRKOLOAYRHN )

MGSWTEFAWRLEATNQRLOALGGSEAELAAFEKETIAAFESE
BCMA 15.1475
26 LOAYKGKGKPEVEALRAYAAKTRTRLOAYRHN

MGSWSEFAWRLEATHQRLSALGGSEAELAAFEKEIAAFESE

22 BCMA 21.3

23 BCMA 8.43

27 BCMA 18.04
LOAYKGKGNPEVESLRLFAAQTIRENLOAYRHN

28 MGSWNEFAWRLIATINQRLWALGGSEAELAAFEKEIAAFESE BCMA 11.53
LOAYKGKGNPEVESLRHFAANTRNDLOAYRHN )

29 MGSWTEFAWRLIATDQRLMALGGSEAELAAFEKEIAAFESE BCMA 8.55

LOAYKGKGNPEVEILRELAAETRFHLOAYRHN

30 MGSWSEFMNRLDAITYRLVALGGSEAELAAFEKETIAAFESE BCMA 12.9
LOAYKGKGNPEVELLRHYAAQTIRDSLOAYRHN )
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31 MGSWTEFMERLDATSYRLWALGGSEAELAAFEKEIAAFESE | o 9,87
LOAYKGKGNPEVEVLRDYAATIRNSLOAYRHN

32 MGSWAEFMDRLDAITYRLWALGGSEAELAAFEKEIAAFESE | o 0 10.83
LOAYKGKGNPEVEELRGYAATIRSELQAYRHN

33 MGSWIEFQERLDATFYRLHALGGSEAELAAFEKEIAAFESE | o 0 18.58
LOAYKGKGNPEVEDLRDAAAT I RROLOAYRHN

14 MGSWIEFQORLDATFYRLYALGGSEAELAAFEKEIAAFESE | o 0 20.02
LOAYKGKGNPEVENLRDMAAT I RKQLOAYRHN

35 MGSWYEFQSRLDATFYRLFALGGSEAELAAFEKEIAAFESE | o 0 14.08
LOAYKGKGNPEVEKLREAAASTRTQLOAYRHN

36 MGSWSEFTDRLDAITYRLFALGGSEAELAAFEKEIAAFESE | o 10.18
LOAYKGKGNPEVENLRWYAGVIREQLOAYRHN

37 MGSWSEFYDRLYAINORLFALGGSEAELAAFEKEIAAFESE | o 5 gg
LOAYKGKGNPEVEDLRWYAAFTIRAQLOAYRHN

38 MGSWYEFYDRLDATVHRLDALGGSEAELAAFEKEIAAFESE | o 0 14.68
LOAYKGKGNPEVENLRWYAAMI RVRLOAYRHN
MGSWVEFQDRLEATITDRLYALGGSEAELAAFEKEIAAFESE

39 LQAYKGKENPEVEELRYSAAMIRVILQAYRHN BCMA 8.87825

40 MGSWVEFQERLMAT SDRLYALGGSEAELAAFEKEIAAFESE | o 0 6.7
LOAYKGKGNPEVEELRWQAAMI RYTLOAYRHN

41 MGSWFEFQHRLEAT SMRLHALGGSEAELAAFEKEIAAFESE | o 0 4.05
LOAYKGKGNPEVEELRWQAAYTIRVVLOAYRHN

e 2 | san | 15,0073

43 MGSWEEFQYRLGATAARLQALGGSEAELAAFEKEIAAFESE | o o0 311
LOAYKGKGNPEVEELRWQAAMI RFMLOAYRHN

a4 MGSWYEFQVRLOAT SWRLKALGGSEAELAAFEKEIAAFESE | o 0 14.93
LOAYKGKGNHEVEELRIQAALTIRVMLQAYRHN

45 MGSWVEFRSRLEAT SNRLRALGGSEAELAAFEKEIAAFESE | o 0 3. 04
LOAYKGKGNPEVEELRTTAALIRVYLQAYRHN
MGSWVEFKARLEATSSRLTALGGSEAELAAFEKEIAAFESE

46 LOAYKGKGNPEVEELRYSAALIRVYLQAYRHN BCMA 8.70714

47 MGSWSEFYTRLEAINNRLHALGGSEAELAAFEKEIAAFESE | o 3. 66
LOAYKGKGNPEVEELRYTAALIRIYLOAYRHN

48 MGSWAEFYHRLDATSSRLRALGGSEAELAAFEKEIAAFESE | o 4.31
LOAYKGKGNPEVEELRYTAALIRIYLOAYRHN

49 MGSWTEFASRLVATRORLQALGGSEAELAAFEKEIAAFESE | o 0 7 99
LOAYKGKGNPEVEELRYSAATIRVMLQAYRHN

50 MGSWSEFDORLAATYQRLNALGGSEAELAAFEKEIAAFESE | o 0 7 79
LOAYKGKGNPEVEELRYSAALTIRVMLQAYRHN

51 MGSWVEFHNRLSAT SDRLGALGGSEAELAAFEKEIAAFESE | o 0 7 36
LOAYKGKGNPEVEELRYSAALTIRVMLQAYRHN

50 MGSWNEFEDRLSATSARLSALGGSEAELAAFEKEIAAFESE | o 4.09
LOAYKGKGNPEVEELRYSAALTIRVMLQAYRHN

53 MGSWVEFEYRLVATFDRLOALGGSEAELAAFEKEIAAFESE | o 7 63
LOAYKGKGNPEVEELRYQAALTIRVMLQAYRHN
MGSWVEFQGRLGATHERLQALGGSEAELAAFEKEIAAFESE

>4 LQAYKGKENPEVEELRYS%ALIRVFLQAYRHN BCMA 3.83429
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55 MGSWYEFSMRLSATIWERLHALGGSEAELAAFEKETIAAFESE BCMA 7 12
LOAYKGKGNPEVEELRYQAALTIRFYLOAYRHN )

MGSWTEFSQRLGAISERLYALGGSEAELAAFEKEIAAFESE

BCMA 4.15
LOAYKGKGNPEVEELRYSAALTIRFMLOAYRHN

56

57 MGSWTEFHDRLEATTHRLNALGGSEAELAAFEKETIAAFESE BCMA 5.79
LOAYKGKGNPEVEELRYSAALLRVEFLOAYRHN )

58 MGSWTEFEHRLEATAGRLNALGGSEAELAAFEKEIAAFESE BCMA 6.34
LOAYKGKGNPEVEELRYSAALTIRFWLOAYRHN )

59 MGSWTEFANRLEATNARLHALGGSEAELAAFEKEIAAFESE BCMA 6.42
LOAYKGKGNPEVEELREFSAALTIRVYLOAYRHN )

60 MGSWEEFDRRLYATARRLEALGGSEAELAAFEKEIAAFESE BCMA 5.85
LOAYKGKGNPEVEELRYQAALTRVWLOAYRHN )

MGSWIEFHQRLEATVTRLEALGGSEAELAAFEKEIAAFESE

6l LOAYKGKGNPEVEELRYQAALTRVFLOAYRHN

BCMA 8

62 MGSWSEFYDRLKATADRLHALGGSEAELAAFEKEIAAFESE BCMA 8.215
LOAYKGKGNPEVEELRTEAATTRVYLOAYRHN )

63 MGSWWEFEDRLSATMERLHALGGSEAELAAFEKETIAAFESE BCMA 10.39
LOAYKGKGNPEVEELRYRAATTIRVYLOAYRHN )

64 MGSWVEFEERLAATATRLHALGGSEAELAAFEKEIAAFESE BCMA 16.29
LOAYKGKGNPEVEELRWRAATTRVYLOAYRHN )

MGSWSEFRGRLOATHSRLNALGGSEAELAAFEKEIAAFESE

65 LOAYKGKGNPEVEELRYSAATTIRTIYLOAYRHN

BCMA 7.585

66 MGSWTEFRDRLGAIYHRLDALGGSEAELAAFEKETIAAFESE BCMA 6.7
LOAYKGKGNPEVEELRYQAATTRVYLOAYRHN )

67 MGSWVEFYHRLEATRYRLSALGGSEAELAAFEKEIAAFESE BCMA 7.8
LOAYKGKGNPEVEELRYVAAVIRYRLOAYRHN )

68 MGSWVEFYDRLEATRYRLSALGGSEAELAAFEKEIAAFESE BCMA 5.636
LOAYKGKGNPEVEELRYIAAVIRYRLOAYRHN )

69 MGSWVEFYDRLAATRKRLYALGGSEAELAAFEKETIAAFESE BCMA 9.76
LOAYKGKGNPEVEELRFRAALTIRTIWLOAYRHN )

70 MGSWEEFSERLEATSIRLRALGGSEAELAAFEKEIAAFESE BCMA 11.26
LOAYKGKGNPEVEELRVSAATTIRVWLOAYRHN )

MGSWSEFSDRLHATISDRLOALGGSEAELAAFEKEIAAFESE

7L LOAYKGKGNPEVEELRIQAATTRVWLOAYRHN

BCMA 6.3725

75 MGSWIEFSHRLEATVDRLGALGGSEAELAAFEKEIAAFESE BCMA 18.67
LOAYKGKGNPEVEELRNTAATTIRVYLOAYRHN )

73 MGSWEEFSDRLEATLRRLDALGGSEAELAAFEKEIAAFESE BCMA 9.08
LOAYKGKGNPEVEDLRFAAATTRVOLOAYRHN )

74 MGSWMEFSHRLDATHERLYALGGSEAELAAFEKEIAAFESE BCMA 6.3
LOAYKGKGNPEVEDLRFAAATTRVOLOAYRHN )

MGSWSEFQORLHATRTRLYALGGSEAELAAFEKETIAAFESE

75 BCMA 11.615
LOAYKGKGNPEVEELRFEAATTRVMLOAYRHN

76 MGSWYEFOQNRLGAINRRLNALGGSEAELAAFEKEIAAFESE BCMA 4.68
LOAYKGKGNPEVEELRFEAATTRVMLOAYRHN )

79 MGSWQEFTGRLHATRHRLEALGGSEAELAAFEKETIAAFESE BCMA 3.315

LOAYKGKGNPEVEELRFEAAYTRVWLOAYRHN

78 MGSWTEFDHRLGAIWERLVALGGSEAELAAFEKEIAAFESE BCMA 9.54
LOAYKGKGNPEVEELRFHAATTIRT FLOAYRHN )




CA 03082406 2020-05-11

WO 2019/099433 PCT/US2018/060887
130
SEQ NO:| D-Domain Sequence Target |ELISA_avg

79 MGSWTEFHVRLSATWDRLVALGGSEAELAAFEKEIAAFESE | o 23 62
LOAYKGKGNPEVEELRFHAATIRIVLQAYRHN

80 MGSWNEFDNRLOATWDRLHALGGSEAELAAFEKEIAAFESE | o 0 9. g7
LOAYKGKGNPEVEELRFHAAMI RI TLOAYRHN
MGSWTEFHERLQATWFRLHALGGSEAELAAFEKEIAAFESE

81 LQAYKGKGNPE%EELRFRAAIIRLYLQAYRHN BCMA 12.065¢6

82 MGSWNEFSGRLTATKDRLAALGGSEAELAAFEKEIAAFESE | o 0 3.39
LOAYKGKGNPEVEELRFRAAVIRLWLOAYRHN

a3 MGSWVEFDERLVAIWFRLHALGGSEAELAAFEKEIAAFESE | o 0 8. 96
LOAYKGKGNPEVEALRARAAYIRIWLOAYRHN

84 MGSWSEFGQRLSATWERLLALGGSEAELAAFEKEIAAFESE | o 14.01
LOAYKGKGNPEVEALRADAAFTIRIWLOAYRHN

a5 MGSWYEFEDRLVATWIRLDALGGSEAELAAFEKEIAAFESE | o 4.93
LOAYKGKGNPEVEELRYNAAFIRGALQAYRHN

86 MGSWYEFGDRLSATWERLAALGGSEAELAAFEKEIAAFESE | o 0 8. 895
LOAYKGKGNPEVEYLRTHAAETIRTILOAYRHN

87 MGSWHEFYYRLEATEQRLHALGGSEAELAAFEKEIAAFESE | o o0 3,73
LOAYKGKGNPEVETLRFDAALIRIYLOAYRHN

a8 MGSWSEFEERLAAIGSRLFALGGSEAELAAFEKEIAAFESE | o 0 4.85
LOAYKGKGNPEVETLRFDAALIRIYLOAYRHN
MGSWLEFHYRLHATQFRLYALGGSEAELAAFEKEIAAFESE

89 LQAYKGKGNPEVET%RHIAALIRNQLQAYRHN BCMA 12.7486

90 MGSWQEFYNRLEATHMRLFALGGSEAELAAFEKEIAAFESE | o 6. 47
LOAYKGKGNPEVEGLRSDAAPTIRDVLQAYRHN

91 MGSWNEFHHRLWAI FDRLGALGGSEAELAAFEKEIAAFESE | o 0 .88
LOAYKGKGNPEVEVLRKMAAGTI RGGLOAYRHN

92 MGSWYEFHYRLKAINDRLYALGGSEAELAAFEKEIAAFESE | o 0 6. 04
LOAYKGKGNPEVEYLRYSAAMI RHKLOAYRHN

93 MGSWTEFHQORLGATHARLGALGGSEAELAAFEKEIAAFESE | o 0 8. 87
LOAYKGKGNPEVEYLRFSAAFIRLKLQAYRHN

94 MGSWFEFQYRLEATFYRLLALGGSEAELAAFEKEIAAFESE | o 0 17.31
LOAYKGKGKPEVEELRVRAALTIRHLLOAYRHN

95 MGSWVEFHARLDATYTRLGALGGSEAELAAFEKEIAAFESE | o 3.9
LOAYKGKGNPEVEYLRVLAAHIRI SLOAYRHN

el e
MGSWVEFTHRLDAIYIRLWALGGSEAELAAFEKEIAAFESE

o7 LOAYKGKGNPEVEELRHEAAVIREELQAYRHN BCMA 13.9167

98 MGSWVEFHGRLAATYVRLFALGGSEAELAAFEKEIAAFESE | o 0 4
LOAYKGKGNPEVESLRYHAAMI RRNLOAYRHN

99 MGSWVEFDRRLVAIYIRLWALGGSEAELAAFEKEIAAFESE | o 0 893
LOAYKGKGNPEVEALRDDAALIRLLLOAYRHN

100 | MGSWVEFDRRLVATYIRLWALGGSEAELAAFEKETAAFESE | o .\ g
LOAYKGKGNPEVEKLRYDAATIRETLOAYRHN

101 | MGSWLEFDRRLTATYLRLWALGGSEAELAAFEKETAAFESE | o .. 5.82
LOAYKGKGNPEVEALREDAAMI RDMLQAYRHN

i e D
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103 | MGSWIEFDRRLIATWIRLWALGGSEAELAAFEKETAAFESE | o .. 9. 45
LOAYKGKGNPEVESLRSDAADI RQKLOAYRHN ’

104 | MGSWVEFDRRLIATWVRLWALGGSEAELAAFEKETAAFESE | .\ 5 79
LOAYKGKGNPEVEFLRSDAAMI REHLOAYRHN ’

105 | MGSWYEFHTRLIATYVRLWALGGSEAELAAFEKETAAFESE | .\ 4.06
LOAYKGKGNPEVEWLRGDAAKIRGYLQAYRHN ’

1og | MGSWSEFSTRLSAIYVRLWALGGSEAELAAFEKEIAAFESE | o .0 5 35
LOAYKGKGNPEVEYLRNKAASTRKTLOAYRHN ’

107 | MGSWVEFRYRLGAIYHRLWALGGSEAELAAFEKEIAAFESE | o .0 10.81
LOAYKGKGNPEVEVLRDRAATI RRLLOAYRHN ’
MGSWNEFRNRLGAIDSRLWALGGSEAELAAFEKEIAAFESE

108 LOAYKGKGNPEVETLRAHAATIRSVLOAYRHN BCMA 4.69667
MGSWHEFRNRLGAIDSRLWALGGSEAELAAFEKEIAAFESE

109 LOAYKGKGNPEVETLRARAAMI RSVLOAYRHN BCMA 3.49359

110 | MGSWTEFYQRLEATNFRLWALGGSEAELAAFEKETAAFESE | .\ 6.955
LOAYKGKGNPEVEVLRDKAALTIRLMLQAYRHN
MGSWNEFYNRLHAINLRLWALGGSEAELAAFEKEIAAFESE

111 BCMA 3.00395
LOAYKGKGNPEVEVLREHAAT I RQALQAYRHN

11p | MGSWEEFYGRLSAIQDRLWALGGSEAELAAFEKEIAAFESE | o .0 3,28
LOAYKGKGNPEVEWLRMHAAVI RRALQAYRHN ’

113 | MGSWGEFNLRLVATHVRLWALGGSEAELAAFEKEIAAFESE | o .0 12.81
LOAYKGKGNPEVEFLRSQAANT RAQLOAYRHN ’

114 | MGSWGEFSDRLEATNERLWALGGSEAELAAFEKETAAFESE | o .\ 4.26
LOAYKGKGNPEVEELRWQAAFTI RANLQAYRHN ’

115 | MGSWMEFQGRLPATLARLRALGGSEAELAAFEKETAAFESE | .\ g 39
LOAYKGKGNPEVEHLRDKAAY T RWMLQAYRHN ’

11¢ | MGSWMEFEGRLPATLARLRALGGSEAELAAFEKETAAFESE | .\ 3.93
LOAYKGKGNPEVEHLRDKAAY T RWMLQAYRHN ’
MGSWFEFONRLQATLFRLRALGGSEAELAAFEKEIAAFESE

117 BCMA 5.39333
LOAYKGKGNPEVENLRDKAAYIRLMLOAYRHN
MGSWVEFDMRLOATLERLRALGGSEAELAAFEKEIAAFESE

118 LOAYKGKGNPEVEHLRDSAAYIRLMLOAYRHN BCMA 23.923

119 | MGSWVEFNARLDATLFRLRALGGSEAELAAFEKETAAFESE | o .. 13.52
LOAYKGKGNPEVEHLRDQAAYTIRLMLOAYRHN

120 | MGSWMEFNVRLRATLDRLHALGGSEAELAAFEKETAAFESE | o .\ 15.59
LOAYKGKGNPEVELLRDKAAYIRFMLOAYRHN
MGSWIEFDTRLAATVHRLRALGGSEAELAAFEKEIAAFESE

BCMA 13.9475

121 LOAYKGKGNPEVELLRDKAAYIRYMLQAYRHN
MGSWIEFDYRLKATILHRLRALGGSEAELAAFEKEIAAFESE

122 BCMA 11.8767
LOAYKGKGNPEVEGLRDKAAYIRFLLOAYRHN
MGSWYEFEDRLLATIKVRLRALGGSEAELAAFEKEIAAFESE

123 BCMA 17.6133
LOAYKGKGNPEVEYLRDQAAYIRFMLOAYRHN
MGSWYEFQDRLSATITTRLRALGGSEAELAAFEKEIAAFESE

124 LOAYKGKGNPEVELLRDKAAYIRFMLOAYRHN BCMA 10.085

125 | MGSWEEFDDRLNATVYRLRALGGSEAELAAFEKETAAFESE | o .\ 18.64
LOAYKGKGNPEVEMLRDQAAYTIRILMLOAYRHN ’
MGSWVEFEQRLHATVVRLRALGGSEAELAAFEKEIAAFESE

BCMA 17.7467

126 LOAYKGGGNPEVENLRDQAAYTI RFMLOAYRHN
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127 | MGSWVEFEWRLEATVVRLRALGGSEAELAAFEKETAAFESE | o .\ 14.95
LOAYKGKGNPEVEHLRDKAAYTIRYMLQAYRHN ’
12g | MGSWYEFEHRLKATVSRLGALGGSEAELAAFEKETAAFESE | .\ 4.55
LOAYKGKGNPEVEHLRDKAAYTIRYMLQAYRHN ’
129 | MGSWMEFKHRLAATTFRLRALGGSEAELAAFEKETAAFESE | .\ 6.06
LOAYKGKGNPEVELLRDKAAYIRLLLOAYRHN ’
130 | MGSWMEFEGRLHATKRRLRALGGSEAELAAFEKEIAAFESE | o .0 7 335
LOAYKGKGNPEVEVLRDQAAYIRLLLOAYRHN
137 | MGSWSEFVFRLDTIKSRLRALGGSEAELAAFEKEIAAFESE | o .0 19.86
LOAYKGKGNPEVETLRDQAAYTIRILMLOAYRHN
135 | MGSWYEFDERLSATKLRLRALGGSEAELAAFEKETAAFESE | o .. 16. 64
LOAYKGKGNPEVEVLRAQAAYTIRATLOAYRHN
133 | MGSWMEFDERLWATKKRLRALGGSEAELAAFEKETAAFESE | o .\ 9.526
LOAYKGKGNPEVEFLRHQAAYTIRMLLOAYRHN
134 | MGSWHEFDGRLSATKRRLWALGGSEAELAAFEKETAAFESE | .\ 5 4
LOAYKGKGNPEVEHLRDQAAYTIRYMLQAYRHN ’
135 | MGSWYEFDGRLQATIARLRALGGSEAELAAFEKEIAAFESE | o 0 3,29
LOAYKGKGNPEVEHLRFRAAYTIRWILOAYRHN ’
13¢ | MGSWFEFDKRLYAITHRLRALGGSEAELAAFEKEIAAFESE | o 0 11.82
LOAYKGKGNPEVEKLRYKAATIRLYLQAYRHN
MGSWVEFDNRLYATIVDRLRALGGSEAELAAFEKEIAAFESE
137 LOAYKGKGNPEVEHLRQKAAYIRLILOAYRHN BCMA t1.7167
MGSWIEFHQRLNATIFNRLRALGGSEAELAAFEKEIAAFESE
138 LOAYKGKGNPEVEWLRHHAAYTI REMLOAYRHN BCMA 7.34167
MGSWNEFRLRLWATITERLRALGGSEAELAAFEKEIAAFESE
BCMA 3.87179
139 LOAYKGKGNPEVECLRAEAAWI RTMLOAYRHN
MGSWYEFWLRLSATISYRLOALGGSEAELAAFEKEIAAFESE
BCMA 14.4653
140 LOAYKGKGNPEVEWLRKEAAETRSWLOAYRHN
147 | MGSWYEFQLRLWATHWRLIALGGSEAELAAFEKEIAAFESE | o .0 50.59
LOAYKGKGNPEVEWLRMRAAETRNELQAYRHN
14 | MGSWYEFAHRLEAIEWRLIALGGSEAELAAFEKEIAAFESE | o .0 9. 48
LOAYKGKGNPEVEELRQYAAATRNYLQAYRHN ’
MGSWYEFDTRLGATIRNRLGALGGSEAELAAFEKEIAAFESE
143 LOAYKGKGNPEVEWLRFQAAYIRFLLOAYRHN BCMA 13.934
144 | MGSWYEFWVRLTATRWRLEALGGSEAELAAFEKETAAFESE | o .\ 5 79
LOAYKGKGNPEVEWLREQAAST RWVLOAYRHN ’
MGSWFEFDRRLKATIDRRLMALGGSEAELAAFEKEIAAFESE
BCMA 6.1625
145 LOAYKGKGNPEVEWLRMQAAT IRNYLQAYRHN
l1¢ | MGSWVEFWERLDAIDNRLGALGGSEAELAAFEKEIAAFESE | o 0 11.42
LOAYKGKGNPEVEWLRWHAAYTIRGYLQAYRHN
147 | MGSWAEFWDRLDAIDSRLNALGGSEAELAAFEKEIAAFESE | o .0 18.92
LOAYKGKGNPEVEYLREWAAYIRGYLQAYRHN
14g | MGSWAEFDLRLRATAKRLVALGGSEAELAAFEKETAAFESE | o .. 4.09
LOAYKGKGNPEVEMLRLDAAYIRGVLQAYRHN ’
149 | MGSWSEFWDRLYATRIRLDALGGSEAELAAFEKETAAFESE | o .. 12.52
LOAYKGKGNPEVEKLRSVAARTI RNWLOAYRHN
150 | MGSWSEFWFRLGATRNRLDALGGSEAELAAFEKETAAFESE | .\ 14.93
LOAYKGKGNPEVEKLRDVAAHT RHWLOAYRHN
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151 | L OAYKGKGNPEVENLAOVAATI RYRLOAYREN | BO® | 13.59

155 | MGSWVEFWDRLGATRERLQALGGSEAELAAFEKETAAFESE | .\ 5 29
LOAYKGKGNPEVEKLRYTAAATRHYLOAYRHN

153 | MGSWAEFWDRLGATRERLQALGGSEAELAAFEKETAAFESE | .\
LOAYKGKGNPEVEKLRYTAAATRHYLOAYRHN

154 | MGSWTEFWDRLGAIRFRLQALGGSEAELAAFEKEIAAFESE | o .0
LOAYKGKGNPEVEKLRYTAAATRHYLOAYRHN

155 | MGSWVEFWDRLGAIRFERLQALGGSEAELAAFEKEIAAFESE | o o0
LOAYKGKGNPEVEKLKYTAAATRHYLQAYRHN

15¢ | MGSWVEFWDRLGATRERLQALGGSEAELAAFEKETAAFESE | o .\
LOAYKGKGNPEVEKLQYTAAATRHYLQAYRHN

157 | MGSWVEFWDRLGATRERLQALGGSEAELAAFEKETAAFESE | o .\
LOAYKGKGNPEVEKLRYTAAATKHYLQAYRHN

15g | MGSWAEFWDRLGATRERLQALGGSEAELAAFEKETAAFESE | .\
LOAYKGKGNPEVEKLQYTAAATKHYLQAYRHN

159 | MGSWTEFWDRLGAIRFERLQALGGSEAELAAFEKEIAAFESE | o 0
LOAYKGKGNPEVEKLQYTAAATKHYLQAYRHN

leo | MGSWVEFWDRLGAIRFRLEALGGSEAELAAFEKEIAAFESE | o 0 4.1
LOAYKGKGNPEVEKLRYVAAVIRHRLOAYRHN

le1 | MGSWVEFWDRLGAIRFRLQALGGSEAELAAFEKEIAAFESE | o 0 3,07
LOAYKGKGNPEVEELRASAAATRIALQAYRHN
MGSWVEFWDRLGATIRDRLDALGGSEAELAAFEKEIAAFESE

162 LOAYKGKGNPEVEELRNTAAYIRTFLOAYRHN BCMA 16.034

le3 | MGSWSEFWVRLGATRDRLDALGGSEAELAAFEKETAAFESE | .\ 535
LOAYKGKGNPEVEALRVTAAQTI RHYLQAYRHN
MGSWSEFWVRLGATIRERLDALGGSEAELAAFEKEIAAFESE

o4 LOAYKGKGNPEVEKLRYTAATIRRFLOAYRHN BCMA 7.55667

les | MGSWSEFWARLGAIRFRLDALGGSEAELAAFEKEIAAFESE | o 0
LOAYKGKGNPEVEKLRYTAATIRRFLOAYRHN

lec | MGSWSEFWVRLGAIRFRLDALGGSEAELAAFEKEIAAFESE | o 0
LOAYKGKGNPEVEKLRYTAGTIRRFLOAYRHN

1g7 | MGSWSEFWVRLGATRERLDALGGSEAELAAFEKETAAFESE | o .\
LOAYKGKGNPEVEKLRYTAATIKRFLOAYRHN

leg | MGSWSEFWARLGATRERLDALGGSEAELAAFEKETAAFESE | o .\
LOAYKGKGNPEVEKLRYTAGTIKRFLOAYRHN

B e L

170 | MGSWTEFWTRLNAIYFRLDALGGSEAELAAFEKEIAAFESE | o .0 8. 43
LOAYKGKGNPEVEKLRFTAASTRMYLQAYRHN

171 | MGSWFEFWDRLAATRDRLEALGGSEAELAAFEKEIAAFESE | o o0 12.78
LOAYKGKGNPEVEDLRYVAAKI RVRLOAYRHN

I e oo e R AE | 1253
MGSWVEFWHRLGATIYDRLEALGGSEAELAAFEKEIAAFESE

173 LOAYKGKGNPEVEELRRTAALIRQTLOAYRHN BCMA 19.904

11 e AT A PESE o 14,55
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175 | MGSWSEFWERLEATYDRLYALGGSEAELAAFEKETAAFESE | o .\ 18.78
LOAYKGKGNPEVEELRRTAATIRSFLOAYRHN ’
17¢ | MGSWEEFDNRLEATFDRLEALGGSEAELAAFEKETAAFESE | .\ 3.93
LOAYKGKGNPEVEELREFAATIRITLOAYRHN ’
MGSWMEFWDRLYATIEFRLFALGGSEAELAAFEKEIAAFESE
BCMA 11.6925
177 LOAYKGKGNPEVEKLRRVAATI RNELQAYRHN
17g | MGSWTEFWERLYAIEYRLFALGGSEAELAAFEKEIAAFESE | o 0 12.7
LOAYKGKGNPEVEKLRSVAATIRYELQAYRHN ’
179 | MGSWNEFWERLYATELRLFALGGSEAELAAFEKEIAAFESE | o 0 9. 945
LOAYKGKGNPEVEKLRMTAAYIRNELQAYRHN ’
1g0 | MGSWYEFWKRLYATEYRLFALGGSEAELAAFEKETAAFESE | o .\ 14.785
LOAYKGKGNPEVEALRKVAAKI REQLOAYRHN
1g1 | MGSWTEFWARLYATEMRLFALGGSEAELAAFEKETAAFESE | o .\ 12 .46
LOAYKGKGNPEVEHLRRVAALIREQLOAYRHN ’
1gy | MGSWHEFWDRLYATEFRLFALGGSEAELAAFEKETAAFESE | .\ 7 3
LOAYKGKGNPEVESLRQVAAKI RWHLOAYRHN ’
1g3 | MGSWDEFEFRLGALRWRLIALGGSEAELAAFEKEIAAFESE | o .0 9.9
LOAYKGKGNPEVEYLRFGAAHTIRHI LOAYRHN ’
MGSWTEFYHRLYATRERLSALGGSEAELAAFEKEIAAFESE
184 BCMA 9.6275
LOAYKGKGNPEVEYLRFGAAHTI RHLLOAYRHN
MGSWVEFETRLDATIRMRLGALGGSEAELAAFEKEIAAFESE
185 LOAYKGKGNPEVEYLRFGAAHT RALLQAYRHN BCMA 14,0717
MGSWGEFDVRLFATIRERLSALGGSEAELAAFEKEIAAFESE
186 LOAYKGKGNPEVEYLRGYAAQIRSFLOAYRHN BCMA 7.35333
1g7 | MGSWVEFDERLSATRERLDALGGSEAELAAFEKETAAFESE | .\ 5 61
LOAYKGKGNPEVEYLRLYAAQIRVFLOAYRHN ’
MGSWSEFDGRLGATIWDRLYALGGSEAELAAFEKEIAAFESE
BCMA 10.0305
188 LOAYKGKGNPEVEYLRDRAAQIREFLOAYRHN
1go | MGSWGEFEGRLHAIRSRLSALGGSEAELAAFEKEIAAFESE | o 0 6.17
LOAYKGKGNPEVEVLRGYAAWI RALLOAYRHN ’
MGSWGEFNGRLGATIRERLQALGGSEAELAAFEKEIAAFESE
190 LOAYKGKGNPEVEFLRAYAASTRAVLOAYRHN BCMA 4.95333
1g] | MGSWWEFTFRLAATEFRLEALGGSEAELAAFEKETAAFESE | .\ 5 95
LOAYKGKGNPEVEDLRATIAAETIRKSLOAYRHN ’
19y | MGSWDEFQFRLAATGFRLGALGGSEAELAAFEKETAAFESE | o .\ 6.155
LOAYKGKGNPEVEVLRRQAARTI RHLLOAYRHN
193 | MGSWYEFVTRLHATDHRLKALGGSEADLAAFEKETAAFESE | .\ 4.1
LOAYKGKGNPEVEWLRFYAAGTI RMNLOAYRHN ’
lgq | MGSWSIEFWRLEATKFRLIALGGSEAELAAFEKEIAAFESE | o .0 8. 43
LOAYKGKGNPEVEFLRVEAAATRRVLOAYRHN ’
195 | MGSWGEFEHRLDPSTCVWLALGGSEAELAAFEKEIAAFESE | o 0 4.05
LOAYKGKGNPEVEKLRRGAAVI RHWLOAYRHN ’
log | MGSWIEFAMRLEATENRLTALGGSEAELATFESMIAHFEEL | o .. 10.73
LONYKGKGNPEVEALTHEAFATHKELWAYRHN
197 | MGSWNEFYQRLEATENRLQALGGSEAELAMFEVRIALFEDM | o .. 6. 01
LOGYKGKGNPEVEALKQEATATLRELIAYRHN ’
1og | MGSWNEFYDRLRATKKRLYALGGSEAELADFEEDTAQFEVD | .\ 12.36
LODYKGKGNPEVEALHREAHATI THELWAYRHN
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MGSWGEFKHRLALTIKWYLEALGGSEAELAHFEDWIAVEEVQ

