D-DOMAIN CONTAINING POLYPEPTIDES AND USESTHEREOF

BACKGROUND
[0001] Antibody-based reagents have accelerated the gauelogical research and development.

Antibody compositions represent one of the mostirtgmt and successful classes of therapeutic and
diagnostic agents utilized in the pharmaceuticdugtry. However, cost, time and efficacy have
motivated the development of alternative affingpagents.
[0002] A variety of non-antibody binding formats have egest for applications historically served
by antibodies. While many successes have beentegjdor unstructured, linear peptides, more robust
results have been achieved by imposing a structarastraint on the peptide sequence — typically
through the introduction of a disulfide bond. Thignstraint affords higher affinity and greater
specificity through the more favorable thermodyrasof fixed-shape complementarity and surface
presentations of residuesd., hydrophobic amino acids) that might otherwise bedal and therefore
not target-facing (Ladner, Trends in Biotech. 13(14P6-430 (1995)). Conversely, formats that
contain disulfide bonds are typically prone to ioger pairing of cysteines, either intra-domain or
inter-domain, that can lead to lower expressioadpct yield and product quality.
[0003] Structure found in protein subdomains has provigeother source of structural constraint.
Structures such as fibronectin type Ill repeatsiéatins), z-proteins (affibodies), knottins, lipbea
(anticalins) and ankyrin repeats (DARPIns) havenli®seloped with antibody-like affinities against
a variety of different targets (Hey al., Trends in Biotech. 23(10): 514-422 (2005)). Thésmains
typically contain two features that are analogauthé frameworks and complementarity determining
regions (CDRs) found in antibody variable domaias:structural scaffold that imparts high
thermodynamic stability and residues or loops thah the basis of the display library’s variability
SUMMARY
[0003a] In one aspect, the present disclosure refers toteip comprising a D Domain (DD)
target binding domain wherein the DD is a membércsed from the group consisting of: (a) a DD
that specifically binds BCMA and comprises the amagid sequence of SEQ ID NO: 11-305, or 306;
(b) a DD that specifically binds CD123 and comsitdee amino acid sequence of SEQ ID NO: 307-
739, or 740; (c) a DD that specifically binds ARRIacomprises the amino acid sequence of SEQ ID
NO: 741-874, or 886-895; (d) a DD that specificdlipds AFP p26 and comprises the amino acid
sequence of SEQ ID NO: 741-874, or 886-895; (epatliat specifically binds CS1 and comprises
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the amino acid sequence of SEQ ID NO: 896-909,10r &nd (f) a DD that specifically binds HER2
and comprises the amino acid sequence of SEQ IDIYD:949, or 950.

[0003b] In another aspect, the present disclosure refeasdaimeric antigen receptor (CAR)
which comprises a target binding domain comprisiregprotein disclosed herein.

[0003c] In yet another aspect, the present disclosuresrébemisolated nucleic acid encoding
the protein disclosed herein or the CAR disclosaein.

[0003d] In yet another aspect, the present disclosureséfea vector comprising the nucleic
acid disclosed herein, wherein optionally the nieckecid is operably linked with a nucleotide
sequence which regulates the expression of theipremcoded by the nucleic acid, wherein optionally
the vector is a lentiviral vector.

[0003€] In yet another aspect, the present disclosuresrédest host cell comprising the nucleic
acid disclosed herein or the vector disclosed hewenerein optionally the cell is a T cell or aural
killer (NK) cell.

[0003f] In yet another aspect, the present disclosureseéfen pharmaceutical composition
comprising the protein disclosed herein, the CAstldised herein, the nucleic acid disclosed herein,
the vector disclosed herein, or the cell discldseein.

[0003g] In yet another aspect, the present disclosure sdtera kit comprising the protein
disclosed herein or the CAR disclosed herein.

[0003h] In yet another aspect, the present disclosuresébense of a protein disclosed herein,
the CAR disclosed herein, the nucleic acid disaoBerein, the vector disclosed herein, the cell
disclosed herein, or the pharmaceutical composit@tiosed herein in the manufacture of a
medicament for treating cancer.

[0003i] In yet another aspect, the present disclosureséderse of a protein disclosed herein,
the CAR disclosed herein, the nucleic acid disaoBerein, the vector disclosed herein, the cell
disclosed herein, or the pharmaceutical composit@tiosed herein in the manufacture of a
medicament for treating a B cell associated digofelg., monoclonal gammapathy of determined
significance), (MGUS)).

[0003j]In yet another aspect, the present disclosuresrédarse of a protein disclosed herein, the CAR

disclosed herein, the nucleic acid disclosed hetkavector disclosed herein, the cell disclosed
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herein, or the pharmaceutical composition discldsaein in the manufacture of a medicament for
treating a disorder of the immune system.

[0003K] In yet another aspect, the present disclosuresrédarse of an immune cell comprising
a chimeric antigen receptor (CAR) in the manufaetifra medicament for treating cancer in a subject,
wherein the CAR comprises: (a) a target binding @ontomprising a DD having an amino acid
sequence selected from the group consisting of BERO: 11-949, and 950, optionally wherein the
DD specifically binds a target of interest exprelskg a cancer cell; (b) a transmembrane domain and
an intracellular domain; wherein the intracellldamain comprises a signaling domain, and wherein,
upon administration to a subject, the target bigadlomain specifically binds to the target of ingtre
expressed by a cancer cell, and wherein the binadfinige target of interest induces the immune cell
to generate cytotoxic signals that result in cyt@@ffects on the cancer cell.

[0004] There remains a substantial unmet need for newettdnigding compositions, and particularly
for such agents containing alternative binding feté$ (e.g., non-antibody scaffolds). Agents of
particular interest may be characterized by, f@anaegle, substantially reduced production costs and/o
comparable or superior reagent, diagnostic antienapeutic properties as compared to antibodies.
The present disclosure provides novel target-bopdirdomain (DD) polypeptides that are based on a
non-antibody structural scaffold. In some examplit® D domain polypeptides (DDpps) are
characterized by high target binding affinity arydabnon-antibody structural scaffold. In some



examples, the DDpps are target-specific bindingpeptides that can advantageously be used to
target therapeutice.g., immune cells) to particular cellg.g., diseased cells), thereby reducing or
eliminating off-target effects. In some examplég, provided DDpps are used as therapeutics to bind
cells or soluble factors involved in disease.

[0005] In some examples, the disclosure providgs@ein comprisinga D Domain (DD) target
binding domain (DDpp) wherein the Ddpecifically binds a target of interest selectedrfithe group
consisting of BCMA (SEQ ID NO: 7), CD123 (SEQ ID N&), CS1 (SEQ ID NO: 925), HER2 (SEQ
ID NO: 927), AFP (SEQ ID NO: 9), AFP p26 (SEQ ID N@D), or a fragment thereof. In some
examples, the DDpp are monovalent or multivalensdme examples, the DDpp are monospecific or
multispecific. In further examples, the monospedind multivalent. In other examples, the DDpp are
multispecific and multivalent. Fusion proteins cormsmg one or more DD are also provided, as are
methods of making and using the fusion proteingl®&ia acids encoding the DDpps and vectors and
host cells containing the nucleic acids are alseided. Non-limiting examples of such uses include,
but are not limited to target analysis, and diagn@nd therapeutic applications.

[0006] In additionalexamplesthe disclosure provides a protein comprisirigg @omain (DD) target
binding domain (DDpp) wherein the DD is a membéected from the group consisting ¢&) a DD
that specifically binds BCMA (SEQ ID NO: 7) and cpnses the amino acid sequence of SEQ ID
NO: 11-305, or 306; (b) a DD that specifically bsndD123 (SEQ ID NO: 8) and comprises the amino
acid sequence of SEQ ID NO: 307-739, or 740; @peathat specifically binds AFP (SEQ ID NO: 9)
or a fragment thereof, and comprises the amino seggience of SEQ ID NO: 741-874, or 886-895;
(d) a DD that specifically binds AFP p26 (SEQ ID NID) and comprises the amino acid sequence
of SEQ ID NO: 741-874, or 886-895, (e) a DD thatdsfically binds CS1 (SEQ ID NO: 925) or a
fragment thereof, and comprises the amino acidesezpiof SEQ ID NO: 896-909, or 910, and (f) a
DD that specifically binds HER2 or a fragment tlidreand comprises the amino acid sequence of
SEQ ID NO: 911-949, or 950. Proteins comprisingiargs of (a)-(f) that retain the ability to
specifically bind their respective targets are @suvided. In somexamplesthe DDppis fused to a
heterologous polypeptide. In some examples, therdlegous polypeptide comprises a full-length
antibody or an antibody fragmein.someexamplestheDD is fused to: the amino terminus of a full-

length antibody heavy chain; the amino terminua @fll-length antibody light chain; the



carboxyl terminus of a full-length antibody heavyam; or the carboxyl terminus of a full-length
antibody light chain. In other examples, the DDused to an antibody fragment which is an Fc. In
additional examples, the heterologous polypeptideprises a member selected from the group
consisting of: (i) a transmembrane domdi) a membrane associating domaii) human serum
albumin or a fragment therediv) AFP or a fragment thereafv) AFP p26 or a fragment there¢¥i)

the extracellular domain of a receptor or a fragntkeareof; and (vii) the extracellular domain of an
intracellular receptore(g., a nuclear protein) or a fragment therdaf some examples, the protein
contains a heterologous polypeptide that comprikesextracellular domain, or a fragment of an
extracellular domain of BCMA (SEQ ID NO: 7) or CCA2SEQ ID NO: 8) or CD19 (SEQ ID NO:
3) or CS1 (SEQ ID NO: 925). In some examples, tloéein contains a heterologous polypeptide that
comprises the extracellular domain, or a fragméranoextracellular domain, of a receptor selected
from the group consisting of: CD19, CD20, CD22, HWEBTLA, DR3, CD37; TSLPR, IL7R, and
gp96. In some examples, the protein contains adletmus polypeptide that comprises an antigenic
portion of a serum proteire.§., AFP, and AFP p26). In some examples, the proteimains a
heterologous polypeptide that comprises an antigamrition of an intracellular proteie.¢., a nuclear
protein).In someexamplesthe protein idabeled. In further examples, the label is seletteah the
group consisting of an enzymatic label, a fluorastabel, a luminescent label, a bioluminescergllab
and a biotin moietyln additionalexamplesthe protein ionjugated to a therapeutic or cytotoxic
agent. In some examples, the protein containsexdiegous polypeptide that binds to one or more
with major histocompatibility complex (MHC) clas®i class Il complexes.

