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ABSTRACT 

 Multi-specific binding proteins that bind NKG2D receptor, CD16, and fibroblast 

activation protein (FAP) are described, as well as pharmaceutical compositions and 

therapeutic methods of the multi-specific binding proteins useful for the treatment of cancer, 

autoimmune disease, or fibrosis.  5 

ABSTRACT
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1 

PROTEIN BINDING NKG2D, CD16 AND A FIBROBLAST ACTIVATION PROTEIN 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] The present application is a divisional application of Australian Patent 

Application No. 2019271263, which is the national phase of International Application No. 

PCT/US2019/032582, which in turn claims the benefit of and priority to U.S. Provisional 5 

Patent Application No. 62/672,299, filed May 16, 2018. The contents of each of the 

aforementioned applications are incorporated by cross reference in their entireties herein. 

 

SEQUENCE LISTINGS 

[0002] Preceding applications contained a Sequence Listing which was originally 10 

submitted electronically in ASCII format and is hereby incorporated by reference in its 

entirety.  Said ASCII copy, created on May 13, 2019, is named DFY_056WO_SL25.txt and 

is 121,670 bytes in size. The present application contains a Sequence Listing which has been 

submitted electronically as an XML document in the ST.26 format and is hereby incorporated 

by reference in its entirety. Said XML copy, created on 26 February 2026, is named 15 

P0027168AUD1 Sequence Listing.xml and is 246 KB in size. 

FIELD OF THE INVENTION 

[0003] The invention relates to multi-specific binding proteins that bind to NKG2D, 

CD16, and fibroblast activation protein (FAP).  

BACKGROUND 20 

[0004] Cancer continues to be a significant health problem despite the substantial 

research efforts and scientific advances reported in the literature for treating this disease. 

Some of the most frequently diagnosed cancers include prostate cancer, breast cancer, and 

lung cancer. Prostate cancer is the most common form of cancer in men. Breast cancer 

remains a leading cause of death in women. Current treatment options for these cancers are 25 

not effective for all patients and/or can have substantial adverse side effects. Other types of 

cancers also remain challenging to treat using existing therapeutic options. Cancer-associated 

fibroblasts in cancers often promote malignancy and inhibit cancer therapies. 

[0005] Cancer immunotherapies are desirable because they are highly specific and can 

facilitate destruction of cancer cells using the patient’s own immune system. Fusion proteins 30 

CROSS-REFERENCE TO RELATED APPLICATIONS
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1a 

such as bi-specific T-cell engagers are cancer immunotherapies described in the literature that 

bind to tumor cells and T-cells to facilitate destruction of tumor cells. Antibodies that bind to 

certain tumor-associated antigens, immune cells, and other cells in the tumor 

microenvironment, for example, cancer-associated fibroblasts have been described in the 

literature.  See, e.g., WO 2016/134371 and WO 2015/095412. 5 

bind to tumor cells and T-cells to facilitate destruction of tumor cells. Antibodies that bind to
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were originally characterized by their ability to kill tumor cells effectively without the need

for prior sensitization. Activated NK cells kill target cells by means similar to cytotoxic T

5 cells - i.e., via cytolytic granules that contain perforin and granzymes as well as via death

receptor pathways. Activated NK cells also secrete inflammatory cytokines such as IFN-

and chemokines that promote the recruitment of other leukocytes to the target tissue.

[0007] NK cells respond to signals through a variety of activating and inhibitory

receptors on their surface. For example, when NK cells encounter healthy self-cells, their

10 activity is inhibited through activation of the killer-cell immunoglobulin-like receptors

(KIRs). Alternatively, when NK cells encounter foreign cells or cancer cells, they are

activated via their activating receptors (e.g., NKG2D, natural cytotoxicity receptors (NCRs),

DNAX accessory molecule 1 (DNAM1)). NK cells are also activated by the constant region

of some immunoglobulins through CD16 receptors on their surface. The overall sensitivity of

15 NK cells to activation depends on the sum of stimulatory and inhibitory signals.

[0008] Fibroblast activation protein alpha (FAP) is a homodimeric integral

membrane gelatinase belonging to the serine protease family. This protein is thought to be

involved in the control of fibroblast growth or epithelial-mesenchymal interactions during

development, tissue repair, and epithelial carcinogenesis. More than 90% of all

20 human carcinomas have FAP expression on activated stromal fibroblasts. Stromal fibroblasts

play an important role in the development, growth and metastasis of carcinomas. FAP is also

expressed in malignant cells of bone and soft tissue sarcomas.

[0009] The present invention provides certain advantages to improve treatments for the

above-mentioned cancers.

25 SUMMARY

[0010] The invention provides multi-specific binding proteins that bind to the NKG2D

receptor and CD16 receptor on natural killer cells, and the tumor-associated antigen, FAP.

Such proteins can engage more than one kind of NK-activating receptor, and may block the

binding of natural ligands to NKG2D. In certain embodiments, the proteins can agonize NK

30 cells in humans. In some embodiments, the proteins can agonize NK cells in humans and in

other species such as rodents and cynomolgus monkeys. Various aspects and embodiments of

the invention are described in further detail below.
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[0011] Accordingly, in certain embodiments, the invention provides a protein that

incorporates a first antigen-binding site that binds NKG2D; a second antigen-binding site that

5

25 incorporates a heavy chain variable domain related to SEQ ID NO:1 can further incorporate a

30

3

20
26

20
14

54
   

   
26

 F
eb

 2
02

6

2
0
2
6
2
0
1
4
5
4
 
2
6
 
F
e
b
 
2
0
2
6

3



variable domain related to SEQ ID NO:42. For example, the heavy chain variable domain of

the first antigen binding site can be at least 90% (e.g., 90%, 91%, 92%, 93%, 94%, 95%,

5 96%, 97%, 98%, 99%, or 100%) identical to SEQ ID NO:41, and/or incorporate amino acid

sequences identical to the CDR1 (SEQ ID NO:43 or SEQ ID NO:153), CDR2 (SEQ ID

NO:44), and CDR3 (SEQ ID NO:45 or SEQ ID NO:154) sequences of SEQ ID NO:41.

Similarly, the light chain variable domain of the second antigen-binding site can be at least

90% (e.g., 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%) identical to

10 SEQ ID NO:42, and/or incorporate amino acid sequences identical to the CDR1 (SEQ ID

NO:46), CDR2 (SEQ ID NO:47), and CDR3 (SEQ ID NO:48) sequences of SEQ ID NO:42.

[0016] In certain embodiments, the first antigen-binding site can incorporate a heavy

chain variable domain related to SEQ ID NO:49 and a light chain variable domain related to

SEQ ID NO:50. For example, the heavy chain variable domain of the first antigen-binding

15 site can be at least 90% (e.g., 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or

100%) identical to SEQ ID NO:49, and/or incorporate amino acid sequences identical to the

CDR1 (SEQ ID NO:51 or SEQ ID NO:155), CDR2 (SEQ ID NO:52), and CDR3 (SEQ ID

NO:53 or SEQ ID NO:156) sequences of SEQ ID NO:49. Similarly, the light chain variable

domain of the second antigen-binding site can be at least 90% (e.g., 90%, 91%, 92%, 93%,

20 94%, 95%, 96%, 97%, 98%, 99%, or 100%) identical to SEQ ID NO:50, and/or incorporate

amino acid sequences identical to the CDR1 (SEQ ID NO:54), CDR2 (SEQ ID NO:55), and

CDR3 (SEQ ID NO:56) sequences of SEQ ID NO:50.