199 LONYKGKGNPEVEALRKEAAATRDELQAYRHN

BCMA 17.09

200 MGSWYEFKHRLAITKWYLEALGGSEAELAKFEAWIAEFEMI BCMA 5.505
LORYKGKGNPEVEALRKEAAATRDELQAYRHN )

MGSWYEFKHRLAITKWYLEALGGSEAELAHFEQYIADFEGT

BCMA 14.8333

201 LOKYKGKGNPEVEALRKEAAATRDELQAYRHN
MGSWYNFKHRLAITKWYLEALGGSEAELARFENFIANFETQ

202 BCMA 6.7615
LOLYKGKGNPEVEALRKEAAATRDELQAYRHN

203 MGSWEQFKHRLAITKWQLEALGGSEAELAWFEQWIADFEHQ BCMA 10.39
LOHYKGKGNPEVEALRKEAAATRDELQAYRHN )

204 MGSWYNFKHRLAITKWFLEALGGSEAELAVFEVWIADFEHQ BCMA 16.38

LOEYKGKGNPEVEALRKEAAATRDELQAYRHN

205 MGSWDAFKHRLALTIKWYLEALGGSEAELAHFEEYTIAEFESN BCMA 12.98
LOSYKGKGNPEVEALRKEAAATRDELQAYRHN )

MGSWDGFKHRLALTIKWYLEALGGSEAELANFENWIAEFEQR
LOYYKGKGNPEVEALRKEAAATRDELQAYRHN

206 BCMA 23.62

207 MGSWNGEFKHRLAITKWYLEALGGSEAELASFESYIAEFESG BCMA 16.53
LOEYKGKGNPEVEALRKEAAATRDELQAYRHN )

208 MGSWNSEFKHRLALTIKWYLEALGGSEAELATFEWYIASFESE BCMA 10.34
LOOYKGKGNPEVEALRKEAAATRDELQAYRHN )

209 MGSWSDEFKYRLAVIKEFYLEALGGSEAELASFESFIAHFEDD BCMA 13.04
LOKYKGKGNPEVEALRKEAAATRDELQAYRHN )

MGSWSGEFKYRLAVIKEFYLEALGGSEAELASFELFIAKFEID
210 LONYKGKGNPEVEALRKEAAATRDELQAYRHN BCMA 13.066

211 MGSWYGFKYRLAVIKWYLEALGGSEAELASFEKYIAHFEHD BCMA 9.05
LOAYKGKGNPEVEALRKEAAATRDELQAYRHN )

MGSWYGFKYRLAVIKWYLEALGGSEAELASFEKYIAQFEHD
LOAYKGKGNPEVEALRKEAAATRDELQAYRHN

212 BCMA 7.63333

213 MGSWYGFKYRLALTIKWYLEALGGSEAELASFETYIADFEDL BCMA 13.03
LOAYKGKGNPEVEALRKEAAATRDELQAYRHN )

MGSWSTEFKYHLAVIKWYLEALGGSEAELASFEDYIAQFETD

214 LOEYKGKGNPEVEALRKEAAATRDELQAYRHN

BCMA 11.65

MGSWHEFKYRLALTKWYLEALGGSEAELATFEHHIAQFEWD

215 LOKYKGKGNPEVEALRKEAAATRDELQAYRHN

BCMA 16.19

216 MGSWNMEFKYRLAHTIKWYLEALGGSEAELATFEAYTIADFEVD BCMA 16.33
LOKYKGKGNPEVEALRKEAAATRDELQAYRHN )

217 MGSWHGFKYRLAITKWWLEALGGSEAELAFFEEWIASFERD BCMA 6.025
LOIYKGKGNPEVEALRKEAAATRDELQAYRHN )

MGSWHGFKYRLAVIKWYLEALGGSEAELAMFEGWIAQFETIT

218
LOOYKGKGNPEVEALRKEAAATRDELQAYRHN

BCMA 5.99

MGSWQGFKYRLAVIKWMLEALGGSEAELAFFENWIAEFETK

219
LOOYKGKGNPEVEALRKEAAATRDELQAYRHN

BCMA 7.75

MGSWSGEFKYRLAVIKWYLEALGGSEAELATFEEWIAEFETE
220 LOFYKGKGNPEVEALRKEAAATRDELQAYRHN BCMA 13.975

MGSWGYFKYRLAMIKWYLEALGGSEAELASFESWIAEFEGS
221 LOAYKGKGNPEVEALRKEAAATRDELQAYRHN BCMA 13.018

299 MGSWHAFKYKLAMIKWYLEALGGSEAELAHFEEWIAEFEAL BCMA 11.63
LOEYKGKGNPEVEALRKEAAATRDELQAYRHN )
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MGSWOHFKYRLAITKWYLEALGGSEAELAFFESFIAKFEHD

223 LOKYKGKGNPEVEALRKEAAATRDELQAYRHN

BCMA 8.91

MGSWNDEFKYRLAITKYYLEALGGSEAELAHFESYIASFEHD
BCMA 15.1233
224 LONYKGKGNPEVEALRKEAAATRDELQAYRHN

225 MGSWGAFKYRLAITKEFYLEALGGSEAELARFEEFIANFEHD BCMA 12.88
LONYKGKGNPEVEALRKEAAATRDELQAYRHN )

MGSWYNFKYRLAITKEFYLEALGGSEAELAQFEIWIAEFEHD

226 BCMA 19.91
LOGYKGKGNPEVEALRKEAAATRDELQAYRHN

227 MGSWEQFKYRLAITKYMLEALGGSEAELAWFESWIANFESD BCMA 11.01
LOHYKGKGNPEVEALRKEAAATRDELQAYRHN

298 MGSWOOFKYRLAITKYYLEALGGSEAELAGFETYIAKFEEV BCMA 15.12

LOSYKGKGNPEVEALRKEAAATRDELQAYRHN

229 MGSWAGFKYRLAVIKYYLEALGGSEAELAHFEQWIAHFEGM BCMA 12.68
LODYKGKGNPEVEALRKEAAATRDELQAYRHN )

230 MGSWTAFKYRLAITKEFYLEALGGSEAELAHFESYIAHFEDM BCMA 7.43
LOHYKGKGNPEVEALRKEAAATRDELQAYRHN )

231 MGSWAHFKYRLAITKFWLEALGGSEAELANFEEYIAEFEST BCMA 13.12
LOVYKGKGNPEVEALRKEAAATRDELQAYRHN )

MGSWANFKYRLALTKWHLEALGGSEAELASFEIWIADFEES
232 BCMA 14.2878
LOWYKGKGNPEVEALRKEAAATRDELQAYRHN

233 MGSWATFKYRLALTIKWHLEALGGSEAELADFEEYTIAGEFEEG BCMA 15.07
LOKYKGKGNPEVEALRKEAAATRDELQAYRHN )

MGSWTHFKYRLALTKWWLEALGGSEAELAGFEVHIADFEAQ
234 LOMYKGKGNPEVEALRKEAAATRDELQAYRHN BCMA 7.36692

MGSWNTEFKYHLAVIKFMLEALGGSEAELAFFEQWIAEFEVT
BCMA 10.6006
233 LOSYKGKGNPEVEALRKEAAATRDELQAYRHN

MGSWTQFKYHLAVIKWYLEALGGSEAELAGFEQWIAEFEKT

BCMA 21.1178
LOEYKGKGNPEVEALRKEAAATRDELQAYRHN

236

MGSWNQFKYRLAVIKEFYLEALGGSEAELAHFETWIAAFEEQ

237
LOFYKGKGNPEVEALRKEAAATRDELQAYRHN

BCMA 12.85

538 MGSWNEFKYHLAVIKEFYLEALGGSEAELAHFETWIAEFEYE BCMA 13.68
LOKYKGKGNPEVEALRKEAAATRDELQAYRHN )

MGSWVQFKYHLAVIKEFYLEALGGSEAELAHFETWIAEFEVA

239 LOGYKGKGNPEVEALRKEAAATRDELQAYRHN

BCMA 12.6957

240 MGSWVDFKYHLAVIKFWLEALGGSEAELANFETWIANFEQE BCMA 13.922
LOMYKGKGNPEVEALRKEAAATRDELQAYRHN )

241 MGSWVDFKYHLAVIKWYLEALGGSEAELADFENWIAHFEST BCMA 10.43
LOOYKGKGNPEVEALRKEAAATRDELQAYRHN )

242 MGSWVEFKYHLAVIKFTLEALGGSEAELADFEEEIARFEMI BCMA 6.92
LOOYKGKGNPEVEALRKEAAATRDELQAYRHN )

243 MGSWSHEKYHLALTKWYLEALGGSEAELAKFEFWIAEFEHN BCMA 7.93
LOMYKGKGNPEVEALRKEAAATRDELQAYRHN )

244 MGSWYHFKYHLALTKWYLEALGGSEAELAHFEHWIAEFEWT BCMA 5.85
LOOYKGKGNPEVEALRKEAAATRDELQAYRHN )

MGSWQGFKYHLALTIKFYLEALGGSEAELAHFEHWLAEFEHD

243 LOTYKGKGNPEVEALRKEAAATRDELQAYRHN

BCMA 21.2

246 MGSWLSFKHHLALTKWYLEALGGSEAELASFEAWIALFEHQ BCMA 6.305
LOOYKGKGNPEVEALRKEAAATRDELQAYRHN )
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MGSWSEFKYKLALIKWYLEALGGSEAELAHFEGWIANFETT

247 LOKYKGKGNPEVEALRKEAAATRDELQAYRHN BCMA 11.2875

ong | MGSWIEFRYKLATIKFYLEALGGSEAELAHFEHWIADFEEV | o . 14.88
LOQYKGKGNPEVEALRKEAAATRDELQAYRHN

049 | MGSWONFRYHLAMIKWYLEALGGSEAELANFEEFTAQFEIN | o .. .55
LOHYKGKGNPEVEALRKEAAATRDELQAYRHN ’
MGSWYNFKYHLAT IKWWLEALGGSEAELADFEHYIADFERN

250 BCMA 8.62636
LOEYKGKGNPEVEALRKEAAATRDELQAYRHN

551 | MGSWYQFKYHLATITKWYLEALGGSFAELAGFENYIATFEQE | o .\ 18.41
LOQYKGKGNPEVEALRKEAAATRDELQAYRHN ’

o5, | MGSWSHFRYHLATIKFYLEALGGSEAELAGFEIWIAKFEDE | . . 9.34
LOMYKGKGNPEVEALRKEAAATRDELQAYRHN ’

053 | MGSWVGFKAHLATIKWYLEALGGSEAELAGFETFIADFEAL | o . 9.71
LOMYKGKGNPEVEALRKEAAATRDELQAYRHN ’
MGSWVNFKYKLAT IKYMLEALGGSEAELAFFEDWIAEFERT

BCMA 7.38951

24 LOQYKGKGNPEVEALRKEAAATRDELQAYRHN

o55 | MGSWSNFKYRLAVIKYMLEALGGSFAELAFFEDWIADFELH | oo 9. 34
LOVYKGKGNPEVEALRKEAAATRDELQAYRHN ’
MGSWTNFKYKLAVIKFMLEALGGSEAELAFFEDWIAGFEID

256 BCMA 11.4075
LONYKGKGNPEVEALRKEAAATRDELQAYRHN

557 | MGSWIGFKYRLAITKFMLEALGGSFAELAFFEQWIADFENE | o .. 13.89
LOYYKGKGNPEVEALRKEAAATRDELQAYRHN

o5g | MGSWHNFRYRLATIKFMLEALGGSEAELAWFENWIADFEDS | o . 13.59
LODYKGKGNPEVEALRKEAAATRDELQAYRHN
MGSWFAFKHRLAVIKYMLEALGGSEAELAFFEHWIAQFEHD

BCMA 11.985

259 LOQYKGKGNPEVEALRKEAAATRDELQAYRHN

260 | MGSWYEFKHRLAVIKYMLEALGGSEAELAFFENWIAQFEHE | o .. 3,71
LOTYKGKGNPEVEALRKEAAATRDELQAYRHN ’

061 | MGSWYKFKHKLAVIKYMLEALGGSFAELAWFEEWIAEFEVT | o0 4.54
LODYKGKGNPEVEALRKEAAATRDELQAYRHN ’

ogp | MGSWEYFKQKLAFTKWYLFALGGSFAELANFEIYIAEFEVM | o0 7 23
LOQYKGKGNPEVEALRKEAAATRDELQAYRHN ’

063 | MGSWFSFRHHLAVIKWNLEALGGSEAELASFEEQIAEFESV | o\ 6.45
LOAYKGKGNPEVEALRKEAAATRDELQAYRHN ’

sgq | MGSWGNFRYRLATIKFHLEALGSSEAELATFEAWIANFESM | o 507
LONYKGKGNPEVEALRKEAAATRDELQAYRHN ’

265 | MGSWSYFRYGLATIKIRLEALGGSEAELADFERWIAAFEHD | o . 13.33
LOYYKGKGNPEVEALRKEAAATRDELQAYRHN
MGSWSYFKFGLAHIKLRLEALGGSEAELADFEQWIASFEEQ

266 LOTYKGKGNPEVEALRKEAAATRDELQAYRHN BCMA 18.354

2g7 | MGSWSYFKWGLAHIKLRLEALGGSEAELADFEFWIAEFEGL | o .. 17.64
LODYKGKGNPEVEALRKEAAATRDELQAYRHN

seg | MGSWIYFRYGLAHIKTRLEALGGSEAELADFEQWIAEFERM | - . 21.12
LODYKGKGNPEVEALRKEAAATRDELQAYRHN

069 | MGSWGYFKYGLATTKHRLEALGGSFAELADFELWIAKFEEQ | o\ 14.01
LOVYKGKGNPEVEALRKEAAATRDELQAYRHN ’
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MGSWEYFKYGLATIKMHLEALGGSEAELADFEHWIAHFEHQ
BCMA 18.4033

270 LOMYKGKGNPEVEALRKEAAATIRDELQAYRHN

271 MGSWSYFKYGLATIKEKLEALGGSEAELADFETWIAMFEKQ BCMA 18.15
LOEYKGKGNPEVEALRKEAAATIRDELQAYRHN ’

572 MGSWHYFKNGLAIIKEKLEALGGSEAELADFEIWIAMFEME BOMA 19.85
LOEYKGKGNPEVEALRKEAAATIRDELQAYRHN

273 MGSWQYFKYGLAIIKIKLEALGGSEAELADFEAWIATFEKQ BCMA 10.28
LOHYKGKGNPEVEALRKEAAATIRDELQAYRHN

574 MGSWVYFKHGLAVIKMRLEALGGSEAELADFETWIAQFEMT BCMA 51.45
LOEYKGKGNPEVEALRKEAAATIRDELQAYRHN ’

575 MGSWVYFKYGLAVIKEKLEALGGSEAELADFETWIAEFEFG BOMA 17.58
LOQYKGKGNPEVEALRKEAAATIRDELQAYRHN

276 MGSWYYFKYGLAVIKGKLEALGGSEAELADFETWIAKFENH BOMA .84
LOSYKGKGNPEVEALRKEAAATIRDELQAYRHN ’

577 MGSWTYFKYGLALIKYRLEALGGSEAELADFEEWIAQFEVS BCMA 15.21
LOHYKGKGNPEVEALRKEAAATIRDELQAYRHN

578 MGSWDYFKYGLALIKIKLEALGGSEAELADFEVWIAQFEMA BCMA 15.76
LOVYKGKGNPEVEALRKEAAATIRDELQAYRHN ’

279 MGSWTYFKFGLAHIKDSLEALGGSEAELADFEQWIAMFEQD BOMA 17.01
LOVYKGKGNPEVEALRKEAAATIRDELQAYRHN
MGSWGYFKHGLAHIKSSLEALGGSEAELADFEVWIAAFENE

280 BCMA 18.505
LOEYKGKGNPEVEALRKEAAATIRDELQAYRHN

581 MGSWGYFKTGLAIIKAQLEALGGSEAELADFELWIAQFEET BOMA 12.75
LOFYKGKGNPEVEALRKEAAATIRDELQAYRHN

582 MGSWAYFKYGLAVIKLHLEALGGSEAELADFERYIAEFEYE BCMA 13.44
LOAYKGKGNPEVEALRKEAAATIRDELQAYRHN ’

283 MGSWLDFKEGLADIKRSLEALGGSEAELADFEGVIALFEWK BCMA 3.03
LOTYKGKGNPEVEALRKEAAATIRDELQAYRHN ’

o84 MGSWEVFKHELAVIKDYLEALGGSEAELAHFEWGIAWFEGF BOMA 9.33
LODYKGKGNPEVEALRKEAAATIRDELQAYRHN ’

285 MGSWIVFKQSLAWIKEHLEALGGSEAELAEFEFYIANFEHT BOMA 10.57
LONYKGKGNPEVEALRKEAAAIRDELQAYRHN

286 MGSWIYFKDSLAYIKKYLEALGGSEAELATFEYYIANFEHE BOMA 3.0
LOYYKGKGNPEVEALRKEAAATIRDELQAYRHN ’

587 MGSWDHFKYNLAWIKKYLEALGGSEAELATFEWYIANFEKR BOMA 9. 81
LODYKGKGNPEVEALRKEAAATIRDELQAYRHN ’
MGSWFTFKONLAWIKLHLEALGGSEAELARFEYYIADFENK

288 LOLYKGKGNPEVEALRKEAAATIRDELQAYRHN BCMA 14.204

289 MGSWREFKYGLAHIKRVLEALGGSEAELAVFEYYIAKFEQE BCMA 14.7
LOEYKGKGNPEVEALRKEAAATIRDELQAYRHN ’
MGSWIQFKYGLAHIKRTLEALGGSEAELAVFEWYIADFEQQ

290 LOGYKGKGNPEVEALRKEAAATIRDELQAYRHN BCMA 8.35667

591 MGSWVEFKHNLAWIKVTLEALGGSEAELAVFEYYIAQFEEQ BOMA 15.83
LOEYKGKGNPEVEALRKEAAATIRDELQAYRHN

292 MGSWISFKDNLAMIKEFLEALGGSEAELAVFEWYIATFEVE BOMA 7 16
LODYKGKGNPEVEALRKEAAATIRDELQAYRHN ’




CA 03082406 2020-05-11

WO 2019/099433 PCT/US2018/060887
139
SEQ NO:| D-Domain Sequence Target |ELISA_avg

093 | MGSWHIFKDNLATIKAFLEALGGSEAELAVFEWYIAKFEEE | . . 3. 47
LOGYKGKGNPEVEALRKEAAATRDELQAYRHN

294 | LoAYKGKGNPEVEALRKEAAALRDELOAYREN | POR [ 9763
MGSWQSFKHALADIKINLEALGGSEAELAQFEYATAVFEYR

293 LQAYﬁGKGNPEVEALRKEAAAIRDELQAYgHN BCMA 13.7188

596 | MGSWHTFKEALAQTKGELFALGGSFAELASFEYATAVFEYR | oo 6.76
LOMYKGKGNPEVEALRKEAAATRDELQAYRHN

597 | MGSWIDFKTSLADIKAELFALGGSFAELAKFEYYIAIFEYR | oo 18.76
LOEYKGKGNPEVEALRKEAAATRDELQAYRHN
MGSWTNFKEGLAETIKRDLEALGGSEAELARFEYVIAVFEFR

298 LONYKGKGNPEVEALRKEAAATRDELQAYRHN BCMA 12.3267

2ss [T oo Loce e R IR || 10.65

300 | L ONYKCKONPEVEALRKEARAIRDELOAYREN | PO | 10.58
MGSWTYFKEHLASTKFWLEALGGSEAELAFFEDATAEFEKD

301 LOYYKGKGNPEVEALRKEAAATRDELQAYRHN BCMA 6.59507

302 | MGSWITFKGYLAHIKHHLEALGGSEAELADFEFYIATFEME | o 0 5 1g
LOKYKGKGNPEVEALRKEAAATRDELQAYRHN

303 | MGSWYLFQSHLAHTKHHLEALGGSEAELAWFEFTIAGFEQE | o o0 7. 69
LOHYKGKGNPEVEALRKEAAATRDELQAYRHN

304 | MGSWYSFKWTLARIKLELEALGGSEAFLAYFENVIAHFEME | o . 4.05
LOSYKGKGNPEVEALRKEAAATRDELQAYRHN

e e

306 | 1 ODYKGKGNPEVERLRKEAAAIRDELOAYREN | BOMR | 10.65

507 | MGSWIEFNMRVLATEDRLWALGGSEAELAAFEKEIAAFESE | (.4 3.0
LOAYKGKGNPEVESLRYEACLDPWSSAAYRHN

308 | MGSWIEFHERLWATEDRLWALGGSEAELAAFEKEIAAFESE | .4 3.4
LOAYKGKGNPEVESLREMAASTRHGLOAYRHN

309 | MGSWFEFYERLWAIDDRLWALGGSEAELAAFEKEIAAFESE | . - 6
LOAYKGKGNPEVEWLREEAASTRSSLOAYRHN

310 | MGSWFEFWDRLEATDDRLFALGGSEAELAAFEKEIAAFESE | . - 4.9
LOAYKGKGNPEVESLRYNAAETRKELQAYRHN

317 | MGSWHEFWSRLDAIDDRLFALGGSEAELAAFEKEIAAFESE | .4 3.8
LOAYKGKGNPEVEYLRGAAADI RAELQAYRHN

31p | MGSWYEFWIRLEATIDDRLFALGGSEAELAAFEKEIAAFESE | .4 10.4
LOAYKGKGNPEVDILRDFAADIRTELQAYRHN

313 | MGSWHEFWDRLEAIDDRLYALGGSEAELAAFEKEIAAFESE | .4 10.6
LOAYKGKGNPEVEFLREEAAYIRELLQAYRHN

314 | MGSWEEFWDRLFAIDDRLWALGGSEAELAAFEKEIAAFESE | . - 3.1
LOAYKGKGNPEVETLRNEAAET RMALQAYRHN

315 | MGSWWEFDDRLFATIDTRIMALGGSEAELAAFEKEIAAFESE | .. - 3.5
LOAYKGKGNPEVESLREWAAT I RMELQAYRHN

31¢ | MGSWIEFHDRLEATDDRLWALGGSEAELAAFEKEIAAFESE | .4 5 g
LOAYKGKGNPEVEYLREEAAQTI RWELQAYRHN
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317 | MGSWAEFEDRLWAIEDRLWALGGSEAELAAFEKEIAAFESE | . - 6.2
LOAYKGKGNPEVEYLREEAAATRFELQAYRHN

31g | MGSWVEFWFRLEAIDSRLWALGGSEAELAAFEKEIAAFESE | .4 3.0
LOAYKGKGNPEVEWLREEAAATREDLQAYRHN

319 | MGSWVEFWQRLEAIESRLWALGGSEAELAAFEKEIAAFESE | .4 7.7
LOAYKGKGNPEVEFLREEAAET RWELQAYRHN

300 | MGSWSEFWQRLEATEDRLWALGGSEAELAAFEKEIAAFESE | 1,4 4.7
LOAYKGKGNPEVEWLRENAAMI RDELQAYRHN

301 | MGSWSEFITRLEATIDDRLWALGGSEAELAAFEKEIAAFESE | .4 3.3
LOAYKGKGNPEVEILREEAAETRQHLOAYRHN

395 | MGSWYEFETRLEATYDRLWALGGSEAELAAFEKEIAAFESE | . - 3.0
LOAYKGKGNPEVELLRVEAAETIREDLQAYRHN

303 | MGSWIEFYYRLEATEDRLWALGGSEAELAAFEKEIAAFESE | . - 7.5
LOAYKGKGNPEVEFLRVEAANT RDMLQAYRHN

304 | MGSWYEFVIRLEATEDRLWALGGSEAELAAFEKEIAAFESE | .4 6.4
LOAYKGKGNPEVEVLRWYAADI RHELQAYRHN

305 | MGSWTEFSIRLEATYDRLVALGGSEAELAAFEKEIAAFESE | (1,4 11.9
LOAYKGKGNPEVEVLRTYAANTI RHELQAYRHN

306 | MGSWTEFSIRLEATYDRLVALGGSEAELAAFEKEIAAFESE | 1,4 10.9
LOAYKGKGNPEVEVLRTYAAFIRHELQAYRHN

307 | MGSWTEFVWRLEATWDRLDALGGSEAELAAFEKEIAAFESE | (1,4 3.6
LOAYKGKGNPEVEVLREDAAVIRHFLOAYRHN

30g | MGSWVEFHERLEATEDRIMALGGSEAELAAFEKEIAAFESE | . - 3.9
LOAYKGKGNPEVEYLREDAAFIRQLLOAYRHN

309 | MGSWVEFHDRLEATEDRLYALGGSEAELAAFEKEIAAFESE | .4 1.6
LOAYKGKGNPEVEWLREDAAYIRSTLOAYRHN

330 | MGSWIEFYDRLEAIYDRLDALGGSEAELAAFEKEIAAFESE | .4 7.5
LOAYKGKGNPEVEWLREDAAFIRSWLOAYRHN

337 | MGSWVEFDQRLEATYDRLYALGGSEAELAAFEKEIAAFESE | (1,4 5 1
LOAYKGKGNPEVEWLREDAAQT RKWLOAYRHN

335 | MGSWVEFHDRLEATEDRLLALGGSEAELAAFEKEIAAFESE | 1,4 3.3
LOAYKGKGNPEVEDLREYAAGI RWFLOAYRHN

333 | MGSWEEFAQRLYATEWRLYALGGSEAELAAFEKEIAAFESE | . - 16.9
LOAYKGKGNPEVEVLRYVAAQTIRYHLOAYRHN

334 | MGSWDEFAWRLDVIFARLGALGGSEAELAAFEKEIAAFESE | . - 4.6
LOAYKGKGNPEVEELRKNAAQTI RDGLOAYRHN

335 | MGSWDEFYYRLEATEMRLGALGGSEAELAAFEKEIAAFESE | .4 7 2
LOAYKGKGNPEVEELRHYAAQT RHMLOAYRHN

336 | MGSWEEFYDRLEATYNRLGALGGSEAELAAFEKEIAAFESE | 1,4 18.6
LOAYKGKGNPEVEVLREYAADI REMLQAYRHN

337 | MGSWDEFGRRLYATEWQLYALGGEEAELAAFEKEIAAFESE | (.4
LOAYKGKGNPEVEALRKEAAVIRENLQAYRHN

33g | MGSWDEFGRRLYATEWQLYALGGTEAELAAFEKEIAAFESE | . -
LOAYKGKGNPEVEALRKEAAVIRENLQAYRHN

339 | MGSWDEFGRRLYATETQLYALGGEEAELAAFEKEIAAFESE | . -
LOAYKGKGNPEVEKLREIAAVIRENLQAYRHN

340 | MGSWDEFGRRLYATEWQLYALGGEEAELAAFEKEIAAFESE | .4
LOAYKGKGNPEVEKLREIAAVIRENLQAYRHN
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347 | MGSWDEFGRRLYATKWQLYALGGEEAELAAFEKEIAAFESE | .. -
LOAYKGKGNPEVEKLREIAAVIRENLQAYRHN

345 | MGSWDEFGRRLYATEWQLYALGGEEAELAAFEKEIAAFESE | .4
LOAYKGKGNPEVEKLRKIAAVIRENLQAYRHN

343 | MGSWDEFGRRLYATEWQLYALGGGEAELAAFEKEIAAFESE | .4
LOAYKGKGNPEVEKLREIAAVIRENLQAYRHN

344 | MGSWDEFGRRLYATEWQLYALGGTEAELAAFEKEIAAFESE | (.4
LOAYKGKGNPEVEKLREIAAVIRENLQAYRHN

345 | MGSWDEFGRRLYATEWQLYALGGGEAELAAFEKEIAAFESE | (1,4
LOAYKGKGNPEVEKLREIAAVIRSNLQAYRHN

346 | MGSWDEFGRRLYATEWQLYALGGTEAELAAFEKEIAAFESE | . -
LOAYKGKGNPEVEKLREIAAVIRSNLQAYRHN

347 | MGSWDEFGRRLYATEWQLYALGGEEAELAAFEKEIAAFESE | . -
LOAYKGKGNPEVEKLREIAAVIRSNLQAYRHN

345 | MGSWDEFGRRLAATEWQLYALGGEEAELAAFEKEIAAFESE | .4
LOAYKGKGNPEVEKLREIAAVIRENLQAYRHN

349 | MGSWDEFGRRLYATEWQLYALGGEEAELAAFEKEIAAFESE | (.4
LOAYKGKGNPEVEALREIAAVIRENLQAYRHN

350 | MGSWDEFGRRLYATEWQLYALGGEEAELAAFEKEIAAFESE | 1,4
LOAYKGKGNPEVEKLREEAAVI RENLQAYRHN

357 | MGSWDEFGRRLYATEWRLYALGGSEAELAAFEKEIAAFESE | (1,4
LOAYKGKGSPEVEKLREIAAVIRSNLQAYRHN

355 | MGSWDEFGRRLYATEWRLYALGGSEAELAAFEKEIAAFESE | . - 5. g
LOAYKGKGNPEVEKLREIAAVIRSNLQAYRHN

355 | MGSWDEFGRRLYATEWRLYALGGEEAELAAFEKEIAAFESE | .4
LOAYKGKGNPEVEKLREIAAVIRSNLQAYRHN

354 | MGSWDEFGRRLYATEWQLYALGGSEAELAAFEKEIAAFESE | .4
LOAYKGKGNPEVEKLREIAAVIRSNLQAYRHN

355 | MGSWDEFSRRLYATEWRLYALGGSEAELAAFEKEIAAFESE | 1,4
LOAYKGKGNPEVEKLREIAAVIRSNLQAYRHN

356 | MGSWDEFGRRLYATEWRLYALGGSEAELAAFEKEIAAFESE | 1,4
LOAYKGKGNPEVEKLREIAAVIRENLQAYRHN

357 | MGSWDEFGRRLAATKTQLAALGGEEAELAAFEKEIAAFESE | . -
LOAYKGKGNPEVEKLREIAAVIRENLQAYRHN

35g | MGSWDEFGRRLAATKTQLAALGGTEAELAAFEKEIAAFESE | . -
LOAYKGKGNPEVEKLREIAAVIRENLQAYRHN

359 | MGSWDEFGRRLAATKTQLAALGGEEAELAAFEKEIAAFESE | .4
LOAYKGKGNPEVEALRKEAAVIRENLQAYRHN

360 | MGSWDEFGRRLAATKTQLAALGGTEAELAAFEKEIAAFESE | (1,4
LOAYKGKGNPEVEALRKEAAVIRENLQAYRHN

361 | MGSWDEFEQRLIATEERLFALGGSEAELAAFEKEIAAFESE | (1,4 5 g
LOAYKGKGNPEVEWLREEAAVIRKYLQAYRHN

362 | MGSWVEFDORLGATWDRLVALGGSEAELAAFEKEIAAFESE | . - 5 3
LOAYKGKGNPEVEHLRQGAAVIRDDLOAYRHN

363 | MGSWVEFDMRLSATWERLTALGGSEAELAAFEKEIAAFESE | . - 3.3
LOAYKGKGNPEVEWLREDAAETIREFLOAYRHN

364 | MGSWVEFDORLDAIYERLYALGGSEAELAAFEKEIAAFESE | .4 10.5
LOAYKGKGNPEVEWLRDEAAET REHLOAYRHN
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MGSWHEFDOQRLWATEERLWALGGSEAELAAFEKETIAAFESE