[0007] In some examples, a DD of the DDpp specificallydsiBCMA. In some examples, the DD
specifically binds a BCMA protein having an amirmdasequence consisting of SEQ ID NO: 7. In
further examples, the DDpp comprises an amino seigience selected from the group consisting of
SEQ ID NO: 11-305, and 306. In other examplesBiG&A-binding DDpp comprises a variant of an
amino acid sequence selected from the group camgist SEQ ID NO: 11-305, and 306. In some
examples, the DDpp comprises multiple target-bigalomains €.g., dimers, trimersetc.). In some
examples, the DDpp comprises 2, 3, 4, 5, or mae ) DD that bind BCMA. In some examples, the
DDpp comprises 2, 3, 4, 5, or more than 5, DD Haate the same sequence. In some examples, the
DDpp comprises 2, 3, 4, 5 or more than 5, DD tliad o



different epitopes of BCMA. In some examples, tHepp comprises a DD that specifically binds
BCMA and further comprises 2, 3, 4, 5 or more tbamdditional different DDs or target-binding
binding domains€g., scFvs) that bind to BCMA or a different targetigah. In some examples, the
DDpp comprises a DD that specifically binds BCMAddurther comprises one or more additional
DDs or other target-binding binding domains thatdbdne or more antigens expressed on the surface
of a B cell. In some examples, the DDpp compris@Dahat specifically binds BCMA and further
comprises one or more additional DDs or other taogeling binding domains that bind one or more
cancer antigens. In some examples, the DDpp spaityfibinds 2, 3, 4, 5, or more than 5, different
targets. In further examples, the DDpp specifichilyds 2, 3, 4, 5, or more than 5, different cancer
antigens. In some examples, the DDpp specificatigd 2, 3, 4, 5, or more than 5, different cancer
antigens expressed on the surface of a canceldrcslbme examples, the DDpp specifically binds 2,
3, 4, 5, or more than 5, cancer antigens expresséde surface of different cancer cells.

[0008] In some examples, the DDpp is a fusion protein asimy a DD that specifically binds
BCMA. In some examples, the DDpp fusion protein pases a DD that specifically binds a BCMA
protein having an amino acid sequence consistirg=d) ID NO: 7. In some examples, the DDpp is
a fusion protein comprising a DD that comprisesaanno acid sequence selected from the group
consisting of SEQ ID NO: 11-305, and 306. In otbgamples, the BCMA-binding DDpp fusion
protein comprises a variant of an amino acid secgiselected from the group consisting of SEQ ID
NO: 11-305, and 306. In some examples, the DDpipriysrotein comprises a full-length antibody or
a portion (fragment) of an antibody. In some examible DDpp fusion protein comprises a full length
IgG antibody é.g., 1gG1, 1gG2, 1gG2, or IgG4). In further examplebe tDDpp comprises a
commercially approved therapeutic antiboeg.( rituximab, ofatumumab, ocrelizumab, veltuzumab,
MEDI-551, epratuzumab, belimumab, tabalumab, AMG;5BEDI-570, and NN882). In other
examples, the BCMA-binding DDpp is an Fc fusiontgeio.

[0009] In some examples, the DDpp fusion protein comprsBEMA-binding DD operably linked

to a serum protein. In some examples, the DDppifuprotein comprises an amino acid sequence
selected from the group consisting of SEQ ID NO305, and 306. In other examples, the BCMA-
binding DDpp fusion protein comprises a variananfamino acid sequence selected from the group
consisting of SEQ ID NO: 11-305, and 306. In furteeamples, the DDpp fusion protein comprises
human serum albumin or a fragment thereof. In sexaenples, the DDpp



fusion protein comprises AFP or AFP p26, or a fraghthereof. In some examples, the DDpp fusion
protein comprises AFRe., SEQ ID NO: 9), or a fragment thereof. In otherrapées, the DDpp
fusion protein comprises AFP p26 (SEQ ID NO: 10)adragment thereof.

[0010] In some examples, the DDpp fusion protein is aldelprotein comprising one or more target-
binding DDpp and a p29 protein (e.g., having thgusace of SEQ ID NO: 10, 928, 929, 930, 931,
932, 933, or 934). Such fusion proteins contaim2g sequences have been discovered herein to have
surprisingly long serum half-life. In some examplége soluble DDpp fusion protein has a plasma
half-life in vivo of at least 1 hour, at least 2 hours, at leasiutd) at least 8 hours, at least 16 hours,
at least 32 hours, at least 64 hours, or moreoinesexamples, the soluble fusion protein hagan
vivo plasma half-life of at least 1 hour, at least 2rispat least 4 hours, at least 8 hours, at least 1
hours, at least 32 hours, at least 64 hours, oerours 65 hours, or 1-10 hours, 2-10 hours, 4-10
hours, 6-10 hours, or 6-9 hours in a mouse. In sexaeples, the soluble DDpp fusion protein has an
in vivo plasma half-life of at least 1 hour, at least Brispat least 4 hours, at least 8 hours, at léast 1
hours, at least 32 hours, at least 64 hours, oerours 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 examples, the BCMA-binding DDpp fusion photcomprises the extracellular
domain of a receptor or a fragment thereof. In sex@mples, the DDpp fusion protein comprises a
DD that comprises an amino acid sequence seleated the group consisting of SEQ ID NO: 11-
305, and 306. In other examples, the BCMA-bindirigpp fusion protein comprises a variant of an
amino acid sequence selected from the group camgist SEQ ID NO: 11-305, and 306. In further
examples, the CD123-binding DDpp fusion protein pases the extracellular domain of CD123
(SEQ ID NO: 8), or a fragment thereof. In some eplas, the BCMA-binding DDpp fusion protein
comprises the extracellular domain of a receptiacsed from the group consisting of: CD19, CD20,
CD22, HVEM, BTLA, DR3, CD37, CS1, TSLPR, IL7R, agp96, or a fragment thereof.

[0012] In additionalexamplesthe BCMA-binding DDpp fusion protein comprises an intradeit
protein €.g., a nuclear protein) or a fragment therdafsome examples, the DDpp fusion protein
comprises a DD that comprises an amino acid segusgiected from the group consisting of SEQ ID
NO: 11-305, and 306. In other examples, the BCMaAdlyig DDpp fusion protein comprises a variant
of an amino acid sequence selected from the groapisting of SEQ ID NO: 11-305, and 306.
someexamplestheBCMA-binding DDpp fusion protein comprises a



fragment of a serum proteie.§., HSA, AFP, and AFP p26), an extracellular domairaa&ceptor
(e.g., BCMA, CD123, CS1, and CD19), or an intracellulestpin €.9., a nuclear proteinxonsisting

of 5-500, 5-400, 5-300, 5-200, 5-100, 5-50, 10-3aB400, 10-300, 10-200, 10-100, or 10&6HInO

acid residues.

[0013] In some examples, a DD of the DDpp specificallydsi€D123. In some examples, the DDpp
specifically binds a CD123 protein having an amaeal sequence consisting of SEQ ID NO: 8. In
further examples, the DDpp comprises an amino seigience selected from the group consisting of
SEQ ID NO: 307-739, and 740. In other examplesabd23-binding DDpp comprises a variant of
an amino acid sequence selected from the groupstimgsof SEQ ID NO: 307-739, and 740. In some
examples, the DDpp comprises multiple target-bigalomains €.g., dimers, trimersetc.). In some
examples, the DDpp comprises 2, 3, 4, 5, or maxa 8) DD, that bind CD123. In some examples,
the DDpp comprises 2, 3, 4, 5, or more than 5, DBt have the same sequence. In some examples,
the DDpp comprises 2, 3, 4, 5 or more than 5, Dd? tind to different epitopes of CD123. In some
examples, the DDpp comprises a DD that specifidatiggs CD123 and further comprises 2, 3, 4, 5 or
more than 5, additional different DDs or targeteng binding domainse(g., scFvs) that bind to
BCMA or a different target antigen. In some exaraptbe DDpp comprises a DD that specifically
binds CD123 and further comprises one or more @ik DDs or other target-binding binding
domains that bind one or more antigens expresseteosurface of a B cell. In some examples, the
DDpp comprises a DD that specifically binds CD128 éurther comprises one or more additional
DDs or other target-binding binding domains thatline or more cancer antigens. In some examples,
the DDpp specifically binds 2, 3, 4, 5, or morentkadifferent targets. In further examples, thedpD
specifically binds 2, 3, 4, 5, or more than 5, eifint cancer antigens. In some examples, the DDpp
specifically binds 2, 3, 4, 5, or more than 5, eliéint cancer antigens expressed on the surface of a
cancer cell. In some examples, the DDpp specifidafids 2, 3, 4, 5, or more than 5, cancer antigens
expressed on the surface of different cancer cells.

[0014] In some examples, the DDpp is a fusion protein asimy a DD that specifically binds
CD123. In some examples, the DD specifically biad&D123 protein having an amino acid sequence
consisting of SEQ ID NO: 8. In some examples, tBppPcomprises an amino acid sequence selected
from the group consisting of SEQ ID NO: 307-739 &40. In other examples, the CD123-binding
DDpp fusion protein comprises a variant of an anaoil sequence selected from



the group consisting of SEQ ID NO: 307-739, and. 7AGome examples, the DDpp fusion protein
comprises a full-length antibody or a portion (frant) of an antibody. In some examples, the DDpp
fusion protein comprises a full length IgG antibd@yg., 19G1, 19G2, 19G2, or 1gG4). In further
examples, the DDpp comprises a commercially appraverapeutic antibodyeg@., rituximab,
ofatumumab, ocrelizumab, veltuzumab, MEDI-551, gpramab, belimumab, tabalumab, AMG-557,
MEDI-570, and NN8828. In other examples, the CDbi&ling DDpp is an Fc fusion protein.