[0017] Alternatively, the first antigen-binding site can incorporate a heavy chain variable

domain related to SEQ ID NO:57 and a light chain variable domain related to SEQ ID

25 NO:58, such as by having amino acid sequences at least 90% (e.g., 90%, 91%, 92%, 93%,

94%, 95%, 96%, 97%, 98%, 99%, or 100%) identical to SEQ ID NO:57 and at least 90%

(e.g., 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%) identical to SEQ ID

NO:58 respectively. In another embodiment, the first antigen-binding site can incorporate a

heavy chain variable domain related to SEQ ID NO:59 and a light chain variable domain

30 related to SEQ ID NO:60. For example, the heavy chain variable domain of the first antigen

binding site can be at least 90% (e.g., 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,

99%, or 100%) identical to SEQ ID NO:59, and/or incorporate amino acid sequences

identical to the CDR1 (SEQ ID NO:108), CDR2 (SEQ ID NO:109), and CDR3 (SEQ ID

NO:110) sequences of SEQ ID NO:59. Similarly, the light chain variable domain of the
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second antigen-binding site can be at least 90% (e.g., 90%, 91%, 92%, 93%, 94%, 95%, 96%,

97%, 98%, 99%, or 100%) identical to SEQ ID NO:60, and/or incorporate amino acid

5
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ID NO:76) sequences of SEQ ID NO:70.

[0020] In some embodiments, the first antigen-binding site can incorporate a heavy chain

5 variable domain related to SEQ ID NO:77 and a light chain variable domain related to SEQ

ID NO:78. For example, the heavy chain variable domain of the first antigen-binding site can

be at least 90% (e.g., 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%)

identical to SEQ ID NO:77, and/or incorporate amino acid sequences identical to the CDR1

(SEQ ID NO:79 or SEQ ID NO:161), CDR2 (SEQ ID NO:80), and CDR3 (SEQ ID NO:81 or

10 SEQ ID NO:162) sequences of SEQ ID NO:77. Similarly, the light chain variable domain of

the second antigen-binding site can be at least 90% (e.g., 90%, 91%, 92%, 93%, 94%, 95%,

96%, 97%, 98%, 99%, or 100%) identical to SEQ ID NO:78, and/or incorporate amino acid

sequences identical to the CDR1 (SEQ ID NO:82), CDR2 (SEQ ID NO:83), and CDR3 (SEQ

ID NO:84) sequences of SEQ ID NO:78.

15 [0021] In some embodiments, the first antigen-binding site can incorporate a heavy chain

variable domain related to SEQ ID NO:85 and a light chain variable domain related to SEQ

ID NO:86. For example, the heavy chain variable domain of the first antigen-binding site can

be at least 90% (e.g., 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%)

identical to SEQ ID NO:85, and/or incorporate amino acid sequences identical to the CDR1

20 (SEQ ID NO:87 or SEQ ID NO:163), CDR2 (SEQ ID NO:88), and CDR3 (SEQ ID NO:89 or

SEQ ID NO:164) sequences of SEQ ID NO:85. Similarly, the light chain variable domain of

the second antigen-binding site can be at least 90% (e.g., 90%, 91%, 92%, 93%, 94%, 95%,

96%, 97%, 98%, 99%, or 100%) identical to SEQ ID NO:86, and/or incorporate amino acid

sequences identical to the CDR1 (SEQ ID NO:90), CDR2 (SEQ ID NO:91), and CDR3 (SEQ

25 ID NO:92) sequences of SEQ ID NO:86.

[0022] In some embodiments, the first antigen-binding site can incorporate a heavy chain

variable domain related to SEQ ID NO:167 and a light chain variable domain related to SEQ

ID NO:86. For example, the heavy chain variable domain of the first antigen-binding site can

be at least 90% (e.g., 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%)

30 identical to SEQ ID NO:167, and/or incorporate amino acid sequences identical to the CDR1

(SEQ ID NO:87 or SEQ ID NO:168), CDR2 (SEQ ID NO:88), and CDR3 (SEQ ID NO:169

or SEQ ID NO:170) sequences of SEQ ID NO:167. Similarly, the light chain variable domain

of the second antigen-binding site can be at least 90% (e.g., 90%, 91%, 92%, 93%, 94%,

95%, 96%, 97%, 98%, 99%, or 100%) identical to SEQ ID NO:86, and/or incorporate amino
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acid sequences identical to the CDR1 (SEQ ID NO:90), CDR2 (SEQ ID NO:91), and CDR3

(SEQ ID NO:92) sequences of SEQ ID NO:86.
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[0026] In some embodiments, the first antigen-binding site can incorporate a heavy chain

variable domain related to SEQ ID NO:183 and a light chain variable domain related to SEQ

5 ID NO:86. For example, the heavy chain variable domain of the first antigen-binding site can

be at least 90% (e.g., 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%)

identical to SEQ ID NO:183, and/or incorporate amino acid sequences identical to the CDR1

(SEQ ID NO:87 or SEQ ID NO:184), CDR2 (SEQ ID NO:88), and CDR3 (SEQ ID NO:185

or SEQ ID NO:186) sequences of SEQ ID NO:183. Similarly, the light chain variable domain

10 of the second antigen-binding site can be at least 90% (e.g., 90%, 91%, 92%, 93%, 94%,

95%, 96%, 97%, 98%, 99%, or 100%) identical to SEQ ID NO:86, and/or incorporate amino

acid sequences identical to the CDR1 (SEQ ID NO:90), CDR2 (SEQ ID NO:91), and CDR3

(SEQ ID NO:92) sequences of SEQ ID NO:86.

[0027] In some embodiments, the first antigen-binding site can incorporate a heavy chain

15 variable domain related to SEQ ID NO:187 and a light chain variable domain related to SEQ

ID NO:86. For example, the heavy chain variable domain of the first antigen-binding site can

be at least 90% (e.g., 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%)

identical to SEQ ID NO:187, and/or incorporate amino acid sequences identical to the CDR1

(SEQ ID NO:87 or SEQ ID NO:188), CDR2 (SEQ ID NO:88), and CDR3 (SEQ ID NO:189

20 or SEQ ID NO:190) sequences of SEQ ID NO:187. Similarly, the light chain variable domain

of the second antigen-binding site can be at least 90% (e.g., 90%, 91%, 92%, 93%, 94%,

95%, 96%, 97%, 98%, 99%, or 100%) identical to SEQ ID NO:86, and/or incorporate amino

acid sequences identical to the CDR1 (SEQ ID NO:90), CDR2 (SEQ ID NO:91), and CDR3

(SEQ ID NO:92) sequences of SEQ ID NO:86.

25 [0028] In some embodiments, the first antigen-binding site can incorporate a heavy chain

variable domain related to SEQ ID NO:93 and a light chain variable domain related to SEQ

ID NO:94. For example, the heavy chain variable domain of the first antigen-binding site can

be at least 90% (e.g., 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%)

identical to SEQ ID NO:93, and/or incorporate amino acid sequences identical to the CDR1

30 (SEQ ID NO:95 or SEQ ID NO:165), CDR2 (SEQ ID NO:96), and CDR3 (SEQ ID NO:97 or

SEQ ID NO:166) sequences of SEQ ID NO:93. Similarly, the light chain variable domain of

the second antigen-binding site can be at least 90% (e.g., 90%, 91%, 92%, 93%, 94%, 95%,

96%, 97%, 98%, 99%, or 100%) identical to SEQ ID NO:94, and/or incorporate amino acid
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sequences identical to the CDR1 (SEQ ID NO:98), CDR2 (SEQ ID NO:99), and CDR3 (SEQ

ID NO:100) sequences of SEQ ID NO:94.
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[0032] Alternatively, the second antigen-binding site binding to FAP can optionally

incorporate a heavy chain variable domain related to SEQ ID NO:122 and a light chain

5 variable domain related to SEQ ID NO:126. For example, the heavy chain variable domain of

the second antigen-binding site can be at least 90% (e.g., 90%, 91%, 92%, 93%, 94%, 95%,

96%, 97%, 98%, 99%, or 100%) identical to SEQ ID NO:122, and/or incorporate amino acid

sequences identical to the CDR1 (SEQ ID NO:123), CDR2 (SEQ ID NO:124), and CDR3

(SEQ ID NO:125) sequences of SEQ ID NO:122. Similarly, the light chain variable domain

10 of the second antigen-binding site can be at least 90% (e.g., 90%, 91%, 92%, 93%, 94%,

95%, 96%, 97%, 98%, 99%, or 100%) identical to SEQ ID NO:126, and/or incorporate

amino acid sequences identical to the CDR1 (SEQ ID NO:127), CDR2 (SEQ ID NO:128),

and CDR3 (SEQ ID NO:129) sequences of SEQ ID NO:126.