365 LOAYKGKGNPEVETLRLYAALTRHDLOAYRHN

Ch123 3.3

366 MGSWVEFWDRLDATEGRLWALGGSEAELAAFEKETIAAFESE cD123 3.5
LOAYKGKGNPEVEDLRWLAAETRADLOAYRHN )

367 MGSWVEFYSRLDATEDRLWALGGSEAELAAFEKETIAAFESE cD123 9.4
LOAYKGKGNPEVEWLRIAAASTREDLOAYRHN )

368 MGSWYEFYERLDATEERLWALGGSEAELAAFEKETIAAFESE cD123 8.4
LOAYKGKGNPEVEVLRDWAAWIREDLOAYRHN )

369 MGSWEFEFDDRLWATENRLWALGGSEAELAAFEKETIAAFESE cD123 4.2
LOAYKGKGNPEVEVLRDNAAWIREILOAYRHN )

370 MGSWYEFWDRLDALEDRLWALGGSEAELAAFEKEIAAFESE cD123 9.7
LOAYKGKGNPEVEYLRDSAAFIREELOQAYRHN )

371 MGSWMEEFVDRLDATESRLWALGGSEAELAAFEKETIAAFESE cD123 5.8
LOAYKGKGNPEVEWLRIEAAFIREELOAYRHN )

372 MGSWDEEFVDRLWATEERLWALGGSEAELAAFEKETIAAFESE cD123 6
LOAYKGKGNPEVEELRIQAATTREALQAYRHN

373 MGSWEFEFNYRLGATIEDRLWALGGSEAELAAFEKETIAAFESE cD123 6.9
LOAYKGKGNPEVEMLRQIAAETREFLOAYRHN )

374 MGSWEEFFTRLDAINERLEALGGSEAELAAFEKETIAAFESE cD123 3.9
LOAYKGKGNPEVEMLRYEAAETRHMLOAYRHN )

375 MGSWYEEFSNRLDATIGERLWALGGSEAELAAFEKETIAAFESE cD123 3.9
LOAYKGKGNPEVETILRHOAAETRWELOAYRHN )

376 MGSWYEFWGRLDATEERLWALGGSEAELAAFEKETIAAFESE cD123 5.4
LOAYKGRGNPEVEMLREDAAETRGOLOAYRHN )

377 MGSWVEFWDRLWAIDYRLFALGGSEAELAAFEKETIAAFESE cD123 3.6
LOAYKGKGNPEVEALRDEAAWIREELOAYRHN )

378 MGSWVEEFVDRLWAIDERLDALGGSEAELAAFEKETIAAFESE cD123 3.2
LOAYKGKGNPEVEFLRTWAAWIREDLOAYRHN )

379 MGSWEFEFWDRLEATWERLDALGGSEAELAAFEKETIAAFESE cD123 10.3
LOAYKGKGNPEVEELRREAATTREDLOAYRHN )

MGSWEFEFEDRLEATYQRLDALGGSEAELAAFEKEIAAFESE

380 LOAYKGKGNPEVEWLRDEAAWIRSDLOAYRHN

Ch123 5.5

381 MGSWEFEFHDRLWAIDERLWALGGSEAELAAFEKETIAAFESE cD123 3.5
LOAYKGKGNPEVEILREEAADIRLDLOAYRHN )

382 MGSWYEFEDRLWAIDNRLWALGGSEAELAAFEKETIAAFESE cD123 4.9
LOAYKGKGNPEVEELRVHAADIRDDLOAYRHN )

MGSWEFEFQDRLWAIDNRLWALGGSEAELAAFEKETIAAFESE

Ch123 3.2
LOAYKGKGNPEVEELRDHAAMIRWELQAYRHN

383

384 MGSWDEFEERLFATIDERLWALGGSEAELAAFEKEIAAFESE cD123 5
LOAYKGKGNPEVEALRYLAADIREELOAYRHN

385 MGSWEEFWERLDATIDTRLWALGGSEAELAAFEKETIAAFESE cD123 6.8
LOAYKGKGNPEVEVLRNDAADIREPLOAYRHN )

386 MGSWMEFWERLEATDMRLWALGGSEAELAAFEKETIAAFESE cD123 4.0
LOAYKGKGNPEVEYLRDDAAVIRDDLOAYRHN )

387 MGSWLEFMWRLDATIDERLWALGGSEAELAAFEKETIAAFESE cD123 5.1
LOAYKGKGNPEVELLREMAAATRDDLOAYRHN )

MGSWTEFYNRLDATIDQRLWALGGSEAELAAFEKETIAAFESE

Ch123 3.3
LOAYKGKGNPEVEMLREYAADIRTDLOAYRHN

388
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MGSWWEFIWRLEATEQRLWALGGSEAELAAFEKETIAAFESE

389 LOAYKGKGNPEVEVLRSRAADIRTDLOAYRHN

Ch123 4

390 MGSWSEFYDRLWATEERLFALGGSEAELAAFEKETIAAFESE cD123 17
LOAYKGKGNPEVEYLRYYAAETREELOAYRHN

MGSWSEFEDRLWAIDQRLFALGGSEAELAAFEKEIAAFESE

391 LOAYKGKGNPEVEWLRAYAADIRWELQAYRHN

Ch123 4.2

392 MGSWTEFWERLNAIDERLFALGGSEAELAAFEKEIAAFESE cD123 4
LOAYKGKGNPEVEWLRLYAAETRSELOQAYRHN

393 MGSWWEFEERLWAIDYRLHALGGSEAELAAFEKETIAAFESE cD123 4.1
LOAYKGKGNPEVEMLRSWAAETRALLOAYRHN )

394 MGSWWEFENRLWATEERLEALGGSEAELAAFEKETIAAFESE cD123 5.6
LOAYKGKGNPEVEMLRNYAAETRWELOAYRHN )

395 MGSWVEFEERLWAIDERLGALGGSEAELAAFEKEIAAFESE cD123 4.1
LOAYKGKGNPEVEWLRDWAADI RWWLOAYRHN )

396 MGSWVEFEERLEATEERLFALGGSEAELAAFEKETIAAFESE cD123 3.8
LOAYKGKGNPEVEWLRDDAANT RHWLOAYRHN )

397 MGSWMEFEERLWAIDSRLWALGGSEAELAAFEKETIAAFESE cD123 3.2
LOAYKGKGNPEVEWLRSEAAWIRMELQAYRHN )

398 MGSWSEFEHRLEATESRLFALGGSEAELAAFEKEIAAFESE cD123 7.6
LOAYKGKGNPEVEDLRSEAAWIREQLOAYRHN )

399 MGSWEFEFWERLDATEWRLWALGGSEAELAAFEKETIAAFESE cD123 3.4
LOAYKGKGNPEVEELRSTAADIRRYLOAYRHN )

400 MGSWEFEFWGRLEATESRLKALGGSEAELAAFEKETIAAFESE cD123 4.9
LOAYKGKGNPEVEELREHAAWIRAYLOAYRHN )

MGSWQEFTMRLDATYNRLETLGGSEAELAAFEKETIAAFESE

401 LOAYKGKGNPEVEWLROSAANTIRSELQAYRHN

Ch123 13.7

402 MGSWSEFNMRLDATIYERLTALGGSEAELAAFEKEIAAFESE cD123 13.7
LOAYKGKGNPEVEWLRHSAARIRLELOAYRHN )

403 MGSWSEFNMRLDATIYERLTALGGSEAELAAFEKEIAAFESE cD123 11.4
LOAYKGKGNPEVEWLRHSAALTIRLELOQAYRHN )

404 MGSWIEFNMRLDATIYERLVALGGSEAELAAFEKEIAAFESE cD123 11.4
LOAYKGKGNPEVEWLRKVAANTIRLELOAYRHN )

405 MGSWYEFHHRLDATYERLLALGGSEAELAAFEKEIAAFESE cD123 11.9
LOAYKGKGNPEVEWLRSSAANTIRKELOAYRHN )

4106 MGSWYEFAKRLDATYERLVALGGSEAELAAFEKETIAAFESE cD123 15.3
LOAYKGKGNPEVEWLRSSAANTIREELOAYRHN )

407 MGSWTEFYVRLDATYERLDALGGSEAELAAFEKETIAAFESE cD123 16
LOAYKGKGNPEVEWLRMVAANIRTELQAYRHN

408 MGSWVEFYTRLDATYGRLDALGGSEAELAAFEKEIAAFESE cD123 14.4
LOAYKGKGNPEVEWLROQVAANTRMELOAYRHN )

409 MGSWVEFHMRLDATYERLDALGGSEAELAAFEKEIAAFESE cD123 9.1
LOAYKGKGNPEVEWLRTAAANTRVELQOAYRHN )

410 MGSWYEFATRLDATYERLHALGGSEAELAAFEKEIAAFESE cD123 o5 5
LOAYKGKGNPEVEYLRVWAANTIRTELQAYRHN )

411 MGSWNEEFVIRLDATIYERLLALGGSEAELAAFEKEIAAFESE cD123 16.6
LOAYKGKGNPEVEYLRMAAANTRMELQAYRHN )

412 MGSWSEFYVRVDATIYARLSALGGSEAELAAFEKEIAAFESE cD123 14.7
LOAYKGKGNPEVEKLRVWAANTRHELOAYRHN )
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413 MGSWSEFHVRLDATYARLDALGGSEAELAAFEKETIAAFESE cD123 14.4
LOAYKGKGNPEVERLREWAANTRRELOAYRHN )

414 MGSWVEFHLRLDATYGRLMALGGSEAELAAFEKETIAAFESE cD123 17.5
LOAYKGKGNPEVENLRVWAANTIRNELQAYRHN )

415 MGSWVEFEMRLDATIVGRLYALGGSEAELAAFEKETIAAFESE cD123 553
LOAYKGKGNPEVEKLRRWAANTIRSELQAYRHN )

416 MGSWVEEFNIRLDATIYERLYALGGSEAELAAFEKEIAAFESE cD123 13.4
LOAYKGKGNPEVEKLRHWAASTRRELOAYRHN )

417 MGSWHEFGVRLDATYDRLMALGGSEAELAAFEKETIAAFESE cD123 15. 6
LOAYKGKGNPEVEFLROAAANTRSELQAYRHN )

418 MGSWTEFNLRLDATYDRLMALGGSEAELAAFEKETIAAFESE cD123 14.4
LOAYKGKGNPEVEWLRASAAATRVELQAYRHN )

419 MGSWTEFNLRLDATYGRLSALGGSEAELAAFEKEIAAFESE cD123 19.3
LOAYKGKGNPEVEFLRAAAANTRVELQAYRHN )

420 MGSWVEFNWRLDATYDRLVALGGSEAELAAFEKETIAAFESE cD123 9.3
LOAYKGKGNPEVEWLRVSAAKIRGELOQAYRHN )

421 MGSWNEFAWRLDATYSRLAALGGSEAELAAFEKEIAAFESE cD123 17.7
LOAYKGKGNPEVEWLRVAAANTRYELQAYRHN )

429 MGSWTEFAWRLDATYDRLLALGGSEAELAAFEKEIAAFESE cD123 16.1
LOAYKGKGNPEVEWLRHVAANTIRRELOAYRHN )

423 MGSWVEFSIRLDATIYTRLVALGGSEAELAAFEKEIAAFESE cD123 15.1
LOAYKGKGNPEVEMLRKGAANTIRKELQAYRHN )

424 MGSWVEFYIRLDATYVRLMALGGSEAELAAFEKEIAAFESE cD123 16.1
LOAYKGKGNPEVEKLRSYAANTRQELOAYRHN )

425 MGSWYEFSMRLDATYDRLMALGGSEAELAAFEKETIAAFESE cD123 13
LOAYKGKGNPEVEQLRGYAANTIRNELQAYRHN

126 MGSWVEFIYRLDATYDRLEALGGSEAELAAFEKEIAAFESE cD123 17
LOAYKGKGNPEVEVLRRYAANTRNELQAYRHN

427 MGSWIEFEVRLDATYNRLAALGGSEAELAAFEKEIAAFESE cD123 20.8
LOAYKGKGNPEVERLRRYAANTRHELQAYRHN )

428 MGSWEFEFYDRLDATYMRLIALGGSEAELAAFEKEIAAFESE cD123 13.6
LOAYKGKGNPEVEVLRRYAANTRAELQAYRHN )

429 MGSWEFEFYMRLDATYDRLTALGGSEAELAAFEKETIAAFESE cD123 13.1
LOAYKGKGNPEVERLRTFAANTIRKELOQAYRHN )

430 MGSWYEFDYRLDATYDRLAALGGSEAELAAFEKEIAAFESE cD123 24.9
LOAYKGKGNPEVERLRKWAANTIREELOQAYRHN )

431 MGSWSEFYLRLDATYDRLDALGGSEAELAAFEKEIAAFESE cD123 15.7
LOAYKGKGNPEVEWLRKTAANTIREELOAYRHN )

432 MGSWEFEFYERLDAINWRLFALGGSEAELAAFEKETIAAFESE cD123 3
LOAYKGKGNPEVEALRGEAAATREDLOAYRHN

433 MGSWNEFEDRLDATIWWRLFALGGSEAELAAFEKETIAAFESE cD123 5.1
LOAYKGKGNPEVEALRVEAAFTIRTMLOAYRHN )

434 MGSWEYFKDDLADINYMLEALGGSEAELAMFEDDIAGFELT cD123 3.7
LLKYKGKGNPEVEALRKEAAATRDELQAYRHN )

435 MGSWHFFKDDLAWIKNELEALGGSEAELAMFEDDIAMEETM cD123 3.0
LOSYKGKGNPEVEALRKEAAATRDELQAYRHN )

436 MGSWHWEKTDLADIKEELEALGGSEAELAMFEDDIAEFEEF cD123 3.5
LOMYKGKGNPEVEALRKEAAATRDELQAYRHN )




CA 03082406 2020-05-11

WO 2019/099433 PCT/US2018/060887

145

SEQ NO:| D-Domain Sequence Target |ELISA_avg

437 MGSWWLEFKDDLAETKYWLEALGGSEAELAFFEDDIAEFERG cD123 3.3
LOIYKGKGNPEVEALRKEAAATRDELQAYRHN )

438 MGSWYEFKDDLAETKEWLEALGGSEAELAFFELDIADFEWL cD123 3.8
LOLYKGKGNPEVEALRKEAAATRDELQAYRHN )

MGSWOWEKDDLAYTIKETLEALGGSEAELALFEDMIADFEFE

439 LOWYKGKGNPEVEALRKEAAATRDELQAYRHN cplzs 6.3

440 MGSWILFKDDLAWIKETLEALGGSEAELAFFEDNIADFEEQ cD123 6
LOGYKGKGNPEVEALRKEAAATRDELQAYRHN

441 MGSWIVEFKDDLADIKRWLEALGGSEAELAMFEDETIADFEWQ cD123 3.9
LODYKGKGNPEVEALRKEAAATRDELQAYRHN

442 MGSWGHEFKODLAWIKDTLEALGGSEAELAFFEDDIAMFEME cD123 4.9

LODYKGKGNPEVEALRKEAAATRDELQAYRHN

443 MGSWGYFKDDLAWIKGELEALGGSEAELAEFEWFIAVFEED cD123 4.5
LOVYKGKGNPEVEALRKEAAATRDELQAYRHN )

MGSWYWEKDDLAETKGLLEALGGSEAELAEFEDEIAVFEQE

444 LOEYKGKGNPEVEALRKEAAATRDELQAYRHN

Ch123 10.4

MGSWMFEFKEDLADIKWALEALGGSEAELAFFEEETALFEQH

445
LOOYKGKGNPEVEALRKEAAATRDELQAYRHN

Ch123 3.2

446 MGSWIFFKEDLAGIKWELEALGGSEAELAWFEDEIALFEEE cD123 7
LOEYKGKGNPEVEALRKEAAATRDELQAYRHN

447 MGSWVFEFKDDLADIKDELEALGGSEAELAFFEIATALFEWE cD123 5.8
LOEYKGKGNPEVEALRKEAAATRDELQAYRHN )

448 MGSWITFFKNDLAETKDWLEALGGSEAELADFEWDIAEFEYS cD123 3.9
LOEYKGKGNPEVEALRKEAAATRDELQAYRHN )

MGSWIYFKDDLADIKOWLEALGGSEAELAFFEIEIAEFEEE

449 LOEYKGKGNPEVEALRKEAAATRDELQAYRHN

Ch123 4.6

450 MGSWIVEFKYDLADIKWWLEALGGSEAELADFEEETIAEFEEE cD123 3.9
LOEYKGKGNPEVEALRKEAAATRDELQAYRHN )

MGSWYWEKODLAHTKSMLEALGGSEAELAWFEEDIADFESE

451
LOEYKGKGNPEVEALRKEAAATRDELQAYRHN

Ch123 3.3

452 MGSWITFFKWDLADIKANLEALGGSEAELAWFEEDLAGFEAE cD123 4.8
LOEYKGKGNPEVEALRKEAAATRDELQAYRHN )

MGSWSFFKEELANIQVYLEALGGSEAELAWFEEDIADFEED

453 LOHYKGKGNPEVEALRKEAAATRDELQAYRHN

Ch123 3.8

454 MGSWEFFKYELADIKDELEALGGSEAELAWFEEDIATEFEEW cD123 3.4
LOGYKGKGNPEVEALRKEAAATRDELQAYRHN )

MGSWOQTFKDELAHTIKWELEALGGSEAELAWFEWDIANFEEE

Ch123 5.5
LOEYKGKGNPEVEALRKEAAATRDELQAYRHN

455

456 MGSWYWEFKEELAFTKWELEALGGSEAELALFEEDIAYFEEM cD123 9.4
LOEYKGKGNPEVEALRKEAAATRDELQAYRHN )

457 MGSWNSEFKDELAETKAELEALGGSEAELAFFEEDIAWFEEH cD123 3.3
LOOYKGKGNPEVEALRKEAAATRDELQAYRHN )

458 MGSWDLFKWELAETKLGLEALGGSEAELAEFEYDIAWFEED cD123 3.4
LODYKGKGNPEVEALRKEAAATRDELQAYRHN )

MGSWIFFKODLAETKLNLEALGGSEAELAWFEDDIAWFESH

459 LODYKGKGNPEVEALRKEAAATRDELQAYRHN

Ch123 3.8

460 MGSWHLEFKWTLAETIKYELEALGGSEAELAWFEDDIATFEEE cD123 4
LOWYKGKGNPEVEALRKEAAATRDELQAYRHN
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161 | MGSWVTFKDELADIKDFLEALGGSEAELAFFEVDIAEFFAE | .. - 7.6
LOFYKGKGNPEVEALRKEAAATRDELQAYRHN

16 | MGSWVYFKDELADIKDFLEALGGSEAELAEFEEDIATFEYD | .4 1.6
LOWYKGKGNPEVEALRKEAAATRDELQAYRHN

163 | MGSWETFKYELAEIKDYLEALGGSEAELAWFEDDIAEFEFE | .4 4.4
LOYYKGKGNPEVEALRKEAAATRDELQAYRHN

164 | MGSWNTFKYELAETKHFLEALGGSEAELAMFEDDIAMFEWE | .4 5
LOEYKGKGNPEVEALRKEAAATRDELQAYRHN

165 | MGSWYVFKDELAEIKQFLEALGGSEAELAWFEDDIAEFETQ | .4 9.9
LOHYKGKGNPEVEALRKEAAATRDELQAYRHN

t6c | MGSWIFFKEQLAITKWELEALGGSEAELAWFEDDIAAFEDD | ..o 15
LOFYKGQGNPEVEALRKEAAATRDELQAYRHN

167 | MGSWEFFKEVLAEIKYDLEALGGSEAELAWFETDIAGFEID | .. - g 2
LOVYKGKGNPEVEALRKEAAATRDELQAYRHN

165 | MGSWVFFKEDLATIKNDLEALGGSEAELAWFEMMIADFEAD | ..o 3.1
LOYYKGKGNPEVEALRKEAAATRDELQAYRHN

169 | MGSWEEFKEDLAEIKVWLEALGGSEAELAWFEMGIADFEDG | .4 4.3
LOFYKGKGNPEVEALRKEAAATRDELQAYRHN

470 | MGSWHWFKEDLANIKDWLEALGGSEAELAWFEDNIADFEGD | ;.4 3.3
LOVYKGKGNPEVEALRKEAAATRDELQAYRHN

471 | MGSWEWFKEDLAFIKEDLEALGGSEAELAWFEDGIAFFEWD | .4 13.7
LODYKGKGNPEVEALRKEAAATRDELQAYRHN

475 | MGSWOWFKEDLAEIKHDLEALGGSEAELAWFEDFIAQFEFD | .. - 3.9
LOWYKGKGNPEVEALRKEAAATRDELQAYRHN

473 | MGSWHWFKEDLAITKQDLEALGGSEAELATFEQWIAEFEWD | .4 5 5
LOEYKGKGNPEVEALRKEAAATRDELQAYRHN

474 | MGSWNWFKEDLAITKMDLEALGGSEAELAWFEHNIAGFEFE | .4 3.1
LOGYKGKGNPEVEALRKEAAATRDELQAYRHN

475 | MGSWSWFKEDLAEIKMELEALGGSEAELAYFEWYIAEFEFQ | .4 4.8
LOHYKGKGNPEVEALRKEAAATRDELQAYRHN

176 | MGSWSWFKQDLADIKIQLEALGGSEAELAWFEWDIAEFEFE | .4 4
LODYKGKGNPEVEALRKEAAATRDELQAYRHN

477 | MGSWSWFKEDLADIKFELEALGGSEAELAWFELDIADFEQA | .. - 6.8
LOQYKGKGNPEVEALRKEAAATRDELQAYRHN

47g | MGSWSWFKEDLASIKAVLEALGGSEAELAFFESDIAEFEQE | .. - 6.9
LOYYKGKGNPEVEALRKEAAATRDELQAYRHN

479 | MGSWWEFKEDLAEIKWFLEALGGSEAELAWFEHDIAKFEFE | .4 5 1
LOYYKGKGNPEVEALRKEAAATRDELQAYRHN

450 | MGSWEWFKSDLASIKWELEALGGSEAELAWFEHDIAEFEED | .4 5 7
LOWYKGKGNPEVEALRKEAAATRDELQAYRHN

451 | MGSWNEFKDDLAMIKMTLEALGGSEAELAWFEHDIAEFEDD | .4 3.5
LOWYKGKGNPEVEALRKEAAATRDELQAYRHN

18 | MGSWIFFKDDLAEIKWMLEALGGSEAELAWFESDIAYFEDE | .- 3.3
LOWYKGKGNPEVEALRKEAAATRDELQAYRHN

183 | MGSWSDFKDDLAEIKMILEALGGSEAELAYFENDIAWFEDD | ..o 4.7
LOEYKGKGNPEVEALRKEAAATRDELQAYRHN

184 | MGSWSMFKDDLAEIKASLEALGGSEAELAWFEDDIAWFEDD | .. 5 2
LOHYKGKGNPEVEALRKEAAATRDELQAYRHN
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485 | MGSWQYFKDDLAEIKMVLEALGGSEAELAWFEADIAMFEDD | ..o 3.6
LOIYKGKGNPEVEALRKEAAATRDELQAYRHN

18¢ | MGSWSFFKDDLAEIKYFLEALGGSEAELAMFEQTIAEFEYD | .4 10.1
LODYKGKGNPEVEALRKEAAATRDELQAYRHN

157 | MGSWMEFKEELAEIKYILEALGGSEAELAWFEQSIADFEYD | .4 5
LODYKGKGNPEVEALRKEAAATRDELQAYRHN

188 | MGSWAWFKEDLAEIKVFLEALGGSEAELARFEVSIADFEYE | .4 3.5
LODYKGKGNPEVEALRKEAAATRDELQAYRHN

459 | MGSWYEFKFDLAEIKEQLEALGGSEAELALFEDDIAFFEYD | .4 1.6
LONYKGKGNPEVEALRKEAAATRDELQAYRHN

190 | MGSWYDFKYDLAEIKMDLEALGGSEAELAQFEFDIAFFEEE | .. - 3.0
LODYKGKGNPEVEALRKEAAATRDELQAYRHN

491 | MGSWYIFKEDLAEIKEELEALGGSEAELAYFEEEIALFEME | . - 11.1
LOWYKGKGNPEVEALRKEAAATRDELQAYRHN

495 | MGSWVLFKEELAYTKFELEALGGSEAELALFENVIATFESN | .4 3.5
LONYKGKGNPEVEALRKEAAATRDELQAYRHN

193 | MGSWODFKEDLAWIKYELEALGGSEAELAFFEYDIATFENN | .., 3.0
LOHYKGKGNPEVEALRKEAAATRDELQAYRHN

494 | MGSWDHFKNDLAWIKKHLEALGGSEAELAEFEAVIAYFELY | .4 3.3
LOGYKGKGNPEVEALRKEAAATRDELQAYRHN

495 | MGSWYDFKEDLADIKWMLEALGGSEAELAEFENVIAYFEND | .4 8
LOEYKGKGNPEVEALRKEAAATRDELQAYRHN

19¢ | MGSWYMFKERLADIKWYLEALGGSEAELAWFEDDIAGFEWD | .. - 7
LOAYKGKGNPEVEALRKEAAATRDELQAYRHN

197 | MGSWYYFKDELADIKWDLEALGGSEAELAWFEMLIAQFELD | .4 4
LOWYKGKGNPEVEALRKEAAATRDELQAYRHN

19g | MGSWMYFKDTLADIKWYLEALGGSEAELAFFEDWIAEFEDD | .4 3.1
LOVYKGKGNPEVEALRKEAAATRDELQAYRHN

199 | MGSWYQFKHDLADIKYGLEALGGSEAELAWFEDDIADFELD | .4 4.7
LOYYKGKGNPEVEALRKEAAATRDELQAYRHN

500 | MGSWYVFKDDLADIKYMLEALGGSEAELAWFEWEIANFEFD | .., 3.8
LOYYKGKGNPEVEALRKEAAATRDELQAYRHN

501 | MGSWNFFKYDLADIMAYLEALGGSEAELAFFEDEIANFEHD | . - 4.4
LOKYKGKGNPEVEALRKEAAATRDELQAYRHN

sop | MGSWHWFKIVLADIKDGLEALGGSEAELAYFETTIADFEMD | .- 4.3
LOHYKGKGNPEVEALRKEAAATRDELQAYRHN

503 | MGSWHWFKIVLADIKDGLEALGGSEAELAYFETTIADFEMD | .4 3.5
LHHYKGKGNPEVEALRKEAAATRDELQAYRHN

504 | MGSWEMFKEELADIKDWLEALGGSEAELASFESYIAWFEQD | .4 5 7
LOWYKGKGNPEVEALRKEAAATRDELQAYRHN

505 | MGSWEMFKQELAWIKEDLEALGGSEAELADFEWDIAEFEWD | .4 7 2
LOYYKGKGNPEVEALRKEAAATRDELQAYRHN

so0g | MGSWQIFKGELAYTKQYLEALGGSEAELAFFEFDIAEFEED | ..o 4.7
LOYYKGKGNPEVEALRKEAAATRDELQAYRHN

507 | MGSWDFFKEELAEIKHYLEALGGSEAELAFFEFWIADFEQD | ..o 3.9
LOEYKGKGNPEVEALRKEAAATRDELQAYRHN

sog | MGSWENFKERLAVIKFQLEALGGSEAELAFFEWVIADFEDD | ..o 6.1
LOEYKGKGNPEVEALRKEAAATRDELQAYRHN
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MGSWYQFKTELAWIKDDLEALGGSEAELAWFEWVIADFEDD

509 LOFYKGKGNPEVEALRKEAAATRDELQAYRHN

Ch123 6.6

510 MGSWEFEFKDYLADIKWDLEALGGSEAELATFEHDIAYFEHN cD123 3.8
LOOYKGKGNPEVEALRKEAAATRDELQAYRHN )

511 MGSWVREFKDFLADIKMDLEALGGSEAELADFEYHIAEFEHN cD123 5.8
LOEYKGKGNPEVEALRKEAAATRDELQAYRHN )

MGSWWLEFKEQLALTKYNLEALGGSEAELADFESWIAEFEHQ

512
LOEYKGKGNPEVEALRKEAAATRDELQAYRHN

Ch123 4.1

513 MGSWHVFKTELADIKEFYLEALGGSEAELAMFELWIAEFEHE cD123 5.4
LODYKGKGNPEVEALRKEAAATRDELQAYRHN )

MGSWIWEFKDWLADIKDLLEALGGSEAELAEFEYDIALFEDQ

L4 LOAYKGKGNPEVEALRKEAAATRDELQAYRHN

Ch123 7.3

515 MGSWGWEKHELAFTKADLEALGGSEAELAWFEEETAEFEYE cD123 3.3
LOFYKGKGNPEVEALRKEAAATRDELQAYRHN )

516 MGSWIWEKDNLAWIKEDLEALGGSEAELAWFELEIASEFETA cD123 6.9
LODYKGKGNPEVEALRKEAAATRDELQAYRHN )

MGSWITYFKNDLAGIKEDLEALGGSEAELAQFEFEIAEFEWL

517
LODYKGKGNPEVEALRKEAAATRDELQAYRHN

Ch123 3.6

518 MGSWIWEKWDLADIKGDLEALGGSEAELAFFEEETAEFEWR cD123 5.9
LODYKGKGNPEVEALRKEAAATRDELQAYRHN )

MGSWLYFKEYLADIKSDLEALGGSEAELAWFEYETIADFEEQ

519 LOYYKGKGNPEVEALRKEAAATRDELQAYRHN

Ch123 3.7

520 MGSWHWEFKEELAETKEDLVALGGSEAELAWFEYDIAMFELS cD123 3.1
LONYKGKGNPEVEALRKEAAATRDELQAYRHN )

MGSWNDFKEELAWIKFDLEALGGSEAELAWFEEDIAMFEQQ

2l LOAYKGKGNPEVEALRKEAAATRDELQAYRHN

Ch123 3.8

590 MGSWWDEFKDWLAETKHDLEALGGSEAELALFESEIADFEFG cD123 4.2
LOWYKGKGNPEVEALRKEAAATRDELQAYRHN )

503 MGSWDEFKEDLAHTIKTDLEALGGSEAELALFEDEIADFEMY cD123 6.3
LOHYKGKGNPEVEALRKEAAATRDELQAYRHN )

504 MGSWDFFKYDLANINEWLEALGGSEAELADFEYGIADFELW cD123 5.5
LODYKGKGNPEVEALRKEAAATRDELQAYRHN )

MGSWYQFKDDLAHTIKHLLEALGGSEAELAVFEYTITIADFESE

523 LOIYKGKGNPEVEALRKEAAATRDELQAYRHN

Ch123 4

506 MGSWAEFKHDLADIKRELEALGGSEAELAWFELSIAFFEDE cD123 3.3
LOHYKGKGNPEVEALRKEAAATRDELQAYRHN )

MGSWVVEFKODLADINHQLEALGGSEAELAWFEWEIADFEWE

Ch123 3.6
LOHYKGKGNPEVEALRKEAAATRDELQAYRHN

527

MGSWEQFKEFLAMITHNLEALGGSEAELAEFEHDIALFESE

528
LOOYKGKGNPEVEALRKEAAATRDELQAYRHN

Ch123 3.1

529 MGSWHWEKEDLAMITDVLEALGGSEAELAAFESETIAVEFEAD cD123 5.0
LOYYKGKGNPEVEALRKEAAATRDELQAYRHN )

MGSWSWEQWDLAGIKDHLEALGGSEAELAEFESETIAYFEDE

530 LOWYKGKGNPEVEALRKEAAATRDELQAYRHN

Ch123 12.9

531 MGSWITEFKGELAETKWILEALGGSEAELAFFEDETIAAFEWD cD123 8.2
LOKYKGKGNPEVEALRKEAAATRDELQAYRHN )

MGSWEFEFKWTLALTIKQELEALGGSEAELADFEQETIAEFEWW

532 LOTYKGKGNPEVEALRKEAAATRDELQAYRHN

Ch123 4.9
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5353 | MGSWAEFKORLAATKTRLEALGGSEAELAAFMDEIMAFEWE | ..o 3.4
LWAYKGKGNPEVEALMNEAFATDVELYAYRHN

534 | MGSWAEFKORLAATKTRLEALGGSEAELAAFEWEIVAFFSE | .4 3.6
LFAYKGKGNPEVEALRDEATATIETELVAYRHN

535 | MGSWWEFDHRLTAIDTRLOALGGSEAELAEFESSIAEFEWW | .4 4.3
LODYKGKGNPEVEALFAEAEATYVELDAYRHN

53¢ | MGSWWEFQFRLYATDORLLALGGSEAELARFEQDIADFEWM | .4 3.1
LODYKGKGNPEVEALMLEADATEAELKAYRHN

537 | MGSWYEFDHRLDATYQRLWALGGSEAELARFEYGIAEFEEY | .4 1.6
LODYKGKGNPEVEALI SEAWATEWELSAYRHN

53g | MGSWYEFDMRLDATWERLTALGGSEAELADFEQYTIAEFFRQ | .. - 13.7
LODYKGKGNPEVEALFDEAWATIEDELYAYRHN

539 | MGSWSEFDSRLDATAYRLFALGGSEAELAQFEWITADFEED | .. - 4.3
LOMYKGKGNPEVEALFSEAYATETIELNAYRHN

540 | MGSWYEFDDRLDATAYRINALGGSEAELAWFEWEIAEFELD | .4 1.6
LOWYKGKGNPEVEALVWEADAT EWELEAYRHN

541 | MGSWFEFDERLDAIGSRLTALGGSEAELASFEFYIADFEEW | .4 3.8
LOQYKGKGNPEVEALEWEAFATIDEELGAYRHN

54p | MGSWEEFDQRLDAIDVRLYALGGSEAELAFFEFDIAAFEEW | .4 3.6
LOLYKGKGNPEVEALNMEAFATI TDELCAYRHN

543 | MGSWEEFDVRLDATFNRLWALGGSEAELAFFEFDIAWFEMD | .4 4.7
LOEYKGKGNPEVEALFDEAEATI TNELVAYRHN

544 | MGSWEEFDKRLDAITRRIMALGGSEAELAEFESTIAWFEWD | .. - 4.5
LOEYKGKGNPEVEALDWEAYATIDYELGAYRHN

545 | MGSWYEFDHRLEATYDRLWALGGSEAELAFFEFDIADFEWD | .4 4.5
LOSYKGKGNPEVEALFDEAAATGHELLAYRHN

s4c | MGSWNEFDDRLLATWGRLDALGGSEAELAFFEEQIAGFEDE | .4 4.1
LOWYKGKGNPEVEALDQEAEAT EKELWAYRHN

547 | MGSWVEFDDRLDATIWERLDALGGSEAELAWFEEQIAVFEHQ | 1,4 5
LODYKGKGNPEVEALNQEAEATDLELKAYRHN

s4g | MGSWTEFDDRLFAIYWRLDALGGSEAELAWFEEVIAEFEND | .4 6.4
LOVYKGKGNPEVEALDDEAHATSTELEAYRHN

549 | MGSWSEFDORLEATWNRLDALGGSEAELADFEREIAYFENQ | .- 3.4
LOWYKGKGNPEVEALNNEAFATVDELGAYRHN

s5p | MGSWYEFDERLWAIWERLDALGGSEAELAHFEWVIADFEND | .- 3.6
LOWYKGKGNPEVEALEFEAEATVTELHAYRHN

55y | MGSWMEFDYRLEATWMRLIALGGSEAELADFESSIADFEHH | .4 3.1
LOSYKGKGNPEVEALEWEAFATGVELDAYRHN

55, | MGSWYEFESRLEATWWRLEALGGSEAELAQFEQYTIADFEQH | .4 4.4
LOWYKGKGNPEVEALDWEADATIWLELQAYRHN

553 | MGSWEEFYMRLVATHMRLRALGGSEAELAVFENYIAEFEEY | .4 4.4
LOYYKGKGNPEVEALTIEADATIGTELGAYRHN

554 | MGSWDEFYYRLVAITHRLHALGGSEAELAWFEDDIAGFEWD | ..o 5.4
LOTYKGKGNPEVEALYKEAGATIGMELTAYRHN

555 | MGSWEEFDTRLLAIFGRLGALGGSEAELALFEMLIAKFEDD | .- 6.7
LONYKGKGNPEVEALSEEAFATIDHELGAYRHN

s5g | MGSWREFDORLWATIDWRLEALGGSEAELAMFEWMIATFEDD | .. 3.4
LOWYKGKGNPEVEALYREAFATDWELDAYRHN
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557 MGSWEEFHERLDATIDERLEALGGSEAELAFFEDDIASEFEDW cD123 4.3
LOWYKGKGNPEVEALSREADAINFELEAYRHN )