[0015] In some examples, the DDpp fusion protein compris€D123-binding DD operably linked
to a serum protein. In some examples, the DDpifuprotein comprises an amino acid sequence
selected from the group consisting of SEQ ID NOZ-389, and 740. In other examples, the CD123-
binding DDpp fusion protein comprises a variananfamino acid sequence selected from the group
consisting of SEQ ID NO: 307-739, and 740. In fartbxamples, the DDpp fusion protein comprises
human serum albumin or a fragment thereof. In seramples, the DDpp fusion protein comprises
AFP or AFP p26, or a fragment thereof. In some gtas) the DDpp fusion protein comprises AFP
(e.g., SEQ ID NO: 9), or a fragment thereof. In otherrapées, the DDpp fusion protein comprises
AFP p26 (SEQ ID NO: 10), or a fragment thereof.

[0016] In some examples, the CD123-binding DDpp fusiontgino comprises the extracellular
domain of a receptor or a fragment thereof. In sex&mples, the CD123-binding DDpp fusion
protein comprises an amino acid sequence selectertiie group consisting of SEQ ID NO: 307-739,
and 740. In other examples, the CD123-binding Dispon protein comprises a variant of an amino
acid sequence selected from the group consistin§E ID NO: 307-739, and 740. In further
examples, the CD123-binding DDpp fusion protein pdses the extracellular domain of BCMA
(SEQ ID NO: 7) or CD123 (SEQ ID NO: 8), or a fragm¢hereof. In further examples, the CD123-
binding DDpp fusion protein comprises the extradall domain of BCMA (SEQ ID NO: 7), or
CD123 (SEQ ID NO: 8), or CS1 (SEQ ID NO: 925), dragment thereof. In some examples, the
CD123-binding DDpp fusion protein comprises theragollular domain of a receptor selected from
the group consisting of: CD19, CD20, CD22, HVEM, BT DR3, CD37, CS1, TSLPR, IL7R, and
gp96, or a fragment thereof.

[0017] In additionalexamplesthe CD123-bindingDDpp fusion protein comprises an intracellular
protein €.g., a nuclear protein) or a fragment therdnfsome examples, the CD123-binding DDpp

fusion protein comprises an amino acid sequeneetsel from the group consisting of SEQ ID



NO: 307-739, and 740. In other examples, the COdigading DDpp fusion protein comprises a
variant of an amino acid sequence selected frongtbep consisting of SEQ ID NO: 307-739, and
740.

[0018] In someexamplesthe CD123-binding DDpp fusion protein comprisésagment of a serum
protein €.g., HSA, AFP, and AFP 26), an extracellular domainaafeceptor €g., BCMA, CS1,
CD123, and CD19), or an intracellular proteg(, a nuclear proteingonsisting of 5-500, 5-400, 5-
300, 5-200, 5-100, 5-50, 10-500, 10-400, 10-3062Q0, 10-100, or 10-58mino acid residues.

[0019] In some examples, a DD of the DDpp specificallydsitCS1. In some examples, the DDpp
specifically binds a CS1 protein having an amina aequence consisting of SEQ ID NO: 925. In
further examples, the DDpp comprises an amino s&igience selected from the group consisting of
SEQ ID NO: 896-909, and 910. In other examples(8&-binding DDpp comprises a variant of an
amino acid sequence selected from the group cargist SEQ ID NO: 896-909, and 910. In some
examples, the DDpp comprises multiple target-bigalomains €.g., dimers, trimersetc.). In some
examples, the DDpp comprises 2, 3, 4, 5, or maae &) DD, that bind CS1. In some examples, the
DDpp comprises 2, 3, 4, 5, or more than 5, DD, Haate the same sequence. In some examples, the
DDpp comprises 2, 3, 4, 5 or more than 5, DD tirad bo different epitopes of CS1. In some examples,
the DDpp comprises a DD that specifically binds @8d further comprises 2, 3, 4, 5 or more than 5,
additional different DDs or target-binding bindidgmains €.g., scFvs) that bind to BCMA or a
different target antigen. In some examples, the PBgmprises a DD that specifically binds CS1 and
further comprises one or more additional DDs oeptharget-binding binding domains that bind one
or more antigens expressed on the surface of dlBrceome examples, the DDpp comprises a DD
that specifically binds CS1 and further comprises or more additional DDs or other target-binding
binding domains that bind one or more cancer ansiglh some examples, the DDpp specifically
binds 2, 3, 4, 5, or more than 5, different targetgurther examples, the DDpp specifically birJs

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

[0020] In some examples, the DDpp is a fusion protein aimy a DD that specifically binds CS1.

In some examples, the DD specifically binds a Cf®igin having an amino acid sequence



consisting of SEQ ID NO: 925. In some examples, Didpp comprises an amino acid sequence
selected from the group consisting of SEQ ID NO8-899, and 910. In other examples, the CS1-
binding DDpp fusion protein comprises a variananfamino acid sequence selected from the group
consisting of SEQ ID NO: 896-909, and 910. In saxamples, the DDpp fusion protein comprises
a full-length antibody or a portion (fragment) of antibody. In some examples, the DDpp fusion
protein comprises a full length 1gG antibodyg(, IgG1, 1gG2, 1gG2, or 1gG4). In further examples,
the DDpp comprises a commercially approved ther@peuntibody é.g., rituximab, ofatumumab,
ocrelizumab, veltuzumab, MEDI-551, epratuzumabinteinab, tabalumab, AMG-557, MEDI-570,
and NN8828. In other examples, the CS1-binding DBEm Fc fusion protein.

[0021] In some examples, the DDpp fusion protein comps€s1-binding DD operably linked to a
serum protein. In some examples, the DDpp fusiotepr comprises an amino acid sequence selected
from the group consisting of SEQ ID NO: 896-909¢ &£10. In other examples, the CS1-binding
DDpp fusion protein comprises a variant of an anaicio sequence selected from the group consisting
of SEQ ID NO: 896-909, and 910. In further examptee DDpp fusion protein comprises human
serum albumin or a fragment thereof. In some exasyphe DDpp fusion protein comprises AFP or
AFP p26, or a fragment thereof. In some exampkes,DXDpp fusion protein comprises AR,
SEQ ID NO: 9), or a fragment thereof. In other epleg, the DDpp fusion protein comprises AFP
p26 (SEQ ID NO: 10), or a fragment thereof.

[0022] In some examples, the CS1-binding DDpp fusion pmatemprises the extracellular domain
of a receptor or a fragment thereof. In some exasphe CS1-binding DDpp fusion protein comprises
an amino acid sequence selected from the groupstimigsof SEQ ID NO: 896-909, and 910. In other
examples, the CS1-binding DDpp fusion protein casgs a variant of an amino acid sequence
selected from the group consisting of SEQ ID NO3-899, and 910. In further examples, the CS1-
binding DDpp fusion protein comprises the extradal domain of BCMA (SEQ ID NO: 7), CD123
(SEQ ID NO: 8), or CS1 (SEQ ID NO: 925), or a fragmithereof. In some examples, the CS1-binding
DDpp fusion protein comprises the extracellular domof a receptor selected from the group
consisting of: CD19, CD20, CD22, HVEM, BTLA, DR3P37, CS-1, TSLPR, IL7R, and gp96, or a
fragment thereof.

[0023] In additional examples the CS1-bindingDDpp fusion protein comprises an intracellular

protein €.g., a nuclear protein) or a fragment therdnfsome examples, the CS1-binding DDpp
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fusion protein comprises an amino acid sequen@eteel from the group consisting of SEQ ID NO:
896-909, and 910. In other examples, the CS1-bgnBidpp fusion protein comprises a variant of an
amino acid sequence selected from the group corgist SEQ ID NO: 896-909, and 910.

[0024] In someexamplesthe CS1-binding DDpp fusion protein comprisesagient of a serum
protein €.g., HSA, AFP, and AFP 26), an extracellular domainaafeceptor €g., BCMA, CS1,
CD123, and CD19), or an intracellular proteg(, a nuclear proteingonsisting of 5-500, 5-400, 5-
300, 5-200, 5-100, 5-50, 10-500, 10-400, 10-3062Q0, 10-100, or 10-58mino acid residues.

[0025] In some examples, a DD of the DDpp specificallydsiiAFP or a fragment thereof. In some
examples, the DDpp specifically binds an AFP proteving an amino acid sequence consisting of
SEQ ID NO: 9 or a fragment thereof. In further epdas, the DDpp comprises an amino acid sequence
selected from the group consisting of SEQ ID NO1-824, and 886-895. In other examples, the
DDpp comprises a variant of an amino acid sequsealzeted from the group consisting of SEQ ID
NO: 741-874, and 886-895. In some examples, thediymprises multiple target-binding domains
(e.g., dimers, trimersgtc.). In some examples, the DDpp comprises 2, 3, d;, Bore than 5, DD, that
bind AFP or a fragment thereof. In some examples,DDpp comprises 2, 3, 4, 5, or more than 5,
DD, that have the same sequence. In some exantipdeBDpp comprises 2, 3, 4, 5 or more than 5,
DD that bind to different epitopes of AFP or a fraant thereof. In some examples, the DDpp
comprises a DD that specifically binds AFP or ain@nt thereof and further comprises 2, 3, 4, 5 or
more than 5, additional different DDs or targetelng binding domainsxg., scFvs) that bind to AFP,
an AFP fragment, or a different target antigensdéme examples, the DDpp comprises a DD that
specifically binds AFP or a fragment thereof andher comprises one or more additional DDs or
other target-binding binding domains that bind onenore antigens expressed on the surface of a B
cell. In some examples, the DDpp comprises a DDgpecifically binds AFP and further comprises
one or more additional DDs or other target-bindimgding domains that bind one or more cancer
antigens. In some examples, the DDpp specificaligo?2, 3, 4, 5, or more than 5, different targets.
In further examples, the DDpp specifically binds8824, 5, or more than 5, different cancer antigens
In some examples, the DDpp specifically binds 24,3, or more than 5, different cancer antigens
expressed on the surface of a cancer cell. In ®xaeples, the DDpp specifically binds 2, 3, 4,15, 0

more than 5, cancer antigens expressed on theswfalifferent cancer cells.
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[0026] In some examples, the DDpp is a fusion protein atsimg a DD that specifically binds AFP,
or a fragment thereof. In some examples, the DRipally binds an AFP protein having an amino
acid sequence consisting of SEQ ID NO: 9, or anfiaagt thereof. In further examples, the DDpp
comprises an amino acid sequence selected fromgrthg consisting of SEQ ID NO: 741-874, and
886-895. In other examples, the AFP-binding DDpmpnses a variant of an amino acid sequence
selected from the group consisting of SEQ ID NO1-8Z4, and 886-895. In some examples, the
fusion protein comprises an AFP-binding DD operdbiked to a full-length antibody or a portion
(fragment) of an antibody. In some examples, theopBusion protein comprises a full length IgG
antibody é.g., IgG1, IgG2, 19G2, or 1IgG4). In further exampldse DDpp comprises a commercially
approved therapeutic antibodgd., rituximab, ofatumumab, ocrelizumab, veltuzumab, INH551,
epratuzumab, belimumab, tabalumab, AMG-557, MEDD;58nd NN882. In some examples, the
AFP-binding DDpp is an Fc fusion protein.