[0033] In some embodiments, the second antigen binding site incorporates a light chain

15 variable domain having an amino acid sequence identical to the amino acid sequence of the

light chain variable domain present in the first antigen binding site.

[0034] In some embodiments, the protein incorporates a portion of an antibody Fc

domain sufficient to bind CD16, wherein the antibody Fc domain comprises hinge and CH2

domains, and/or amino acid sequences at least 90% identical to amino acid sequence 234-332

20 of a human IgG antibody.

[0035] In certain embodiments, the protein further incorporates a fourth antigen-binding

site that binds to a tumor-associated antigen, which includes any antigen that is associated

with cancer. For example, the fourth antigen-binding site may bind to human epidermal

growth factor receptor 2 (HER2), CD20, CD33, B-cell maturation antigen (BCMA), prostate-

25 specific membrane antigen (PSMA), delta-like canonical notch ligand 3 (DLL3), ganglioside

GD2 (GD2), CD123, anoctamin-1 (Ano1), mesothelin, carbonic anhydrase IX (CAIX),

tumor-associated calcium signal transducer 2 (TROP2), carcinoembryonic antigen (CEA),

claudin-18.2, receptor tyrosine kinase-like orphan receptor 1 (ROR1), trophopblast

glycoprotein (5T4), glycoprotein non-metatstatic melanoma protein B (GPNMB), folate

30 receptor-alpha (FR-alpha), pregnancy-associated plasma protein A (PAPP-A), CD37,

epithelial cell adhesion molecule (EpCAM), CD2, CD19, CD30, CD38, CD40, CD52, CD70,

CD79b, fms-like tyrosine kinase 3 (FLT3), glypican 3 (GPC3), B7 homolog 6 (B7H6), C-C

chemokine receptor type 4 (CCR4), C-X-C motif chemokine receptor 4 (CXCR4), receptor
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antigen, alpha chain E (HLA-E), epidermal groth factor receptor (EGFR/ERBB1), insulin-

like growth factor 1-receptor (IGF1R), human epidermal growth factor receptor 3
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BRIEF DESCRIPTION OF THE DRAWINGS

[0040] FIG. 1 is a representation of a heterodimeric, multi-specific binding protein. Each

5 arm can represent either an NKG2D-binding domain or a binding domain for FAP. The

multi-specific binding protein further comprises an Fc domain or a portion thereof that binds

to CD16. In some embodiments, the NKG2D-binding and FAP-binding domains can share a

common light chain.

[0041] FIG. 2 is a representation of a heterodimeric, multi-specific binding protein.

10 Either the NKG2D-binding domain or the binding domain to FAP can take an scFv format

(right arm).

[0042] FIG. 3 is a line graph showing the binding affinity of NKG2D-binding domains

(listed as clones) to human recombinant NKG2D in an ELISA assay.

[0043] FIG. 4 is a line graph showing the binding affinity of NKG2D-binding domains

15 (listed as clones) to cynomolgus recombinant NKG2D in an ELISA assay.

[0044] FIG. 5 is a line graph showing the binding affinity of NKG2D-binding domains

(listed as clones) to mouse recombinant NKG2D in an ELISA assay.

[0045] FIG. 6 is a bar graph showing the binding of NKG2D-binding domains (listed as

clones) to EL4 cells expressing human NKG2D, measured by flow cytometry as mean

20 fluorescence intensity (MFI) fold-over-background (FOB).

[0046] FIG. 7 is a bar graph showing the binding of NKG2D-binding domains (listed as

clones) to EL4 cells expressing mouse NKG2D, measured by flow cytometry as mean

fluorescence intensity (MFI) fold-over-background (FOB).

[0047] FIG. 8 is a line graph showing the binding affinity of NKG2D-binding domains

25 (listed as clones) for recombinant human NKG2D-Fc in a competitive bidning assay with

NKG2D's natural ligand ULBP-6.

[0048] FIG. 9 is a line graph showing the binding affinity of NKG2D-binding domains

(listed as clones) for recombinant human NKG2D-Fc in a competitive binding assay with

NKG2D's natural ligand, MICA.

30 [0049] FIG. 10 is a line graph showing the binding affinity of NKG2D-binding domains

(listed as clones) for recombinant mouse NKG2D-Fc in a competitive binding assay with

NKG2D's natural ligand, Rae-1 delta.
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[0050] FIG. 11 is a bar graph showing activation of cells expressing human NKG2D-

CD3 zeta fusion proteins by NKG2D-binding domains (listed as clones) as measured by flow

cytometry and quantified as the percentage of TNF- positive cells.

[0051]

5 CD3 zeta fusion proteins by NKG2D-binding domains (listed as clones) as measured by flow

cytometry and quantified as the percentage of TNF- positive cells.

[0052] FIG. 13 is a bar graph showing activation of human NK cells by NKG2D-binding

domains (listed as clones) as measured by flow cytometry and quantified as the percentage of

IFN-/CD107a+ cells.

10 [0053]

domains (listed as clones) as measured by flow cytometry and quantified as the percentage of

IFN-/CD107a+ cells.

[0054] FIG. 15 is a bar graph showing activation of mouse NK cells by NKG2D-binding

domains (listed as clones) as measured by flow cytometry and quantified as the percentage of

15 IFN-/CD107a+ cells.

20

[0057] FIG. 18 is a bar graph showing the melting temperature of NKG2D-binding

25 CD16 and NKG2D binding as measured by flow cytometry and quantified as the percentage

4 hours post-treatment with plate-bound anti-CD16 monoclonal antibody alone, anti-NKG2D

30 monoclonal antibody alone, anti-NKG2D antibody alone, or anti-CD16 antibody in

13
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5

10

15

controlled Fab-Arm Exchange (cFAE) form.

[0066] FIG. 27 is a representative illustration of a multi-specific binding protein in a

strand-exchange engineered domain (SEED) body form.

[0067] FIG. 28 is a representative illustration of a multi-specific binding protein in a

20 LuZ-Y form.

[0068] FIG. 29 is a representative illustration of a multi-specific binding protein in a

[0069] FIGs. 30A and 30B are representative illustrations of a multi-specific binding

protein in a -d. FIG. 30A is an exemplary representative illustration of one form of a

25

[0070] FIG. 31 is a representative illustration of a multi-specific binding protein in a one-

[0071] FIG. 32 is a representative illustration of a multi-specific binding protein in a

DuetMab form.

30

CrossmAb form.

[0073] FIG. 34 is a representative illustration of a multi-specific binding protein in a Fit-

Ig form.
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[0074] FIGs. 35A-35C are histograms showing FAP expression on human cell lines

LL86 (FIG. 35A), COLO 829 (FIG. 35B) and U-87 MG (FIG. 35C).

[0075] FIGs. 36A-36C are line graphs showing the binding affinity of anti-FAP

monoclonal antibodies (FAP-mAb) and anti-FAP multi-specific binding proteins (FAP-multi-

5 specific BP) for FAP expressed on human cell lines LL86 (FIG. 36A), COLO 829 (FIG. 36B)

and U-87 MG (FIG. 36C).

[0076] FIGs. 37A-37D are line graphs showing cytotoxic activity against FAP-

expressing LL86 (FIG. 37A), COL0829 (FIG. 37B), U-87 MG (FIG. 37C) and COL0829

(FIG. 37D) cells, of primary human NK cells from two separate donors (Donor RR01612,

10 FIGs. 37A-37C; and Donor 55109, FIG. 37D) stimulated with multi-specific binding proteins

(FAP-multi-specific BP), monoclonal antibodies (FAP-mAb), or isotype control antibodies.