558 MGSWNEFYERLEATDRRLFALGGSEAELALFEWMIADFEDD cD123 5.0
LOMYKGKGNPEVEALINEAGAIGFELEAYRHN )

MGSWTEFTQRLEATVDRLFALGGSEAELAEFENSIADFEWD

559 LOWYKGKGNPEVEALNREAVATIDNELWAYRHN

Ch123 3.9

560 MGSWVEFIMRLDATYERLDALGGSEAELAEFEWHIADFEDH cD123 6.4
LOWYKGKGNPEVEALFEEADATWEELWAYRHN )

561 MGSWNEFLLRLDATEHRLFALGGSEAELAEFEWETIADFEDD cD123 3.2
LOWYKGKGNPEVEALVEEAEATDVELVAYRHN )

MGSWYEFNMRLGAIDDRLOALGGSEAELAWFEDMIATFEDD

o562 LOIYKGKGNPEVEALEQEAAATHOELWAYRHN

Ch123 3.8

563 MGSWEEFHWRLGAIDARLEALGGSEAELAWFEDGIADEFEAT cD123 3.3
LODYKGKGNPEVEALDSEAVATHHELWAYRHN )

564 MGSWYEFYERLWAIDDRLWALGGSEAELAEFEDSIATFEFEPS cD123 3.6
LOMYKGKGNPEVEALVAEAWATI FDELAAYRHN )

MGSWEFEFDOQRLDAITFRLWALGGSEAELAEFEDVIALFEYH

565
LODYKGKGNPEVEALEVEAWAT FHELGAYRHN

Ch123 3.2

566 MGSWSEFWFRLDATEDRLWALGGSEAELAEFEDNIALFEYS cD123 4.5
LOHYKGKGNPEVEALVKEANATIDDELGAYRHN )

567 MGSWYEFWDRLTATEHRLWALGGSEAELAYFEDSIAHFEGS cD123 4.4
LOVYKGKGNPEVEALYKEAEATEWELEAYRHN )

568 MGSWYEFDDRLWAIFDRLFALGGSEAELAFFEDSIAEFEEE cD123 4.7
LOHYKGKGNPEVEALYLEAWATENELGAYRHN )

MGSWNEEFVERLSATDHRLWALGGSEAELADFEQQIAEFETH

569 LOEYKGKGNPEVEALDFEADATFDELLAYRHN

Ch123 3.2

570 MGSWSEEFVDRLDATIFDRLWALGGSEAELAWFEDTIAHFEWN cD123 5.3
LOEYKGKGNPEVEALNGEADAITDELHAYRHN )

MGSWAEFDSRLDATAQRLFALGGSEAELAHFEDFIAQEFEYS

571
LOEYKGKGNPEVEALSNEADATFNELKAYRHN

Ch123 3.6

MGSWAEFDSRLIATFDRLWALGGSEAELAWFEDDIAQFEQH

72 LOAYKGKGNPEVEALRQEADAITFELKAYRHN

Ch123 3.6

573 MGSWTEFEERLEATWDRLYALGGSEAELAAFEWDIAYFEDG cD123 5.9
LOEYKGKGNPEVEALFMEAEATTRELKAYRHN )

574 MGSWYEFEDRLAATWDRLNALGGSEAELATFEWDIAWFEEG cD123 6.4
LOEYKGKGNPEVEALKHEASATQTELFAYRHN )

MGSWLEFESRLWAIWDRLDALGGSEAELAHFEQDIADEFEMS

Ch123 3.4
LOEYKGKGNPEVEALTIREAEATETELYAYRHN

575

576 MGSWMEFEDRLIATWARLDALGGSEAELAWFEADIADFEES cD123 3.7
LOEYKGKGNPEVEALIFEATAINKELMAYRHN )

MGSWEFEFTIRLEATQDRLDALGGSEAELAWFEWDIAEFEEG

577 LOFYKGKGNPEVEALHTEADAIMNELVAYRHN cplzs 3.2

578 MGSWYEEFVSRLDATEYRLWALGGSEAELAWFEWDIADFEQG cD123 3.0
LOFYKGKGNPEVEALAQEANATGSELTAYRHN

579 MGSWEEFDYRLYATQDRLYALGGSEAELAFFEWEIADFEHM cD123 4.4
LOMYKGKGNPEVEALFQEADATIDAELHAYRHN

580 MGSWIEFFHRLDATIQDRLDALGGSEAELAYFEWATIADEFEHM cD123 3.5

LOLYKGKGNPEVEALQFEAFATEGELYAYRHN
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581 MGSWYEFSSRLNAIDDRLWALGGSEAELAYFETDIADFESL cD123 3.8
LOWYKGKGNPEVEALLNEADAIDYELYAYRHN )

582 MGSWFEFEYRLDATITIDRLFALGGSEAELAEFESMIANFEYS cD123 4
LOEYKGKGNPEVEALYFEADAIVDELTAYRHN

MGSWLEFEYRLDATYDRLFALGGSEAELAAFEQDIADFEKY

o83 LOYYKGKGNPEVEALWEEADATIMWELFAYRHN cplzs 3.1

584 MGSWHEFEERLMATEDRLWALGGSEAELAEFEQWIALFEYD cD123 5.8
LOEYKGKGNPEVEALGMEAFATINNELSAYRHN )

585 MGSWYEFEERLDATEDRLIALGGSEAELATFEDITIAFFEQD cD123 4.1

LOYYKGKGNPEVEALEMEAEATSTELDAYRHN

586 MGSWHEFEKRLYATEDRLIALGGSEAELAWFEDSIAWEEWD cD123 3.6
LOMYKGKGNPEVEALNEEADATYQELDAYRHN )

MGSWIEFEDRLDAITDRLWALGGSEAELAEFEHQIAFFEED

o587 LOWYKGKGNPEVEALHMEAEATMEELGAYRHN

Ch123 9.5

588 MGSWMEFEDRLMATIVDRLWALGGSEAELADFEWNIAMFEEE cD123 6.8
LOWYKGKGNPEVEALGDEAEATEWELYAYRHN )

589 MGSWEEFEDRLFAIDSRLWALGGSEAELAEFENIIASEFEEV cD123 3.7
LOEYKGKGNPEVEALSVEAFATDRELGAYRHN )

MGSWEEFLFRLEATQDRLWALGGSEAELAWFEYEIASEFEDV

590
LOSYKGKGNPEVEALSTEAKAIDYELFAYRHN

Ch123 8.2

591 MGSWVEFDNRLFATIDERLWALGGSEAELAWFEEETASFEDN cD123 3.3
LOKYKGKGNPEVEALQLEAFATMEELDAYRHN )

592 MGSWFEFDDRLEATFDRLWALGGSEAELAMFEFATAEFEDA cD123 4.1
LOEYKGKGNPEVEALYEEAVAIDEELYAYRHN )

MGSWEFEFDARLMAINDRLWALGGSEAELAAFEYHTIALFEDQ

593 LOMYKGKGNPEVEALTLEAVAINEELWAYRHN

Ch123 4

594 MGSWVEFDSRLAATDYRLEALGGSEAELAWFEYTIANFEHT cD123 3.4
LOMYKGKGNPEVEALVYEAHATATELQAYRHN )

MGSWTEFDERLDATIDWRLEALGGSEAELAWFEGDIALFEQY

595
LOVYKGKGNPEVEALMEEADATKAELDAYRHN

Ch123 4.5

596 MGSWIEFDERLDAIDFRLWALGGSEAELAWFEGWIAEFESD cD123 7
LOLYKGKGNPEVEALNEEANATFHELSAYRHN

597 MGSWWEFDSRLDATIDFRLWALGGSEAELAWFEVEIADEFEDW cD123 3.2
LOLYKGKGNPEVEALWHEADAIVTELYAYRHN )

MGSWYEFDERLDATIFDRLWALGGSEAELAYFEQVIATFEKT

598 LORYKGKGNPEVEALDTEAKAT SWELDAYRHN cplzs 3
599 MGSWYEFQERLDATIDSRLWALGGSEAELAWFEYTIAEFEKE cD123 5.5
LOMYKGKGNPEVEALGTEAVATI SEELMAYRHN )
600 MGSWEEFEDRLWAIDGRLYALGGSEAELAWFEQWIATFEED cD123 9.4
LODYKGKGNPEVEALEYEASATFEELEAYRHN )
601 MGSWEFEFGDRLEATDERLYALGGSEAELAQFEWWIAEFEHH cD123 4.5
LODYKGKGNPEVEALEYEADATWGELHAYRHN )
602 MGSWEFEFNDRLDAI SERLSALGGSEAELAYFEWQIAVFEKT cD123 3.9

LONYKGKGNPEVEALTLEANATFEELEAYRHN
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603 MGSWVEFMDRLEATEERLSALGGSEAELAFFEWEIAEFEEH cD123 4
LOVYKGKGNPEVEALEWEALATTEELAAYRHN

MGSWIEFMDRLWAIDQRLWALGGSEAELAWFEEETIAWFEEE

604 LOVYKGKGNPEVEALEWEATAT SEELWAYRHN

Ch123 6.5

605 MGSWEEFNWRLRAIDERLFALGGSEAELAWFEYDIAEFEEQ cD123 5.4
LOVYKGKGNPEVEALRVEAAATAEELYAYRHN )

606 MGSWWEFEIRLDATIDERLWALGGSEAELAWFEQSIAFFEND cD123 3.0
LOVYKGKGNPEVEALRWEANATTEELFAYRHN )

607 MGSWYEFEWRLDATIDRRLWALGGSEAELADFEEETIADFEWM cD123 10
LONYKGKGNPEVEALVDEASATIQTELWAYRHN

608 MGSWYEEFVYRLRATIDERLDALGGSEAELAMFEFEIAFFEDQ cD123 4.5
LORYKGKGNPEVEALVDEAQATIDFELFAYRHN )

609 MGSWWEFEDRLYATDDRLWALGGSEAELAQFERETIAQFETW cD123 5.5
LOEYKGKGNPEVEALDDEATAINSELFAYRHN )

MGSWDEFEFRLEATDSRLWALGGSEAELAVFEYETIAQFEFM

610 LOEYKGKGNPEVEALGMEAWATENELFAYRHN

Ch123 3.6

611 MGSWEEFEWRLDAIDERLWALGGSEAELATFEYEIATFENE cD123 4.3
LOOYKGKGNPEVEALDSEAYATERELGAYRHN )

612 MGSWYEFFDRLDAIDERLWALGGSEAELAWFEAETAEFEME cD123 3.7
LOGYKGKGNPEVEALDVEAHATEMELFAYRHN )

MGSWYEFMGRLEATDERLOALGGSEAELAWFEHEIAEFEWS

613
LOWYKGKGNPEVEALRFEAGAT PWELWAYRHN

Ch123 3.5

MGSWVEEFSNRLDATIWERLOQALGGSEAELAYFEWETIAEFEWE

614
LOSYKGKGNPEVEALNAEADATEWELEAYRHN

Ch123 5.1

615 MGSWEEFHMRLIATDERLWALGGSEAELAGFEESTIAYFESQ cD123 3.9
LODYKGKGNPEVEALDYEAHATWRELYAYRHN )

616 MGSWWEFKYRLDATICFRLAALGGSEAELASFEDEIAYFEED cD123 3.1
LOGYKGKGNPEVEALDYEALATWDELAAYRHN )

MGSWDEFAMRLEATQARLFALGGSEAELATFEDEIAFFETM

Ch123 3.7
LODYKGKGNPEVEALEYEAAATEAELGAYRHN

617

618 MGSWWEFNARLDATEDRLMALGGSEAELAYFEDITASEFENT cD123 3.4
LOOYKGKGNPEVEALWYEAYATEKELNAYRHN )

619 MGSWIEFWNRLEATEERLYALGGSEAELAYFEDEIAEFETY cD123 5.0
LOOYKGKGNPEVEALKHEAEATNKELMAYRHN )

620 MGSWNEEFVIRLFATIDDRLYALGGSEAELAWFEDEIATFEYE cD123 3.5
LORYKGKGNPEVEALEYEAEATVSELFAYRHN )

621 MGSWYEFLARLYATDERLWALGGSEAELATFEHWIADFEEQ cD123 4.5
LOSYKGKGNPEVEALTDEAVAIGEELSAYRHN )

622 MGSWLEFETRLHATDERLWALGGSEAELAEFEEHIAWFEED cD123 4.6
LOFYKGKGNPEVEALDFEADATIGWELWAYRHN )
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623 MGSWFEFETRLEATDLRLWALGGSEAELATFEDVIAFFEDW cD123 6.6
LOFYKGKGNPEVEALKMEAWATIGEELHAYRHN )

MGSWHEFWQRLEATEGRLWALGGSEAELADFESLIADFEEQ

624 LOEYKGKGNPEVEALMAEAEATDNELRAYRHN

Ch123 7

MGSWYEFEQRLEATEWRLGALGGSEAELATFEEDIADFEEW

Ch123 4.4
LOEYKGKGNPEVEALQYEAYATAERELHAYRHN

625

626 MGSWYEFENRLFATEERLWALGGSEAELAWFEYEIANFEWG cD123 3.3
LOSYKGKGNPEVEALDNEAEATDIELAAYRHN )

MGSWYEFEQRLGATIEERLWALGGSEAELAAFEDITAYFEYQ

627 LOSYKGKGNPEVEALDEEAWATIDDELWAYRHN

Ch123 10.6

MGSWWEFEQRLDATETRLWALGGSEAELAYFEHTITIADFEDE

628 LOIYKGKGNPEVEALGWEAFATIDGELTAYRHN

Ch123 4.7

629 MGSWEFEFPYRLEATEERLYALGGSEAELAQFEQFIAWEFEMD cD123 3.1
LODYKGKGNPEVEALWFEANATIVEELDAYRHN )

630 MGSWVEFYDRLEATETRLWALGGSEAELADFESFIAHFEDD cD123 4
LOAYKGKGNPEVEALMDEANATIVFELDAYRHN

MGSWVEFWDRLDATEERLWALGGSEAELAEFEFMIAMFEQH

631
LOEYKGKGNPEVEALIPEAGAIDKELTAYRHN

Ch123 10

632 MGSWDEFDARLWATEERLWALGGSEAELAEFEFMIAAFEDV cD123 4.3
LOEYKGKGNPEVEALMGEANATVMELDAYRHN )

633 MGSWYEFWRRLDATEERLWALGGSEAELAMFETDIAGEEWM cD123 3.6
LOLYKGKGNPEVEALEHEAWAINSELDAYRHN )

MGSWHEFIWRLDATEERLWALGGSEAELAWFETEIATFEAQ

634
LODYKGKGNPEVEALEWEATATAWELDAYRHN

Ch123 3.3

635 MGSWYEFYWRLEATEERLWALGGSEAELAEFEKATATFEDQ cD123 3.7
LOTYKGKGNPEVEALETEALATHAELEAYRHN )

MGSWEFEFQWRLEATEDRLWALGGSEAELAEFETITAGFEEQ

Ch123 3.4
LOVYKGKGNPEVEALEEEAMATQTELHAYRHN

636

637 MGSWWEFEDRLWATEQRLDALGGSEAELAVFENSIAKFEDM cD123 4.4
LOVYKGKGNPEVEALHEEADATIWELYAYRHN )

638 MGSWWEFEDRLWAIDRRLMALGGSEAELAVFEQMIAHFEQT cD123 4.6
LOVYKGKGNPEVEALHFEAHATGMELAAYRHN )

639 MGSWWEFLDRLEATEYRLOALGGSEAELAVFEWEIAMFEDH cD123 3.1
LOGYKGKGNPEVEALHSEAHATTISELSAYRHN )

640 MGSWAEFEDRLAATERRLEALGGSEAELADFESSIAWFEPD cD123 4.0
LOYYKGKGNPEVEALMYEAEATFSELYAYRHN )

641 MGSWWEEFYDRLTATEARLWALGGSEAELADFEEGIADFEYD cD123 3.0
LODYKGKGNPEVEALFWEAWATIQSELTAYRHN )

642 MGSWYEFEDRLAATEARILWALGGSEAELADFEEETAYFEHG cD123 3.8
LOWYKGKGNPEVEALESEAMATIDELHAYRHN )
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643 MGSWWEEFSWRLEATETRLDALGGSEAELAFFEMDIAWEFEQD cD123 3.3
LOLYKGKGNPEVEALEEEAYATYEELEAYRHN )

644 MGSWEEFFFRLEATDDRLYALGGSEAELALFEEVIAYFEQD cD123 3.0
LOWYKGKGNPEVEALYVEAYATQEELYAYRHN )

645 MGSWEFEFEERLNAT SWRLHALGGSEAELAYFEEDIAWFEDD cD123 13
LOFYKGKGNPEVEALENEAYATWEELDAYRHN

646 MGSWEFEFEERLEATTYRLWALGGSEAELAMFEESTIAWFESD cD123 3.7
LOOYKGKGNPEVEALEYEAMAT SKELKAYRHN )

647 MGSWAEFDDRLEATEYRLHALGGSEAELAWFEEGIAGEEHA cD123 5.8
LOSYKGKGNPEVEALETEAGAINEELWAYRHN )

MGSWDEFEERLOATEYRLWALGGSEAELAWFEEVIAQFEYD

648 LOKYKGKGNPEVEALSTEAQATQDELWAYRHN

Ch123 3.8

649 MGSWWEFTDRLDATFDRLWALGGSEAELAAFEESTIATFEQD cD123 7.5
LOYYKGKGNPEVEALEYEANATQYELEAYRHN )

MGSWWEFTDRLEATEDRLWALGGSEAELAHFEDSIAQFEQE

650
LOWYKGKGNPEVEALADEADATESELHAYRHN

Ch123 le.6

651 MGSWVEFFWRLDATEDRLWALGGSEAELANFEFETIADFEAW cD123 4
LOKYKGKGNPEVEALHSEADATIQLELRAYRHN

652 MGSWVEFYNRLDATENRLWALGGSEAELAFFEELIAQFEFA cD123 6.9
LODYKGKGNPEVEALEDEADATWEELMAYRHN )

653 MGSWEEFYYRLHATDNRLWALGGSEAELAYFEWHIADFELE cD123 3
LODYKGKGNPEVEALSEEATATFEELWAYRHN

654 MGSWREFHDRLFATIDGRLWALGGSEAELANFEWDIADFEFE cD123 5.6
LODYKGKGNPEVEALSWEADAIMOELGAYRHN )

655 MGSWEEFDERLWATI SDRLWALGGSEAELAYFEGETIAYFEQN cD123 6.5
LOTYKGKGNPEVEALOTEALAIDTELWAYRHN )

MGSWEEFEQRLWAIDDRLWALGGSEAELAFFEYETIAEFEMD

656
LOWYKGKGNPEVEALFYEAHAINEELWAYRHN

Ch123 5.7

MGSWDEFHQRLAATGDRLWALGGSEAELAYFEWETIATFEWD

657 LOVYKGKGNPEVEALYFEATAIDEELMAYRHN

Ch123 3.7

658 MGSWVEFEYRLDATI SDRLWALGGSEAELAFFENEIASFESD cD123 6.5
LOFYKGKGNPEVEALMFEAEATDDELHAYRHN )

659 MGSWDEFDTRLDAIFSRLYALGGSEAELAMFEGEIAEFEGS cD123 4
LOHYKGKGNPEVEALDFEAHATIDEELWAYRHN

660 MGSWHEFDDRLDAIMSRLDALGGSEAELATFEAEIATEFEFV cD123 7.7
LOLYKGKGNPEVEALLAEAYATDWELEAYRHN )

MGSWYEFFDRLDATYDRLYALGGSEAELASFEAQIAEFEVE

66l
LOSYKGKGNPEVEALEWEAWAIDEELYAYRHN

Ch123 4.7

MGSWEFEFLYRLDATEDRLWALGGSEAELAEFEQETIAKFESE

662
LOSYKGKGNPEVEALEWEAHATDMELEAYRHN

Ch123 6.6

663 MGSWLEFEDRLVAIDHRLFALGGSEAELAEFEEETALFESY cD123 3.9
LODYKGKGNPEVEALNWEADATHAELYAYRHN )

664 MGSWYEFESRLDATIVDRLWALGGSEAELAEFEYETIAKFEWE cD123 5.1
LODYKGKGNPEVEALNWEAGATIEFELYAYRHN )

665 MGSWYEFEDRLDATILYRLLALGGSEAELAWFERDIAFFESE cD123 4.3
LOWYKGKGNPEVEALEWEAMATIDDELFAYRHN )
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MGSWGEFMDRLEATDYRLWALGGSEAELAWFESDIAEFEQE

666 LOMYKGKGNPEVEALWDEAMATRDELFAYRHN

Ch123 4.6

667 MGSWEEFDDRLDATEHRLWALGGSEAELADFEGSIAAFESW cD123 4
LOVYKGKGNPEVEALEAEAEATADELWAYRHN

668 MGSWYEFADRLDATIMDRLVALGGSEAELAYFEWEIAAFEEF cD123 3.3
LOMYKGKGNPEVEALDEEAEATKDELMAYRHN )

669 MGSWNEFWERLDATEWRLFALGGSEAELAFFELDIAWFEEE cD123 3
LOWYKGKGNPEVEALIFEAHATTLELDAYRHN

670 MGSWYEFDARLDATEERLYALGGSEAELAAFEFEIAGEEEA cD123 8.9
LOWYKGKGNPEVEALLKEAEATTDELYAYRHN )

671 MGSWDEFSERLDATIWGRLEALGGSEAELATFEFHIAEFEHE cD123 3.0
LOYYKGKGNPEVEALOQGEAAATINELYAYRHN )

672 MGSWDEFWDRLDATEDRLFALGGSEAELADFERVIAWEFEND cD123 3.9
LOEYKGKGNPEVEALDNEADATRTIELHAYRHN )

MGSWDEFDDRLEATVDRLFALGGSEAELAMFEFETIAQFEHQ

673 LOYYKGKGNPEVEALRDEADATIWIELDAYRHN

Ch123 5.6

674 MGSWEEFTIRLGAIYWRLFALGGSEAELANFEWFIAEFEYE cD123 3.3
LOPYKGKGNPEVEALVIEANATIDGELQAYRHN )

675 MGSWEFEFEWRLDATENRLNALGGSEAELAWFEYHIAAFEDS cD123 3.3
LOHYKGKGNPEVEALEWEAHATQSELQAYRHN )

676 MGSWYEFDDRLEATWDRLGALGGSEAELAAFEKETIAAFESE cD123 3.3
LOAYKGKGNPEVEWLRETAADIRAELQAYRHN )

677 MGSWGEFWARLEATWIRLDALGGSEAELAAFEKETIAAFESE cD123 15
LOAYKGKGNPEVEWLREEAADTIRRSLOAYRHN

678 MGSWIEFEVRLDAIWDRLFALGGSEAELAAFEKEIAAFESE cD123 4.2
LOAYKGKGNPEVEYLRDEAADIRQSLOAYRHN )

679 MGSWTEFDRRLDAIWDRLFALGGSEAELAAFEKETIAAFESE cD123 9.2
LOAYKGKGNPEVEWLREEAADIRDYLOAYRHN )

680 MGSWTEFDMRLDAIWDRLFALGGSEAELAAFEKEIAAFESE cD123 3.1
LOAYKGKGNPEVEELREEAATTIRGVLOAYRHN )

681 MGSWEEFHDRLMATETRLWALGGSEAELAAFEKETIAAFESE cD123 4.3
LOAYKGKGNPEVEWLRYEAADIRDYLOAYRHN )

682 MGSWVEFRDRLDATETRLWALGGSEAELAAFEKETIAAFESE cD123 4.0
LOAYKGKGNPEVEWLRYEAAETRMVLOAYRHN )

683 MGSWMEFIDRLDATEHRLWALGGSEAELAAFEKETIAAFESE cD123 4.3
LOAYKGKGNPEVEFLREEAAETRMYLOAYRHN )

684 MGSWTEFVWRLDATEWRLEALGGSEAELAAFEKETIAAFESE cD123 4.2
LOAYKGKGNPEVEFLREEAAETRDWLOAYRHN )

685 MGSWVEFYDRLYATEVRLLALGGSEAELAAFEKEIAAFESE cD123 5.8
LOAYKGKGNPEVEFLRQEAAETRDWLOAYRHN )

686 MGSWYEFYDRLDATEWRLWALGGSEAELAAFEKETIAAFESE cD123 6.2
LOAYKGKGNPEVEWLRDEAAQTIRDFLOAYRHN )

687 MGSWVEFYDRLDATEHRLDALGGSEAELAAFEKEIAAFESE cD123 3.4
LOAYKGKGNPEVEWLRDEAAFTIRDMLOAYRHN )

MGSWEFEEFVDRLTATIQVRLWALGGSEAELAAFEKETIAAFESE

688 LOAYKGKGNPEVEYLREEAATLTRYSLOAYRHN

Ch123 5.1

689 MGSWEFEFLDRLDATEERLWALGGSEAELAAFEKETIAAFESE cD123 12.2
LOAYKGKGNPEVEWLREEAAVIRDSLOAYRHN )




CA 03082406 2020-05-11

WO 2019/099433 PCT/US2018/060887
156
SEQ NO:| D-Domain Sequence Target |ELISA_avg

690 | MGSWYEFMVRLDATEERLFALGGSEAELAAFEKEIAAFESE | . - 4.1
LOAYKGKGNPEVEFLREEAASTRYHLOAYRHN

691 | MGSWYEFEDRLDATQWRLWALGGSEAELAAFEKEIAAFESE | .. 6.3
LOAYKGKGNPEVEFLRESAANTRQHLOAYRHN

69y | MGSWSEFEYRLFATENRLDALGGSEAELAAFEKEIAAFESE | .. 3.0
LOAYKGKGNPEVEFLREEAAMI RQLLOAYRHN

693 | MGSWVEFEYRLDAITFRLLALGGSEAELAAFEKEIAAFESE | .. - 3.9
LOAYKGKGNPEVEILREEAAFIROWLOAYRHN

coq | MGSWWEFLDRLDAIEMRLFALGGSEAELAAFEKEIAAFESE | .. - g
LOAYKGKGNPEVEYLREEAALTRNMLOAYRHN

695 | MGSWWEFEDRLDATEYRLFALGGSEAELAAFEKEIAAFESE | . - 4.9
LOAYKGKGNPEVEFLREEAAFIRI FLOAYRHN

cog | MGSWWEFESRLDATFMRLTALGGSEAELAAFEKEIAAFESE | .. - 3.9
LOAYKGKGNPEVEDLREDAAFIREFLOAYRHN

697 | MGSWVEFWHRLDATKARLNALGGSEAELAAFEKETAAFESE | .4 3.5
LOAYKGKGNPEVEDLRWYAADFRLILOAYRHN

cog | MGSWYEFYNRLSAIYARLQALGGSEAELAAFEKEIAAFESE | .. - 10.6
LOAYKGKGNPEVEDLRWYAADI RYMLQAYRHN

699 | MGSWYEFYDRLSAIYARLQALGGSEAELAAFEKEIAAFESE | .. - 5 3
LOAYKGKGNPEVEDLRWYAADI RYMLQAYRHN

700 | MGSWNEFYDRLSATYFRLOALGGSEAELAAFEKEIAAFESE | (1,4 10.6
LOAYKGKGNPEVEHLRWYAADI RMI LOAYRHN

701 | MGSWNEFYDRLSATIYFRLOALGGFEAELAAFEKEIAAFESE | . - 9
LOAYKGKGNPEVEHLRWYAADI RMI LOAYRHN

70 | MGSWEEFYDRLGATIFARLHALGGSEAELAAFEKEIAAFESE | .4 3.9
LOAYKGKGNPEVEDLRWYAADI RMI LOAYRHN

703 | MGSWVEFYDRLHAIYFRLLALGGSEAELAAFEKEIAAFESE | .4 4.8
LOAYKGKGNPEVEDLRWYAADI RLVLOAYRHN

704 | MGSWKEFDNRLYATEDRLRALGGSEAELAAFEKEIAAFESE | (1,4 3.9
LOAYKGKGNPEVEHLRWYAADI RMI LOAYRHN

705 | MGSWVEFWDRLWAIEDRLWALGGSEAELAAFEKEIAAFESE | (.4 4.5
LOAYKGKGNPEVEHLRHYAADTI RVWLOAYRHN

70g | MGSWYEFADRLWAIEDRLWALGGSEAELAAFEKEIAAFESE | . - 4
LOAYKGKGNPEVEFLRYYAADI RWVLOAYRHN

707 | MGSWYEFEERLYATEDRLYALGGSEAELAAFEKEIAAFESE | . - 11.5
LOAYKGKGNPEVEFLRQEAADI RLMLOAYRHN

70g | MGSWIEFEWRLYAIEDRIMALGGSEAELAAFEKEIAAFESE | .4 4.2
LOAYKGKGNPEVEFLRDEAADIRQYLQAYRHN

709 | MGSWIEFESRLWATEDRLLALGGSEAELAAFEKEIAAFESE | (.4 8.7
LOAYKGKGNPEVEFLRLEAADIREDLQAYRHN

710 | MGSWFEFEDRLDATWDRLWALGGSEAELAAFEKEIAAFESE | 1,4 5 1
LOAYKGKGNPEVEFLRMDAAMIRY T LOAYRHN

717 | MGSWEEFEDRLWAIEDRLWALGGSEAELAAFEKEIAAFESE | . - 4.1
LOAYKGKGNPEVEILRYDAAYIRETILOAYRHN

71 | MGSWIEFEDRLYAIEDRLWALGGSEAELAAFEKEIAAFESE | . - 4
LOAYKGKGNPEVEFLRYEAAETRYWLQAYRHN

713 | MGSWYEFWDRLEAIEDRLWALGGSEAELAAFEKEIAAFESE | .4 4.2
LOAYKGKGNPEVEFLRYSAAETIRYQLOAYRHN
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714 MGSWVEFESRLAATEHRLWALGGSEAELAAFEKETIAAFESE cD123 3.7
LOAYKGKGNPEVEELREYAAETRDWLOAYRHN )

715 MGSWWEFEHRLFATEDRLWALGGSEAELAAFEKETIAAFESE cD123 7.6
LOAYKGKGNPEVEFLRDYAAETRDYLOAYRHN )

716 MGSWYEFDSRLMATEDRLWALGGSEAELAAFEKETIAAFESE cD123 3.2
LOAYKGKGNPEVEYLRQEAAETRMILOAYRHN )

717 MGSWYEFEWRLMATEDRLWALGGSEAELAAFEKEIAAFESE cD123 3.4
LOAYKGKGNPEVEYLRHEAAETRDVLOAYRHN )

718 MGSWYEFYNRLDATEDRLWALGGSEAELAAFEKETIAAFESE cD123 11.3
LOAYKGKGNPEVEYLRQEAADTIRGOLOAYRHN )

719 MGSWWEFHDRLEATEDRLWALGGSEAELAAFEKETIAAFESE cD123 6.4
LOAYKGKGNPEVEYLRIEAADIRROLOAYRHN )

790 MGSWYEFWDRLEATEERLWALGGSEAELAAFEKETIAAFESE cD123 4.6
LOAYKGKGNPEVEYLRLEAADTIRRILOAYRHN )

791 MGSWYEFEERLWATEERLYALGGSEAELAAFEKEIAAFESE cD123 5.4
LOAYKGKGNPEVEYLRYEAAWIRDEFLOAYRHN )

799 MGSWYEFENRLEATEERLWALGGSEAELAAFEKETIAAFESE cD123 6.1
LOAYKGKGNPEVEMLREEAAFTIRDWLOAYRHN )

793 MGSWYEFEYRLEATEDRLWALGGSEAELAAFEKETIAAFESE cD123 6.2
LOAYKGKGNPEVEYLREEAAWIRVWLOAYRHN )

794 MGSWYEFENRLGAIGDRLWALGGSEAELAAFEKETIAAFESE cD123 4.8
LOAYKGKGNPEVEWLRDEAAYTRAVILOAYRHN )

795 MGSWYEFEHRLDATYDRLWALGGSEAELAAFEKETIAAFESE cD123 6.3
LOAYKGKGNPEVEWLREEAAWIRLWLOAYRHN )

796 MGSWYEFEWRLDATYDRLGALGGSEAELAAFEKEIAAFESE cD123 6
LOAYKGKGNPEVEWLREDAAETRALLOAYRHN

757 MGSWVEFENRLEATENRLWALGGSEAELAAFEKETIAAFESE cD123 6.2
LOAYKGKGNPEVEWLREDAAQT RMMLOAYRHN )

798 MGSWYEFEERLEATEDRLWALGGSEAELAAFEKETIAAFESE cD123 6
LOAYKGKGNPEVEWLREQAAFTIRTMLOAYRHN

799 MGSWEFEFEWRLEATFDRLYALGGSEAELAAFEKETIAAFESE cD123 6.9
LOAYKGKGNPEVEVLRAEAAETRLRLOAYRHN )

730 MGSWWEFEDRLMATYDRLYALGGSEAELAAFEKETIAAFESE cD123 15.3
LOAYKGKGNPEVEYLRAEAATLTRETLOAYRHN )

731 MGSWEFEFEDRLYATEDRLYALGGSEAELAAFEKETIAAFESE cD123 4.7
LOAYKGKGNPEVEYLRWGAATIRDELQAYRHN )

732 MGSWIEFWDRLEATEDRLWALGGSEAELAAFEKETIAAFESE cD123 4.5
LOAYKGKGNPEVEELRDEAAWIRDSLOAYRHN )

733 MGSWEFEFWDRLDATEDRLYALGGSEAELAAFEKETIAAFESE cD123 4.9
LOAYKGKGNPEVEELRDEAAWIRGTLOAYRHN )

734 MGSWEEFTDRLWATEDRLYALGGSEAELAAFEKEIAAFESE cD123 8.9
LOAYKGKGNPEVEWLRDEAAFTIRKSLOAYRHN )

735 MGSWVEEFVDRLEATEDRLFALGGSEAELAAFEKETIAAFESE cD123 4.9
LOAYKGKGNPEVEFLRDOAAYTRFMLOAYRHN )

736 MGSWEFEEFVDRLEATEMRLFALGGSEAELAAFEKETIAAFESE cD123 7.1
LOAYKGKGNPEVELLRWRAAMIRYDLOAYRHN )

737 MGSWWEFEMRLEATEDRLFALGGSEAELAAFEKETIAAFESE cD123 4
LOAYKGKGNPEVESLRWEAAFTIRDILOAYRHN
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738 MGSWFEFEIRLEATEDRLFALGGSEAELAAFEKEIAAFESE cD123 3
LOAYKGKGNPEVEFLRDEAAETROVLOAYRHN