[0027] In some examples, the DDpp fusion protein compsB® that specifically binds AFP or an
AFP fragment, operably linked to a serum protem.sbme examples, the DDpp fusion protein
comprises an amino acid sequence selected fromrtg consisting of SEQ ID NO: 741-874, and
886-895. In other examples, the AFP-binding DDpmpnses a variant of an amino acid sequence
selected from the group consisting of SEQ ID NOLt-844, and 886-895. In further examples, the
DDpp fusion protein comprises human serum albumi foagment thereof.

[0028] In some examples, the DDpp fusion protein compsB® that specifically binds AFP or an
AFP fragment and further comprises the extracelldéanain of a receptor or a fragment thereof. In
some examples, the DDpp fusion protein comprisesnaino acid sequence selected from the group
consisting of SEQ ID NO: 741-874, and 886-895. theo examples, the AFP-binding DDpp
comprises a variant of an amino acid sequencetsdléom the group consisting of SEQ ID NO:
741-874, and 886-895. In some examples, the DDgipritprotein comprises the extracellular domain
of BCMA (SEQ ID NO: 7) or CD123 (SEQ ID NO: 8), arffragment thereof. In some examples, the
DDpp fusion protein comprises the extracellular donmof BCMA (SEQ ID NO: 7), or CD123 (SEQ
ID NO: 8), or CS1 (SEQ ID NO: 925), or a fragmemereof. In some examples, the DDpp fusion
protein comprises the extracellular domain of @péar selected from the group consisting of: CD19,
CD20, CD22, HVEM, BTLA, DR3, CD37; TSLPR, IL7R, ag@96, or a fragment thereof.
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[0029] In additionalexamplesthe DDpp fusion protein comprises a DD that specificalnds AFP

or an AFP fragment and further comprisas intracellular proteine(@., a nuclear protein) or a
fragment thereofln some examples, the DDpp fusion protein compraesamino acid sequence
selected from the group consisting of SEQ ID NQI-844, and 886-895. In other examples, the AFP-
binding DDpp comprises a variant of an amino aeiguence selected from the group consisting of
SEQ ID NO: 741-874, and 886-895.

[0030] In someexamplesthe AFP-binding DDpp fusion protein comprises a fragmenaaferum
protein €.g., HSA), an extracellular domain of a receptg( BCMA, CS1, CD123, and CD19), or
an intracellular proteing(g., a nuclear proteingonsisting of 5-500, 5-400, 5-300, 5-200, 5-10805-
10-500, 10-400, 10-300, 10-200, 10-100, or 1&b&no acid residues.

[0031] In some examples, a DD of the DDpp specificallydsiAFP p26. In some examples, the DDpp
specifically binds AFP p26 having an amino acidsge consisting of SEQ ID NO: 10, or a fragment
thereof. In some examples, the DDpp comprises anaaacid sequence selected from the group
consisting of SEQ ID NO: 741-874, and 886-895 uritfer examples, the DDpp comprises a variant
of an amino acid sequence selected from the groopisting of SEQ ID NO: 741-874, and 886-895.
In further examples, the DD specifically binds ApZ6 having an amino acid sequence consisting of
SEQ ID NO: 10, but does not specifically bind AF&img an amino acid sequence consisting of SEQ
ID NO: 9. In some examples, the DDpp comprises ipiglttarget-binding domains.§)., dimers,
trimers,etc.). In some examples, the DDpp comprises 2, 3, dr fore than 5, DD, that bind AFP
p26. In some examples, the DDpp comprises 2, B, 4r more than 5, DD, that have the same
sequence. In some examples, the DDpp comprises42530r more than 5, DD that bind to different
epitopes of AFP p26. In some examples, the DDpppe@es a DD that specifically binds AFP p26
and further comprises 2, 3, 4, 5 or more than 8jtadal different DDs or target-binding binding
domains €.g., scFvs) that bind to AFP p26 or a different taygigen. In some examples, the DDpp
comprises a DD that specifically binds AFP p26 aamther comprises one or more additional DDs or
other target-binding binding domains that bind onenore antigens expressed on the surface of a B
cell. In some examples, the DDpp comprises a DD spacifically binds AFP p26 and further
comprises one or more additional DDs or other taogeling binding domains that bind one or more
cancer antigens. In some examples, the DDpp spaityfibinds 2, 3, 4, 5, or more than 5, different

targets. In further examples, the
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DDpp specifically binds 2, 3, 4, 5, or more thardBferent cancer antigens. In some examples, the
DDpp specifically binds 2, 3, 4, 5, or more thard®ferent cancer antigens expressed on the surface
of a cancer cell. In some examples, the DDpp sipadif binds 2, 3, 4, 5, or more than 5, cancer
antigens expressed on the surface of differentezasedls.

[0032] In some examples, the DDpp is a fusion protein asimy a DD that specifically binds AFP
p26. In some examples, the DD specifically bind®AR26 having an amino acid sequence consisting
of SEQ ID NO: 10. In some examples, the DDpp fugiootein comprises an amino acid sequence
selected from the group consisting of SEQ ID NQt-844, and 886-895. In other examples, the AFP
p26-binding DDpp fusion protein comprises an amawd sequence selected from the group
consisting of SEQ ID NO: 741-874, and 886-895.dme examples, a DD of the DDpp fusion protein
specifically binds AFP p26 but does not specificdlind AFP having an amino acid sequence
consisting of SEQ ID NO: 9. In further examples DDpp is a fusion protein comprising an amino
acid sequence selected from the group consistinfgE® ID NO: 741-874, and 886-895. In other
examples, the DDpp comprises a variant of an aatibsequence selected from the group consisting
of SEQ ID NO: 741-874, and 886-895. In other exasplhe AFP p26-binding DDpp is an Fc fusion
protein.

[0033] In some examples, the DDpp fusion protein comprasBP that specifically binds AFP p26.

In other examples, the DDpp fusion protein compgrise AFP p26-binding DD operably linked to a
serum protein. In some examples, the DDpp fusiotepr comprises an amino acid sequence selected
from the group consisting of SEQ ID NO: 741-874d &86-895. In other examples, the AFP p26-
binding DDpp fusion protein comprises a variananfamino acid sequence selected from the group
consisting of SEQ ID NO: 741-874, and 886-895. untHer examples, the DDpp fusion protein
comprises human serum albumin or a fragment thereof

[0034] In some examples, the DDpp fusion protein comprasesFP p26-binding DD and further
comprises the extracellular domain of a recepta fsagment thereof. In some examples, the DDpp
fusion protein comprises an amino acid sequeneetsel from the group consisting of SEQ ID NO:
741-874, and 886-895. In other examples, the ARRpAding DDpp fusion protein comprises a
variant of an amino acid sequence selected frongitbep consisting of SEQ ID NO: 741-874, and
886-895. In some examples, the DDpp fusion protemprises the extracellular domain of BCMA
(SEQ ID NO: 7) or CD123 (SEQ ID NO: 8), or a fragmthereof. In some
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examples, the DDpp fusion protein comprises theaegtlular domain of BCMA (SEQ ID NO: 7),
CD123 (SEQ ID NO: 8), or CS1 (SEQ ID NO: 925), drragment thereof. In some examples, the
DDpp fusion protein comprises the extracellular domof a receptor selected from the group
consisting of: CD19, CD20, CD22, HVEM, BTLA, DR3,D37; TSLPR, IL7R, and gp96, or a
fragment thereof.

[0035] In additionalexamples the DDpp fusion protein comprises an AFP p26-binding Bnd
further comprisesn intracellular proteing(g., a nuclear protein) or a fragment therelof.some
examples, the DDpp fusion protein comprises an anaicid sequence selected from the group
consisting of SEQ ID NO: 741-874, and 886-895. tlheo examples, the AFP p26-binding DDpp
fusion protein comprises a variant of an amino aeiduence selected from the group consisting of
SEQ ID NO: 741-874, and 886-895. someexamplesthe AFP p26-bindingDDpp fusion protein
comprises a fragment of a serum proteamy.( HSA), an extracellular domain of a receptegy,
BCMA, CS1, CD123, and CD19), or an intracellulastemn €.9., a nuclear proteingonsisting of 5-
500, 5-400, 5-300, 5-200, 5-100, 5-50, 10-500, @0;4.0-300, 10-200, 10-100, or 10-&Mino acid
residues.