DETAILED DESCRIPTION

[0077] The invention provides multi-specific binding proteins that bind the NKG2D

receptor and CD16 receptor on natural killer cells, and FAP on a cancer cell. In certain

15

20

are not to be limited to any particular section.

[0079] The terms "a" and "an" as used herein mean "one or more" and include the plural

25

[0080] As used herein, the term "antigen-binding site" refers to the part of the

regions of the heavy ("H") and light ("L") chains. Three highly divergent stretches within the

30
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5

10

polypeptide.

[0081]

but not limited to a protein, glycoprotein, ganglioside, carbohydrate, or lipid that is associated

15 with cancer. Such antigen can be expressed on malignant cells or in the tumor

microenvironment such as on tumor-associated blood vessels, extracellular matrix,

mesenchymal stroma, or immune infiltrates.

[0082] As used herein, the terms "subject" and "patient" refer to an organism to be

treated by the methods and compositions described herein. Such organisms preferably

20 include, but are not limited to, mammals (e.g., murines, simians, equines, bovines, porcines,

canines, felines, and the like), and more preferably include humans.

[0083] As used herein, the term "effective amount" refers to the amount of a compound

(e.g., a compound of the present invention) sufficient to effect beneficial or desired results.

An effective amount can be administered in one or more administrations, applications or

25 dosages and is not intended to be limited to a particular formulation or administration route.

As used herein, the term "treating" includes any effect, e.g., lessening, reducing, modulating,

ameliorating or eliminating, that results in the improvement of the condition, disease,

disorder, and the like, or ameliorating a symptom thereof.

[0084] As used herein, the term "pharmaceutical composition" refers to the combination

30

for diagnostic or therapeutic use in vivo or ex vivo.

[0085] As used herein, the term "pharmaceutically acceptable carrier" refers to any of the

standard pharmaceutical carriers, such as a phosphate buffered saline solution, water,

emulsions (e.g., such as an oil/water or water/oil emulsions), and various types of wetting
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agents. The compositions also can include stabilizers and preservatives. For examples of

carriers, stabilizers and adjuvants, see, e.g., Remington's Pharmaceutical Sciences, 15th Ed.,

Mack Publishing Co., Easton, PA (1975).

[0086] As used herein, the term "pharmaceutically acceptable salt" refers to any

5 pharmaceutically acceptable salt (e.g., acid or base) of a compound of the present invention

which, upon administration to a subject, is capable of providing a compound of this invention

or an active metabolite or residue thereof. As is known to those of skill in the art, "salts" of

the compounds of the present invention may be derived from inorganic or organic acids and

bases. Exemplary acids include, but are not limited to, hydrochloric, hydrobromic, sulfuric,

10 nitric, perchloric, fumaric, maleic, phosphoric, glycolic, lactic, salicylic, succinic, toluene-p-

sulfonic, tartaric, acetic, citric, methanesulfonic, ethanesulfonic, formic, benzoic, malonic,

15

20

25

30 contemplated as being pharmaceutically acceptable. However, salts of acids and bases that
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5

[0092] The invention provides multi-specific binding proteins that bind to the NKG2D

receptor and CD16 receptor on natural killer cells, and FAP on a cancer cell. The multi-

specific binding proteins are useful in the pharmaceutical compositions and therapeutic

methods described herein. Binding of the multi-specific binding proteins to the NKG2D

receptor and CD16 receptor on a natural killer cell enhances the activity of the natural killer

cell toward destruction of tumor cells expressing FAP antigen. Binding of the multi-specific

binding proteins to FAP-expressing cells brings the cancer cells into proximity with the

natural killer cells, which facilitates direct and indirect destruction of the cancer cells by the

natural killer cells. Further description of some exemplary multi-specific binding proteins is

provided below.

[0093] In certain other embodiments, the invention provides multi-specific binding

proteins that bind to the NKG2D receptor and CD16 receptor on natural killer cells, and FAP

on a fibroblast. For example, the fibroblast may be an activated stromal fibroblast in a patient

having an autoimmune disease or fibrosis. Binding of the multi-specific binding protein to

the NKG2D receptor and CD16 receptor on a natural killer cell enhances the activity of the

natural killer cell towards destruction of fibroblasts expressing FAP antigen. Binding of the

multi-specific binding proteins to FAP-expressing cells brings the fibroblasts into proximity

with the natural killer cells, which facilitates direct and indirect destruction of the fibroblasts

by the natural killer cells.

[0094] The first component of the multi-specific binding proteins binds to NKG2D

receptor-expressing cells, which can include but are not limited to NK cells,  T

cells and CD8+ ß T cells. Upon NKG2D binding, the multi-specific binding proteins may

block natural ligands, such as ULBP6 and MICA, from binding to NKG2D and activating

NKG2D receptors.
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[0095] In certain embodiments, the second component of the multi-specific binding

proteins binds to FAP-expressing cells. FAP-expressing cells may be found, for example in,

but not limited to, infiltrating ductal carcinomas, pancreatic ductal adenocarcinoma, stomach

cancer, uterine cancer, cervix cancer, colorectal cancer, breast cancer, ovarian cancer, bladder

5 cancer, lung cancer, mesothelioma, gastric cancer, pancreatic cancer, endometrial cancer,

neuroendocrine cancer, fibrosarcoma, malignant fibrous histiocytoma, leiomyosarcoma,

osteosarcoma, chondrosarcoma, liposarcoma, synovial sarcoma, schwannoma, melanoma,

and glioma.

[0096] In some embodiments, multi-specific binding proteins described herein further

10

15

20

25

30

heavy chain includes a first Fc (hinge-CH2-CH3) domain, a first heavy chain variable domain
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5

10 Fc domain together are able to bind to CD16 (FIG. 1). In some embodiments, the first

immunoglobulin light chain is identical to the second immunoglobulin light chain.

[0099] Another exemplary format involves a heterodimeric, multi-specific antibody

including a first immunoglobulin heavy chain, a second immunoglobulin heavy chain and an

immunoglobulin light chain (FIG. 2). The first immunoglobulin heavy chain includes a first

15 Fc (hinge-CH2-CH3) domain fused via either a linker or an antibody hinge to a single-chain

variable fragment (scFv) composed of a heavy chain variable domain and light chain variable

domain which pair and bind NKG2D, or bind FAP. The second immunoglobulin heavy chain

includes a second Fc (hinge-CH2-CH3) domain, a second heavy chain variable domain and

optionally a CH1 heavy chain domain. The immunoglobulin light chain includes a light chain

20 variable domain and a light chain constant domain. The second immunoglobulin heavy chain

pairs with the immunoglobulin light chain and binds to NKG2D or binds FAP. The first Fc

domain and the second Fc domain together are able to bind to CD16 (FIG. 2).

[0100] One or more additional binding motifs may be fused to the C-terminus of the

constant region CH3 domain, optionally via a linker sequence. In certain embodiments, the

25 antigen-binding site could be a single-chain or disulfide-stabilized variable region (scFv) or

could form a tetravalent or trivalent molecule.

[0101] In some embodiments, the multi-specific binding protein is in the Triomab form,

which is a trifunctional, bispecific antibody that maintains an IgG-like shape (e.g., the multi-

specific binding protein represented in FIG. 20). This chimeric bispecific antibody comprises

30 of two half antibodies, each with one light and one heavy chain, that originate from two

parental antibodies. The Triomab form may be a heterodimer, comprising of ½ of a rat

antibody and ½ of a mouse antibody.