MGSWYEFYQRLEATEDRLFALGGSEAELAAFEKETIAAFESE

739 LOAYKGKGNPEVEWLRDEAAETRVVLOAYRHN

Ch123 3

740 MGSWIEFEDRLEATEDRLFALGGSEAELAAFEKEIAAFESE cD123 51.8
LOAYKGKGNPEVEWLRQEAAETRLMLOAYRHN )

741 MGSWHEFYDRLDATYFRLWALGGSEAELAAFEKEIAAFESE 26 9.6
LOAYKGKGNPEVELLRLLAAETRKELOAYRHN P )

MGSWHEFITRLEATDQRLWALGGSEAELAAFEKEIAAFESE

742 LOAYKGKGNPEVEYLRFWAAETRFILOAYRHN

p26 16.91

743 MGSWMEFFDRLVAIDERLWALGGSEAELAAFEKETIAAFESE 26 18.62
LOAYKGKGNPEVEYLRMWAAETRFLLOAYRHN 1% )

744 MGSWVEFSGRLIATIDNRLWALGGSEAELAAFEKEIAAFESE 26 5 08
LOAYKGKGNPEVEYLRMWAAETRYILOAYRHN 1% )

745 MGSWVEFHHRLFATIDERLWALGGSEAELAAFEKETIAAFESE 26 51.39
LOAYKGKGNPEVEYLRMVAAETRYILOAYRHN P )

746 MGSWHEFMERLIATDGRLWALGGSEAELAAFEKETIAAFESE 26 17.85
LOAYKGKGNPEVEYLREFVAAFIRDVLOAYRHN P )

MGSWKEFIQRLDATHYRLWALGGSEAELAAFEKETIAAFESE

747
LOAYKGKGNPEVEYLREFVAAFIRFELOAYRHN

p26 18.41

MGSWSEFIFRLDATHSRLOALGGSEAELAAFEKETIAAFESE

748 LOAYKGKGNPEVEYLRFIAAETRLKLOAYRHN

p26 28.3

749 MGSWEFEFYDRLNATIDARLWALGGSEAELAAFEKETIAAFESE 26 5.9
LOAYKGKGNPEVENLRVHAAATREWLOAYRHN 1% )

750 MGSWLEFYDRLNATIDARLWALGGSEAELAAFEKEIAAFESE 26
LOAYKGKGNPEVENLRVHAAATREWLOAYRHN P

751 MGSWEFEFYHRLNATIDARLWALGGSEAELAAFEKETIAAFESE 26
LOAYKGKGNPEVENLRVHAAATREWLOAYRHN P

752 MGSWEFEFYDRLNAIDSRLWALGGSEAELAAFEKEIAAFESE 26
LOAYKGKGNPEVENLRVHAAATREWLOAYRHN P

753 MGSWEFEFYDRLNATIDARLWALGGSEAELAAFEKETIAAFESE 26
LOAYKGKGNPEVESLRVHAAATREWLOAYRHN 1%

754 MGSWEFEFYDRLNATIDARLWALGGSEAELAAFEKETIAAFESE 26
LOAYKGKGNPEVENLRDHAAATREWLOAYRHN 1%

755 MGSWEFEFYDRLNATIDARLWALGGSEAELAAFEKETIAAFESE 26
LOAYKGKGNPEVENLREHAAATREWLOAYRHN 1%

756 MGSWEFEFYDRLNATIDARLWALGGSEAELAAFEKETIAAFESE 26
LOAYKGKGNPEVENLRVHAAHTREWLOAYRHN P

757 MGSWLEFYHRLNAIDSRLWALGGSEAELAAFEKEIAAFESE 26
LOAYKGKGNPEVENLRVHAAATREWLOAYRHN P

758 MGSWLEFYHRLNAIDSRLWALGGSEAELAAFEKEIAAFESE 26 19.23
LOAYKGKGNPEVESLRDHAAHTREWLOAYRHN P )

759 MGSWEFEFYHRLNATIDSRLWALGGSEAELAAFEKETIAAFESE 26
LOAYKGKGNPEVESLRDHAAHTREWLOAYRHN 1%

760 MGSWLEFYDRLNAIDSRLWALGGSEAELAAFEKEIAAFESE 26
LOAYKGKGNPEVESLRDHAAHTREWLOAYRHN 1%

761 MGSWLEFYHRLNATIDARLWALGGSEAELAAFEKEIAAFESE 26
LOAYKGKGNPEVESLRDHAAHTREWLOAYRHN P
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762 MGSWLEFYHRLNAIDSRLWALGGSEAELAAFEKEIAAFESE 26
LOAYKGKGNPEVENLRDHAAHTREWLOAYRHN 1%

763 MGSWLEFYHRLNAIDSRLWALGGSEAELAAFEKEIAAFESE 26
LOAYKGKGNPEVESLRVHAAHTREWLOAYRHN P

764 MGSWLEFYHRLNAIDSRLWALGGSEAELAAFEKEIAAFESE 26
LOAYKGKGNPEVESLRDHAAATREWLOAYRHN P

765 MGSWEFEFYDRLNATIDARLWALGGSEAELAAFEKETIAAFESE 26
LOAYKGKGNPEVESLRDHAAHTREWLOAYRHN P

766 MGSWEFEFYERLNATIDSRLWALGGSEAELAAFEKEIAAFESE 26 7.1
LOAYKGKGNPEVEKLRAHAASTRTWLOAYRHN 1% )

MGSWIEFYWRLEATDOQRLWALGGSEAELAAFEKEIAAFESE

767 LOAYKGKGNPEVEDLRVHAAATRWWLOAYRHN

p26 9.4

MGSWSEEFVKRLDATIDQRLWALGGSEAELAAFEKETIAAFESE

768 LOAYKGKGNPEVESLRVHAAATRAWLOAYRHN

p26 27

769 MGSWEEFYYRLEATDARLFALGGSEAELAAFEKEIAAFESE 26 30.3
LOAYKGKGNPEVEELRVHAAHTRDWLOAYRHN P )

MGSWVEFHYRLOATDARLWALGGSEAELAAFEKEIAAFESE

770
LOAYKGKGNPEVEELRVHAAHTRKWLOAYRHN

p26 14.8

771 MGSWVEEFVGRLNAIDARLWALGGSEAELAAFEKETIAAFESE 26 26
LOAYKGKGNPEVEELRHHAAETRNWLOAYRHN P

779 MGSWNEFMDRLNATIDNRLWALGGSEAELAAFEKETIAAFESE 26 10
LOAYKGKGNPEVENLRKOQAASTRLWLOAYRHN 1%

MGSWNEFFQRLNATIDERLWALGGSEAELAAFEKETIAAFESE

773 LOAYKGKGNPEVEDLRQHAANT RWWLOAYRHN

p26 28.7

774 MGSWYEEFVVRLFATIDERLWALGGSEAELAAFEKETIAAFESE 26 18.25
LOAYKGKGNPEVESLREHAAHTRSWLOAYRHN P )

775 MGSWYEFYLRLDATIDHRLWALGGSEAELAAFEKEIAAFESE 26 16
LOAYKGKGNPEVEMLREHAAHTRKWLOAYRHN P

776 MGSWYEFRARLLATDERLWALGGSEAELAAFEKEIAAFESE 26 20.9
LOAYKGKGNPEVEHLREHAAHTRNFLOAYRHN P )

777 MGSWTEFWHRLEATDSRLWALGGSEAELAAFEKETIAAFESE 26 13.19
LOAYKGKGNPEVESLREHAAHTRVWLOAYRHN 1% )

MGSWTEFOQNRLNATIDHRLWALGGSEAELAAFEKETIAAFESE

778 LOAYKGKGNPEVESLREHAAKTRVWLOAYRHN

p26 30.5

779 MGSWSEFFKRLEATDRRLWALGGSEAELAAFEKETIAAFESE 26 30.2
LOAYKGKGNPEVEELREHAAHTRVWLOAYRHN 1% )

MGSWYEFQORLEATDTRLWALGGSEAELAAFEKETIAAFESE

780 LOAYKGKGNPEVEELREHAAHTRHWLOAYRHN

p26 27.3

781 MGSWTEFEKRLHATIDYRLWALGGSEAELAAFEKETIAAFESE 26 17.1
LOAYKGKGNPEVEDLREHAAATRHWLOAYRHN P )

MGSWTEFHQRLDATIDERLWALGGSEAELAAFEKETIAAFESE

782
LOAYKGKGNPEVEFLREHAAKTRMWLOAYRHN

p26 24.4

MGSWLEFSQRLTATIDSRLWALGGSEAELAAFEKEIAAFESE

783 LOAYKGKGNPEVENLREHAAKTRNWLOAYRHN

p26 30.4

784 MGSWTEFVNRLYATDSRLWALGGSEAELAAFEKEIAAFESE 26 16.7
LOAYKGKGNPEVEGLRTHAAKTIRHWLOAYRHN 1% )

785 MGSWMEEFVDRLSATIDRRLWALGGSEAELAAFEKETIAAFESE 26 32.1
LOAYKGKGNPEVEVLREHAANTROWLOAYRHN P )
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786 MGSWVEEFVSRLYATIDFRLWALGGSEAELAAFEKETIAAFESE 26 29
LOAYKGKGNPEVEALREHAAQTIRDWLOAYRHN 1%

787 MGSWSEFHTRLDAIDTRLWALGGSEAELAAFEKEIAAFESE 26 23.5
LOAYKGKGNPEVEDLRRHAAATRFWLOAYRHN P )

788 MGSWLEFHSRLDAIDTRLWALGGSEAELAAFEKEIAAFESE 26 30.8
LOAYKGKGNPEVEKLREHAAATRHYLOAYRHN P )

MGSWTEFYQRLDATIDTRLWALGGSEAELAAFEKETIAAFESE

789 26 29.7
LOAYKGKGNPEVEGLRQOAAQTRAWLOAYRHN P

790 MGSWAEFSDRLNATIDQRLWALGGSEAELAAFEKETIAAFESE 26 553
LOAYKGKGNPEVEILREHAAETRKFLOAYRHN 1% )
MGSWMEFNHRLOATDGRLWALGGSEAELAAFEKETIAAFESE

791 2 p26 33.4

LOAYKGKGNPEVEMLREHAAATRAFLOAYRHN

792 MGSWYEFYKRLEATDNRLYALGGSEAELAAFEKEIAAFESE 26 30.8
LOAYKGKGNPEVEYLREHAAATRHWLOAYRHN 1% )

793 MGSWYEFYYRLEATDNRLIALGGSEAELAAFEKEIAAFESE 26 29.6
LOAYKGKGNPEVEVLREHAAKTREWLOAYRHN P )

794 MGSWYEEFVSRLEATDDRLYALGGSEAELAAFEKEIAAFESE 26 33.1
LOAYKGKGNPEVEMLROQHAAATRHWLOAYRHN P )

795 MGSWYEFSHRLEATEDRLFALGGSEAELAAFEKETIAAFESE 26 26
LOAYKGKGNPEVEPLREHAAYTRHWLOAYRHN P

796 MGSWEFEFFERLAATEDRLWALGGSEAELAAFEKETIAAFESE 26 20.3
LOAYKGKGNPEVESLRVHAAATRAFLOAYRHN 1% )

797 MGSWIEFKYRLDATEWRLEALGGSEAELAAFEKEIAAFESE 26 18.3
LOAYKGKGNPEVESLRIHAAATRTWLOAYRHN 1% )

798 MGSWYEFMYRLDATEYRLFALGGSEAELAAFEKETIAAFESE 26 19.4
LOAYKGKGNPEVESLRIHAAMIREWLOAYRHN P )

799 MGSWVEEFVTRLEATEDRLFALGGSEAELAAFEKETIAAFESE 26 11.7
LOAYKGKGNPEVEHLRAHAAHT RHWLOAYRHN P )

800 MGSWYEEFVIRLDATEDRLFALGGSEAELAAFEKEIAAFESE 26 30.1
LOAYKGKGNPEVEHLRVHAAHTRVWLOAYRHN P )

801 MGSWVEEFVERLDATEFRLFALGGSEAELAAFEKETIAAFESE 26 53.8
LOAYKGKGNPEVEKLRNHAAHTRSWLOAYRHN 1% )

802 MGSWSEEFVHRLDATEVRLFALGGSEAELAAFEKETIAAFESE 26 16.9
LOAYKGKGNPEVEELRYHAAKTRSWLOAYRHN 1% )

803 MGSWSEFYYRLAATESRLFALGGSEAELAAFEKETIAAFESE 26 30.8
LOAYKGKGNPEVERLREHAAHTRRWLOAYRHN 1% )

804 MGSWYEFYLRLSATEDRLFALGGSEAELAAFEKEIAAFESE 26 7.4
LOAYKGKGNPEVESLRVOAAHTRTWLOAYRHN P )

805 MGSWYEFYDRLDATEDRLFALGGSEAELAAFEKEIAAFESE 26 31.9
LOAYKGKGNPEVESLRDOQAAYTRTWLOAYRHN P )

806 MGSWHEFWVRLEATESRLFALGGSEAELAAFEKEIAAFESE 26 26.9
LOAYKGKGNPEVESLRVOAAHTRSWLOAYRHN P )

MGSWVEFYHRLEATEQRLMALGGSEAELAAFEKETIAAFESE

807 LOAYKGKGNPEVESLREQAAATRSWLOAYRHN

p26 28.5

808 MGSWVEFYERLNATEYRLEALGGSEAELAAFEKETIAAFESE 26 28.7
LOAYKGKGNPEVESLREHAAYTROWLOAYRHN 1% )

809 MGSWVEFYHRLDATFDRLDALGGSEAELAAFEKEIAAFESE 26 20
LOAYKGKGNPEVEELRANAAGIRSWLOAYRHN P
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810 MGSWSEFTDRLFATEDRLLALGGSEAELAAFEKEIAAFESE 26 55 4
LOAYKGKGNPEVEDLRMHAASTRLWLOAYRHN 1% )

811 MGSWHEFYDRLYATWDRLDALGGSEAELAAFEKETIAAFESE 26 52 .91
LOAYKGKGNPEVEGLRNAAAVIRI FLOAYRHN P )

812 MGSWEFEFSNRLYATWHRLTALGGSEAELAAFEKEIAAFESE 26 15.25
LOAYKGKGNPEVESLRTQAAFIRTILLOAYRHN P )

813 MGSWEFEFSDRLYATIWERLDALGGSEAELAAFEKETIAAFESE 26 18.99
LOAYKGKGNPEVESLRFOQAAFTIRYQLOAYRHN P )

814 MGSWEFEFEDRLFATIWTRLEALGGSEAELAAFEKETIAAFESE 26 10.89
LOAYKGKGNPEVESLRQSAASTRWLLOAYRHN 1% )

815 MGSWHEFSERLFAIWTRLEALGGSEAELAAFEKEIAAFESE 26 8.21
LOAYKGKGNPEVEALRQSAAFTIRVMLOAYRHN 1% )

816 MGSWGEFTVRLYATDRRLDALGGSEAELAAFEKETIAAFESE 26 8.54
LOAYKGKGNPEVEELRRFAATTRAFLOAYRHN 1% )

817 MGSWYEFDHRLMATI SFRLVALGGSEAELAAFEKEIAAFESE 26 20.1
LOAYKGKGNPEVETLRRRAANTRHLLOAYRHN P )

818 MGSWSIFKYHLADIKLLLEALGGSEAELAYFEFLIADFEET 26 20.21
LODYKGKGNPEVEALRKEAAATRDELQAYRHN P )

MGSWHHEKYFLADIKSILEALGGSEAELATFEVQIAYFEDL

819
LOSYKGKGNPEVEALRKEAAATRDELQAYRHN

p26 8

820 MGSWLYFKYNLAVIKHWLEALGGSEAELATFEMSIADFEYE 26 13.3
LOWYKGKGNPEVEALRKEAAATRDELQAYRHN 1% )

821 MGSWEYFKYELAWIKHWLEALGGSEAELASFETHIAFFEHQ 26 13.7
LOYYKGKGNPEVEALRKEAAATRDELQAYRHN 1% )

8292 MGSWADFKWTLAYTIKHRLEALGGSEAELAFFEMEIAYFEQS 26 31.5
LONYKGKGNPEVEALRKEAAATRDELQAYRHN P )

MGSWAYFKGOLAYTKSGLEALGGSEAELAYFELRIAYFEHW

823 LONYKGKGNPEVEALRKEAAATRDELQAYRHN

p26 11.4

824 MGSWENFKDTLAWIKEYLEALGGSEAELAGFEHRIATFEHY 26 19.2
LOYYKGKGNPEVEALRKEAAATRDELQAYRHN P )

825 MGSWVLEFKDYLADIKHYLEALGGSEAELANFEHLIANFEGD 26 13.8
LOTYKGKGNPEVEALRKEAAATRDELQAYRHN 1% )

826 MGSWSLEFKHRLANIKVYLEALGGSEAELADFETFIAYFEKD 26 19.6
LOEYKGKGNPEVEALRKEAAATRDELQAYRHN 1% )

827 MGSWEHFKVELAGIKAYLEALGGSEAELALFEWAIADFEST 26 18.1
LODYKGKGNPEVEALRKEAAATRDELQAYRHN 1% )

828 MGSWIYFKDELAGIKKYLEALGGSEAELAMFEVAIADEFEAT 26 15.9
LOKYKGKGNPEVEALRKEAAATRDELQAYRHN P )

MGSWVLEFKOQELAWIKWLLEALGGSEAELAAFEEQTIARFEHD

829
LOKYKGKGNPEVEALRKEAAATRDELQAYRHN

p26 29.5

MGSWVLEFKOQELAWIKWYLEALGGSEAELAAFEWETIAAFEQR

830
LOIYKGKGNPEVEALRKEAAATRDELQAYRHN

p26 22.5

831 MGSWELEFKSELAWIKWRLEALGGSEAELAYFEYQIAEFEFW 26 55 g
LOSYKGKGNPEVEALRKEAAATRDELQAYRHN 1% )

832 MGSWLLEFKSELAWIKWYLEALGGSEAELAEFEWNIAEFEKN 26 o5 7
LOKYKGKGNPEVEALRKEAAATRDELQAYRHN 1% )

833 MGSWLLEFKSDLAWIKWRLEALGGSEAELAEFEESTAMEEHW 26 33.3
LOEYKGKGNPEVEALRKEAAATRDELQAYRHN P )
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g34 | MGSWLYFKSDLAWIKWRLEALGGSEAELADFEEATAEFEQA 56 212
LOIYKGKGNPEVEALRKEAAATRDELQAYRHN 1% ’
g35 | MGSWKLFKYELAWIKWRLEALGGSEAELADFEASTAQFEKY 026 534

LOTYKGKGNPEVEALRKEAAATRDELQAYRHN

836 MGSWYLFKNELAWIKWRLEALGGSEAELADFEMVIAMFEDH 26 31.1
LOEYKGKGNPEVEALRKEAAATRDELQAYRHN P )

837 MGSWVYFKAHLAFTKWELEALGGSEAELANFESTIAEFEKY 26 20.8
LOVYKGKGNPEVEALRKEAAATRDELQAYRHN P )

MGSWMYFKSHLAWIKWELEALGGSEAELAFFEDNIAQFEYW

838 LOLYKGKGNPEVEALRKEAAATRDELQAYRHN p26 19.8

839 MGSWILFKWDLAFTKWOQLEALGGSEAELAWFEYEIAAFEDS 26 12.1
LONYKGKGNPEVEALRKEAAATRDELQAYRHN 1% )
MGSWILFKEDLAFTKWOQLEALGGSEAELAWFETTIANFESD

840 o p26 23.3

LOKYKGKGNPEVEALRKEAAATRDELQAYRHN

841 MGSWYFFKSRLAYTIKVYLEALGGSEAELAGFEWEIAHFEEW 26 30.1
LORYKGKGNPEVEALRKEAAATRDELQAYRHN P )

842 MGSWYIFKSELAWIKWYLEALGGSEAELANFEVEIATEFETW 26 29.6
LOGYKGKGNPEVEALRKEAAATRDELQAYRHN P )

MGSWYIFKQELASTIKLSLEALGGSEAELAHFEAETAWEEWW

843
LOWYKGKGNPEVEALRKEAAATRDELQAYRHN

p26 19.4

844 MGSWVRFKTELAYTIKESLEALGGSEAELAMFESEIATFEHS 26 20.5
LOTYKGKGNPEVEALRKEAAATRDELQAYRHN 1% )

845 MGSWYLFKTELAATKYRLEALGGSEAELASFEYEIAWEFEHT 26 20.1
LOFYKGKGNPEVEALRKEAAATRDELQAYRHN 1% )

MGSWYWEFKYELAETKWHLEALGGSEAELAHFEHSIAVEFESQ

846 LOOYKGKGNPEVEALRKEAAATRDELQAYRHN

p26 21.5

847 MGSWWVEKKTLAETKWTLEALGGSEAELAYFEAETIAFFEFT 26 18.6
LOOYKGKGNPEVEALRKEAAATRDELQAYRHN P )

MGSWVYFKDHLAETIKSQLEALGGSEAELALFEYDIAWEFEFT

848
LOYYKGKGNPEVEALRKEAAATRDELQAYRHN

p26 22.1

MGSWVYFKHRLAETKDQLEALGGSEAELAEFETDIAWEEWM

849 LOYYKGKGNPEVEALRKEAAATRDELQAYRHN

p26 11.1

850 MGSWIIFKTDLARIKNYLEALGGSEAELATFERDIAWEFEFM 26 16.7
LOIYKGKGNPEVEALRKEAAATRDELQAYRHN 1% )

MGSWMHEFKODLAETKGYLEALGGSEAELATFEMDIAWEFEYM

851 LOYYKGKGNPEVEALRKEAAATRDELQAYRHN

p26 18.9

MGSWQIFKODLAATKDYLEALGGSEAELATFEFDIAWEFEHM

852 LOWYKGKGNPEVEALRKEAAATRDELQAYRHN

p26 17.4

853 MGSWLAFKEDLAHTIKSILEALGGSEAELAEFEHDIAWEFEYM 26 18.6
LOYYKGKGNPEVEALRKEAAATRDELQAYRHN P )

854 MGSWEVEFKEDLAGIKFILEALGGSEAELAMFETDIAWEFEYM 26 14.2
LOYYKGKGNPEVEALRKEAAATRDELQAYRHN P )

855 MGSWTHFKEDLAHTKDRLEALGGSEAELAAFELDIAWEFEFM 26 30.4
LOYYKGKGNPEVEALRKEAAATRDELQAYRHN 1% )

856 MGSWYYFKERLAATKDRLEALGGSEAELATFEADIAWEFEFM 26 31.5
LOYYKGKGNPEVEALRKEAAATRDELQAYRHN 1% )

857 MGSWYTFKGSLAETIKNRLEALGGSEAELAMFESDIAWEFEFM 26 32.3
LOFYKGKGNPEVEALRKEAAATRDELQAYRHN P )
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g5g | MGSWETFKDDLAQTKNRLEALGGSEAELANFEMSTAWFEFM 56 30.8
LOYYKGKGNPEVEALRKEAAATRDELQAYRHN 1% ’
g5 | MGSWVLFKODLAMIKQRLEALGGSEAELAMFEYDIAWFEHM 06 59,7
LOYYKGKGNPEVEALRKEAAATRDELQAYRHN P ’
860 | MGSWVEFKRDLANTKQRLEALGGSEAELAQFEMQTAWFEHT 026 30.4

LOYYKGKGNPEVEALRKEAAATRDELQAYRHN

861 MGSWSYFKEDLANIKSSLEALGGSEAELAWFESSIAWFEHT 26 11.6
LOYYKGKGNPEVEALRKEAAATRDELQAYRHN P )

MGSWSIFKODLADIKDSLEALGGSEAELAMFEMDIAWFEHT

862 LOYYKGKGNPEVEALRKEAAATRDELQAYRHN

p26 16.6

863 MGSWEIFKDDLASTIKKVLEALGGSEAELALFESDIAWEFELM 26 27.9
LOYYKGKGNPEVEALRKEAAATRDELQAYRHN 1% )

MGSWSIFKDDLAVIKERLEALGGSEAELAHFEQDIAWFEHL

864 LOYYKGKGNPEVEALRKEAAATRDELQAYRHN

p26 25.6

MGSWSVEFKDDLAQIKDRLEALGGSEAELAQFELDIAWEFEYV

86> LOFYKGKGNPEVEALRKEAAATRDELQAYRHN

p26 30.3

866 MGSWAVEFKDSLAHTIKDVLEALGGSEAELALFEMDIAWEEYV 26 24 .1
LODYKGKGNPEVEALRKEAAATRDELQAYRHN P )

MGSWIAFKDHLAITKOQRLEALGGSEAELARFEFEIAWEFEWM

867
LOYYKGKGNPEVEALRKEAAATRDELQAYRHN

p26 29.9

868 MGSWIHFKNDLAVIKDELEALGGSEAELARFEIMIAWEEDA 26 17.9
LOWYKGKGNPEVEALRKEAAATRDELQAYRHN 1% )

MGSWMVEFKODLAETKANLEALGGSEAELADFEFATAWFEYE

869 LOWYKGKGNPEVEALRKEAAATRDELQAYRHN p26 17.8

870 MGSWKNFKLELALTKSKLEALGGSEAELAQFEADIAFFEWS 026 20.6
LOWYKGKGNPEVEALRKEAAATRDELQAYRHN

871 MGSWHSFKODLAYTIKYLLEALGGSEAELAQFEELIAFFEYY 026 25 . 6
LOTYKGKGNPEVEALRKEAAATRDELQAYRHN

872 MGSWVVEFKSSLAQIKILLEALGGSEAELATFEVKIAHFEQE 026 5.6
LOEYKGKGNPEVEALRKEAAATRDELQAYRHN

873 MGSWDQFKNSLASTIKRVLEALGGSEAELATFEVKIAHFEHFE 026 15. 6
LOOYKGKGNPEVEALRKEAAATRDELQAYRHN

874 MGSWNNEFKSSLASTIKQVLEALGGSEAELAVFELQIAHFERE 026 o4 .1
LOYYKGKGNPEVEALRKEAAATRDELQAYRHN

875 MGSWVEFGHRLWAIDQRLYALGGSEAELAAFEKETIAAFESE CDh137
LOAYKGKGNPEVEKLRQRAAFIRFRLOAYRHN

876 MGSWAEFKQRLAATKTRLEALGGSEAELAAFLGEIWAFEME CDh137
LAAYKGKGNPEVEALGREAAATRMELOAYRHN (BB10)

877 MGSWYEFDLRLHATYDRLVALGGSEAELAAFEKEIAAFESE CD47
LOAYKGKGNPEVETILRDNAAYTROMLOAYRHN

878 MGSWHEFHDRLOATHERLYALGGSEAELAAFEKEIAAFESE CTLA4
LOAYKGKGNPEVESLRIAAAHTROVLOAYRHN

879 MGSWNYFKDHLAWIKNSLEALGGSEAELAHFETATASFERQ DR5
LOEYKGKGNPEVEALRKEAAATRDELQAYRHN

880 MGSWLWEKIFLAETIKYFLEALGGSEAELAAFDFETHAFHVE KIR
LFAYKGKGNPEVEVLREVAAETRWDLOAYRHN

881 MGSWTEFQSRLDATHSRLRALGGSEAELAAFEKEIAAFESE PDL1

LOAYKGKGNPEVELLRDDAAFIRHFLOAYRHN
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882 MGSWVVFKVDLATIKYILEALGGSEAELAEFEGEIAGFEYS | TIM3
LOFYKGKGNPEVEALRKEAAATIRDELQAYRHN

883 MGSWTIFKEWLAFIKTDLEALGGSEAELAFFEGWIASFEME | PD1
LOKYKGKGNPEVEALRKEAAATIRDELQAYRHN

884 MGSWEEFELRLNAIEERLYALGGSEAELAYFEYVIADFEGN | CD19
LORYKGKGNPEVEALYFEADAIFEELVAYRHN

885 MGSWVVFKQRLAYIKDLLEALGGSEAELAYFEMSIAFFEED | CD22
LOVYKGKGNPEVEALRKEAAATIRDELQAYRHN

586 | MGSWVEFYERLDAIDRRLWALGGSEAELAAFEKEIAAFESELOAYK 026
GKGNPEVEELRVHAASIRAWLQAYRHN

gg7 | MGSWFEFYDRLNAIDARLWALGGSEAELAAFEKEIAAFESELQAYK 026
GKGNPEVESLRAHAAATIREWLQAYRHN

ggg | MGSWSEFYDRLNAIDARLWALGGSEAELAAFEKEIAAFESELOAYK 026
GKGNPEVESLRVHAAAIREWLQAYRHN

889 | MGSWSEFYDRLNAIDARLWALGGSEAELAAFEKEIAAFESELQAYK 026
GKGNPEVESLRAHAAATIREWLQAYRHN

590 | MGSWSEFYDRLNAIDARLWALGGSEAELAAFEKEIAAFESELOAYK 026
GKGNPEVESLKAHAAATIREWLQAYRHN

591 | MGSWSEFYDRLNAIDARLWALGGSEAELAAFEKEIAAFESELOAYK 026
GKGNPEVESLQAHAAATIREWLQAYRHN

g9y | MGSWSEFYDRLNAIDARLWALGGSEAELAAFEKEIAAFESELQAYK 026
GKGNPEVESLRAHAAGIREWLQAYRHN

593 | MGSWFEFYDRLNAIDARLWALGGSEAELAAFEKEIAAFESELOAYK 026
GKGNPEVESLREHAAHI REWLQAYRHN

594 | MGSWFEFYDRLNAIDARLWALGGSEAELAAFEKEIAAFESELOAYK 026
GKGNPEVESLREHAAAIREWLQAYRHN

gg5 | MGSWSEFYDRLNAIDARLWALGGSEAELAAFEKEIAAFESELQAYK 026
GKGNPEVESLREHAAAIREWLQAYRHN

59¢ | MGSWVEFEARLSAIYERLEALGGSEAELAAFEKEIAAFESELOAYK | CS1
GKGNPEVEKLRRHAAGIRSNLQAYRHN

497 | MGSWVEFFVRLDATWERLEALGGSEAELAAFEKEIAAFESELQAYK | CS1
GKGNPEVETLRFHAAGIROKLQAYRHN

g9g | MGSWTEFNLRLDAIYERLEALGGSEAELAAFEKEIAAFESELOAYK | CS1
GKGNPEVEALRWHAAGIRQQOLQAYRHN

599 | MGSWMEFYDRLDAIWVRLEALGGSEAELAAFEKEIAAFESELOAYK | CS1
GKGNPEVEVLRFHAAGIREQLQAYRHN

900 | MGSWHEFNGRLWAIYARLDALGGSEAELAAFEKEIAAFESELQAYK | CS1
GKGNPEVETLRRHAAGIRGILQAYRHN

501 | MGSWYEFVORLHAINDRLSALGGSEAELAAFEKEIAAFESELOAYK | CS1
GKGNPEVEVLRRHAAGIRYTLQAYRHN

90y | MGSWAEFYQRLNATWNRLEALGGSEAELAAFEKEIAAFESELQAYK | CS1
GKGNPEVEVLRRHAAGIRGQLQAYRHN

503 | MGSWVEFNERLHAIYLRLDALGGSEAELAAFEKEIAAFESELOAYK | CS1
GKGNPEVETLRRHAAGI RWQLQAYRHN

904 | MGSWNEFKLELAFIKDWLEALGGSEAELANFEEAIAEFEAGLOGYK | CS1
GKGNPEVEALRKEAAAIRDELQAYRHN

905 | MGSWMEFEARLEATWDRLEALGGSEAELAAFEKEIAAFESELQAYK | CS1
GKGNPEVESLRFHAAGIRQHLQAYRHN

506 | MGSWVEFEDRLNAIWWRLEALGGSEAELAAFEKEIAAFESELOAYK | CS1
GKGNPEVEKLRRHAAGIRTQLQAYRHN

507 | MGSWHHFKMHLAGIKLOLEALGGSEAELAEFEEWIADFEGALODYK | CS1
GKGNPEVEALRKEAAAIRDELQAYRHN
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508 | MGSWAEFFARLDAIWERLEALGGSEAELAAFEKEIAAFESELOAYK | CS1

GKGNPEVETLRFHAAGIROKLOAYRHN

MGSWAEFFARLDAIWDRLEALGGSEAELAAFEKEIAAFESELQAYK | CS1

909 GKGNPEVETLRFHAAGIROKLOAYRHN

MGSWAEFFARLDAIWERLEALGGSEAELAAFEKEIAAFESELQAYK | CS1

910 GKGNPEVETLKFHAAGIROKLOAYRHN

911 MGSWHEFRWRLFAIWQRLHALGGSEAELAAFEKEIAAFESELQAYK HER?
GKGNPEVEWLRLDAALIRVMLQAYRHN 10.02

912 MGSWAEFRWRLHAIWLKLGELGGSEAELAAFEKEIAAFESELQAYK | HER2
GKGNPEVEWLREDAEQIKYILQAYRHN

913 MGSWAEFRWALHAIWLKLGELGGSEAELAAFEKEIAAFESELQAYK | HER2
GKGNPEVEWLREDAEQIKYILQAYRHN

914 MGSWAEFRWRLHAIWLKLGALGGSEAELAAFEKETIAAFESELQAYK | HER2
GKGNPEVEWLRQDAAQIKYILQAYRHN

915 MGSWAEFRWRLHAIWLOLGALGGSEAELAAFEKEIAAFESELQAYK | HER2
GKGNPEVEWLRQDAAQIKYILQAYRHN

916 MGSWAEFRWRLHAIWLRLGALGGTEAELAAFEKEIAAFESELQAYK | HER2
GKGNPEVEWLRQDAAQIKYILQAYRHN

917 MGSWAEFRWRLHAIWLRLGALGGSEAELAAFEKEIAAFESELQAYK | HER2
GKGNPEVEWLRQDAAQIKYILQAYRHN

918 MGSWAEFRWKLEAIWLRLGALGGSEAELAAFEKEIAAFESELQAYK | HER2
GKGNPEVEWLRQDAAQIKYILQAYRHN

919 MGSWAEFRWKLGAIWLRLGALGGSEAELAAFEKEIAAFESELQAYK | HER2
GKGNPEVEWLRQDAAQIKYILQAYRHN

920 MGSWYEFRWRLHAIWLRLGALGGSEAELAAFEKEIAAFESELQAYK | HER2

GKGNPEVEWLRQDAAQIRYILQAYRHN 7.18
921 MGSWHEFLRRLLAIEMRLYALGGSEAELAAFEKEIAAFESELQAYK | HER2
GKGNPEVEHLRVRAASIROMLOAYRHN 8.15
922 MGSWWGFKVNLAWIKWKLEALGGSEAELAYFELWIANFEHSLOEYK | HER2
GKGNPEVEALRKEAAATIRDELQAYRHN 8.69
923 MGSWVNFKTHLARIKVHLEALGGSEAELALFEHDIANFEQVLOQYK | HER2
GKGNPEVEALRKEAAATIRDELQAYRHN 7.91
924 MGSWLVFKDELAGIKNYLEALGGSEAELATFEQDIAWFEQWLONYK | HER2
GKGNPEVEALRKEAAATIRDELQAYRHN 3.28
925 MGSWKTFKIELAGIKLELEALGGSEAELAGFENATAQFESSLOYYK | HER2
GKGNPEVEALRKEAAATIRDELQAYRHN 4.95
926 MGSWWEFKVRLSAIQYRLYALGGSEAELAAFEKEIAAFESELQAYK | HER2
GKGNPEVEALREQAALIRTILQOAYRHN 5.17
927 MGSWWEFHIRLHAINYRLAALGGSEAELAAFEKEIAAFESELQAYK | HER2
GKGNPEVEALRELAAKIRGDLQAYRHN 11.90
928 MGSWWEFQVRLRAIQYRLNALGGSEAELAAFEKEIAAFESELQAYK | HER2
GKGNPEVEYLRGLAAQIRFDLQOAYRHN 14.39
929 MGSWWEFKIRLYAIEYRLNALGGSEAELAAFEKEIAAFESELQAYK | HER2
GKGNPEVEALRAKAAQIRYNLQAYRHN 4.49
930 MGSWFEFNIRLHAIEYRLKALGGSEAELAAFEKEIAAFESELQAYK | HER2
GKGNPEVEELRNYAASIRKLLOAYRHN 7.86
931 MGSWFEFEIRLRAIEYRLSALGGSEAELAAFEKEIAAFESELQAYK | HER2
GKGNPEVEKLRELAAEIRYALQAYRHN 7.75
932 MGSWFEFKIRLYAIQYRLSALGGSEAELAAFEKEIAAFESELQAYK | HER2
GKGNPEVEELRNLAAEIRHSLOAYRHN 13.08