[0036] In some examples, a DD of the DDpp specificallydsitHER2. In some examples, the DDpp
specifically binds a HERZ2 protein having an amiom aequence consisting of SEQ ID NO: 927. In
further examples, the DDpp comprises an amino seigience selected from the group consisting of
SEQ ID NO: 911-949, and 950. In other examples HE®2-binding DDpp comprises a variant of
an amino acid sequence selected from the groupstimgsof SEQ ID NO: 911-949, and 950. In some
examples, the DDpp comprises multiple target-big@lomains €.g., dimers, trimersetc.). In some
examples, the DDpp comprises 2, 3, 4, 5, or mae &) DD, that bind HER2. In some examples, the
DDpp comprises 2, 3, 4, 5, or more than 5, DD, i@t the same sequence. In some examples, the
DDpp comprises 2, 3, 4, 5 or more than 5, DD that lto different epitopes of HER2. In some
examples, the DDpp comprises a DD that specifidalgs HER2 and further comprises 2, 3, 4, 5 or
more than 5, additional different DDs or targeteng binding domainse(g., scFvs) that bind to
BCMA or a different target antigen. In some exaraptbe DDpp comprises a DD that specifically
binds HER2 and further comprises one or more auiditi DDs or other target-binding binding
domains that bind one or more antigens expressedeosurface of a cancer cell. In some examples,

the DDpp comprises a DD that specifically binds R2ERd
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further comprises one or more additional DDs oeptharget-binding binding domains that bind one
or more cancer antigens. In some examples, the Bpppifically binds 2, 3, 4, 5, or more than 5,
different targets. In further examples, the DDppdfically binds 2, 3, 4, 5, or more than 5, diéfet
cancer antigens. In some examples, the DDpp spaityfibinds 2, 3, 4, 5, or more than 5, different
cancer antigens expressed on the surface of arcegiteln some examples, the DDpp specifically
binds 2, 3, 4, 5, or more than 5, cancer antiggpsessed on the surface of different cancer cells.
[0037] In some examples, the DDpp is a fusion protein agsimy a DD that specifically binds HER2.
In some examples, the DD specifically binds a HER@tein having an amino acid sequence
consisting of SEQ ID NO: 927. In some examples, Di¥pp comprises an amino acid sequence
selected from the group consisting of SEQ ID NQt-929, and 950. In other examples, the HER2-
binding DDpp fusion protein comprises a variananfamino acid sequence selected from the group
consisting of SEQ ID NO: 911-949, and 950. In s@xamples, the DDpp fusion protein comprises
a full-length antibody or a portion (fragment) of antibody. In some examples, the DDpp fusion
protein comprises a full length 1gG antibodyg(, IgG1, 1gG2, 1gG2, or 1gG4). In further examples,
the DDpp comprises a commercially approved thertapamtibody. In other examples, the HER2-
binding DDpp is an Fc fusion protein.

[0038] In some examples, the DDpp fusion protein compiasd&R2-binding DD operably linked to

a serum protein. In some examples, the DDpp fupimtein comprises an amino acid sequence
selected from the group consisting of SEQ ID NCQt-929, and 950. In other examples, the HER2-
binding DDpp fusion protein comprises a variananfamino acid sequence selected from the group
consisting of SEQ ID NO: 911-949, and 950. In fartaxamples, the DDpp fusion protein comprises
human serum albumin or a fragment thereof. In seramples, the DDpp fusion protein comprises
AFP or AFP p26, or a fragment thereof. In some gtas) the DDpp fusion protein comprises AFP
(e.g., SEQ ID NO: 9), or a fragment thereof. In otherrapées, the DDpp fusion protein comprises
AFP p26 (SEQ ID NO: 10), or a fragment thereof.

[0039] In some examples, the HER2-binding DDpp fusiongirotomprises the extracellular domain
of a receptor or a fragment thereof. In some exasypthe HER2-binding DDpp fusion protein
comprises an amino acid sequence selected fromrthg consisting of SEQ ID NO: 911-949, and

950. In other examples, the HER2-binding DDpp fngootein comprises a variant of
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an amino acid sequence selected from the groupstimgsof SEQ ID NO: 911-949, and 950. In
further examples, the HER2-binding DDpp fusion piotcomprises the extracellular domain of
BCMA (SEQ ID NO: 7), CD123 (SEQ ID NO: 8), or CS3HQ ID NO: 925), or a fragment thereof.
In some examples, the HER2-binding DDpp fusiongrotomprises the extracellular domain of a
receptor selected from the group consisting of: §D20, CD22, HVEM, BTLA, DR3, CD37, CS-

1, TSLPR, IL7R, and gp96, or a fragment thereof.

[0040] In additionalexamples the HER2-bindingDDpp fusion protein comprises an intracellular
protein €.9., a nuclear protein) or a fragment therdafsome examples, the HER2-binding DDpp
fusion protein comprises an amino acid sequen@eteel from the group consisting of SEQ ID NO:
911-949, and 950. In other examples, the HER2-hon@Dpp fusion protein comprises a variant of
an amino acid sequence selected from the groupstmgsof SEQ ID NO: 911-949, and 950.

[0041] In someexamplesthe HER2-binding DDpp fusion protein comprisefsagment of a serum
protein €.g., HSA, AFP, and AFP 26), an extracellular domaimaafeceptor € 9., BCMA, CS1,
CD123, and CD19), or an intracellular proteg(, a nuclear proteingonsisting of 5-500, 5-400, 5-
300, 5-200, 5-100, 5-50, 10-500, 10-400, 10-3062Q0, 10-100, or 10-58mino acid residues.

[0042] In some examples, the DDpp fusion protein comprasdsil length antibody. In further
examples, the DDpp is a fusion protein comprisinfglblength antibody that specifically binds a
cancer antigen. In further examples, the DDppfigs@n protein comprising a full length antibody,
wherein the antibody specifically binds a canceigan believed to be expressed by the cancer of the
subject to which the DDpp fusion protein is adntigried.

[0043] In some examples, the disclosed DD@g.(a DDpp fusion protein) is labeled. Labels that can
be used to label the DDpp include but are not &dhito an enzymatic label, a fluorescent label, a
luminescent label, and a bioluminescent labelomes examples, the label is a biotin moiety. In some
examples, the label is a streptavidin moiety. Ime@xamples, the label is a His-tag or a FLAG tag.
In some examples, the label is luciferase, gragordiscent protein, red fluorescent protein, or othe
similar agent.

[0044] In other examples, the DDpp fusion protein is digacto a solid support. In some examples,
the solid support is selected from the group caingjof: a bead, a glass slide, a chip, a gelaiia,

an agarose.
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[0045] In some examples, the DDped., a DDpp fusion protein) is associated with a lipusoIn
some examples, the DDpp is associated with thesdipe through covalent binding. In some
examples, DDpp is a fusion protein. In further epées, the DDpp is a CAR. In additional examples,
the DDpp is associated with the liposome througlicidinding but not covalent binding.

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

[0047] In additionalexamples the disclosure provides éimeric antigen receptor (CAR) which
comprises a target binding domain comprisaridD disclosed hereie.§)., a DD comprising the amino
acid sequence of SEQ ID NO: 11-949, or 950k0meexamplesthe DD binds BCMA and comprises
an amino acid sequence selected from the groupstimgsof SEQ ID NO: 11-305, and 3061 some
examples the DD binds CD123 and comprises an amino adjpieyece selected from the group
consisting oSEQ ID NO: 307-739, and 74 someexamplesthe DD binds AFP and comprises an
amino acid sequence selected from the group caorgsist SEQ ID NO: 741-874, and 886-895.
someexamplesthe DD binds AFP p26 and comprises an aminosemdience selected from the group
consisting ofSEQ ID NO: 741-874, and 886-89%. someexamplesthe CAR comprises, a target
binding domain, a transmembrane domain, and aadeliular signaling domain. In soregamples
the CAR transmembrane domain comprises a 41BB or CD28 mrambrane domain. In some
examplethe CAR comprises antracellular signaling domain selected from theugr consisting of

a domain of a human T cell receptor alpha, betagta chain; a human 41BB domain; a human CD28
domain; and any combination theretif. someexamplesthe CARintracellular signaling domain
comprises the intracellular domain of a costimuiataolecule selected from the group consisting of
CD27, CD28, 4I1BB, OX40, CD30, CD40, PD1, lymphocfaaction-associated antigen-1 (LFA-1),
CD2, CD7, LIGHT, NKG2C, B7-H3, a ligand that spéwadly binds with CD83, and any combination
thereof.In someexamplethe CARfurther comprises second target binding domain having the same
or a different target than the DD target bindingndm. In someexamplesthe CAR is expressed in
an immune cell. In somexamplesthe immune cell is a T cell (CAR-T cell) or auat killer (NK)

cell (CAR-NK cell). In somexamplesthe CAR is associated with a liposome.
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[0048] In some examples, the CAR comprises 2, 3, 4, Snane than 5, DD and/or other binding
domains €.9., scFv) that specifically bind a target of intergsg., BCMA or CD123) expressed on
the surface of the cancer cell. In additional exasypthe CAR comprises 2, 3, 4, 5, or more than 5,
DD or other binding domain®.., scFv) that specifically bind a second, differaarget of interest,
expressed on the surface of the cancer cell. litiaddl examples, the administered CAR further
comprises 2, 3, 4, 5, or more than 5, DD or othedibg domains€.g., scFv) that specifically binds

a second, different target of interest, expressgd lsecond, different cancer cell or a vascular
endothelial cell.

[0049] Nucleic acids encoding the disclosed DDpm.( DDpp fusion proteins) are also provided.
Additionally provided are vectors.g., plasmids, viral vectors, and non-viral vectorshtamning
nucleic acids encoding the DDpgd., DDpp fusion proteins) and host cells containing tlucleic
acids and vectors. In some examples, the vectopases a nucleotide sequence which regulates the
expression of the polypeptide encoded by the nudeid molecule. In further examples, the vector
comprises an inducible promoter sequence. In ahditiexamples, the vector includes one or more
additional standard components for expression @oéein encoded a nucleic acielq, promoters,
packaging componentgtc.). In someexamplesthe vector is a lentiviral vector.

[0050] The disclosure also provides host cells that coseptihe nucleic acid molecules encoding a
target-binding DDpp disclosed herein. In some exXamphe host celle(g., cells of a cell line) are
engineered to expressprotein containing a DD disclosed her@m., a DD having the amino acid
sequence of SEQ ID NO: 11-949, or 950). In somengkas, the expression of the DDpp by the host
cells allows production and isolation of the DDjip.some examples, the expression results in the
DDpp being expressed on the surface and/or integréhe membrane of the host cells. In some
examples, the host cell is a viral particle, oaatbrial, yeast, fungal, or plant cell. In otheamyples,
the host cell is a mammalian cell. In a furtherregbe, the mammalian cell is an immune cell. In one
example, the host cell is a human immune éelkomeexamplesthehuman immune cels a T cell.

In otherexamplesthehuman immune celk a natural killer (NK) cellln some examples, the human
immune cell displays the DDpp on its cell surface.