[0102] In some embodiments, the multi-specific binding protein is in a KiH Common
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multi-specific binding protein represented in FIG. 21). The KiH Common LC form is a

heterodimer comprising a Fab which binds to a first target, a Fab which binds to a second

target, and an Fc domain stabilized by heterodimerization mutations. The two Fabs each

comprise a heavy chain and light chain, wherein the heavy chain of each Fab differs from the

5 other, and the light chain that pairs with each respective heavy chain is common to both Fabs.

[0103] The KiH technology involves engineering CH3 domains to create either a "knob"

or a "hole" in each heavy chain to promote heterodimerization. Introduction of a "knob" in

one CH3 domain (CH3A) comprises substitution of a small residue with a bulky one (e.g.,

T366WcH3A in EU numbering). To accommodate the "knob," a complementary "hole"
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5

10 [0109] In some embodiments, the multi-specific binding protein is in a strand-exchange

engineered domain (SEED) body form (e.g., the multi-specific binding protein represented in

FIG. 27). The SEED platform was designed to generate asymmetric and bispecific antibody-

like molecules in order to expand the therapeutic applications of natural antibodies. This

protein engineering platform is based on exchanging structurally related sequences of

15 immunoglobulin classes within the conserved CH3 domains (e.g., alternating segments of

IgA and IgG CH3 domain sequences). The SEED design allows efficient generation of

heterodimers, while disfavoring homodimerization of SEED CH3 domains. (Muda M., et al.

(2011) Protein Eng. Des. Sel.; 24(5):447-54.). In some embodiments, the multi-specific

binding protein is in a LuZ-Y form (e.g., the multi-specific binding protein represented in

20 FIG. 28). The LuZ-Y form is a heterodimer comprising two different scFabs binding to

targets 1 and 2, fused to an Fc domain. Heterodimerization is ensured through the

introduction of leucine zipper motifs fused to the C-terminus of the Fc domain (Wranik, B.J.

et al.(2012) J. Biol. Chem.; 287:43331-9.).

[0110] In some embodiments, the multi-specific binding protein is in a Cov-X-Body form

25 (e.g., the multi-specific binding protein represented in FIG. 29). Bispecific CovX-Bodies

comprise a scaffold antibody having a pharmacophore peptide heterodimer covalently linked

to each Fab arm, wherein one molecule of the peptide heterodimer binds to a first target and

the other molecule of the peptide heterodimer binds to a second target, and wherein the two

molecules are joined by an azetidinone linker. Whereas the pharmacophores are responsible

30 for functional activities, the antibody scaffold imparts long half-life and Ig-like distribution.

The pharmacophores can be chemically optimized or replaced with other pharmacophores to

generate optimized or unique bispecific antibodies. (Doppalapudi V.R. et al. (2010) PNAS;

107(52):22611-22616.).
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[0111] In some embodiments, the multi-specific binding protein is in a -d form,

which is a heterodimer comprising two different Fabs fused to Fc domains stabilized by

heterodimerization mutations (e.g., the multi-specific binding protein represented in FIG. 30).

A first Fab binding target 1 comprises a kappa LC, and a second Fab binding target 2

5 comprises a lambda LC. FIG. 30A is an exemplary representation of one form of a -;

FIG. 30B is an exemplary representation of another -.

[0112] In some embodiments, the multi-specific binding protein is in a one-arm single

chain (OAsc)-Fab form (e.g., the multi-specific binding protein represented in FIG. 31). The

OAsc-Fab form is a heterodimer that includes a Fab binding to target 1 and an scFab binding

10
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30

NKG2D and NK cells.

23

20
26

20
14

54
   

   
26

 F
eb

 2
02

6

2
0
2
6
2
0
1
4
5
4
 
2
6
 
F
e
b
 
2
0
2
6

N
K
G
2
D
 
a
n
d
 
N
K
 
c
e
l
l
s
.

2
3



Table 1

ADI- QVQLQQWGAGLLKPSETLSLTCA DIQMTQSPSTLSASVGDRVTI

27705 VYGGSFSGYYWSWIRQPPGKGLE TCRASQSISSWLAWYQQKPG

WIGEIDHSGSTNYNPSLKSRVTISV KAPKLLIYKASSLESGVPSRES

DTSKNQFSLKLSSVTAADTAVYYC GSGSGTEFTLTISSLQPDDFAT

ARARGPWSFDPWGQGTLVTVSS YYCQQYNSYPITFGGGTKVEI

(SEQ ID NO:1) K (SEQ ID NO:2)

CDR1: GSFSGYYWS (non-Kabat)

(SEQ ID NO:105) or GYYWS

(SEQ ID NO:151)

CDR2: EIDHSGSTNYNPSLKS

(SEQ ID NO:106)

CDR3: ARARGPWSFDP (non-Kabat)

(SEQ ID NO:107) or ARGPWSFDP

(SEQ ID NO:152)

ADI- QVQLQQWGAGLLKPSETLSLTCA EIVLTQSPGTLSLSPGERATLS

27724 VYGGSFSGYYWSWIRQPPGKGLE CRASQSVSSSYLAWYQQKPG

WIGEIDHSGSTNYNPSLKSRVTISV QAPRLLIYGASSRATGIPDRES

DTSKNQFSLKLSSVTAADTAVYYC GSGSGTDFTLTISRLEPEDFAV

ARARGPWSFDPWGQGTLVTVSS YYCQQYGSSPITFGGGTKVEI

(SEQ ID NO:3) K (SEQ ID NO:4)

ADI- QVQLQQWGAGLLKPSETLSLTCA DIQMTQSPSTLSASVGDRVTI

27740 VYGGSFSGYYWSWIRQPPGKGLE TCRASQSIGSWLAWYQQKPG

WIGEIDHSGSTNYNPSLKSRVTISV KAPKLLIYKASSLESGVPSRES(A40)

DTSKNQFSLKLSSVTAADTAVYYC GSGSGTEFTLTISSLOPDDFAT

ARARGPWSFDPWGQGTLVTVSS YYCQQYHSFYTFGGGTKVEI

K (SEQ ID NO:6)
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QVQLQQWGAGLLKPSETLSLTCA DIQMTQSPSTLSASVGDRVTI

27741 VYGGSFSGYYWSWIRQPPGKGLE TCRASQSIGSWLAWYQQKPG

WIGEIDHSGSTNYNPSLKSRVTISV KAPKLLIYKASSLESGVPSRES

DTSKNQFSLKLSSVTAADTAVYYC GSGSGTEFTLTISSLQPDDFAT

ADI-

27743

DTSKNQFSLKLSSVTAADTAVYYC GSGSGTEFTLTISSLQPDDFAT

YYCQQYNSYPTFGGGTKVEL

K (SEQ ID NO:10)

ADI- QVQLQQWGAGLLKPSETLSLTCA ELQMTQSPSSLSASVGDRVTI

28153 TCRTSQSISSYLNWYQQKPGQ

PPKLLIYWASTRESGVPDRFS

GSGSGTDFTLTISSLQPEDSAT

YYCQQSYDIPYTFGQGTKLEI

K (SEQ ID NO:12)

ADI- QVQLQQWGAGLLKPSETLSLTCA

VYGGSFSGYYWSWIRQPPGKGLE TCRASQSISSWLAWYQQKPG

WIGEIDHSGSTNYNPSLKSRVTISV KAPKLLIYKASSLESGVPSRES(C26)

QVQLQQWGAGLLKPSETLSLTCA

VYGGSFSGYYWSWIRQPPGKGLE TCRASQSISSWLAWYQQKPG

WIGEIDHSGSTNYNPSLKSRVTISV KAPKLLIYKASSLESGVPSRFS

DTSKNQFSLKLSSVTAADTAVYYC

ARARGPWSFDPWGQGTLVTVSS YYCQQSKEVPWTFGQGTKVE

(SEQ ID NO:15)