933 MGSWWEFKVRLRAIEYRLSALGGSEAELAAFEKEIAAFESELQAYK | HER2
GKGNPEVEELRVLAASIRIHLQOAYRHN 10.09
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SEQ NO:| D-Domain Sequence Target |ELISA_avg
934 | MGSWSEFWFRLHAILYRLOALGGSEAELAAFEKEIAAFESELOAYK | HER2
GKGNPEVETLRDAAAETI RVALQAYRHN 14.79
935 | MGSWIEFWVRLNAILYRLYALGGSEAELAAFEKEIAAFESELQAYK | HER2
GKGNPEVEALRDSAAET RRWLQAYRHN 3.91
936 | MGSWVEFWIRLNAIKYRLLALGGSEAELAAFEKEIAAFESELOAYK | HER2
GKGNPEVEKLRQDAADI RELLQAYRHN 10.62
937 | MGSWTEFWWRLSAIVYRLNALGGSEAELAAFEKEIAAFESELOAYK | HER2
GKGNPEVEELRDMAADI RSLLQAYRHN 5.76
938 | MGSWWEFYLRLRAISYRLOALGGSEAELAAFEKEIAAFESELQAYK | HER2
GKGNPEVEGLRQDAAET RKLLQAYRHN 5.10
939 | MGSWWEFHVRLRAIEYRLEALGGSEAELAAFEKEIAAFESELOAYK | HER2
GKGNPEVEQLRLIAANTRHLLQAYRHN 5.48
940 | MGSWWEFHVRLKAIEYRLLALGGSEAELAAFEKEIAAFESELQAYK | HER2
GKGNPEVEDLRYTAANTRQLLOAYRHN 4.56

941 MGSWWEFKVRLKAIEYRLLALGGSEAELAAFEKEIAAFESELQAYK | HER2
GKGNPEVEDLRYIAANIRQOLLOAYRHN

942 MGSWWEFQVRLAAIEYRLKALGGSEAELAAFEKEIAAFESELQAYK | HER2

GKGNPEVENLRQLAAHIRSVLQOAYRHN 6.33
943 MGSWWEFQVRLSAIEYRLTALGGSEAELAAFEKEIAAFESELQAYK | HER2
GKGNPEVEELRQKAARIRSLLOAYRHN 9.61
944 MGSWWEFNIRLHAIDYRLKALGGSEAELAAFEKEIAAFESELQAYK | HER2
GKGNPEVELLREKAAQIRAQLQOAYRHN 9.75
945 MGSWWEFRVRLEAIDYRLKALGGSEAELAAFEKEIAAFESELQAYK | HER2
GKGNPEVEYLRMKAATIRAILQOAYRHN 6.82
946 MGSWYEFDIRLEAIKYRLSALGGSEAELAAFEKEIAAFESELQAYK | HER2
GKGNPEVEYLRKKAAVIRSMLQOAYRHN 5.35
947 MGSWWEFRIRLEAIWYRLHALGGSEAELAAFEKEIAAFESELQAYK | HER2
GKGNPEVEDLRIFAANIRSKLQOAYRHN 8.04
948 MGSWWEFNVRLQAIKYRLSALGGSEAELAAFEKEIAAFESELQAYK | HER2
GKGNPEVEDLRKTAAHIRWQLQOAYRHN 5.23
949 MGSWWEFNVRLSAIRYRLLALGGSEAELAAFEKEIAAFESELQAYK | HER2
GKGNPEVEDLRASAAQIRAMLOAYRHN 6.73
950 MGSWWEFNMRLSAIKYRLYALGGSEAELAAFEKEIAAFESELQAYK | HER2
GKGNPEVEILRRLAADIRERLQAYRHN 3.08
[0346] In some embodiments, the disclosure provides compositions comprising one or more

of the DD sequences disclosed on Table 1. In other embodiments, the disclosure provides
compositions comprising one or more DDs comprising a sequence with 60-70%, 70-75%, 75-80%,
80-85%, 85-90%, 95-99% homology (and overlapping ranges therein) with a sequence disclosed in
Table 1. In some embodiments, the DD(s) having such homology are functionally similar or identical
as compared to the respective reference sequence in Table 1. In some embodiments, the disclosure
provides a polypeptide that comprises one or more DD that compete with (wholly or partially) one or
more of the DD sequences disclosed in Table 1 (reference sequence) for its respective target. The

ability of one polypeptpide to compete with a reference polypeptide for binding to a respective target
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can routinely be determined using a standard competition assay known in the art. In some
embodiments, competition does not require that the polypeptide competes for the same epitope as a
polypeptide (DD) of Table 1, rather the polypeptide can compete by binding a sterically inhibiting

epitope, an overlapping epitope, efc.

Affinity Maturation and de-immunization of DD and DDpp

[0347] Affinity maturation strategies can be used to generate high affinity DD and DDpp that
can be used in the DDpp fusion proteins described herein. An improved DD and DDpp that specifically
binds a desired target (e.g., BCAM, CD123, CS1, HER2, AFP, and AFP p26) can also be prepared
based on a known DDpp reference sequence. For example, at least one, two, three, four, five, or more
amino acid mutations (e.g., conservative or non-conservative substitutions), deletions or insertions can
be introduced into a DD sequence disclosed in Table 1 (i.e., a reference sequence) and the resulting
DDpp can be screened for binding to the respective target and biological activity, such as the ability
to antagonize the biological activity of the respective target or agonize the biological activity of the
respective target.

[0348] The discosed DDpp, particularly those administered to a subject, are preferably not
antigenic with respect to the subject (e.g., human). In some embodiments, the sequence of the DDpp
does not contain a human HLA-DR binding motif or cleavage sites for proteasomes and immune-
proteasomes. In particular embodiments, the DDpp sequence does not contain an antigenic sequence
as determined by a computer prediction model version existent on the filing date of this specification.
In particular embodiments, the DDpp sequence does not contain an MHC (class I or class II) binding
site sequence as predicted by an algorithm selected from ProPred (see, e.g., Singh, Bioinformatics
17(12): 1236-1237 (2001)), ProPred1 (Singh, Bioinformatics 19(8): 1009-14 (2003)), SYFPEITHI
(see, e.g., Schuler, Immunoinf. Meth. in Mol. Biol. 409(1): 75-93 (2007)), SMM-align (see, e.g.,
Nielsen, BMC Bioinformatics 8: 238 (2007)), RANKPEP (see, e.g., Reche, Hum Immunol 63:
701-709. (2004)), or TEPITOPE (see, Sturniolo, Nat Biotechnol 17: 555-561 (1999)), wherein the
version of the algorithm and the applied database are in existence on the filing date of this application.
In some embodiments, the DDpp does not contain a sequence that shares characteristics with a high
affinity (binding threshold less than 6%) T cell epitope. (Singh, Bioinformatics 17: 1236-1237 (2001)).
In some embodiments, the DDpp does not contain a sequence that shares characteristics with a

promiscuous (present in greater than 50% of relevant alleles) T cell epitope (Singh, Bioinformatics
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17: 1236-1237 (2001)). In some embodiments, the DDpp does not contain a sequence that shares
characteristics with a high affinity or a promiscuous T cell epitope. In particular embodiments, the
DDpp does not contain the sequence LAAIKTRLQ (SEQ ID NO: 2). Techniques for generating,
screening, and identifying affinity matured DDpp variants and target-binding DDpp variants
containing a sequence alteration that removes a predicted MHC (class I or class IT) binding site
sequence are known in the art.

Articles of Manufacture
[0349] Articles of manufacture, including, kits, are provided herein. The article of manufacture
may comprise a container and a label or package insert on or associated with the container. Suitable
containers include, for example, bottles, vials or syringes. The containers may be formed from a
variety of materials such as glass or plastic. The container holds one or more DDpp, nucleic acids
encoding DDpp and/or vectors or host cells of the present disclosure. The label or package insert may
include directions for performing affinity based screening and/or detection.
[0350] Also provided are kits containing a DDpp. Such kits have uses including, but not
limited to detecting the target of interest to which the DDpp specifically binds (e.g., BCMA, CD123,
CS1, HER2, AFP, or AFP p26)). Such assay kit may be useful in screening for the presence of a target
of interest and/or quantitating the concentrations of a target of interest in a fluid, such as, a biological
fluid (e.g., blood, serum, or synovial fluid).
[0351] In one embodiment a DDpp assay kit is contemplated which comprises one or more
containers of a DDpp that specifically binds a target of interest and, optionally, a detection means for
determining the presence or absence of a target/DDpp interaction or the absence thereof. The kit
further optionally contains target of interest protein (e.g.,, BCMA, CD123, CS1, HER2, AFP, or AFP
p26) that may be used, for example as a control or standard. The DDpp may be free or expressed on
the surface of a host cell or on the surface of a bacteriophage. In a specific embodiment, the DDpp or
target of interest provided in the kit is labeled. Any label known in the art can be used. In some
embodiments, the label is selected from the group consisting of biotin, a fluorogen, an enzyme, an
epitope, a chromogen, or a radionuclide. In some embodiments, the DDpp is immobilized on a solid
support. The detection means employed to detect the label will depend on the nature of the label and
can be any known in the art, e.g., film to detect a radionuclide; an enzyme substrate that gives rise to

or amplifies a detectable signal to detect the presence of a target of interest.
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[0352] Preferably, the kit further comprises a solid support for the DDpp, which may be
provided as a separate element or on which a DDpp that specifically binds a target of interest (e.g.,
BCMA, CD123, CS1, HER2, AFP, or AFP p26) is immobilized. Hence, the DDpp that specifically
binds the target of interest in the kit may be immobilized on a solid support, or they may be
immobilized on such support that is included with the kit or provided separately from the kit.
Preferably, DDpp is coated on a microtiter plate. In some embodiments, the detection involves a signal
amplifying molecule. Where the signal amplifying molecule is an enzyme, the kit optionally further
includes substrates and cofactors required by the enzyme, and where the amplifying molecule is a
fluorophore. The kit optionally further includes a dye precursor that provides the detectable
chromophore.

[0353] The kit may also contain instructions for carrying out the assay as well as other
additives such as stabilizers, washing and incubation buffers, and the like. The components of the kit
will be provided in predetermined ratios, with the relative amounts of the various reagents suitably
varied to provide for concentrations in solution of the reagents that substantially maximize the
sensitivity of the assay. Particularly, the reagents can be provided as dry powders, usually lyophilized,
including excipients, which on dissolution will provide for a reagent solution having the appropriate
concentration for combining with the sample to be tested.

[0354] Various formats and techniques for binding assays that can be used are known in the
art and include but are not limited to, immobilization to filters such as nylon or nitrocellulose; two-
dimensional arrays, enzyme linked immunosorbent assay (ELISA), radioimmuno-assay (RIA),
competitive binding assays, direct and indirect sandwich assays, immunoprecipitation assays,
fluorimetric microvolume assay technology (FMATTM), LuminexTM system assays, fluorescent
resonance energy transfer (FRET), bioluminescence resonance energy transfer (BRET),
electroimmunoassays, AlphaScreenTM, nanoparticle-derived techniques, and surface plasmon
resonance (SPR).

[0355] Binding assays can be homogeneous or semi-homogeneous. A homogeneous assay is
an assay where all the components are mixed together, incubated, and then analyzed. A
semi-homogeneous assay is one where the majority of the reaction takes place as a complex mixture,
but a washing step is required prior to the addition of a final reagent and analysis, in contrast to a

typical stepwise assembly sandwich assay where each component is added then washed off before the
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next component is added. In some embodiments, the assay is an immunoassay. In certain
embodiments, the assay is a semi-homogeneous Enzyme Immuno-Assay (EIA).
Uses

[0356] DDpp, whether alone, as fusion proteins, as chemical conjugates or as other
embodiments, described herein, have a variety of applications. In some embodiments, DDpp are used
as detection reagents, diagnostic reagents or analytical reagents. Some embodiments, have in vivo, in
vitro and/or ex vivo applications. Methods that employ the DDpp in vitro can be performed in different
formats, such as in microtiter plates, in protein arrays, on biosensor surfaces, on tissue sections, and
in additional formats that would be apparent to a person skilled in the art. Likewise, methods that
employ the DDpp in vivo can be used in different formats that include but are not limited to DDpp-Fc
fusion proteins, CAR cells, and DDpp multi-specific antibodies. In particular embodiments, DDpp

such as DDpp fusion proteins are used as a therapeutic agent.

Analytical and Diagnostic Applications
[0357] Whether alone, as fusion proteins, as chemical conjugates or as other embodiments,

described herein, DDpp have a variety of applications. In some embodiments, DDpp are used as
detection reagents of targets of interest in a variety of different sample types.

[0358] In one embodiment a DDpp are used to detect targets of interest in solutions involved
in manufacturing processes, such as protein expression. Samples may include, but are not limited to,
water, buffers, in-process purification samples, bulk drug substance and final drug product. In still
additional embodiments, the DDpp can be used to detect contaminants from a sample, such as a water
supply source or water (or other fluid) used in manufacturing.

[0359] In another embodiment, DDpp are used to detect targets of interest in diagnostic
samples. Samples may include, but are not limited to tissue homogenates, cell extracts, biopsy
samples, sera, plasma, lymph, blood, blood fractions, urine, synovial fluid, spinal fluid, saliva,
mucous, sputum, pleural fluid, nipple aspirates, fluid of the respiratory, intestinal, and genitourinary
tracts, tear fluid, breast milk, fluid from the lymphatic system, semen, cerebrospinal fluid, intra-organ
system fluid, ascitic fluid, tumor cyst fluid, aminotic fluid, and media or lysate from cultured cells.
[0360] In one embodiment, the DDpp are useful for detecting the presence of a factor or
multiple factors (e.g., antigens or organisms) in a biological sample. The term "detecting" as used

herein encompasses quantitative or qualitative detection. In certain embodiments, a biological sample
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comprises a cell, tissue or fluid. In certain embodiments, such tissues include normal and/or cancerous
tissues.

[0361] Various formats and techniques for detection are known in the art and include but are
not limited to Western Blot analysis, Immunohistochemistry, ELISA, FACS analysis, enzymatic
assays, autoradiography and any of the binding assays mentioned herein.

[0362] In one embodiment, a method is provided for detecting a target of interest (e.g., BCMA,
CD123, CS1, HER2, AFP, or AFP p26) in a solution containing the target comprising: (a) contacting
the solution with a DDpp that specifically binds the target of interest under conditions suitable for
specific binding of the DDpp to the target and (b) detecting binding of the DDpp and target. The DDpp
may be either free or immobilized. Sufficient time is allowed to permit binding between the target of
interest and the DDpp, and non-binding components in the solution or mixture are removed or washed
away. The formation of a binding complex between the DDpp and the target of interest can then be
detected, for example, by detecting the signal from a label on the DDpp, which is one component of
the binding complex. A label may be any label that generates a signal that can be detected by standard
methods, such as a fluorescent label, a radioactive compound, or an enzyme that reacts with a substrate
to generate a detectable signal. Examples of suitable labels for such purposes are described herein
and/or otherwise known in the art.

[0363] DDpp that bind to a target of interest such as BCMA, CD123, CS1, HER2, AFP, or
AFP p26 can be detectably labeled through the use of radioisotopes, affinity labels (such as biotin,
avidin, efc.), enzymatic labels (such as horseradish peroxidase, alkaline phosphatase, efc.) using
methods known in the art, such as described in WO00/70023 and (Harlow and Lane (1989) Antibodies,
Cold Spring Harbor Laboratory, pp. 1-726).

[0364] The detectable marker or label can be any which is capable of producing, either directly
or indirectly, a measurable signal, such as a radioactive, chromogenic, luminescence, or fluorescent
signal, which can be used to quantitate the amount of bound detectable moiety or label in a sample.
Detectable labels known in the art include radioisotopes, such as *H, “C, *?P, 3°S, or %I,
electrochemiluminescent labels (such as Ruthenium (Ru)-based catalyst in conjunction with
substrates, efc.), luminescent or bioluminescent labels (e.g., Europium, Vanadium), fluorescent or
chemiluminescent compounds, such as fluorescein isothiocyanate, rhodamine, or luciferin, enzymes

(e.g., enzyme, such as alkaline phosphatase, beta-galactosidase, or horseradish peroxidase),
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colorimetric labels such as colloidal gold, colored glass or plastic beads (e.g, polystyrene,
polypropylene, latex, efc.), paramagnetic atoms or magnetic agents, electron-dense reagents, a nano-
or micro-bead containing a fluorescent dye, nanocrystals, a quantum dot, a quantum bead, a nanotag,
dendrimers with a fluorescent label, a micro-transponder, an electron donor molecule or molecular
structure, or a light reflecting particle, the microparticles may be nanocrystals or quantum dots.
Nanocrystals are substances that absorb photons of light, then re-emit photons at a different
wavelength (fluorophores). In addition, additional fluorescent labels, or secondary antibodies may be
conjugated to the nanocrystals. Nanocrystals are commercially available from sources such as
Invitrogen and Evident Technologies (Troy, N.Y.). Other labels include E)-5-[2-(methoxycarbonyl)
ethenyl]cytidine, which is a nonfluorescent molecule that when subjected to ultraviolet (UV)
irradiation yields a product, 3 beta-D-ribofuranosyl-2,7-dioxopyrido[2,3-d]pyrimidine, which displays
a strong fluorescence signal.

[0365] Competitive inhibition can be determined by any method known in the art, for example,
competition ELISA assays. A DDpp, such as a DDpp fusion protein (e.g., a DDpp-Fc¢, DDpp-CAR, a
DDpp-scFv), or other molecule is said to "competitively inhibit" binding of a reference molecule to a
given epitope if it binds to that epitope to the extent that it blocks, to some degree, binding of the
reference molecule to the epitope. As used herein, a DDpp (e.g., a DDpp fusion protein), or other
molecule can be said to competitively inhibit binding of the reference molecule to a given epitope, for
example, by at least 90%, at least 80%, at least 70%, at least 60%, at least 50%, by at least 40%, at

least 30%, or at least 20%. The terms "compete," "ability to compete" and "competes with" are relative
terms used to describe a DDpp, such as a DDpp fusion protein, that produce at least 20%, at least 30%,
at least 40%, or at least 50% inhibition of binding of a reference molecule to a target by a DDpp such
as a DDpp fusion protein (e.g., a DDpp-Fc, DDpp CAR, a DDpp-scFv, and an antibody-comprising a
DDpp) as determined in a standard competition assay as described herein or otherwise known in the
art, including, but not limited to, competitive assay systems using techniques such as
radioimmunoassays (RIA), enzyme immunoassays (EIA), preferably the enzyme linked
immunosorbent assay (ELISA), "sandwich" immunoassays, immunoradiometric assays, fluorescent

immunoassays, luminescent, electrochemical luminescent, and immunoelectrophoresis assays.

Methods for determining binding and affinity of candidate binding molecules are known in the art and



CA 03082406 2020-05-11

WO 2019/099433 PCT/US2018/060887

173

include, but are not limited to, affinity chromatography, size exclusion chromatography, equilibrium

dialysis, fluorescent probe displacement, and plasma resonance.

Therapeutics
[0366] The DD described herein are useful in a variety of applications including, but not
limited to, therapeutic treatment methods, which may be in vitro, ex vivo, or in vivo methods.
[0367] The application as a therapeutic entity is an attribute of the target binding specificity of
the DDpp. The incorporation of DDpp within various molecular compositions, (e.g., a DD-antibody
fusions, DD-drug conjugates and DD-chimeric receptors) affords application in a variety of
therapeutic indications and modalities, which include, but not limited to soluble and cell-associated
compositions.
[0368] In one embodiment, the DDpp is a soluble fusion protein made up of an optional epitope
tag 10 and a targeting domain that binds to a target that is associated with a disease or disorder of the
metabolic, cardiovascular, musculoskeletal, neurological, or skeletal system. In other embodiments,
the DDpp is a soluble fusion protein that binds to a target that is associated with yeast, fungal, viral or
bacterial infection or disease. In some embodiments, the DDpp is a soluble fusion protein that binds
to a target that is associated with a disease or disorder of the immune system.
[0369] Also provided are therapeutic compositions useful for practicing therapeutic methods
described herein. In one embodiment, therapeutic compositions provided herein contain a
physiologically tolerable carrier together with at least one species of DDpp fusion as described herein,
dissolved or dispersed therein as an active ingredient. In another embodiment, therapeutic
compositions provided herein contain a physiologically tolerable carrier together with at least one
species of a DDpp as described herein, dissolved or dispersed therein as an active ingredient. In a
preferred embodiment, therapeutic composition is not immunogenic when administered to a human
patient for therapeutic purposes.
[0370] The preparation of a pharmacological composition that contains active ingredients
dissolved or dispersed therein is well understood in the art. Typically such compositions are prepared
as sterile injectables either as liquid solutions or suspensions, aqueous or non-aqueous. However, solid

forms suitable for solution, or suspensions, in liquid prior to use can also be prepared. The preparation
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can also be emulsified. Thus, a DDpp-containing composition can take the form of solutions,
suspensions, tablets, capsules, sustained release formulations or powders, or other compositional
forms. In some embodiments, the DDpp compositions (e.g., a DDpp fusion proteins) are formulated
to ensure or optimize distribution in vivo, For example, the blood-brain barrier (BBB) excludes many
highly hydrophilic compounds and if so desired, the compositions are prepared so as to increase
transfer across the BBB, by for example, formulation in liposomes. For methods of manufacturing
liposomes, see, e.g., U.S. Pat. Nos. 4,522,811, 5,374,548, and 5,399,331. The liposomes can comprise
one or more moieties that are selectively transported into specific cells or organs, thus enhance targeted
drug delivery (see, e.g., Ranade, Clin. Pharmacol. 29: 685 (1989)).

[0371] The DDpp (e.g. DDpp fusion protein) can be mixed other active ingredients and/or
excipients that are pharmaceutically acceptable and compatible with the active ingredient and in
amounts suitable for use in therapeutic methods described herein. Suitable excipients are, for example,
water, saline, dextrose, glycerol, ethanol or the like and combinations thereof. In addition, if desired,
the composition can contain minor amounts of auxiliary substances such as wetting or emulsifying
agents, pH buffering agents and the like which enhance the effectiveness of the active ingredient.
[0372] Therapeutic DDpp can include pharmaceutically acceptable salts of the components
therein. Pharmaceutically acceptable salts include the acid addition salts (formed with the free amino
groups of the polypeptide) that are formed with inorganic acids such as, for example, hydrochloric or
phosphoric acids, or such organic acids as acetic, tartaric, mandelic and the like. Salts formed with the
free carboxyl groups can also be derived from inorganic bases such as, for example, sodium,
potassium, ammonium, calcium or ferric hydroxides, and such organic bases as isopropylamine,
trimethylarnine, 2-ethylamino ethanol, histidine, procaine and the like.

[0373] Physiologically tolerable carriers are known in the art. Exemplary of liquid carriers are
sterile aqueous solutions that contain no materials in addition to the active ingredients and water, or
contain a buffer such as sodium phosphate at physiological pH value, physiological saline or both,
such as phosphate-buffered saline. Still further, aqueous carriers can contain more than one buffer salt,
as well as salts such as sodium and potassium chlorides, dextrose, propylene glycol, polyethylene

glycol, and other solutes.
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[0374] Liquid compositions can also contain liquid phases in addition to, and to the exclusion
of water. Exemplary of such additional liquid phases are glycerin, vegetable oils such as cottonseed
oil, organic esters such as ethyl oleate, and water-oil emulsions.

[0375] In one embodiment, a therapeutic composition contains a DDpp fusion protein,
typically in an amount of at least 0.1 weight percent of DDpp fusion protein per weight of total
therapeutic composition. A weight percent is a ratio by weight of DDpp fusion per total composition.
Thus, for example, 0.1 weight percent is 0.1 grams of DDpp per 100 grams of total composition.
[0376] A DDpp fusion protein-containing therapeutic composition typically contains about 10
micrograms (pg) per milliliter (ml) to about 100 milligrams (mg) per ml of DDpp fusion protein as
active ingredient per volume of composition, and more preferably contains about 1 mg/ml to about 10
mg/ml (i.e., about 0.1 to 1 weight percent).

[0377] The dosage ranges for the administration of the DDpp (e.g., a DDpp fusion protein) are
those large enough to produce the desired effect in which the disease symptoms mediated by the target
molecule are ameliorated. The dosage should not be so large as to cause adverse side effects, such as
hyperviscosity syndromes, pulmonary edema, congestive heart failure, and the like. Generally, the
dosage will vary with the age, condition, sex and extent of the disease in the patient and can be
determined by one of skill in the art. The dosage can be adjusted by the individual physician in the
event of any complication.

[0378] The DDpp (e.g., a DDpp fusion protein) can be administered parenterally by injection
or by gradual infusion over time. Although the target molecule can typically be accessed in the body
by systemic administration and therefore most often treated by intravenous administration of
therapeutic compositions, other tissues and delivery means are contemplated where there is a
likelihood that the tissue targeted contains the target molecule. Thus, DDpp can be administered
intravenously, intraperitoneally, intramuscularly, subcutaneously, intracavity, transdermally, and can
be delivered by peristaltic means. DDpp fusion proteins can also be delivered by aerosol to airways
and lungs.

[0379] Therapeutic compositions containing a DDpp can be conventionally administered
intravenously, as by injection of a unit dose, for example. The term "unit dose" when used in reference
to a therapeutic composition provided herein refers to physically discrete units suitable as unitary

dosage for the subject, each unit containing a predetermined quantity of active material calculated to
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produce the desired therapeutic effect in association with the required diluent; e.g., carrier, or vehicle.
In some embodiments, therapeutic compositions containing a DDpp are administered subcutaneously.
[0380] The DDpp (e.g., a DDpp fusion protein) are administered in a manner compatible with
the dosage formulation, and in a therapeutically effective amount. The quantity to be administered
depends on the subject to be treated, capacity of the subject's system to utilize the active ingredient of
the administered composition, and degree of therapeutic effect desired. Precise amounts of active
ingredient required to be administered depend on the judgment of the practitioner and are peculiar to
each individual. However, suitable dosage ranges for systemic application are disclosed herein and
depend on the route of administration. Suitable regimes for administration are also variable, but are
typified by an initial administration followed by repeated doses at one or more hour intervals by a
subsequent injection or other administration. Alternatively, continuous intravenous infusion sufficient
to maintain concentrations in the blood in the ranges specified for in vivo therapies are contemplated.
[0381] The DDpp compositions are formulated, dosed, and administered in a fashion
consistent with good medical practice. Factors for consideration in this context include the particular
disorder being treated, the particular mammal being treated, the clinical condition of the individual
patient, the cause of the disorder, the site of delivery of the agent, the method of administration, the
scheduling of administration, and other factors known to medical practitioners. The dosage ranges for
the administration of the DDpp are those large enough to produce the desired effect in which the
disease symptoms mediated by the target molecule are ameliorated. The dosage should not be so large
as to cause adverse side effects, such as, hyperviscosity syndromes, pulmonary edema, congestive
heart failure, and the like. Generally, the dosage will vary with the age, condition, sex and extent of
the disease in the patient and can be determined by one of skill in the art. The dosage can be adjusted
by the individual physician in the event of any complication.

[0382] The dosage schedule and amounts effective for therapeutic and prophylactic uses, i.e.,
the "dosing regimen," will depend upon a variety of factors, including the cause, stage and severity of
the disease or disorder, the health, physical status, age of the mammal being treated, and the site and
mode of the delivery of the DD. Therapeutic efficacy and toxicity of the complex and formation can
be determined by standard pharmaceutical, pharmacological, and toxicological procedures in cell
cultures or experimental animals. Data obtained from these procedures can likewise be used in

formulating a range of dosages for human use. Moreover, therapeutic index (i.e., the dose
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therapeutically effective in 50 percent of the population divided by the dose lethal to 50 percent of the
population (ED50/LD50)) can readily be determined using known procedures. The dosage is
preferably within a range of concentrations that includes the ED50 with little toxicity or none dose
limiting toxicity, and may vary within this range depending on the dosage form employed, sensitivity
of the patient, and the route of administration.

[0383] The dosage regimen also takes into consideration pharmacokinetics parameters known
in the art, such as, drug absorption rate, bioavailability, metabolism and clearance (see, e.g., Hidalgo-
Aragones, J. Steroid Biochem. Mol. Biol. 58: 611-617 (1996); Groning ef al., Pharmazie 51: 337-341
(1996), Fotherby, Contraception 54: 59-69 (1996); and Johnson ef al., J. Pharm. Sci. 84: 1144-1146
(1995)). It 1s well within the state and level of skill of the clinician to determine the dosage regimen
for each subject being treated. Moreover, single or multiple administrations of DDpp compositions
can be administered depending on the dosage and frequency as required and tolerated by the subject.
The duration of prophylactic and therapeutic treatment will vary depending on the particular disease
or condition being treated. Some diseases are amenable to acute treatment whereas others require long-
term, chronic therapy. DDpp can be administered serially, or simultaneously with the additional
therapeutic agent.

[0384] In some embodiments, the DDpp is administered at about 1 mg/kg to about 50 mg/kg,
about 1 mg/kg to about 25 mg/kg, about 1 mg/kg to about 20 mg/kg, about 1 mg/kg to about 15 mg/kg,
about 1 mg/kg to about 10 mg/kg, or about 1 mg/kg to about 5 mg/kg.

[0385] In another embodiment, the DDpp is administered in combination with one or more
additional therapeutics.

[0386] A therapeutically effective amount of the DDpp (e.g., a DDpp fusion protein) can be
an amount such that when administered in a physiologically tolerable composition is sufficient to
achieve a plasma concentration of from about 0.1 microgram (pg) per milliliter (ml) to about 100
ug/ml, preferably from about 1 ug/ml to about 5 pg/ml, and usually about 5 pg/ml. Stated differently,
the dosage can vary from about 0.1 mg/kg to about 300 mg/kg, preferably from about 0.2 mg/kg to
about 200 mg/kg, most preferably from about 0.5 mg/kg to about 20 mg/kg, in one or more dose
administrations daily, for one or several days.

[0387] In some embodiments, the DDpp described herein are useful for treating a disease or

disorder of the immune system, such as inflammation or an autoimmune disease.
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[0388] In some embodiments, the DDpp described herein are useful for treating cancer. Thus,
in some embodiments, the disclosure provides a method of treating cancer that comprises
administering a therapeutically effective amount of a DDpp (e.g. a DDpp fusion) to a patient.

[0389] In additional embodiments, the disclosure provides a chimeric antigen receptor (CAR),
wherein the CAR includes a targeting domain, a transmembrane domain, and an intracellular signaling
domain. In some embodiments, the targeting domain is made up of, at least in part, a target-binding
DDpp disclosed herein.

[0390] The disclosure also provides cells comprising a nucleic acid sequence encoding a CAR,
wherein the CAR comprises an antigen binding domain made up of, at least in part, a disclosed
polypeptide that binds a target of interest (e.g., BCMA, CD123, CS1, HER2, AFP, and AFP p26), a
transmembrane domain, and a signaling domain. In some embodiments, the CAR binds specifically
to a tumor antigen (and thus functions to deliver the cell expressing the CAR to the tumor. In some
embodiments, the tumor antigen is associated with a hematologic malignancy. In some embodiments,
the tumor antigen is BCMA. In some embodiments, the tumor antigen is CDI123. In some
embodiments, the tumor antigen is CS1. In additional embodiments, tumor antigen is associated with
a solid tumor. In some embodiments, the tumor antigen is HER2. In some embodiments, both solid
and hematologic tumors are targeted. In some embodiments, the cell expressing the CAR is a T cell,
a natural killer (NK) cell or other immune cell type. In some embodiments, the cell expressing the
CAR (whether T cell, NK cell or other cell type) exhibits an anti-tumor immunity when the
polypeptide binds to its corresponding tumor antigen.

[0391] In some embodiments, the disclosure provides a method of treating a subject having
cancer, comprising administering to the subject a therapeutically effective amount of a CAR immune
cell comprising a chimeric antigen receptor (CAR), wherein the CAR comprises a target binding
domain that comprises a DD that specifically binds BCMA (e.g., comprising an amino acid sequence
selected from the group consisting of SEQ ID NO: 11-305, and 306), a transmembrane domain, and
an intracellular domain (comprising a signaling domain). In some embodiments, the administered
CAR immune cell is a T cell. In some embodiments, the administered CAR immune cell is a NK cell.
In some embodiments, the administered CAR immune cell is not a T cell or an NK cell. In further
embodiments, a combination of different CAR immune cell types (e.g., NK cells and T cells) is

administered to the subject.
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[0392] In some embodiments, the target binding domain of the administered CAR immune
cell specifically binds BCMA expressed by a cancer cell of the subject, and induces the CAR immune
cell to generate a cytotoxic signal that results in cytotoxic effects on the cancer cell, thereby treating
the cancer.

[0393] In some embodiments, the disclosure provides a method of treating a subject having
cancer, comprising administering to the subject a therapeutically effective amount of a CAR immune
cell comprising a chimeric antigen receptor (CAR), wherein the CAR comprises a target binding
domain that comprises a DD that specifically binds CD123 (e.g., comprising an amino acid sequence
selected from the group consisting of SEQ ID NO: 307-739, and 740), a transmembrane domain, and
an intracellular domain (comprising a signaling domain). In some embodiments, the administered
CAR immune cell is a T cell. In some embodiments, the administered CAR immune cell is a NK cell.
In some embodiments, the administered CAR immune cell is not a T cell or an NK cell. In further
embodiments, a combination of different CAR immune cell types (e.g., NK cells and T cells) is
administered to the subject. In some embodiments, the target binding domain of the administered CAR
immune cell specifically binds CD123 expressed by a cancer cell of the subject, and induces the CAR
immune cell to generate a cytotoxic signal that results in cytotoxic effects on the cancer cell, thereby
treating the cancer.