[0051] The disclosure further provides a host cell expngsa protein comprising a DD disclosed
herein. In some examples, the host cell expressbsreeric antigen receptor (CAR) comprising a DD

disclosed herein. In some examples, the CAR compadarget binding domain that
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comprises a DD that comprising an amino acid serpisalected from SEQ ID NO: 11-305, and 306;
SEQ ID NO: 307-739, and 740; SEQ ID NO: 741-874 886-895; SEQ ID NO: 896-909 and 910;
or SEQ ID NO: 911-949, and 950 and a transmembatangin. In some examples, the CAR further
comprise an intracellular domain (comprising a algrg domain). In some examples, the CAR
immune cell is a T cell. In some examples, the G@Riune cell is a NK cell. In some examples, the
CAR immune cell is not a T cell or an NK cell. lonse examples, the host cell is an immune cell that
further comprises a second CAR polypeptide havimiaor other binding domaire@., scFv) that
specifically binds the same or a different targeg.( a different epitope of the same target, or a sgcon
target of interest) expressed by the cancer cellhafirst CAR expressed by the host immune cell.
[0052] Also provided are mammalian cells that generate Ionane-bound virus-like particles (VLPS),
wherein the mammalian cell is engineered to expeedsision protein comprising D domain
polypeptide (DDpp) fused to a chimeric antigen ptoe(CAR), the fusion protein being expressed
on the generated VLP®(g., as transmembrane proteins). Depending on the dgamjhe VLPs
produced by the mammalian cells are suitable ferassimmunogens for antibody generation.

[0053] Pharmaceutical compositions containing a protemprising a DD disclosed herein, nucleic
acids encoding the proteins, vectors containingitieeic acids, and host cells containing the nacle
acids and or vectors are also provided. As areddatgainingone or more of the disclosed target-
binding DDpps €.g., DDpp fusion proteins such as DD-Fc and DD-CAR)leie acid molecules,
vectors, and host cells.¢., a therapeutic kit, a diagnostic kit, a kit foreasch usestc.).

[0054] DDpp provided herein possess activities that inelbdt are not limited to the ability to
specifically bind a target of interegd., a therapeutic target and/or diagnostic target asddCMA,
CD123, CS1, HER2, AFP, and AFP p26, a peptideaiad,a serum protein such as alpha-fetoprotein,
human serum albumin (HSA) or an immunoglobulmyitro or in vivo and the ability to serve as a
reactive site for linking or associating a protsirch as a DDpp fusion protein with one or more
additional moietiesgg., a solid support), and/or other modifications. TH2pp provided herein can
also possess additional desirable properties afufiotionalities useful in manufacturing, formudati
and biological, diagnostic, and therapeutic apbces.

[0055] In some examples, the DDpp is used to bind, detedior quantitate, a target of interessg.(
BCMA, CD123, CS1, HER2, AFP, or AFP p26) in a saengbntaining the target. In one
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example, the disclosure provides a method for tiatga target of intereséQ., BCMA, CD123, CS1,
HER2, AFP, or AFP p26) in a sample, comprising:c@)tacting the sample with a DDpp containing
a DD that comprises an amino acid sequence sel&aedthe group consisting of SEQ ID NO: 11-
949, and 950, that specifically binds the targatjar conditions suitable for specific binding oéth
DDpp to the target, to form a target/DDpp complaxg (b) detecting the presence of the complex
and/or captured target. In some examples, the DBpmmobilized on a solid support. In some
examples, the DD comprises an amino acid sequesteetesd from the group consisting of SEQ ID
NO: 11-305 or 306, and the DDpp us used to bintkaieand/or quantitate, BCMA or a fusion protein
comprising BCMA in a sample. In some examples[XBecomprises an amino acid sequence selected
from the group consisting of SEQ ID NO: 307-7397d0, and the DDpp us used to bind, detect,
and/or quantitate, CD123 or a fusion protein cosipg CD123 in a sample. In some examples, the
DD comprises an amino acid sequence selected frergroup consisting of SEQ ID NO: 741-874 or
886-895, and the DDpp us used to bind, detect,oargliantitate, AFP p26, or a fusion protein
comprising AFP p26 in a sample. In some examples,0D comprises an amino acid sequence
selected from the group consisting of SEQ ID NO8-899 or 910, and the DDpp us used to bind,
detect, and/or quantitate, CS1, or a fusion pratemprising CS1 in a sample. In some examples, the
DD comprises an amino acid sequence selected frergroup consisting of SEQ ID NO: 911-949 or
950, and the DDpp us used to bind, detect, andfantifate, HER2, or a fusion protein comprising
HER2 in a sample.

[0056] Also provided is a method for quantifying a targétinterest €.g., BCMA, CD123, CS1,
HER2, AFP, or AFP p26) in a sample containing #mget, comprising: (a) contacting the sample
with a DDpp containing a DD that comprises an amiogd sequence selected from the group
consisting of SEQ ID NO: 11-949, and 950, that gwatly binds the target and that is immobilized
on a solid support, under conditions suitable ferc#fic binding of the DDpp to the target, to foam
target/DDpp complex and (b) detecting the presaiche target/DDpp complex and/or captured
target, wherein quantitative detection of the pridadicates, or is otherwise able to be correlated
with, the quantity of the target or a fusion proteontaining the target in the sample.

[0057] In additional examples, the provided DDpps are useatotein analytics. In some examples,
the DDpps are conjugated to a detectable agenbiatady. In some examples, the DDpp comprises an

amino acid sequence selected from the group corgist SEQ ID NO: 11-305,
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and 306; SEQ ID NO: 307-739, and 740; SEQ ID NQ-844 and 886-895; SEQ ID NO: 896-909
and 910; or SEQ ID NO: 911-949, and 950. In othemgples, the DDpp comprises a variant of an
amino acid sequence selected from the group comgist SEQ ID NO: 11-305, and 306; SEQ ID
NO: 307-739, and 740; or SEQ ID NO: 741-874 and-88b; SEQ ID NO: 896-909 and 910; or SEQ
ID NO: 911-949, and 950. In some examples, the DBpgnjugated to a detectable agent. In one
example, the detectable agent comprises a chromdgesnother example, the detectable agent
comprises a fluorescent dye. In and additional gtenthe detectable agent comprises a radionuclide.
In some examples, the DDpp is conjugated to thectitle agent by covalent binding. In some
examples, the DDpp is a fusion protein. In adddi@xamples, the DDpp is multimeric. In additional
examples, the DDpp is conjugated to a tag. In sexaenples, the tag is a member selected from the
group consisting of: a polyhistidyl tag, a myc tagd a FLAG tag. In further examples, the DDpp is
conjugated to a combination of tagy(, a polyhistidyl tag and a FLAG tag). In some exaspthe
DDpp is conjugated to the tag(s) by covalent bigdin some examples, the DDpp is a fusion protein.
In some examples, the DDpp is multimeric.

[0058] In additional examples, the DDpp is conjugated smlid support or tag. In some examples,
the solid support is a chromatography bead, rgkass slide, chip, gelatin, or agarose.

[0059] Methods of using DDpp in diagnostic and therapealiplications are also provided. In one
example, the disclosure provides a method of trgatidisease or disorder comprising administering
a therapeutically effective amount of a DD@m(, a DDpp fusion protein) that specifically binds a
therapeutic target of interegtd., BCMA, CD123, CS1, HER2, AFP, or AFP p26) to a sebjn need
thereof. In some examples, the disease or dis@dancer, a B cell malignancy, a disease or desord
of the immune system, or an infection. Methodsreating a disease or disorder that comprises co-
administering an additional therapeutic agent aleitly a disclosed DDpp are also provided. In some
examples, the disease or disorder is multiple nmgaldn some examples, the disease or disorder is
breast cancer or ovarian cancer.

[0060] The target binding DDpps disclosed herein have tlsgsinclude diagnostic and therapeutic
applications. In some examples, the DDpps are Lgefa therapeutic contexgg., for treatment
and/or diagnosis of a disease, such as a camgerasolid or hematologic malignancy).

[0061] In someexamplesthe disclosure providesraethod of treating a subject having cancer, the

method comprising: administering to the subpetherapeutically effectivemount of: a protein
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(i.e., DDpp) containing a DD disclosed hereang(, disclosed in Table 1, draving the amino acid
sequence of SEQ ID NO: 11-949, or 95®)ucleic acid encoding the protein; a vector comtgjthe
nucleic acid; or a host cell containing the nucla@d or vectorin some examples, the DDpp
comprises a DD amino acid sequence that specifibalds BCMA. In some examples, a DD of the
DDpp specifically binds BCMA having an amino acksence consisting of SEQ ID NO: 7. In
further examples, the DDpp comprises an amino s&igience selected from the group consisting of
SEQ ID NO: 11-305, and 306. In some examples, bppcomprises a DD amino acid sequence that
specifically binds CD123. In some examples, a DEhefDDpp specifically binds CD123 having an
amino acid sequence consisting of SEQ ID NO: 8utither examples, the DDpp comprises an amino
acid sequence selected from the group consisti8gEQr ID NO: 307-739, and 740. In some examples,
the DDpp comprises a DD amino acid sequence tleaifggally binds CS1. In some examples, a DD
of the DDpp specifically binds CS1 having an amaod sequence consisting of SEQ ID NO: 925.
In further examples, the DDpp comprises an aminmd sequence selected from the group consisting
of SEQ ID NO: 896-909, and 910. In some examples[XDpp comprises a DD amino acid sequence
that specifically binds HER2. In some examples,Cadd the DDpp specifically binds HER2 having
an amino acid sequence consisting of SEQ ID NO: BRiuirther examples, the DDpp comprises an
amino acid sequence selected from the group cargist SEQ ID NO: 911-949, and 950. In some
examples, the DDpp comprises a DD amino acid seguémat specifically binds AFP. In some
examples, a DD of the DDpp specifically binds ARk/ihg an amino acid sequence consisting of
SEQ ID NO: 9. In further examples, the DDpp comgsian amino acid sequence selected from the
group consisting of SEQ ID NO: 741-874 and 886-885some examples, the DDpp specifically
binds AFP p26 having an amino acid sequence camsist SEQ ID NO: 10. In further examples, the
DDpp comprises an amino acid sequence selectedtfrergroup consisting of SEQ ID NO: 741-874
and 886-895. In some examples, a DD of the DDpgipally binds AFP p26 but does not
specifically bind AFP having an amino acid sequenocasisting of SEQ ID NO: 9. In further
examples, the DDpp comprises an amino acid sequeeheeted from the group consisting of SEQ ID
NO: 741-874 and 886-895.