25

20
26

20
14

54
   

   
26

 F
eb

 2
02

6

Q
V
Q
L
Q
Q
W
G
A
G
L
L
K
P
S
E
T
L
S
L
T
C
A

D
I
Q
M
T
Q
S
P
S
T
L
S
A
S
V
G
D
R
V
T
I

2
7
7
4
1

V
Y
G
G
S
F
S
G
Y
Y
W
S
W
I
R
Q
P
P
G
K
G
L
E

T
C
R
A
S
Q
S
I
G
S
W
L
A
W
Y
Q
Q
K
P
G

2
0
2
6
2
0
1
4
5
4
 
2
6
 
F
e
b
 
2
0
2
6

W
I
G
E
I
D
H
S
G
S
T
N
Y
N
P
S
L
K
S
R
V
T
I
S
V

K
A
P
K
L
L
I
Y
K
A
S
S
L
E
S
G
V
P
S
R
E
S

D
T
S
K
N
Q
F
S
L
K
L
S
S
V
T
A
A
D
T
A
V
Y
Y
C

G
S
G
S
G
T
E
F
T
L
T
I
S
S
L
Q
P
D
D
F
A
T

A
D
I
-

2
7
7
4
3

D
T
S
K
N
Q
F
S
L
K
L
S
S
V
T
A
A
D
T
A
V
Y
Y
C

Y
Y
C
Q
Q
Y
N
S
Y
P
T
F
G
G
G
T
K
V
E
I

K
 
(
S
E
Q
 
I
D
 
N
O
:
1
0
)

A
D
I
-

Q
V
Q
L
Q
Q
W
G
A
G
L
L
K
P
S
E
T
L
S
L
T
C
A

E
L
Q
M
T
Q
S
P
S
S
L
S
A
S
V
G
D
R
V
T
I

2
8
1
5
3

T
C
R
T
S
Q
S
I
S
S
Y
L
N
W
Y
Q
Q
K
P
G
Q

P
P
K
L
L
I
Y
W
A
S
T
R
E
S
G
V
P
D
R
F
S

G
S
G
S
G
T
D
F
T
L
T
I
S
S
L
Q
P
E
D
S
A
T

Y
Y
C
Q
Q
S
Y
D
I
P
Y
T
F
G
Q
G
T
K
L
E
L

A
D
I
-

Q
V
Q
L
Q
Q
W
G
A
G
L
L
K
P
S
E
T
L
S
L
T
C
A

V
Y
G
G
S
F
S
G
Y
Y
W
S
W
I
R
Q
P
P
G
K
G
L
E

T
C
R
A
S
Q
S
I
S
S
W
L
A
W
Y
Q
Q
K
P
G

W
I
G
E
I
D
H
S
G
S
T
N
Y
N
P
S
L
K
S
R
V
T
I
S
V

K
A
P
K
L
L
I
Y
K
A
S
S
L
E
S
G
V
P
S
R
E
S

A
D
I
-

Q
V
Q
L
Q
Q
W
G
A
G
L
L
K
P
S
E
T
L
S
L
T
C
A

V
Y
G
G
S
F
S
G
Y
Y
W
S
W
I
R
Q
P
P
G
K
G
L
E

T
C
R
A
S
Q
S
I
S
S
W
L
A
W
Y
Q
Q
K
P
G

W
I
G
E
I
D
H
S
G
S
T
N
Y
N
P
S
L
K
S
R
V
T
I
S
V

K
A
P
K
L
L
I
Y
K
A
S
S
L
E
S
G
V
P
S
R
E
S

D
T
S
K
N
Q
F
S
L
K
L
S
S
V
T
A
A
D
T
A
V
Y
Y
C

A
R
A
R
G
P
W
S
F
D
P
W
G
Q
G
T
L
V
T
V
S
S

Y
Y
C
Q
Q
S
K
E
V
P
W
T
F
G
Q
G
T
K
V
E

(
S
E
Q
 
I
D
 
N
O
:
1
5
)

2
5



ADI- QVQLQQWGAGLLKPSETLSLTCA DIQMTQSPSTLSASVGDRVTI

29399 VYGGSFSGYYWSWIRQPPGKGLE TCRASQSISSWLAWYQQKPG

WIGEIDHSGSTNYNPSLKSRVTISV KAPKLLIYKASSLESGVPSRES

DTSKNQFSLKLSSVTAADTAVYYC GSGSGTEFTLTISSLQPDDFAT

ARARGPWSFDPWGQGTLVTVSS YYCQQYNSFPTFGGGTKVEIK

(SEQ ID NO:17) (SEQ ID NO:18)

ADI- QVQLQQWGAGLLKPSETLSLTCA DIQMTQSPSTLSASVGDRVTI

29401 VYGGSFSGYYWSWIRQPPGKGLE TCRASQSIGSWLAWYQQKPG

WIGEIDHSGSTNYNPSLKSRVTISV KAPKLLIYKASSLESGVPSRFS

DTSKNQFSLKLSSVTAADTAVYYC GSGSGTEFTLTISSLQPDDFAT

ARARGPWSFDPWGQGTLVTVSS YYCQQYDIYPTFGGGTKVEIK

(SEQ ID NO:19)

ADI- QVQLQQWGAGLLKPSETLSLTCA DIQMTQSPSTLSASVGDRVTI

29403 VYGGSFSGYYWSWIRQPPGKGLE TCRASQSISSWLAWYQQKPG

WIGEIDHSGSTNYNPSLKSRVTISV KAPKLLIYKASSLESGVPSRES

DTSKNQFSLKLSSVTAADTAVYYC GSGSGTEFTLTISSLQPDDFAT

ARARGPWSFDPWGQGTLVTVSS YYCQQYDSYPTFGGGTKVEL

(SEQ ID NO:21)

ADI- QVQLQQWGAGLLKPSETLSLTCA DIQMTQSPSTLSASVGDRVTI

29405 VYGGSFSGYYWSWIRQPPGKGLE TCRASQSISSWLAWYQQKPG

WIGEIDHSGSTNYNPSLKSRVTISV KAPKLLIYKASSLESGVPSRFS

DTSKNQFSLKLSSVTAADTAVYYC GSGSGTEFTLTISSLQPDDFAT

ARARGPWSFDPWGQGTLVTVSS YYCQQYGSFPTFGGGTKVEIK

(SEQ ID NO:23) (SEQ ID NO:24)

ADI- QVQLQQWGAGLLKPSETLSLTCA DIQMTQSPSTLSASVGDRVTI

29407 VYGGSFSGYYWSWIRQPPGKGLE TCRASQSISSWLAWYQQKPG

WIGEIDHSGSTNYNPSLKSRVTISV KAPKLLIYKASSLESGVPSRES

DTSKNQFSLKLSSVTAADTAVYYC GSGSGTEFTLTISSLQPDDFAT

ARARGPWSFDPWGQGTLVTVSS YYCQQYQSFPTFGGGTKVEIK

(SEQ ID NO:25) (SEQ ID NO:26)
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ADI- QVQLQQWGAGLLKPSETLSLTCA DIQMTQSPSTLSASVGDRVTI

29419 VYGGSFSGYYWSWIRQPPGKGLE TCRASQSISSWLAWYQQKPG

WIGEIDHSGSTNYNPSLKSRVTISV KAPKLLIYKASSLESGVPSRES

DTSKNQFSLKLSSVTAADTAVYYC GSGSGTEFTLTISSLQPDDFAT

ARARGPWSFDPWGQGTLVTVSS YYCQQYSSFSTFGGGTKVEIK

ADI- QVQLQQWGAGLLKPSETLSLTCA DIQMTQSPSTLSASVGDRVTI

29421 VYGGSFSGYYWSWIRQPPGKGLE TCRASQSISSWLAWYQQKPG

WIGEIDHSGSTNYNPSLKSRVTISV KAPKLLIYKASSLESGVPSRES

DTSKNQFSLKLSSVTAADTAVYYC GSGSGTEFTLTISSLOPDDFAT

ARARGPWSFDPWGQGTLVTVSS YYCQQYESYSTFGGGTKVEI

K (SEQ ID NO:30)