[0394] In some embodiments, the disclosure provides a method of treating a subject having
cancer, comprising administering to the subject a therapeutically effective amount of a CAR immune
cell comprising a chimeric antigen receptor (CAR), wherein the CAR comprises a target binding
domain that comprises a DD that specifically binds CS1 (e.g., comprising an amino acid sequence
selected from the group consisting of SEQ ID NO: 896-909, and 910), a transmembrane domain, and
an intracellular domain (comprising a signaling domain). In some embodiments, the administered
CAR immune cell is a T cell. In some embodiments, the administered CAR immune cell is a NK cell.
In some embodiments, the administered CAR immune cell is not a T cell or an NK cell. In further
embodiments, a combination of different CAR immune cell types (e.g., NK cells and T cells) is
administered to the subject. In some embodiments, the target binding domain of the administered CAR
immune cell specifically binds CS1 expressed by a cancer cell of the subject, and induces the CAR
immune cell to generate a cytotoxic signal that results in cytotoxic effects on the cancer cell, thereby

treating the cancer.
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[0395] In some embodiments, the disclosure provides a method of treating a subject having
cancer, comprising administering to the subject a therapeutically effective amount of a CAR immune
cell comprising a chimeric antigen receptor (CAR), wherein the CAR comprises a target binding
domain that comprises a DD that specifically binds HER2 (e.g., comprising an amino acid sequence
selected from the group consisting of SEQ ID NO: 911-949, and 950), a transmembrane domain, and
an intracellular domain (comprising a signaling domain). In some embodiments, the administered
CAR immune cell is a T cell. In some embodiments, the administered CAR immune cell is a NK cell.
In some embodiments, the administered CAR immune cell is not a T cell or an NK cell. In further
embodiments, a combination of different CAR immune cell types (e.g., NK cells and T cells) is
administered to the subject. In some embodiments, the target binding domain of the administered CAR
immune cell specifically binds HER2 expressed by a cancer cell of the subject, and induces the CAR
immune cell to generate a cytotoxic signal that results in cytotoxic effects on the cancer cell, thereby
treating the cancer.

[0396] Additionally provided are methods for treating or preventing cancer comprising
administering a DDpp-CAR T lymphocyte to a patient predisposed to or having a cancer that expresses
a tumor antigen on the surface of target cells, and wherein the DDpp specifically binds the antigen.
[0397] In some embodiments, wherein CAR T cells are administered to the subject having
cancer, the binding of the target of interest (e.g., BCMA, CD123, CS1, HER2, AFP, or AFP p26)
stimulates the CAR T cell to initiate intracellular signaling. In further embodiments, the binding of the
CART cell to the target of interest stimulates the T cell to initiate intracellular signaling and produce
cytokines. In further embodiments, the binding of the CAR T cell to the target of interest stimulates
the T cell to initiate intracellular signaling, produce cytokines, and degranulate, leading to the
cytotoxic effects on the cancer cell. In some embodiments, the CAR T cell proliferates in response to
binding the target of interest. Advantageously, in some embodiments, the activity of the CAR T cell
does not result in the T cell exhibiting a phenotype associated with T cell exhaustion. In some
embodiments, the transmembrane domain of the CAR T cell comprises 41BB or CD28, and the
cytoplasmic domain comprises an alpha, beta, or zeta chain of the T cell receptor.

[0398] In some embodiments, the administered CAR further comprises 2, 3, 4, 5, or more than
5, DD and/or other binding domains (e.g., scFv) that specifically bind the target of interest (e.g.,
BCMA, CD123, CS1, HER2, AFP, or AFP p26) expressed by the cancer cell. In additional
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embodiments, the administered CAR further comprises 2, 3, 4, 5, or more than 5, DD or other binding
domains (e.g., scFv) that specifically binds a different target of interest expressed by the cancer cell.
In additional embodiments, the administered CAR further comprises 2, 3, 4, 5, or more than 5, DD or
other binding domains (e.g., scFv) that specifically binds a different target of interest expressed by a
different cancer cell or a vascular endothelial cell.

[0399] In some embodiments, the administered immune cell further comprises a second CAR
polypeptide having a DD or other binding domain (e.g., scFv) that specifically binds a second target
of interest expressed by the cancer cell. In some embodiments, the administerd immune cell further
comprises a second CAR polypeptide having a DD or other binding domain (e.g., scFv) that
specifically binds a second target of interest expressed by a different cancer cell or a vascular
endothelial cell.

[0400] In some embodiments, the administration of the immune cells with a CAR is
intravenous. In other embodiments, the immune cells with a CAR is administered through an intra-
arterial, intramuscular, local, or other acceptable route for the given treatment scenario.

[0401] In some embodiments, the disclosure also provides methods of treating a subject having
cancer, comprising, administering to the subject an immune cell comprising a chimeric antigen
receptor (CAR), wherein the CAR comprises a target binding domain, wherein the target binding
domain comprises a polypeptide having an amino acid sequence selected from the group consisting of
SEQ ID NO: 11-305, and 306; SEQ ID NO: 307-739, and 740; SEQ ID NO: 741-874 and 886-895;
SEQ ID NO: 896-909 and 910; or SEQ ID NO: 911-949, and 950; wherein the polypeptide specifically
binds a target of interest (e.g., BCMA, CD123, CS1, HER2, AFP, or AFP p26) expressed by a cancer
cell.

[0402] In additional embodiments, the disclosure provides a method of treating a subject
having cancer, the method comprising intravenously administering to the subject an immune cell
comprising a chimeric antigen receptor (CAR) expressed on a T cell, wherein the CAR comprises a
target binding domain comprising a polypeptide having an amino acid sequence selected from the
group consisting of SEQ ID NO: 11-305, and 306; SEQ ID NO: 307-739, and 740; SEQ ID NO: 741-
874 and 886-895; SEQ ID NO: 896-909 and 910; or SEQ ID NO: 911-949, and 950; a transmembrane
domain selected from 41BB and CD28, and an intracellular domain, wherein the intracellular domain

comprises a signaling domain selected from an alpha, beta, or zeta chain of the T cell receptor,
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wherein, upon administration to a subject having cancer, the target binding domain specifically binds
to the target of interest (e.g.,, BCMA, CD123, CS1, HER2, AFP, or AFP p26) expressed by a cancer
cell, and wherein the binding of the target of interest induces the CAR T cell to generate cytotoxic
signals that result in cytotoxic effects on the cancer cell. In some embodiments, the cytotoxic effects
result from degranulation of the CAR T cells. Advantageously, in some embodiments, the activation
and cytotoxic activity of the CAR T cells is not associated with the CAR T cells exhibiting a phenotype
associated with T cell exhaustion. In some embodiments, the CAR optionally further comprises a
second target binding domain comprising a second polypeptide having a different target than the target
binding domain. In still further embodiments, additional targeting domains can optionally be included
to enhance binding capacity to a marker, or impart binding specificity to other markers.

[0403] In some embodiments, the disclosure provides for the use of an immune cell comprising
a chimeric antigen receptor (CAR) for the treatment of cancer, wherein the CAR comprises a target
binding domain comprising an amino acid sequence selected from the group consisting of SEQ ID
NO: 11-305, and 306; SEQ ID NO: 307-739, and 740; SEQ ID NO: 741-874 and 886-895; SEQ ID
NO: 896-909 and 910; or SEQ ID NO: 911-949, and 950; a transmembrane domain selected from
41BB and CD28, and an intracellular domain, wherein the intracellular domain comprises a signaling
domain selected from an alpha, beta, or zeta chain of the T cell receptor, wherein, upon administration
to a subject having cancer, the target binding domain specifically binds to the target of interest (e.g.,
BCMA, CD123, CS1, HER2, AFP, or AFP p26) expressed by a cancer cell, and wherein the binding
of the target of interest induces the immune cell to generate cytotoxic signals that result in cytotoxic
effects on the cancer cell. In different embodiments, the immune cells can be a T cell or a natural killer
(NK) cell.

[0404] Cancers that can be treated include tumors that are not vascularized, or not yet
substantially vascularized, as well as vascularized tumors. The cancers can comprise non-solid tumors
(such as hematological tumors, for example, leukemias and lymphomas) or can comprise solid tumors.
Types of cancers to be treated with the DDpp include, but are not limited to, carcinoma, blastoma, and
sarcoma, and certain leukemia or lymphoid malignancies, benign and malignant tumors, and
malignancies e.g.,, sarcomas, carcinomas, and melanomas. Adult tumors/cancers and pediatric

tumors/cancers are also included.
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[0405] In some embodiments, the DDpp described herein are useful for treating a patient
having hematological cancers. Examples of hematological (or hematogenous) cancers include
leukemias, including acute leukemias (such as acute lymphocytic leukemia, acute myelocytic
leukemia, acute myelogenous leukemia and myeloblasts, promyeiocytic, myelomonocytic, monocytic
and erythroleukemia), chronic leukemias (such as chronic myelocytic (granulocytic) leukemia,
chronic myelogenous leukemia, and chronic lymphocytic leukemia), polycythemia vera, lymphoma,
Hodgkin’s disease, non-Hodgkin’s lymphoma (indolent and high grade forms), multiple myeloma,
Waldenstrom’s macroglobulinemia, heavy chain disease, myelodysplastic syndrome, hairy cell
leukemia and myelodysplasia. In some embodiments, the hematological cancer is multiple myeloma.
[0406] Examples of solid tumors, such as sarcomas and carcinomas, include fibrosarcoma,
myxosarcoma, liposarcoma, chondrosarcoma, osteosarcoma, and other sarcomas, synovioma,
mesothelioma, Ewing’s tumor, leiomyosarcoma, rthabdomyosarcoma, colon carcinoma, lymphoid
malignancy, pancreatic cancer, breast cancer, lung cancers, ovarian cancer, prostate cancer,
hepatocellular carcinoma, squamous cell carcinoma, basal cell carcinoma, adenocarcinoma, sweat
gland carcinoma, medullary thyroid carcinoma, papillary thyroid carcinoma, pheochromocytomas
sebaceous gland carcinoma, papillary carcinoma, papillary adenocarcinomas, medullary carcinoma,
bronchogenic carcinoma, renal cell carcinoma, hepatoma, bile duct carcinoma, choriocarcinoma,
Wilms’ tumor, cervical cancer, testicular tumor, seminoma, bladder carcinoma, melanoma, and CNS
tumors (such as a glioma (such as brainstem glioma and mixed gliomas), glioblastoma (also known as
glioblastoma multiforme) astrocytoma, CNS lymphoma, germinoma, medulloblastoma, Schwannoma
craniopharyogioma, ependymoma, pineaioma, hemangioblastoma, acoustic  neuroma,
oligodendroglioma, menangioma, neuroblastoma, retinoblastoma and brain metastases). In some
embodiemnts, the cancer is breast cancer or ovarian cancer.

[0407] In additional embodiments, the DDpp fusion protein binds (1) a target on a cell or tissue
of interest (e.g., a tumor antigen on a tumor cell) and (2) a target on an effector cell, such as, a T cell
receptor molecule. According to one embodiment, the binding of one or more targets by the DDpp
fusion protein is used to direct an immune response to an infectious agent, cell, tissue, or other location
of interest in a patient. For example, in some embodiments, the DDpp fusion protein specifically binds
a target on the surface of an effector cell. Thus, in some embodiments, the DDpp fusion protein

specifically binds a target on the surface of a T cell. In specific embodiments, the DDpp fusion protein
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specifically binds CD3. In other embodiments, the DDpp fusion protein specifically binds CD2. In a
further embodiment, the DDpp fusion protein specifically binds the T cell receptor (TCR). According
to additional embodiments, the DDpp fusion protein specifically binds a target on the surface of a
Natural Killer Cell. Thus, in some embodiments, the DDpp fusion protein specifically binds a NKG2D
(Natural Killer Group 2D) receptor. In additional embodiments, the DDpp fusion protein specifically
binds CD16 (i.e., Fc gamma RIII) CD64 (i.e., Fc gamma RI), or CD32 (i.e., Fc gamma RII).
[0408] In one embodiment, a DDpp fusion protein binds a target on a leukocyte and a tumor
antigen on a tumor cell. In some embodiments, the DDpp fusion protein binds NKG2D. In a further
embodiment, a DDpp fusion protein binds NKG2D and a target selected from ErbB2, EGFR, IGFIR,
CD19, CD20, CD80 and EPCAM. In one embodiment, a DDpp fusion protein binds CD3. In particular
embodiments, the DDpp specifically binds CD3 epsilon. In one embodiment, a DDpp fusion protein
binds CDA4.

DDpp Drug Conjugates
[0409] In a further embodiment a DDpp fusion protein may be linked to other organic or
inorganic molecules or substrates through the use of chemically conjugation. In one embodiment,
DDpp-drug conjugates are intended to facilitate the local delivery of cytotoxic agents through the
targeting specificity of the DDpp. This combination of targeting specificity and cytotoxic agent, allows
targeted delivery of the drug to tumors, and intracellular accumulation therein, where systemic
administration of these unconjugated drug agents may result in unacceptable levels of toxicity to
normal cells as well as the tumor cells sought to be eliminated (Baldwin ef al., Lancet pages 603-605
(1986); Thorpe, "Antibody Carriers Of Cytotoxic agents In Cancer Therapy: A Review," in
Monoclonal Antibodies '84: Biological And Clinical Applications, A. Pinchera ef al., (ed.s), pp. 475-
506 (1985)).
[0410] Cytotoxic agents include chemotherapeutic agents, growth inhibitory agents, toxins
(e.g., an enzymatically active toxin of bacterial, fungal, plant, or animal origin, or fragments thereof),
radioactive isotopes (i.e., a radioconjugate), efc. Chemotherapeutic agents useful in the generation of
such immunoconjugates include, for example, methotrexate, adriamicin, doxorubicin, melphalan,
mitomycin C, chlorambucil, daunorubicin or other intercalating agents. Chemotherapeutic agents
useful in the generation of such immunoconjugates also include antitubulin drugs, such as auristatins,

including monomethyl auristatin E (MMAE) and monomethyl auristatin F (MMAF). Enzymatically
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active toxins and fragments thereof that can be used according to the disclosed methods include
diphtheria A chain, nonbinding active fragments of diphtheria toxin, exotoxin A chain, ricin A chain,
abrin A chain, modeccin A chain, alpha-sarcin, Aleurites fordii proteins, dianthin proteins, Phytolaca
americana proteins (PAPI, PAPII, and PAP-S), momordica charantia inhibitor, curcin, crotin,
sapaonaria officinalis inhibitor, gelonin, mitogellin, restrictocin, phenomycin, enomycin, and the
tricothecenes.

[0411] In one embodiment, a DDpp (e.g., a DDpp fusion protein) is conjugated to a
radioisotope. In a further embodiment, a DDpp is conjugated to an isotope selected from *°Y, 12°[, 1],
1231 1Hpp 105Rh, 133Sm, ¢’Cu, ¢’Ga, 1®Ho, !""Lu, '*Re and '**Re using anyone of a number of known
chelators or direct labeling. In other embodiments, the DDpp is coupled to drugs, prodrugs or
lymphokines such as interferon. Conjugates of the DDpp and cytotoxin can routinely be made using a
variety of bifunctional protein-coupling agents such as N-succinimidyl-3-(2-pyridyidithiol) propionate
(SPDP), iminothiolane (IT), bifunctional derivatives of imidoesters (such as dimethyl adipimidate
HCL), active esters (such as disuccinimidyl suberate), aldehydes (such as glutaraldehyde), bis-azido
compounds (such as bis(p-azidobenzoyl) hexanediamine), bis-diazonium derivatives (such as bis-(p-
diazo-niumbenzoyl)-ethylenediamine), diisocyanates (such as tolyene 2,6-diisocyanate), and bis-
active fluorine compounds (such as 1,5-difluoro-2,4-dinitrobenzene). In a specific embodiment, the
toxin is conjugated to a DDpp fusion protein through an enzyme-cleavable linker system (e.g., such
as that present in SGN-35). Conjugates of a DDpp and one or more small molecule toxins, such as a
calicheamicin, maytansinoids, a trichothene, and CC1065, and the derivatives of these toxins that have
toxin activity, can also be used.

[0412] In some embodiments, the cytotoxic agent is covalently attached to a DDpp by a linker.
In some embodiments, the linker attaching the DDpp and the cytotoxic agent is cleavable by a protease.

Therapeutic Use as Cell Associated Receptor

[0413] In one embodiment, the disclosed DDpp-CARs are used for the purpose of redirecting
transduced T cells to a tumor target defined by the binding specificity of the DDpp-CAR. In one
embodiment, primary T cells are transduced with a lentiviral vector encoding a CAR that combines a
DD target binding domain with a transmembrane domain and an intracellular domain of CD3-zeta,
CD28, 41BB. The resultant population of transduced T cells may therefore elicit a DDpp-CAR-

mediated T cell response. In some embodiments, T cells are genetically modified to express DDpp-
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CAR and the DDpp-CAR T cell is infused to a recipient in need thereof. In further embodiments, the
infused cell is able to kill tumor cells in the recipient. Particularly advantageous properties of DDpp-
CARs include one, several or all of the following benefits: (i) target-binding specificity, (i1) enhanced
therapeutic efficacy, (ii1) reduced off-target side effects, (iv) customizability for markers of a particular
patient or patient population, (v) enhanced stability during production and processing, and (vi) ability
to target one, two, or more specific targets to enhance target-directed therapy.

[0414] "Genetically modified cells", "redirected cells", "genetically engineered cells" or
"modified cells" as used herein refer to cells that express a DDpp provided herein. In a particular
embodiment, the genetically modified cells express a DDpp fusion protein such as a DDpp-CAR. In a
further embodiment, the genetically modified cells express and display a DDpp-CAR on the cell
surface.

[0415] "Disease targeted by genetically modified cells" as used herein encompasses the
targeting of any cell involved in any manner in any disease by the genetically modified cells,
irrespective of whether the genetically modified cells target diseased cells or healthy cells to effectuate
a therapeutically beneficial result. The genetically modified cells include but are not limited to
genetically modified T cells, NK cells, hematopoietic stem cells, pluripotent embryonic stem cells or
embryonic stem cells. The genetically modified cells express the DDpp-CAR, which can target any of
the antigens expressed on the surface of target cells.

[0416] In one embodiment, the DDpp portion of the DDpp-CAR 1is designed to treat a
particular cancer. Cancers that can be treated include tumors that are not vascularized, or not yet
substantially vascularized, as well as vascularized tumors. The cancers can comprise non-solid tumors
(such as hematological tumors, for example, leukemias and lymphomas) or can comprise solid tumors.
Types of cancers to be treated with the DDpp-CARs include, but are not limited to, carcinoma,
blastoma, and sarcoma, and certain leukemia or lymphoid malignancies, benign and malignant tumors,
and malignancies e.g., sarcomas, carcinomas, and melanomas. Adult tumors/cancers and pediatric
tumors/cancers are also included.

[0417] Examples of hematological (or hematogenous) cancers include leukemias, including
acute leukemias (such as acute lymphocytic leukemia, acute myelocytic leukemia, acute myelogenous
leukemia and myeloblasts, promyelocytic, myelomonocytic, monocytic and erythroleukemia), chronic

leukemias (such as chronic myelocytic (granulocytic) leukemia, chronic myelogenous leukemia, and
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chronic lymphocytic leukemia), polycythemia vera, lymphoma, Hodgkin’s disease, non-Hodgkin’s
lymphoma (indolent and high grade forms), multiple myeloma, Waldenstrom’s macroglobulinemia,
heavy chain disease, myelodysplastic syndrome, hairy cell leukemia and myelodysplasia.

[0418] Examples of solid tumors, such as sarcomas and carcinomas, include fibrosarcoma,
myxosarcoma, liposarcoma, chondrosarcoma, osteosarcoma, and other sarcomas, synovioma,
mesothelioma, Ewing’s tumor, leiomyosarcoma, rthabdomyosarcoma, colon carcinoma, lymphoid
malignancy, pancreatic cancer, breast cancer, lung cancers, ovarian cancer, prostate cancer,
hepatocellular carcinoma, squamous cell carcinoma, basal cell carcinoma, adenocarcinoma, sweat
gland carcinoma, medullary thyroid carcinoma, papillary thyroid carcinoma, pheochromocytomas
sebaceous gland carcinoma, papillary carcinoma, papillary adenocarcinomas, medullary carcinoma,
bronchogenic carcinoma, renal cell carcinoma, hepatoma, bile duct carcinoma, choriocarcinoma,
Wilms' tumor, cervical cancer, testicular tumor, seminoma, bladder carcinoma, melanoma, and CNS
tumors (such as a glioma (such as brainstem glioma and mixed gliomas), glioblastoma (also known as
glioblastoma multiforme) astrocytoma, CNS lymphoma, germinoma, medulloblastoma, Schwannoma
craniopharyogioma, ependymoma, pineaioma, hemangioblastoma, acoustic  neuroma,
oligodendroglioma, menangioma, neuroblastoma, retinoblastoma and brain metastases).

[0419] In one embodiment, cancers and disorders can be treated using cell expressing DDpp-
CAR that target BCMA, CD123, CS1, HER2, AFP, or AFP p26. In one specific embodiment, the
DD-CAR can be designed to target CD22 to treat B cell lymphoma. In another embodiment the cell
expressing DDpp-CAR contain a DDpp designed to target CD19 can be used to treat cancers and
disorders including but are not limited to pre-B ALL (pediatric indication), adult ALL, mantle cell
lymphoma, diffuse large B- cell lymphoma, salvage post allogenic bone marrow transplantation, and
the like. In another embodiment the cell expressing DDpp-CAR contain a DDpp designed to target
CS1 can be used to treat multiple myeloma. In another embodiment the cell expressing DDpp-CAR
contain a DDpp designed to target BCMA can be used to treat multiple myeloma. In another
embodiment the cell expressing DDpp-CAR contain a DDpp designed to target CS1 and a DDpp
designed to target BCMA can be used to treat multiple myeloma. In another embodiment the cell
expressing DDpp-CAR contain a DDpp designed to target HER2 can be used to treat breast cancer or

ovarian cancer.
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[0420] "B cell associated diseases" as used herein include B cell immunodeficiencies,
autoimmune diseases and/or excessive/uncontrolled cell proliferation associated with B cells
(including lymphomas and/or leukemias). Examples of such diseases, wherein DDpp-CAR may be
used for therapeutic approaches include but are not limited to systemic lupus erythematosus (SLE),
diabetes, rheumatoid arthritis (RA), reactive arthritis, multiple sclerosis (MS), pemphigus vulgaris,
celiac disease, Crohn's disease, inflammatory bowel disease, ulcerative colitis, autoimmune thyroid
disease, X-linked agammaglobulinaemis, pre-B acute lymphoblastic leukemia, systemic lupus
erythematosus, common variable immunodeficiency, chronic lymphocytic leukemia, diseases
associated with selective IgA deficiency and/or IgG subclass deficiency, B lineage lymphomas
(Hodgkin's lymphoma and/or non-Hodgkin's lymphoma), immunodeficiency with thymoma, transient
hypogammaglobulinemia and/or hyper IgM syndrome, as well as virally-mediated B cell diseases such
as EBV mediated lymphoproliferative disease, and chronic infections in which B cells participate in
the pathophysiology.

[0421] In a preferred embodiment, the DDpp-CAR is expressed in a T cell and provides a
method for treating or preventing cancer, comprising the administration of host cells expressing
DDpp-CAR to a cancer patient in which the cancer cell expresses a tumor antigen on its surface, and
wherein the DDpp specifically binds the target antigen. Exemplary target antigens that the DDpp and
DDpp-CAR bind include, but are not limited to, BCMA, CS1, HER2, and CD123.

[0422] The DDpp-CAR-modified T cells can also serve as a type of vaccine for ex vivo
immunization and/or in vivo therapy in a mammal. Preferably, the mammal is a human.

[0423] The DDpp-CAR-modified T cells provided herein can be administered either alone, or
as a pharmaceutical composition in combination with diluents and/or with other components such as
chemotherapeutics, antibodies, cytokines or cell populations. Compositions provided herein are
preferably formulated for intravenous administration that can be administered one or more times.
[0424] "Antigen loss escape variants" as used herein refer to cells which exhibit reduced or
loss of expression of the target antigen, which antigens are targeted by a CAR provided herein.
[0425] Various embodiments, of the disclosure will now be illustrated through the description
of experiments conducted in accordance therewith. The examples that follow are provided to facilitate
the practice of the disclosed embodiments, and are not to be construed as limiting in any way the

remainder of the disclosure. In the examples, reference is made to the appended figures.
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EXAMPLES

Example 1. Isolation and Characterization of DDpp that bind exemplary targets of interest
[0426] A DDpp library prepared as described in Intl. Appl. Publ. Nos. W02016164305 and

WO 2016164369, was screened for phage the bind BCMA, CD123, AFP, or AFP p26 through multiple
rounds of selection. The contents of each of Intl. Appl. Publ. Nos. W02016164305 and WO
2016164369, is herein incorporated by reference in its entirety).
[0427] Individual colonies containing phagemid from BCMA panning output were picked and
phage were rescued in 96-well format using VCSM13 helper phage following standard protocols. To
assay target binding by ELISA, 96-well plates were coated with 1.3 microg/ml goat anti-human IgG1-
Fc antibody followed by incubation with 5 nM of recombinant human target (BCMA-Fc, CD123-Fc,
AFP, or AFP123) or IgG1-Fc. 50 microl of rescued phage diluted 5x in ELISA blocking buffer was
then added to each well. Binding was detected using an HRP-conjugated anti-M13 antibody and the
ELISA ratio for each sequence is reported as the absorbance at 450 nm for target (i.e., BCMA-Fc,
CD123-Fc, AFP, or AFP123) divided by that for IgGl-Fc averaged across all screened wells
containing that clone.

Example 2. DDpp Fusion Proteins
[0428] To assess the modular nature of DDpp as a binding element, the DDpp CD137-binder,
bb10 (SEQ ID NO: 876), was reformatted as a fusion to either the N or C terminus of the heavy chain
of an antibody derived from the sequence of the RSV-specific monoclonal antibody palivizumab
(SYNAGIS®). Bi-specific antibodies, SYN-bb10 and bb10-SYN exhibit binding to both CD137 and
RSV (FIGS. 1A-1B; closed squares are bb10-SYN, closed circles are SYN-bb10)), demonstrating that
a novel binding activity was imparted to the parental D domain sequence and the functionality of
DDpp is retained as both N and C-terminal fusion. In contrast, fusions between a target-less alpha-
helical protein scaffold (SEQ ID NO: 1) and SYN (DD-SYN for N-terminal fusion, open circles; SYN-
DD for C-terminal fusion, open squares) showed binding only to RSV, but no binding to CD137.
[0429] Binding of DDpp, bb10 to CD137 directly bound to plastic was demonstrated using
ELISA (FIGS. 1A-1B). Binding of DDpp bb10 to CD137 as part of a cell membrane was also observed
in situ, using FACS (data not shown)

Example 3. DDpp-CARs Expressed in Human T Cells Produce Cytokines on Target Binding
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[0430] The ability of target: DDpp-CAR-expressing T cell engagement to result induce
cytokine secretion was assessed by 293T cells were transiently transfecting 293T cells with 3rd
generation lentiviral packaging vectors (pPRSV-REV, pMDLg/pRRE, and pMD2.G) with pELNS
vectors encoding DDpp-CARs using LIPOFECTAMINE® 3000. Six hours post-transfection the
media was changed, then lentivirus containing media was collected at 30 and 54 hours post-
transfection, pooled, then centrifuged to remove cell debris. Lentivirus was then aliquoted and stored
at -80°C until used for viral transduction. Transduction of human T cells with CAR lentivirus was
performed using total human PBMCs, activated with aCD3/CD28 T cell activation beads in culture
media supplemented with 40U/ml of IL2. After 24 hours, 2 x 10° PBMCs were plated per well in a 6-
well tissue culture plate with 1ml of culture media and 3ml of lentivirus containing media
supplemented with 40U/ml of IL2 and protamine sulfate. Plates were then centrifuged for 2 hours at
1000xg at 32°C and then incubated overnight 37°C. The following day the lentivirus transduction
procedure was repeated with fresh culture media and lentivirus-containing media. 72 hours after the
initial cell activation, T cell activation beads were removed, then T cells were cultured for expansion
at ~0.25-0.5x10° T cells/ml in fresh media supplemented with 100U/ml of IL2. Every 2-3 days T cells
were supplemented with additional T cell media and IL2, until they were used for the cytokine assays
(described below) 7-10 days after the initial activation.

[0431] Cytokine production in response to target antigen expression (CD123) was assessed by
culturing 25,000 transduced T cells (7 days post-activation) with 25,000 non-target (K562, CD123")
or target (BDCM, CD1237) tumor cells per well in 96-well plates. After 24 hours culture supernatants
were collected and cytokine production was assessed by ELISA. Culture supernatants were diluted 1:
5 prior to ELISA. Similarly, cytokine production in response to PDL1 target antigen expression was
assessed by culturing 25,000 transduced T cells (7-days post activation) with 25,000 non-target (K562,
PDL1") or target (SUDHLI1, PDL17) tumor cells per well in 96-well plates. After 24 hours culture
supernatants were collected and cytokine production was assessed by ELISA. Culture supernatants
were diluted 1: 5 prior to ELISA.

[0432] FIG. 2A and FIG. 2B demonstrate that T cells expressing CD123 binding DDpp-CARs
produce interferon gamma (IFNy) following stimulation with CD123™ BDCM cells, but not the
CD123" cell line K562. FIG. 2C and FIG. 2D demonstrates that T cells expressing CD123 binding
DDpp-CARs produce interleukin 2 (IL2) following stimulation with CD123" BDCM cells, but not the
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CD123" cell line K562. Similarly, FIG. 2E and 2F demonstrate that T cells expressing PDL1 binding
DDpp-CARs produce interferon gamma (IFNy) and IL2 respectively following stimulation with
PDL1" SUDHLI cells but not the PDL1" cell line K562.

Example 4. DDpp-CAR Transduced T Cells Do Not Display Phenotypes Associated with T

Cell Exhaustion
[0433] To assess potential antigen-independent exhaustion in T cells expressing DDpp-CARs,
transduced T cells (day 10 post-activation) were stained with antibodies against CD3 and markers of
T cell exhaustion (LAG3, PD1, and TIM3). FIG. 3A summarizes data from individual experiments
across several T cell donors. The data demonstrate that expression of the exhaustion markers was not
enhanced in CD123-binding DDpp-CAR T cells over that observed with the anti-CD123 CAR
comprising the scFv (32176). FIG. 3B shows representative flow cytometry data of LAG3, PD1, and
TIM3 expression in T cells transduced with either a scFv-containing CAR (top row) or a DDpp-CAR
(in this particular experiment CD123 targeting cg06) 10 days after the initial activation of the T cells.
The similarity of these data again demonstrate that DDpp-CAR T cells do not upregulate expression
of exhaustion markers, which lends further support to their efficacy in cancer immunotherapy.

Example 5. DDpp-CAR Expressing T Cells Exhibit Target-specific Degranulation and

Tumor Cytotoxicity
[0434] To assess degranulation of T cells expressing DDpp-CARs, 1x10° transduced T cells

(day 9 post-activation) were cultured in T cell media for 4 hours in the presence of monensin and PE-
conjugated CD107a/LAMPI. T cells were cultured alone (FIG. 4A) or in the presence of 2x10° non-
target tumor cells (K562, which are CD123", FIG. 4B or target-expressing tumor cells (BDCM,
CD123", FIG. 4C), then washed and stained for CD3 expression. T cell degranulation was then
assessed by flow cytometry, first gating on the CD3+SSC-low cells (non-tumor), then the
CD3+CD107a+ cells. Symbols represent samples from individual experiments using multiple donors.
[0435] The production of CD107a (a marker of degranulation of the DDpp-CAR T cells) was
equivalent to negative controls when CD123-targeting DDpp-CAR T cells were cultured alone.
Limited CD107a expression when DDpp-CAR T cells were co-cultured with CD123 negative K562
tumor cells and significant CD107a expression was observed when CD123-targeting DDpp-CAR T
cells were co-cultured with CD123 positive BDCM cells (data not shown). These data indicate that

the T cells are activated, undergoing signaling, undergoing degranulation, and will result in tumor
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eradication. These data also provide further support for the target-dependent activation of DDpp-CAR
expressing T cells.
[0436] The cytolytic activity of DDpp-CAR T cells was assessed using T cells prepared from
two independent donors. Donor #1 (FIG. SA-5B) DDpp-CAR T cells effectively kill the CD123
expressing tumor, BDCM, but show very little cytolytic activity on the CD123 negative tumor, K562.
Similar results were observed with Donor #2 (FIG. 5C and 5D).

Example 6. Bi-specific DDpp
[0437] As discussed above, DDpp can be monovalent or multivalent and/or multispecific. To
evaluate the ability of multispecific DDppCAR T cells to elicit an immune response, bi-specific DDpp-
CARs were expressed on Jurkat cells and intracellular signaling in response to tumor cells expressing
one or both targets was measured. Two bi-specific DDppCARs were constructed that differed in the
fusion order of the binding domains. CG06-pb04 has the pb04 domain fused to the CD8a
transmembrane region while the pb04-cg06 has the cgo6 domain fused to the CD8a transmembrane
region. Both constructs utilized a GS linker between the target-binding domains.
[0438] FIG. 6A demonstrates that DDpp-CARs comprising ¢g06 only, , pb04 only (FIG.
6B),cg06-pb04, (FIG. 5C), and pb04-cg06 (FIG. 5D) can be transduced and expressed in the Jurkat
NFAT reporter cell line as assessed by anti-FLAG mAb binding to the CARs. The ability of the mono-
specific and bi-specific CARs to activate the NFAT pathway was assessed by co-culturing the various
CARs with tumor cells with different level of CD123 and/or PDL1 expression. Cells were co-cultured
with target cells for 6 hours. NFAT mediated signaling was measured through the addition to the cells
of luciferase assay reagent (Promega) and quantitation of relative luminescence units (RLU) as a
measure of induced intracellular signaling.
[0439] FIG. 6E depicts the results of this experiment. The leftmost group of bars and the
histogram show the relative kill effect of the cg06 DDpp against various cell types. Signaling response
after co-culture with highly CD123+ BDCM was the greatest with this DDpp-CAR. The next group
to the right depicts data showing intracellular signaling after co-culture of the pbO4 DDpp against the
same cell types. Signaling was highest in BDCM, followed by SUHDL1, and H460 (these are the
highest expressing cell lines for CD123 and PDL1 (data not shown)). The next group to the right
depicts data showing intracellular signaling of a bi-specific cg06-pb04 DDpp (cg06 more distal to the

T cell membrane as compared to pb04). Finally, the rightmost group shows intracellular signaling
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from a second bi-specific DBPpp (pb04-cg06 DDpp, where pb04 is more distal to the T cell membrane
as compared to ¢g06). These two groups indicate that bi-specific DDpp-CARs do function to promote
intracellular signaling. In accordance with embodiments, bi-specific DDpp-CARs show enhanced
activity (the magnitude of intracellular signaling in the pb04-cg06 group with BDCM cells is greater
than can be accounted for by just the pbO4 DDpp alone). Thus in some embodiments, DDpp-CARs
comprising two DDpps can cooperate to enhance T cell function. In some embodiments, there is a

synergy between the various DDpp used in a bispecific (or other multimeric) DDpp-CAR.