[0062] In someexamples the disclosure provides raethod of treating a subject having a B cell
malignancy, said method comprising: administermdhie subject an effective amount of: a protein

containing a DD disclosed hereimd., disclosed in Table 1, ¢raving the amino acid sequence of
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SEQ ID NO: 11-949, or 950anucleic acid encoding the protein; a vector comtgithe nucleic acid;

or a host cell containing the nucleic acid or vedtosomeexamplesthe B cell malignancy is selected
from the group consisting of: a lymphomeag(, a Hodgkin’'s lymphoma and non-Hodgkin’'s
lymphoma (NHL), a leukemia, and a myeloma. In s@x&mplesthe B cell malignancy is selected
from the group consisting of: acute lymphocytickemnia, chronic lymphocytic leukemia, follicular
lymphoma, mantle cell lymphoma, and diffuse largeeB lymphoma, plasmacytoma, and multiple
myeloma.

[0063] In someexamplesthe disclosure providesmaethod of treating a subject having cancer, the
method comprising: administering to the subjectimmune cell comprising a chimeric antigen
receptor (CAR), wherein the CAR comprises: a talieting domain comprising a DD having an
amino acid sequence selected from the group cargist SEQ ID NO: 11-949, and 950, wherein the
polypeptide specifically binds a target of interastl a transmembrane domain. In furteeamples

the target of interest is expressed by a canckideaslome examples, the DD specifically binds BCMA
having an amino acid sequence consisting of SEQAD 7. In further examples, the DD comprises
an amino acid sequence selected from the groupstimigsof SEQ ID NO: 11-305, and 306. In some
examples, the DD specifically binds CD123 havingarino acid sequence consisting of SEQ ID NO:
8. In further examples, the DD comprises an amaid sequence selected from the group consisting
of SEQ ID NO: 307-739, and 740. In some examples[D specifically binds CS1 having an amino
acid sequence consisting of SEQ ID NO: 925. Inheriexamples, the DD comprises an amino acid
sequence selected from the group consisting of BEQO: 896-909, and 910. In some examples, the
DD specifically binds HER2 having an amino acidwatee consisting of SEQ ID NO: 927. In further
examples, the DD comprises an amino acid sequesteetesd from the group consisting of SEQ ID
NO: 911-949, and 950. In some examples, the DDifsgaty binds AFP p26 having an amino acid
sequence consisting of SEQ ID NO: 10. In furthearegles, the DD comprises an amino acid
sequence selected from the group consisting of IBEQD: 741-874, and 886-895 someexamples

the CAR comprises an intracellular domain. In faréexamplesthe intracellular domain comprises a
signaling domain, wherein, upon administration subject having cancer, the target binding domain
specifically binds to the target of interest expegsby a cancer cek.¢., BCMA and CD123), and

wherein the binding of the target of interest ineluthe immune cell to generate cytotoxic signads th
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result in cytotoxic effects on the cancer cellsomeexamplesthe immune cell is a T cell. In other
examplesthe immune cell is a NK celln some examples, the administered CAR immunesalbt

a T cell or an NK cell. In further examples, a camaltion of different CAR immune cell types.q.,

NK cells and T cells) is administered to the subjecsomeexamplesthe immune cell administration
is intravenous. In somexamplesa combination of different CAR immune cell typesdministered
intravenously to the subjedh some examples, the cancer is multiple myelomaoime examples,
the cancer is breast cancer or ovarian cancer.

[0064] In someexamples the disclosure provides raethod of treating a subject having a B cell
malignancy, said method comprising: administerioghte subject an immune cell comprising a
chimeric antigen receptor (CAR), wherein the CARpases: a target binding domain comprising a
polypeptide having an amino acid sequence compggidime polypeptide having an amino acid
sequence selected from the group consisting of BBEQD: 11-949, and 950, wherein the polypeptide
specifically binds a target of interest expressgdalrancer cell, a transmembrane domain and an
intracellular domain. In somexamplesthe target binding domain specifically binds BCMaving

an amino acid sequence consisting of SEQ ID N@n furtherexamplesthe target binding domain
comprises an amino acid sequence selected frorgriup consisting of SEQ ID NO: 11-305, and
306. In someexamplesthe target binding domain specifically binds CB1#aving an amino acid
sequence consisting of SEQ ID NO: 8. In furtagamplesthe target binding domain comprises an
amino acid sequence selected from the group corsist SEQ ID NO: 307-739, and 740. In some
examplesthe target binding domain specifically binds Gfa¥ing an amino acid sequence consisting
of SEQ ID NO: 925. In furthezxamplesthe target binding domain comprises an amino seigience
selected from the group consisting of SEQ ID NO6-899, and 910. In sonexamplesthe CAR
comprises an intracellular domain. In furtleeamplesthe intracellular domain comprises a signaling
domain, wherein, upon administration to a subjeavifig cancer, the target binding domain
specifically binds to the target of interest expegbby a malignant B cele.g., BCMA, CS1, and
CD123), and wherein the binding of the target tdiiest induces the immune cell to generate cytotoxi
signals that result in cytotoxic effects on the igrednt B cancer cell. In sonexamplesthe B cell
malignancy is selected from the group consistingadmphomaé€.g., a Hodgkin’s lymphoma and
non-Hodgkin’s lymphoma (NHL), a leukemia, and a foyea. In someexamples the B cell
malignancy is selected from the group
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consisting of: acute lymphocytic leukemia, chrohymphocytic leukemia, follicular lymphoma,
mantle cell lymphoma, diffuse large B-cell lymphgmiasmacytoma and multiple myelon@some
examples, the B cell malignancy is multiple myelomasomeexamplesthe immune cell isa T cell.

In otherexamplesthe immune cell is a NK celln some examples, the administered CAR immune
cell is not a T cell or an NK cell. In further explas, a combination of different CAR immune cell
types €.g., NK cells and T cells) is administered to the sabje someexamplesthe immune cell
administration is intravenous. In someamplesa combination of different CAR immune cell types
is administered intravenously to the subject.

[0065] In someexamples the disclosure provides raethod of treating a subject having a B cell
associated disorder, said method comprising: adteinng to the subject an effective amount of: a
protein containing a DD disclosed heredg(, a DD having an amino acid sequence disclosedbieTa
1, orhaving the amino acid sequence of SEQ ID NO: 11-84950) a nucleic acid encoding the
protein; a vector containing the nucleic acid; @oat cell containing the nucleic acid or vector.
[0066] In someexamplesthe disclosure providesmethod of treating a subject having a disorder of
the immune system, said method comprising: adneinigg to the subject an effective amount of: a
protein comprising a DD disclosed heregg(, a DD having an amino acid sequence disclosed in
Table 1, oihaving the amino acid sequence of SEQ ID NO: 11-64950) anucleic acid encoding
the protein; a vector containing the nucleic aorda host cell containing the nucleic acid or vedio
someexamples the disorder of the immune system is an autoimmuneadseuch as rheumatoid
arthritis.

[0067] In someexamplesthe disclosure provides for theeauof a composition for treating cancer,
wherein the composition comprises: a protein cairigia DD disclosed hereir.g., a DD having an
amino acid sequence disclosed in Table hawing the amino acid sequence of SEQ ID NO: 11-949
or 950) a nucleic acid encoding the protein; a vector comgrthe nucleic acid; or a host cell
containing the nucleic acid or vectdn. someexamplesthe cancer is a B cell malignancy. In some
examples the B cell malignancy is selected from the gragmsisting of: a lymphomaeg., a
Hodgkin’s lymphoma and non-Hodgkin’s lymphoma (NHB)leukemia, and a myeloma. In some
examplesthe B cell malignancy is selected from the groopsisting of: acute lymphocytic leukemia,

chronic lymphocytic leukemia, follicular lymphonmaantle cell lymphoma, diffuse large
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B-cell lymphoma, plasmacytoma, and multiple myeloinasome examples, the cancer is multiple
myeloma. In some examples, the cancer is breasecan ovarian cancer.

[0068] In someexamplesthe disclosure provides for theaiof a composition for treating a B cell
malignancy, wherein the composition comprises:agim containing a DD disclosed hereag(, a

DD having an amino acid sequence disclosed in Thbtehaving the amino acid sequence of SEQ
ID NO: 11-949, or 95Q)anucleic acid encoding the protein; a vector comairthe nucleic acid; or

a host cell containing the nucleic acid or vechborsomeexamplesthe B cell malignancy is selected
from the group consisting of: a lymphomeag(, a Hodgkin’s lymphoma and non-Hodgkin’s
lymphoma (NHL), a leukemia, and a myeloma. In s@xamplesthe B cell malignancy is selected
from the group consisting of: acute lymphocytickemnia, chronic lymphocytic leukemia, follicular
lymphoma, mantle cell lymphoma, diffuse large Bl-dgmphoma, plasmacytoma and multiple
myeloma In someexamplesthe B cell malignancy is multiple myeloma

[0069] In someexamplesthe disclosure provides for theauof a composition for the treatment of a
B cell associated disorder, wherein the compositmmprises: a protein containing a DD disclosed
herein €.9., a DD having an amino acid sequence disclosed bieTh, orhaving the amino acid
sequence of SEQ ID NO: 11-949, or 95)ucleic acid encoding the protein; a vector comtgjthe
nucleic acid; or a host cell containing the nuchsa or vector.

[0070] In someexamplesthe disclosure provides for theauof a composition for the treatment of a
disorder of the immune system, wherein the comjoositomprises: a protein containing a DD
disclosed hereirg(g., a DD having an amino acid sequence disclosed leTh or having the amino
acid sequence of SEQ ID NO: 11-949, or@ahucleic acid encoding the protein; a vector comgin
the nucleic acid; or a host cell containing thel@igcacid or vectorln someexamplesdisorder of the
immune system is an autoimmune disease such anabeid arthritis.