ADI- QVQLQQWGAGLLKPSETLSLTCA DIQMTQSPSTLSASVGDRVTI

29424 VYGGSFSGYYWSWIRQPPGKGLE TCRASQSISSWLAWYQQKPG

WIGEIDHSGSTNYNPSLKSRVTISV KAPKLLIYKASSLESGVPSRES

DTSKNQFSLKLSSVTAADTAVYYC GSGSGTEFTLTISSLQPDDFAT

ARARGPWSFDPWGQGTLVTVSS YYCQQYDSFITFGGGTKVEIK

(SEQ ID NO:32)

ADI- QVQLQQWGAGLLKPSETLSLTCA DIQMTQSPSTLSASVGDRVTI

29425 VYGGSFSGYYWSWIRQPPGKGLE TCRASQSISSWLAWYQQKPG

WIGEIDHSGSTNYNPSLKSRVTISV KAPKLLIYKASSLESGVPSRES

DTSKNQFSLKLSSVTAADTAVYYC GSGSGTEFTLTISSLQPDDFAT

ARARGPWSFDPWGQGTLVTVSS YYCQQYQSYPTFGGGTKVEI

ADI- QVQLQQWGAGLLKPSETLSLTCA DIQMTQSPSTLSASVGDRVTI

29426 VYGGSFSGYYWSWIRQPPGKGLE TCRASQSIGSWLAWYQQKPG

WIGEIDHSGSTNYNPSLKSRVTISV KAPKLLIYKASSLESGVPSRFS

DTSKNQFSLKLSSVTAADTAVYYC GSGSGTEFTLTISSLQPDDFAT

ARARGPWSFDPWGQGTLVTVSS YYCQQYHSFPTFGGGTKVEIK

(SEQ ID NO:35)
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ADI- QVQLQQWGAGLLKPSETLSLTCA DIQMTQSPSTLSASVGDRVTI

29429 VYGGSFSGYYWSWIRQPPGKGLE TCRASQSIGSWLAWYQQKPG

WIGEIDHSGSTNYNPSLKSRVTISV KAPKLLIYKASSLESGVPSRES

DTSKNQFSLKLSSVTAADTAVYYC GSGSGTEFTLTISSLQPDDFAT

ARARGPWSFDPWGQGTLVTVSS YYCQQYELYSYTFGGGTKVE

(SEQ ID NO:37) IK (SEQ ID NO:38)

ADI- QVQLQQWGAGLLKPSETLSLTCA DIQMTQSPSTLSASVGDRVTI

29447 VYGGSFSGYYWSWIRQPPGKGLE TCRASQSISSWLAWYQQKPG

WIGEIDHSGSTNYNPSLKSRVTISV KAPKLLIYKASSLESGVPSRES(F47)

DTSKNQFSLKLSSVTAADTAVYYC GSGSGTEFTLTISSLOPDDFAT

ARARGPWSFDPWGQGTLVTVSS YYCQQYDTFITFGGGTKVEIK

(SEQ ID NO:39)

ADI- QVQLVQSGAEVKKPGSSVKVSCK DIVMTQSPDSLAVSLGERATI

27727 ASGGTFSSYAISWVRQAPGQGLE NCKSSQSVLYSSNNKNYLAW

WMGGIIPIFGTANYAQKFQGRVTI YQQKPGQPPKLLIYWASTRES

TADESTSTAYMELSSLRSEDTAVY GVPDRFSGSGSGTDFTLTISSL

YCARGDSSIRHAYYYYGMDVWG QAEDVAVYYCQQYYSTPITF

QGTTVTVSS (SEQ ID NO:41) GGGTKVEIK (SEQ ID NO:42)

CDR1: GTFSSYAIS (non-Kabat) CDR1:

(SEQ ID NO:43) or SYAIS KSSQSVLYSSNNKNYLA

(SEQ ID NO:153) (SEQ ID NO:46)

CDR3: ARGDSSIRHAYYYYGMDV CDR3: QQYYSTPIT

ADI-

29443

APRLLIYDASNRATGIPARFS(F43)

SKNQFSLKLSSVTAADTAVYYCAR GSGSGTDFTLTISSLEPEDFAV
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GSDRFHPYFDYWGQGTLVTVSS YYCQQFDTWPPTFGGGTKVE

(SEQ ID NO:49) IK (SEQ ID NO:50)

ADI-

29404 VYGGSFSGYYWSWIRQPPGKGLE TCRASQSISSWLAWYQQKPG

(F04)

ADI-

28200 ASGGTFSSYAISWVRQAPGQGLE NCESSQSLLNSGNQKNYLTW

GQGTTVTVSS (SEQ ID NO:59) GQGTKLEIK (SEQ ID NO:60)

CDR1: GTFSSYAIS CDR1:

CDR2: GIPIFGTANYAQKFQG
(SEQ ID NO:111)

(SEQ ID NO:109) CDR2: WASTRES

CDR3:
(SEQ ID NO:112)

ARRGRKASGSFYYYYGMDV CDR3: QNDYSYPYT

(SEQ ID NO:110) (SEQ ID NO:113)
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ADI-29379 QVQLVQSGAEVKKPGASVKVSCK EIVMTQSPATLSVSPGERATL

(E79) ASGYTFTSYYMHWVRQAPGQGLE

WMGIINPSGGSTSYAQKFQGRVT QAPRLLIYGASTRATGIPARES

MTRDTSTSTVYMELSSLRSEDTAV GSGSGTEFTLTISSLQSEDFAV

YYCARGAPNYGDTTHDYYYMDV YYCQQYDDWPFTFGGGTKV

WGKGTTVTVSS (SEQ ID NO:61) EIK (SEQ ID NO:62)

CDR1: YTFTSYYMH (non-Kabat) CDR1: RASQSVSSNLA

(SEQ ID NO:63) or SYYMH (SEQ ID NO:66)

(SEQ ID NO:157)
CDR2: GASTRAT

CDR2: IINPSGGSTSYAQKFQG (SEQ ID NO:67)

(SEQ ID NO:64)
CDR3: QQYDDWPFT

CDR3: (SEQ ID NO:68)

(non-Kabat) (SEQ ID NO:65) or

GAPNYGDTTHDYYYMDV
(SEQ ID NO:158)

ADI- QVQLVQSGAEVKKPGASVKVSCK EIVLTQSPGTLSLSPGERATLS

29463 ASGYTFTGYYMHWVRQAPGQGL CRASQSVSSNLAWYQQKPGQ

(F63)

VTMTRDTSISTAYMELSRLRSDDT SGSGTEFTLTISSLQSEDFAVY

AVYYCARDTGEYYDTDDHGMDV YCQQDDYWPPTFGGGTKVEI

WGQGTTVTVSS (SEQ ID NO:69) K (SEQ ID NO:70)

CDR1: YTFTGYYMH (non-Kabat) CDR1: RASQSVSSNLA

(SEQ ID NO:159)
CDR2: GASTRAT

(SEQ ID NO:75)

(SEQ ID NO:72)

(SEQ ID NO:76)

DTGEYYDTDDHGMDV
(SEQ ID NO:160)
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ADI- EVQLLESGGGLVQPGGSLRLSCAA DIQMTQSPSSVSASVGDRVTI

27744 SGFTFSSYAMSWVRQAPGKGLEW TCRASQGIDSWLAWYQQKPG

VSAISGSGGSTYYADSVKGRFTISR(A44) KAPKLLIYAASSLQSGVPSRF

DNSKNTLYLQMNSLRAEDTAVYY SGSGSGTDFTLTISSLQPEDFA

CAKDGGYYDSGAGDYWGQGTLV TYYCQQGVSYPRTFGGGTKV

CDR1: RASQGIDSWLA

CDR2: AASSLQS

CDR2: AISGSGGSTYYADSVKG

CDR3: QQGVSYPRT

CDR3: AKDGGYYDSGAGDY (SEQ ID NO:84)