Example 7. Use of dual binding domain Adapters to enhance CAR signalling

[0440] 50,000 reporter cells previously transduced with an AFP (p26 domain)-binding CAR
(af03) (SEQ ID NO: 921) were cultured for 5 hours in the presence of the CD123-specific Cg06-
adaptor (Cg06-p26, SEQ ID NO: 913) or the Cg06-dual adaptor protein (Cg06-p26-Cg06, SEQ ID
NO: 916)in the presence of 50,000 CD123™ MOLM13 or CD123-deficient MOLM13 cells, then
assessed for luciferase activity. CD123 deficient cells were generated using CRISPR/Cas9 genetic
engineering technology (FIG. 7A). Similarly, 50,000 reporter cells previously transduced with an AFP
(p26 domain)-binding CAR (af03) (SEQ ID NO: 921) were cultured for 5 hours in the presence of the
BCMA -specific Bc40-adaptor (Bc40-p26, SEQ ID NO: 914) or the Bc40-dual adaptor protein (Bc40-
p26-Bc40, SEQ ID NO: 917) in the presence or absence of 50,000 BCMA™ U266 cells, then assessed
for luciferase activity (FIG. 7B).

[0441] FIGS. 7A and 7B show that dual-binding (bi-valent) domain adaptor proteins drive

enhanced signaling by CAR-expressing Jurkat cells over single-binding domain adaptor proteins.

Example 8. DDpp-mediated Tumor Immunotherapy in vivo
[0442] To assess the in vivo anti-tumor activity of a DDpp CAR, T cells were transduced with

bc40 DDpp CAR (BCMA targeting CAR). Bc40 is SEQ ID NO: 164. Transduced cells (5X10E6)
were administered intravenously to NSG mice 34 days after mice received 10E7 cells of the BCMA
expressing, luciferase/gfp labeled U226 tumor cells. As shown in FIG. 8, four mice received the U226
tumor on Day O which progressive grew through Day32. On Day 34, mouse #1, #2, and #4 received
bc40-DDpp CAR T cells. Mouse #3 received no T cells. On Day 45, the U226 tumor was cleared in
mice receiving CAR T cells while the mouse that did not receive T cells died of tumor burden.

[0443] All publications, patents, patent applications, internet sites, and accession

numbers/database sequences (including both polynucleotide and polypeptide sequences) cited are
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herein incorporated by reference in their entirety for all purposes to the same extent as if each
individual publication, patent, patent application, internet site, or accession number/database sequence
were specifically and individually indicated to be so incorporated by reference.

[0444] It is contemplated that various combinations or subcombinations of the specific features
and aspects disclosed above may be made and still fall within the embodiments, encompassed by the
disclosure. Further, the disclosure of any particular feature, aspect, method, property, characteristic,
quality, attribute, element, or the like in connection with an embodiment can be used in all other
embodiments, set forth herein. Accordingly, it should be understood that various features and aspects
of the disclosed embodiments, can be combined with or substituted for one another in order to form
varying modes of the disclosed embodiments. Thus, it is intended that the scope of the embodiments,
encompassed by the present disclosure should not be limited by the particular disclosed embodiments,
described herein. Moreover, while the encompassed embodiments, are susceptible to various
modifications, and alternative forms, specific examples thereof have been shown in the drawings and
are herein described in detail. It should be understood, however, that the scope of the disclosure is not
to be limited to the particular forms or methods disclosed, but to the contrary, the disclosure is to cover
all modifications, equivalents, and alternatives falling within the spirit and scope of the various
embodiments, described and the appended claims. Any methods disclosed herein need not be
performed in the order recited. The methods disclosed herein include certain actions taken by a
practitioner; however, they can also include any third-party instruction of those actions, either
expressly or by implication. For example, actions such as "administering a T cell comprising a DDpp-
CAR" include "instructing the administration of a T cell comprising a DDpp-CAR." In addition, where
features or aspects of the disclosure are described in terms of Markush groups, those skilled in the art
will recognize that the disclosure is also thereby described in terms of any individual member or
subgroup of members of the Markush group.

[0445] The ranges disclosed herein also encompass any and all overlap, sub-ranges, and

combinations thereof. Language such as "up to," "at least," "greater than," "less than," "between," and
the like includes the number recited. Numbers preceded by a term such as "about" or "approximately"
include the recited numbers. For example, "about 10 nanometers" includes "10 nanometers."

TABLE 2: Additional sequence disclosure:
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SEQID: | Target Sequence
D Domain | oy RFKORLAATKTRLOALGG SEAELAAFEKEL AAFESELOAYKGKGN PEVEALRKEAAAT RDEL
1 (target-
QAYRHN
less)
2 MHC Epitope | LAAIKTRLO
cD19 LEKCFQTENPLECODKGEEELOKY IQESQALAKRSCGLFOKLGEYYLONAFLVAYTKKAPQLTSSEL
5 MAITRKMAATAATCCOLSEDKLLACGEGAADI ITGHLCIRHEMTPVN PGVGOCCTSS YANRRPCFSS
LVVDETYVPPAFSDDKFIFHKDLCQAQGVALOTMKQEFLINLVKQOKPQI TEEQLEAVIADFSGLLEK
CCOGOEQEVCFAEEGOKLI SKTRAALGY
4 GlySer GGGGTGGEES
5 GlySer GGGGDGGGGS
. a3D(Q1l9E) | MGSWAEFKORLAAIKTRLEALGGSEAELAAFEKEIAAFESELOAYKGKGNPEVEALRKEAAATRDEL
Targetless | QAYRHN
7 BCMA ECD | MLOMAGQOCSONEYFDSLLHACIPCOLRCSSNTPPLTCORYCNASVTNSVKGTNA
TKEDPNPPITNLRMKAKAQQLTWDLNRNVTDIECVKDADYSMPAVNN S YCOFGAT SLCEVTNYTVRY
ANPPFSTWILFPENSGKPWAGAENLTCWIHDVDFLSCSWAVGPGAPADVQYDLYLNVANRROQYECT
8 CD123 ECD | HYKTDAQGTRIGCRFDDISRLSSGSQSSHILVRGRSAAFGI PCTDKFVVFSQIET LTPPNMTAKCNK
THS FMHWKMRS HFNRKFRYELQI OKRMQPVI TEQVRDRTS FOLLN PGTYTVQT RARERVYEFL SAWS
TPORFECDOEEGANTRAWR
RTLHRNEYGIASILDSYQCTAEI SLADLATI FFAQFVOEATYKEVSKMVKDALTATEKPTGDEQSSG
CLENQLPAFLEELCHEKEILEKYGHSDCCSQSEEGRHNCFLAHKKPTPAST PLFQVPEPVTSCEAYE
EDRETFMNKFIYEIARRHPFLYAPTILLWAARYDKI I PSCCKAENAVECFOTKAATVTKELRESSLL
NQHACAVMKNFGTRT FOAT TVTKLSOKFTKVNFTETQKLVLDVAHVHEHC CRGDVLDCLODGEKIMS
9 AFP YICSQODTLSNKITECCKLTTLERGOCTTHAENDEKPEGLS PNLNRFLGDRDFNQFSSGEKNT FLAS
FVHEYSRRHPOLAVSVI LRVAKGYQELLEKCFOTENPLECODKGEEELOKYIQESQALAKRSCGLFQ
KLGEYYLONAFLVAYTKKAPQLTSSELMATTRKMAATAATCCOLS EDKLLACGEGAADI TTGHLCIR
HEMTPVNPGVGOCCTSSYANRRPCFSSLVVDETYVPPAFSDDKFT FHKDLCQAQGVALOTMKQEFLT
NLVKQKPQITEEQLEAVIADFSGLLEKCCOGOEQEVCFAEEGOKLT SKTRAALGY
LEKCFQTENPLECODKGEEELQKYIQOESQALAKRS CGLFOKLGEY YLONAFLVAYTKKAPQLTSSEL
1o AFP 026 MAITRKMAATAATCCOLSEDKLLACGEGAADI ITGHLCI RHEMTPVN PGVGOCCTSS YANRRPCFSS
p LVVDETYVPPAFSDDKFIFHKDLCQAQGVALOTMKQEFLINLVKQOKPQI TEEQLEAVIADFSGLLEK
CCOGOEQEVCFAEEGOKLI SKTRAALGY
LEKCFQTENPLECQDKGEEELQKYIQESQALAKRSCGLFQKLGEYYLONAFLVAYTKKAP
528 | p2eo217p | QLTSSELMAITRKMAATAATCCQLSEDKLLACGEGAADTTTIGHLCTRHEMTEVNRGVGQC
CTSSYANRRPCFSSLVVDETYVPPAFSDDKFI FHKDLCOAQGVALOTMKQEFLINLVKQK
POITEEQLEAVIADFSGLLEKCCOGOEQEVCFAEEGPKLI SKTRAALGY
OESQOALAKRSCGLFOKLGEYYLONAFLVAYTKKAPQOLTS SELMAT TRKMAATAATCCOLS
905 | P26(026- | EDKLLACGEGAADIIIGHLCIRHEMTPVNPGVGQCCTSSYANRRECESSLVVDETYVPRA
V229) FSDDKFIFHKDLCOAQGVALOTMKQEFLINLVKQKPQITEEQLEAVIADFSGLLEKCCQG
QEQEVCFAEEGQKLI SKTRAALGY
P26 (026 | QESOALAKRSCGLFOKLGEYYLONAFLVAYTKKAPQLTS SELMAT TRKMAATAATCCOLS
530 | v229) EDKLLACGEGAADIITGHLCIRHEMTPVNPGVGOCCTSSYANRRPCFSSLVVDETYVPPA
0217P FSDDKFIFHKDLCOAQGVALOTMKQEFLINLVKQKPQITEEQLEAVIADFSGLLEKCCQG
QEQEVCFAEEGPKLISKTRAALGY
KYIQESQALAKRSCGLFOKLGEYYLONAFLVAYTKKAPQLTS SELMAT TRKMAATAATCC
o3, | P26(K23- | OLSEDKLLACGEGAADIIIGHLCIRHEMTPVNEGVGQCCTSSYANRRPCFSSLVVDETYV
V229) PPAFSDDKFIFHKDLCOAQGVALOTMKQEFLINLVKQKPQITEEQLEAVIADFSGLLEKC
COGQOEQEVCFAEEGQOKLI SKTRAALGY
26 (k23 | KYIQESQATAKRSCGLFOKLGEYYLONAFLVAYTKKAPQLTSSETMATTRKMAATAATCC
932 5229) QLSEDKLLACGEGAADI T IGHLCIRHEMTPVNPGVGOCCTSSYANRRPCFSSLVVDETYV
0217P PPAFSDDKFIFHKDLCOAQGVALOTMKQEFLINLVKQKPQITEEQLEAVIADFSGLLEKC

COGQEQEVCFAEEGPKLISKTRAALGV
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933

P26 (G17-
V229)

GEEELQKYIQESQALAKRSCGLFOKLGEYYLONAFLVAYTKKAPQLTSSELMAITRKMAA
TAATCCQLSEDKLLACGEGAADITIIGHLCIRHEMTPVNPGVGQCCTSSYANRRPCESSLV
VDETYVPPAFSDDKFIFHKDLCQAQGVALOQTMKOQEFLINLVKOKPOQITEEQLEAVIADES
GLLEKCCQGQEQEVCFAEEGOQKLISKTRAALGV

934

P26 (G17-
V229)
0217P

GEEELQKYIQESQALAKRSCGLFOKLGEYYLONAFLVAYTKKAPQLTSSELMAITRKMAA
TAATCCQLSEDKLLACGEGAADITIIGHLCIRHEMTPVNPGVGQCCTSSYANRRPCESSLV
VDETYVPPAFSDDKFIFHKDLCQAQGVALOQTMKOQEFLINLVKOKPOQITEEQLEAVIADES
GLLEKCCQGQEQEVCFAEEGPKLISKTRAALGV

923

CD22
mature
ECD

DSSKWVFEHPETLYAWEGACVWIPCTYRALDGDLESFILFHNPEYNKNTSKFDGTRLYESTKDGKVP
SEQKRVQFLGDKNKNCTLSIHPVHLNDSGOLGLRMESKTEKWMERIHLNVSERPFPPHIQLPPEIQE
SQEVTLTCLLNFSCYGYPIQLOWLLEGVPMRQAAVTSTSLTIKSVFTRSELKFSPOQWSHHGKIVTCQ
LODADGKFLSNDTVQLNVKHTPKLEIKVTPSDAIVREGDSVIMTCEVSSSNPEYTTVSWLKDGT SLK
KONTFTLNLREVTKDQSGKYCCQVSNDVGPGRSEEVFLOVQYAPEPSTVQILHSPAVEGSQVEFLCM
SLANPLPTNYTWYHNGKEMOGRTEEKVHIPKILPWHAGTYSCVAENILGTGORGPGAELDVQYPPKK
VITVIQONPMPIREGDTVTLSCNYNSSNPSVTRYEWKPHGAWEEPSLGVLKIQONVGWDNTTIACAACN
SWCSWASPVALNVQOYAPRDVRVRKIKPLSEIHSGNSVSLOCDEFSSSHPKEVOQFFWEKNGRLLGKESQ
LNFDSISPEDAGSYSCWVNNSIGOTASKAWTLEVLYAPRRLRVSMSPGDQVMEGKSATLTCESDANP
PVSHYTWEDWNNQOSLPYHSQKLRLEPVKVOHSGAYWCOGTNSVGKGRSPLSTLTVYYSPETIGRR

925

Cs1
mature
ECD

SGPVKELVGSVGGAVTFPLKSKVKQVDSIVWTENTTPLVTIQPEGGTIIVTONRNRERVDEFPDGGYS
LKLSKLKKNDSGIYYVGIYSSSLOOPSTOQEYVLHVYEHLSKPKVTMGLOSNKNGTCVINLTCCMEHG
EEDVIYTWKALGQAANESHNGSILPISWRWGESDMTFICVARNPVSRNEFSSPILARKLCEGAADDPD
SSM

927

HER2
mature
ECD

TQVCTGTDMKLRLPASPETHLDMLRHLYQGCQVVQGNLELTYLPTNASLSFLODIQEVQGYVLIAHN
OVROVPLORLRIVRGTQLFEDNYALAVLDNGDPLNNTTPVTGASPGGLRELQLRSLTEILKGGVLIQ
RNPQLCYQODTILWKDIFHKNNQLALTLIDTNRSRACHPCSPMCKGSRCWGESSEDCQOSLTRTVCAGG
CARCKGPLPTDCCHEQCAAGCTGPKHSDCLACLHFNHSGICELHCPALVTYNTDTFESMPNPEGRYT
FGASCVTACPYNYLSTDVGSCTLVCPLHNQEVTAEDGTQRCEKCSKPCARVCYGLGMEHLREVRAVT
SANIQEFAGCKKIFGSLAFLPESFDGDPASNTAPLOPEQLOVFETLEEITGYLYISAWPDSLPDLSYV
FONLOVIRGRILHNGAYSLTLOGLGISWLGLRSLRELGSGLALTHHNTHLCFVHTVPWDQLEFRNPHQ
ALLHTANRPEDECVGEGLACHQLCARGHCWGPGPTQCVNCSQFLRGOECVEECRVLOGLPREYVNAR
HCLPCHPECQPONGSVTCFGPEADQCVACAHYKDPPFCVARCPSGVKPDLSYMPIWKEPDEEGACQP
CPINCTHSCVDLDDKGCPAEQRASPLT

TABLE: 3 Exemplary Adapters

SEQ
ID
NO:

Adapter Design Adapter Sequence

911

BCMA
o [LEMA ] g

DEMGSWDEFGRRLYAIEWRLYALGGSEAELAAFEKEIAAFESE
LOAYKGKGNPEVEKLREIAAVIRSNLOQAYRHNGGGGSGGGGSG
GGGSGMLOMAGQCSONEYFDSLLHACIPCQLRCSSNTPPLTCQ
RYCNASVTNSVKGTNAGGGGSGGGGSGGGGSHHHHHHHHHEH

912

none HIs-
{a3D} BemA tag

DEGGGGSMGSWAEFKQRLAATKTRLOALGGSEAELAAFEKEIAAF
ESELQAYKGKGNPEVEALRKEAAATRDELQAYRHNGGGGSGGGGS
GGGGSGMLOMAGQCSONEYFDSLLHACIPCQLRCSSNTPPLTCQR
YCNASVTNSVKGTNAGGGGSGGGGSGGGGSHHHHHHHHHH

913

D123

26
{cg06) ?

DEHHHHHHHHHHKLENLYFQGGGGGSMGSWDEFGRRLYATIEWRLY
ALGGSEAELAAFEKEIAAFESELOQAYKGKGNPEVEKLREIAAVIR
SNLQAYRHNGGGGSGGGGSGGGGSLEKCFOQTENPLECODKGEEEL
OKYIQESQALAKRSCGLFQKLGEYYLONAFLVAYTKKAPQLTSSE
IMATTRKMAATAATCCQLSEDKLLACGEGAADIIIGHLCIRHEMT
PVNPGVGQCCTSSYANRRPCEFSSLVVDETYVPPAFSDDKFIFHKD
LCQAQGVALOTMKQEFLINLVKQKPQITEEQLEAVIADEFSGLLEK
CCOGQEQEVCFAEEGQOKLISKTRAALGY




CA 03082406 2020-05-11

WO 2019/099433

PCT/US2018/060887

197

DEHHHHHHHHHHKLENLYFQGGGGGSMGSWSEFWVRLGAIRERLD
ALGGSEAELAAFEKEIAAFESELOQAYKGKGNPEVEKLRYTAATIR
REFLOAYRHNGGGGSGGGGSGGGGSLEKCFOQTENPLECODKGEEEL
OKYIQESQALAKRSCGLFQKLGEYYLONAFLVAYTKKAPQLTSSE
IMATTRKMAATAATCCQLSEDKLLACGEGAADIIIGHLCIRHEMT
PVNPGVGQCCTSSYANRRPCEFSSLVVDETYVPPAFSDDKFIFHKD
LCQAQGVALOTMKQEFLINLVKQKPQITEEQLEAVIADEFSGLLEK
CCOGQEQEVCFAEEGQOKLISKTRAALGY

DEHHHHHHHHHHKLENLYFQGGGGGSMGSWAEFKORLAATIKTRLE
ALGGSEAELAAFEKEIAAFESELOQAYKGKGNPEVEALRKEAAATR
DELQAYRHNGGGGSGGGGSGGGGSLEKCFOQTENPLECODKGEEEL
OKYIQESQALAKRSCGLFQKLGEYYLONAFLVAYTKKAPQLTSSE
IMATTRKMAATAATCCQLSEDKLLACGEGAADIIIGHLCIRHEMT
PVNPGVGQCCTSSYANRRPCEFSSLVVDETYVPPAFSDDKFIFHKD
LCQAQGVALOTMKQEFLINLVKQKPQITEEQLEAVIADEFSGLLEK
CCOGQEQEVCFAEEGQOKLISKTRAALGY

DEGGGGSMGSWDEFGRRLYAIEWQLYALGGTEAELAAFEKEIAAF
ESELQAYKGKGNPEVEKLRETIAAVIRENLOAYRHNGGGGSGGGGS
GGGGSGLEKCFQTENPLECQODKGEEELOKYIQESQALAKRSCGLE
OKLGEYYLONAFLVAYTKKAPQLTSSELMAITRKMAATAATCCQL
SEDKLLACGEGAADITIIGHLCIRHEMTPVNPGVGQCCTSSYANRR
PCEFSSLVVDETYVPPAFSDDKFIFHKDLCQAQGVALQTMKQEFLI
NLVKQKPQITEEQLEAVIADFSGLLEKCCQGQEQEVCFAEEGQOKL
ISKTRAALGVGGGGSGGGGSGGGGSMGSWDEFGRRLYATEWQLYA
LGGTEAELAAFEKEIAAFESELQAYKGKGNPEVEKLREIAAVIRE
NLOQAYRHNGGGGSGGGGSGGGGSHHHHHHHHHH

914
HIS-tag BCMA p26
{bcad}
915
g none
e e I
916
123 D123 __-
26 HIS-¢
{cgG6-210} £ {cg06-210})
917
BCMA BCMA
{bcd0) p26 | {beaoy

DEGGGGSMGSWSEFWVRLGAIRERLDALGGSEAELAAFEKEIAAF
ESELQAYKGKGNPEVEKLRYTAATIRRFLOAYRHNGGGGSGGGGS
GGGGSGLEKCFQTENPLECQODKGEEELOKYIQESQALAKRSCGLE
OKLGEYYLONAFLVAYTKKAPQLTSSELMAITRKMAATAATCCQL
SEDKLLACGEGAADITIIGHLCIRHEMTPVNPGVGQCCTSSYANRR
PCEFSSLVVDETYVPPAFSDDKFIFHKDLCQAQGVALQTMKQEFLI
NLVKQKPQITEEQLEAVIADFSGLLEKCCQGQEQEVCFAEEGQOKL
ISKTRAALGVGGGGSGGGGSGGGGSMGSWSEFWVRLGAIRERLDA
LGGSEAELAAFEKEIAAFESELQAYKGKGNPEVEKLRYTAATIRR
FLOAYRHNGGGGSGGGGSGGGGSHHHHHHHHHH

TABLE: 4 Exemplary ADBD CAR Sequences

CAR Sequence

MAFLWLLSCWALLGTTFGDYKDDDDKGGGGSGGGGSMGSWAEFE
KORLAAIKTRLEALGGSEAELAAFEKEIAAFESELOQAYKGKGN
PEVEALRKEAAATRDELQAYRHNGQAGSGTTTPAPRPPTPAPT
IASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCG
VLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCR
FPEEEEGGCELRVKFSRSADAPAYKQGONQLYNELNLGRREEY
DVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIG
MKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

SEQID .
NO: CAR Design

918
CTsp-Flag- GSlinker-o3D(Q19E) -
GSlinker-CD8H-TM-41BRB-CD3(

919
CTsp-Flag- GSlinker-cg06-
GSlinker-CD8H-TM-41BRB-CD3(

MAFLWLLSCWALLGTTFGDYKDDDDKGGGGSGGGGSMGSWDEFE
GRRLYAIEWRLYALGGSEAELAAFEKEIAAFESELOQAYKGKGN
PEVEKLREIAAVIRSNLQAYRHNGGGGSGGGGSGTTTPAPRPP
TPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPL
AGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEED
GCSCRFPEEEEGGCELRVKEFSRSADAPAYKQGONQLYNELNLG
RREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEA
YSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
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CTsp-Flag- GSlinker-bc40-
GSlinker-CD8H-TM-41BRB-CD3(

MAFLWLLSCWALLGTTFGDYKDDDDKGGGGSGGGGSMGSWSEFE
WVRLGAIRERLDALGGSEAELAAFEKEIAAFESELQAYKGKGN
PEVEKLRYTAATIRRFLOAYRHNGGGGSGGGGSGTTTPAPRPP
TPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPL
AGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEED
GCSCRFPEEEEGGCELRVKESRSADAPAYKQGONQLYNELNLG
RREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEA
YSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

921

CTsp-Flag- GSlinker-af03-
GSlinker-CD8H-TM-41BRB-CD3(

MAFLWLLSCWALLGTTFGDYKDDDDKGGGGSGGGGSMGSWEEE
YDRLNAIDARLWALGGSEAELAAFEKEIAAFESELQAYKGKGN
PEVENLRVHAAATREWLQAYRHNGGGGSGGGGSGTTTPAPRPP
TPAPTIASMGSWAEFKORLAATIKTRLEALGGSEAELAAFEKETL
AAFESELQAYKGKGNPEVEALRKEAAATRDELQAYRHNQPLSL
RPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVI
TLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCREFPEEEEGG
CELRVKFSRSADAPAYKQGONQLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEI GMKGERRRG
KGHDGLYQGLSTATKDTYDALHMQALPPR

922

CTsp-Flag- GSlinker-af05-
GSlinker-CD8H-TM-41BRB-CD3(

MAFLWLLSCWALLGTTFGDYKDDDDKGGGGSGGGGSMGSWLEFE
YHRLNAIDSRLWALGGSEAELAAFEKEIAAFESELQAYKGKGN
PEVESLRDHAAHIREWLQAYRHNGGGGSGGGGSGTTTPAPRPP
TPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPL
AGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEED
GCSCRFPEEEEGGCELRVKESRSADAPAYKQGONQLYNELNLG
RREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEA
YSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
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WHAT IS CLAIMED IS:
L. A protein comprising a D Domain {DD) target binding domatn wherein the DB 18 a2 member

sefected from the group consisting of!

{a) a DD that specifically binds BCMA and comprises the amino acid sequence of
SEQ ID NO: 11-305, or 306;
(b} a DD that specifically binds CD123 and comprises the amino acid sequence of
SEQ D NG: 307-739, or 740,
{c) a DD that specifically binds AFP and comprises the amino acid sequence of
SEQ ID NO: 741-874, or BR6-89S;
{(d} a DI that specifically binds AFP p26 and comprises the amino acid sequence
of SEQ ID NO: 741-874. or §86-895:
{e) a DD that spectfically binds CS1 and comprises the amino acid
sequence of SEQ ID NO: §96-909, or 910; and
{f) a DD that specifically binds HER?2 and comprises the amino acid sequence of
SEQ ID NO: 911-949, or 950.
2. The protein of claim 1 wherein the DD is fused to a heterologous polypeptide.
3. The protein of claim 2, wherein the heterologous polypeptide comprises a full-length antibody

or an antibody fragment.

4. The protein of claim 2, wherein the heterologous polypeptide comprises a member selected

from the group consisting of.

{a} a transmembrane domain;
(b} a membrane associating domain;
(¢} human serum albumin or a fragment thereof;,
(d) AFP or a fragment thereof’,
(e} AFP p26 or a fragment thereof, and
{f) the extracellular domain of a receptor or a fragment thereof.
5. The protein of claim 3, wherein the DD is fused to: the amino terminus of a full-length antibody

heavy chain; the amino terminus of a full-length antibody light chain; the carboxyl terminus of
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16.
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a full-length antibody heavy chain; or the carboxyl terminus of a full-length antibody light
chain.

The protein ¢f claim 3, wherein the heterologous polypeptide is an Fc.

The protein of claim 2, wherein the heterologous polypeptide comprises the extracellular
domain, or a fragment of an extracellular domain, of a receptor selected from the group
consisting of: BCMA, CD123, CS1, and CDI19.

The protein according to any one of claims 1-7, which is labeled.

The protein according to claim 9, wherein the label is selected from the group consisting of an
enzymatic label, a fluorescent label, a luminescent label, a bioluminescent label and a biotin
moiety.

A protein according to any one of claims 1-10, which conjugated to a therapeutic or cytotoxic
agent.

A chimeric antigen receptor {CAR} which comprises a target binding domain comprising the
protein according to any one of claims 1-5.

The CAR of claim 11, which comprises, a target binding domain, a transmembrane domain,
and an tracetivlar signalivg domaim,

The CAR of claim 11 or 12, wherein transmembrane domain comprises a 418B or CD28
transmembrane domain,

The CAR according to any one of claims 1113, wheretn the intracelinlar signaling domain 13
selected from the group consisting of a domain of a human T cell receptor alpha, beta, or zeta
chatry, a human 41BB domain; a human CD23 domain; and any combination thereof

A CAR according to any one of claims 11-14, wherein the intraceliular signaling domain
comprises the intracellnlar domain of a costimulatory wolecule selected from the group
consisting of CD27, CD28 4iBR, OX40, CD30, CD40, PD, lymphocyie function-
associated antigen- 1 (LFA-L), CD2, C07, LIGHT, MEG2C, NREG2ZD, B7-H3, 2 ligand that
specifically binds with €83, and any combination thereot

A protein according to any on of claims 1-15, which further comprises a second target binding
domain having the same or a different target than the DD target binding domain.

An isolated nucleic acid encoding the protein according to any one of claims 1-16.

A vector comprising the nucleic acid of claim 17
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The vector of claim 18, wherein the mucleic acid is operably linked with a nucleotide
sequence which regulates the expression of the proters encoded by the vucleic aad.

The vector of claim 19 which is a lentiviral vector,

A host cell comprising the nucleic acid acording to claim 17 or the vector according to any
one of claims 18-21.

A cell engineered to express the protein according to any one of claims 1-16.

A cell according to claim 21 or 22, wherein the cell is a T cell or a natural kilter (NK) cell.

A pharmaceutical composition comprising the protein according to any one of claims 1-19,
the rucleic acid of claim 17, the vector of claim 18, 19 or 26, or the cell according to any oune
of claims 21-23.

A kit comprising the protein according to any one of claims 1-16.

A method of treating a subject having cancer, the method comprising:

administering to the subject an effective amount of a protein according to any one of claims
1-16, the nucieic acid of claim 17, the vector of claimy 18, 19 or 20, the cell according to any
one of claims 21-23, or the pharmaceutical compostiion according 1o claim 24

The method of claim 26, wherein the cancer s a B cell malignancy selected from the group
consisting of: a lymphoma {e.g., a Hodgkin’s lymphoma and non-Hodgkin’s lymphoma
(NHL), a leukemia, a plasmacytorma and a myeloma.

The method of claim 27, wherein the B cell malignancy is selected from the group consisting
of: chronic lymphocytic leukaemia, follicular lymphoma, mantle cell lymphoma, and diffuse
large B-cell lvmphoma, plasmacytoma and multiple myeloma.

The method of claim 26, wherein the cancer s a myeloid malignancy selected from the group
consisting of. chronic myeloid leukemia, acute myeloid leukemia, leukemia, plasmacytoma
and myeloma.

A method of treating a subject having a B cell associated disorder {e.g., monoclonal

gammapathy of determined significance), (MGUS)), the method comprising: administering

]
to the subject an effective amount of a proten sccording to any one of claims 1-16, the
micleic acid of claim 17, the vector of claim 18, 19 or 20, the cell according to any one of

claims 21-23, or the pharmaceutical composition according to claim 24
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30. A method of treating a subject having a disorder of the immune system, the method
coruprising: administeriog o the subject an effective amount of a protein according to any
one of claims 1-16, the nucleic acid of claim 17, the vector of claim 18, 19 or 20, the cell
acoording to any one of claims 21-23, or the pharmsaceutical composition according to claim
24,

31 The method of claim 30, wherein the disorder of the immune system 1s an autoimmune
disease such as rheumatoid arthritis.

32, A method of treating a subject having cancer, the method comprising:
administering an immune cell comprising a chimeric antigen receptor (CAR) to the subject,
wherein the CAR comprises: a target binding domain comprising a DD having an amino acid
sequence selected from the group consisting of SEQ 1D NO: 11-949, and 950, optionally
wherein the DD specifically binds a target of interest expressed by a cancer cell;

a transmembrane domain and an intracellular domain; wherein the intracellular domain
comprises a signaling domain, and wherein, upon administration to a subject, the target
binding domain specifically binds to the target of interest expressed by a cancer cell, and
wherein the binding of the target of interest induces the immune cell to generate cytotoxic

signals that result in cytotoxic effects on the cancer cell.

33, The method of ¢laim 32, wherein the immune cell 13 2 T cell.
34 The method of claim 32, wherein the immune cell is a NK cell.
35 The method of claim 32 wherein the administration 1s intravenous.
36,  Use of a composition for treating cancer, wherein the composition comprises: a profein

acoording to any one of claims 1-16, the nucleie acid of olaim 17, the vector according to any

oue of claims 18, 19 or 20, or the cell according to any one of claims 21-23.

37. The use according to claim 36, wherein the cancer is a B cell malignancy.
38, Theuse according to claim 37, wherein the B cell malignancy is selected from the group

consisting of: a lymphoma {e.g., a Hodgkin’s lymphoma and non-Hodgkin’s lymphoma
{(NHL), a leukemia, and a myeloma.

39 The use according to claim 38, wherein the B cell malignancy wherein the B cell malignancy
is selected trom the group consisting of’ chronic lymphocytic leukaemia, follicular

lymphoma, mantle cell lymphoma, and diffuse large B-cell lymphoma.
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Use of a composition for the treatment of a B cell associated disorder, wherein the
coraposition comprises: a protein according to any one of claims 1-16, the nucleic acid of
claim 17, the vector of claim 18, 19 or 20, the cell according to any one of ¢laims 21-23, or
the pharmaceutical composition according to claim 24

Use of a composition for the treatment of a disorder of the immune system, wherein the
COMmposition COMprises: a protein according to any one of claims 1-16, the nucleic acid of
claim 17, the vector of claim 18, 19 or 20, the cell according to any one of claims 21-23, or
the pharmaceutical composition according to claim 24

The use according to claim 41, wherein the disorder of the immuune system 15 an autoimmune
disease such as rheumatoid arthritis.

Use of an immune cell comprising a chimeric antigen receptor (CAR) for the treatment of
cancer, wherein the CAR comprises: a target binding domain comprising a B comprising
an amino acid sequence selected from the group consisting of SEQ ID NQO: 11-949, or 950,
and optionally wherein the target binding domain specifically binds a target of interest
expressed by a cancer cell,

a transmembrane domain and an intracellular domain, wherein the intracellular domain
comprises a signaling domain, wherein, upon administration to a subject having cancer, the
target binding domain specifically binds to the target of 1uterest expressed by a cancer cell,
and

wherein the binding of the target of interest induces the immune cell to generate cytotoxic
signals that result in cytotoxic effects on the cancer cell.

The use according to claim 43, wherein the imamune cell 1s a T cell or a natural killer (NK)

cell.
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