[0071] In additional examples the disclosure provides farse of an immune cell comprising a
chimeric antigen receptor (CAR) for the treatmeintancer, wherein the CAR comprises: a target
binding domain comprising a polypeptide having ann® acid sequence comprising, the polypeptide
having an amino acid sequence selected from thggronsisting of SEQ ID NO: 11-949, and 950,
wherein the polypeptide specifically binds a targétinterest expressed by a cancer cell, a
transmembrane domain and an intracellular domaheran the intracellular domain comprises a

signaling domain, wherein, upon administration subject having cancer, the target binding domain
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specifically binds to the target of interest expegbby a cancer cell, and wherein the binding ef th
target of interest induces the immune cell to gateecytotoxic signals that result in cytotoxic efte

on the cancer cell. In sonegamplesthe immune cell is a T cell or a natural killsi) cell. In some
examplesthe immune cell is a T cell. In soragamplesthe immune cell is a natural killer (NK) cell.
In some examples, the immune cell is not a T aefliroNK cell. In further examples, a combination
of different CAR immune cell type&.g., T cells and NK cells) is useth some examples, the cancer
is multiple myeloma. In some examples, the careéreast cancer or ovarian cancer.

[0072] In additional examples the disclosure provides farse of an immune cell comprising a
chimeric antigen receptor (CAR) for the treatmehtaoB cell malignancy, wherein the CAR
comprises: a target binding domain comprising aygeptide having an amino acid sequence
comprising, the polypeptide having an amino acglisace selected from the group consisting of SEQ
ID NO: 11-949, or 950, wherein the polypeptide sipeadly binds a target of interest (e.g., a target
expressed by a malignant B cell, such as BCMA, @8CD123, wherein the target binding domain
comprises an amino acid sequence selected fromrthgp consisting of SEQ ID NO: 11-306, 307-
740, and 896-910), a transmembrane domain andteacetiular domain, wherein the intracellular
domain comprises a signaling domain, wherein, vgdministration to a subject having cancer, the
target binding domain specifically binds to thegtrof interest expressed by a malignant B cedl, an
wherein the binding of the target of interest ineluthe immune cell to generate cytotoxic signads th
result in cytotoxic effects on the malignant B cellsomeexamplesthe immune cellisa T cell or a
natural killer (NK) cell. In somexamplesthe immune cellis a T cell. In soregkamplesthe immune
cell is a natural killer (NK) cellln some examples, the immune cell is not a Taredn NK cell. In
further examples, a combination of different CARmiome cell typesgg., T cells and NK cells) is
used In someexamplesthe B cell malignancy is multiple myeloma

[0073] In additional examples the disclosure provides farse of an immune cell comprising a
chimeric antigen receptor (CAR) for the treatmeina disorder of the immune system, wherein the
CAR comprises: a target binding domain comprisingplypeptide having an amino acid sequence
comprising, the polypeptide having an amino acglisace selected from the group consisting of SEQ
ID NO: 11-949, and 950, wherein the polypeptidecsmally binds a target of interest expressed by

the immune cell to be targeted, a transmembraneshoamd an intracellular domain, wherein the
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intracellular domain comprises a signaling domaingrein, upon administration to a subject having
the disorder of the immune system, the target hojpdomain specifically binds to the target of iesdr
expressed by the targeted immune cell, and whéheibinding of the target of interest induces the
recombinant immune cell to generate cytotoxic dgttaat result in cytotoxic effects on the targeted
immune cell. In somexamplesthe immune cell is a T cell or a natural kill&K) cell. In some
examples, the immune cell is not a T cell or and¢K. In someexamplesthe immune cell is a natural
killer (NK) cell. In some examples, the immune cell is not a Taredin NK cell. In further examples,
a combination of different CAR immune cell typeg(, T cells and NK cells) is used

[0074] The methods summarized above and/or set forthrhelescribe certain actions taken by a
practitioner; however, it should be understood thay can also include the instruction of thoseast

by another party. Thus, actions such as "admimmgiex T cell comprising a target specific binding
polypeptide-CAR" include "instructing the admington of a T cell comprising a target specific
binding polypeptide-CAR."

[0075] In some examples, the disclosure provides:

Gg

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

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

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

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

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

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

)] a DD that specifically binds HER2 and comprifies amino acid sequence of SEQ ID
NO: 911-949, or 950;

[2.] the protein of [1], wherein the DD is fusedadeterologous polypeptide;
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WHAT ISCLAIMED IS:
1. A protein comprising ® Domain (DD) target binding domain wherein the B
member selected from the group consisting of
(@ a DD that specifically binds BCMA and comprises émeino acid
sequence of SEQ ID NO: 11-305, or 306;
(b)  a DD that specifically binds CD123 and comprisesamino acid
sequence of SEQ ID NO: 307-739, or 740;
(c) a DD that specifically binds AFP and comprisesaheno acid sequence
of SEQ ID NO: 741-874, or 886-895;
(d) a DD that specifically binds AFP p26 and comprigesamino acid
sequence of SEQ ID NO: 741-874, or 886-895;
(e) a DD that specifically binds CS1 and comprisesatimno acid sequence
of SEQ ID NO: 896-909, or 910; and
() a DD that specifically binds HER2 and comprisesaimno acid sequence
of SEQ ID NO: 911-949, or 950.
The protein of claim 1 wherein the DD is fused toeterologous polypeptide.
The proteinof claim 2, wherein the heterologous polypeptide cosesr
(a) a full-length antibody or an antibody fragment;
(b)  an Fc region;
(c) the extracellular domain, or a fragment of an edialar domain, of a receptor
selected from the group consisting of: BCMA, CD1€3%1, and CD19;
(d) atransmembrane domain;
(e) a membrane associating domain;
® human serum albumin or a fragment thereof;
() AFP or a fragment thereof,
(h)  AFP p26 or a fragment thereof; and/or
(1) the extracellular domain of a receptor or a fragntleereof.
4. The protein according to any one of claims 1-3 icWwhs labeled and/or conjugated to a
therapeutic or cytotoxic agent, wherein optionahg label is selected from the group
consisting of an enzymatic label, a fluorescentliad luminescent label, a bioluminescent

label and a biotin moiety.
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A chimeric antigen receptor (CAR) which compriseargét binding domain comprising

the protein according to any one of claims 1-3

The CAR of claim 5, which comprises, a target mgdiomain, a transmembrane

domain, and an intracellular signaling domain, aptionally wherein

€)) the transmembrane domain comprises a 41BB or Ci2a@8membrane domain;

(b) the intracellular signaling domain is selected fribv@ group consisting of a
domain of a human T cell receptor alpha, betagta ghain; a human 41BB
domain; a human CD28 domain; and any combinatieretsf; and/or

(c) the intracellular signaling domain comprises theaicellular domain of a
costimulatory molecule selected from the group wtimg) of CD27, CD28, 4IBB,
0OX40, CD30, CD40, PD1, lymphocyte function-assadadntigen- 1 (LFA-1),
CD2, CD7, LIGHT, NKG2C, NKG2D, B7-H3, a ligand thepecifically binds
with CD83, and any combination thereof.

The protein according to any one of claims 1-4her CAR according to claim 5 or claim

6, which further comprisessecond target binding domain having the same difexeht

target than the DD target binding domain.

An isolated nucleic acid encoding the protein adogy to any one of claims 1-4 and 7 or

the CAR according to any one of claims 5-7.

A vector comprising the nucleic acid of claimv@erein optionally the nucleic acid is

operably linked with a nucleotide sequence whidulates the expression of the protein

encoded by the nucleic acid, wherein optionallywéetor is a lentiviral vector.

A host cell comprising the nucleic acid accordioglaim 8 or the vector according to

claim 9, wherein optionally the cell is a T cellanatural killer (NK) cell.

A pharmaceutical composition comprising the protanording to any one of clainis4

and 7, the CAR according to any one of claims & nucleic acid of claim 8, the vector

of claim 9, or the cell according to claim 10.

A kit comprising the protein according to any orielaims 1-4 and 7 or the CAR

according to any one of claims 5-7.

Use of gprotein according to any one of claims 1-4 andhé&,&AR according to any one

of claims 5-7, the nucleic acid of claim 8, thetee®f claim 9, the cell according to
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claim 10, or the pharmaceutical composition aceaydo claim 11 in the manufacture of

a medicament for treating cancer

The use of claim 13, wherein

€) the cancer is a B cell malignancy selected frongtioeip consisting of: a
lymphoma €.g., a Hodgkin’s lymphoma and non-Hodgkin’s lymphomad(ly, a
leukemia, a plasmacytoma and a myeloma;

(b) the B cell malignancy is selected from the groupststing of: chronic
lymphocytic leukaemia, follicular lymphoma, mantkd! lymphoma, and diffuse
large B-cell lymphoma, plasmacytoma and multipleslogna; and/or

(c) the cancer is a myeloid malignancy selected froengtioup consisting of: chronic
myeloid leukemia, acute myeloid leukemia, leukermplasmacytoma and
myeloma.

Use of grotein according to any one of claims 1-4 andh&,GAR according to any one

of claims 5-7, the nucleic acid of claim 8, thetee®f claim 9, the cell according to

claim 10, or the pharmaceutical composition aceaydo claim 11 in the manufacture of

a medicament for treating a B cell associated desof.g., monoclonal gammapathy of

determined significance), (MGUS))

Use of grotein according to any one of claims 1-4 and&,CAR according to any one

of claims 5-7, the nucleic acid of claim 8, thetee®f claim 9, the cell according to

claim 10, or the pharmaceutical composition acewydo claim 11in the manufacture of

a medicament faireating a disorder of the immune system

The use of claim 16, wherein the disordehefimmune system is an autoimmune

disease, wherein the autoimmune disease is opyah@umatoid arthritis.

Use of an immune cell comprising a chimeriegant receptor (CAR) in the manufacture

of a medicament for treating cancer in a subjebenain the CAR comprises:

(a) a target binding domain comprising a DD having armn@ acid sequence selected
from the group consisting of SEQ ID NO: 11-949, 850, optionally wherein
the DD specifically binds a target of interest edgzed by a cancer cell;

(b) a transmembrane domain and an intracellular domdierein the intracellular
domain comprises a signaling domain, and
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wherein, upon administration to a subject, thedatbjnding domain specifically binds to
the target of interest expressed by a canceramall,

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

19. The use of claim 18, wherein the immune sadl T cell or an NK cell.