(non-Kabat) (SEQ ID NO:81) or

DGGYYDSGAGDY
(SEQ ID NO:162)

ADI- DIQMTQSPSSVSASVGDRVTI

27749 SGFTFSSYSMNWVRQAPGKGLEW TCRASQGISSWLAWYQQKPG

VSSISSSSSYIYYADSVKGRFTISRD KAPKLLIYAASSLQSGVPSRF

SGSGSGTDFTLTISSLQPEDFA

ARGAPMGAAAGWFDPWGQGTLV TYYCQQGVSFPRTFGGGTKV

TVSS (SEQ ID NO:85) EIK (SEQ ID NO:86)

(SEQ ID NO:87) or SYSMN (SEQ ID NO:90)

(SEQ ID NO:163)
CDR2: AASSLQS

(SEQ ID NO:91)

(SEQ ID NO:88)

(SEQ ID NO:92)

(non-Kabat) (SEQ ID NO:89) or

GAPMGAAAGWFDP
(SEQ ID NO:164)
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ADI- QVQLVQSGAEVKKPGASVKVSCK EIVLTQSPATLSLSPGERATLS

29378 ASGYTFTSYYMHWVRQAPGQGLE CRASQSVSSYLAWYQQKPGQ

WMGINPSGGSTSYAQKFQGRVT APRLLIYDASNRATGIPARFS

MTRDTSTSTVYMELSSLRSEDTAV GSGSGTDFTLTISSLEPEDFAV

YYCAREGAGFAYGMDYYYMDV YYCQQSDNWPFTFGGGTKVE
IK (SEQ ID NO:94)

CDR1: YTFTSYYMH (non-Kabat) CDR1: RASQSVSSYLA

(SEQ ID NO:95) or SYYMH (SEQ ID NO:98)

(SEQ ID NO:165)
CDR2: DASNRAT

CDR2: IINPSGGSTSYAQKFQG (SEQ ID NO:99)

(SEQ ID NO:96)
CDR3: QQSDNWPFT

CDR3:

AREGAGFAYGMDYYYMDV
(non-Kabat) (SEQ ID NO:97) or

(SEQ ID NO:166)

A49MI EVQLVESGGGLVKPGGSLRLSCAA DIQMTQSPSSVSASVGDRVTI

SGFTFSSYSMNWVRQAPGKGLEW TCRASQGISSWLAWYQQKPG

VSSISSSSSYIYYADSVKGRFTISRD KAPKLLIYAASSLQSGVPSRF

NAKNSLYLQMNSLRAEDTAVYYC SGSGSGTDFTLTISSLQPEDFA

VSS (SEQ ID NO:167) EIK (SEQ ID NO:86)

(SEQ ID NO:90)

(SEQ ID NO:168)

CDR2: SISSSSSYIYYADSVKG (SEQ ID NO:91)

(SEQ ID NO:88)
CDR3: QQGVSFPRT

(SEQ ID NO:92)

(non-Kabat) (SEQ ID NO:169) or

(SEQ ID NO:170)

32

20
26

20
14

54
   

   
26

 F
eb

 2
02

6

2
6
 
F
e
b
 
2
0
2
6

A
D
I
-

Q
V
Q
L
V
Q
S
G
A
E
V
K
K
P
G
A
S
V
K
V
S
C
K

E
I
V
L
T
Q
S
P
A
T
L
S
L
S
P
G
E
R
A
T
L
S

2
9
3
7
8

A
S
G
Y
T
F
T
S
Y
Y
M
H
W
V
R
Q
A
P
G
Q
G
L
E

C
R
A
S
Q
S
V
S
S
Y
L
A
W
Y
Q
Q
K
P
G
Q

W
M
G
I
N
P
S
G
G
S
T
S
Y
A
Q
K
F
Q
G
R
V
T

A
P
R
L
L
I
Y
D
A
S
N
R
A
T
G
I
P
A
R
F
S

M
T
R
D
T
S
T
S
T
V
Y
M
E
L
S
S
L
R
S
E
D
T
A
V

G
S
G
S
G
T
D
F
T
L
T
I
S
S
L
E
P
E
D
F
A
V

Y
Y
C
A
R
E
G
A
G
F
A
Y
G
M
D
Y
Y
Y
M
D
V

Y
Y
C
Q
Q
S
D
N
W
P
F
T
F
G
G
G
T
K
V
E

C
D
R
1
:
 
R
A
S
Q
S
V
S
S
Y
L
A

2
0
2
6
2
0
1
4
5
4

(
S
E
Q
 
I
D
 
N
O
:
1
6
5
)

C
D
R
2
:
 
D
A
S
N
R
A
T

C
D
R
2
:
 
I
I
N
P
S
G
G
S
T
S
Y
A
Q
K
F
Q
G

C
D
R
3
:
 
Q
Q
S
D
N
W
P
F
T

C
D
R
3
:

A
R
E
G
A
G
F
A
Y
G
M
D
Y
Y
Y
M
D
V

A
4
9
M
I

E
V
Q
L
V
E
S
G
G
G
L
V
K
P
G
G
S
L
R
L
S
C
A
A

D
I
Q
M
T
Q
S
P
S
S
V
S
A
S
V
G
D
R
V
T
I

S
G
F
T
F
S
S
Y
S
M
N
W
V
R
Q
A
P
G
K
G
L
E
W

T
C
R
A
S
Q
G
I
S
S
W
L
A
W
Y
Q
Q
K
P
G

V
S
S
I
S
S
S
S
S
Y
I
Y
Y
A
D
S
V
K
G
R
F
T
I
S
R
D

K
A
P
K
L
L
I
Y
A
A
S
S
L
Q
S
G
V
P
S
R
F

N
A
K
N
S
L
Y
L
Q
M
N
S
L
R
A
E
D
T
A
V
Y
Y
C

S
G
S
G
S
G
T
D
F
T
L
T
I
S
S
L
Q
P
E
D
F
A

V
S
S
 
(
S
E
Q
 
I
D
 
N
O
:
1
6
7
)

C
D
R
2
:
 
S
I
S
S
S
S
S
Y
I
Y
Y
A
D
S
V
K
G

3
2



A49MQ EVQLVESGGGLVKPGGSLRLSCAA DIQMTQSPSSVSASVGDRVTI

SGFTFSSYSMNWVRQAPGKGLEW TCRASQGISSWLAWYQQKPG

VSSISSSSSYIYYADSVKGRFTISRD KAPKLLIYAASSLQSGVPSRF

NAKNSLYLQMNSLRAEDTAVYYC SGSGSGTDFTLTISSLQPEDFA

ARGAPQGAAAGWFDPWGQGTLV TYYCQQGVSFPRTFGGGTKV

CDR1: RASQGISSWLA

CDR2: AASSLQS

CDR2: SISSSSSYIYYADSVKG

CDR3: QQGVSFPRT

CDR3: ARGAPQGAAAGWFDP (SEQ ID NO:92)

(non-Kabat) (SEQ ID NO:173) or

(SEQ ID NO:174)

A49ML DIQMTQSPSSVSASVGDRVTI

SGFTFSSYSMNWVRQAPGKGLEW TCRASQGISSWLAWYQQKPG

VSSISSSSSYIYYADSVKGRFTISRD KAPKLLIYAASSLQSGVPSRF

NAKNSLYLQMNSLRAEDTAVYYC SGSGSGTDFTLTISSLQPEDFA

ARGAPLGAAAGWFDPWGQGTLV TYYCQQGVSFPRTFGGGTKV

TVSS (SEQ ID NO:175) EIK (SEQ ID NO:86)

(SEQ ID NO:87) or SYSMN (SEQ ID NO:90)

(SEQ ID NO:176)

AASSLQS (SEQ ID NO:91)

(SEQ ID NO:88)

(SEQ ID NO:92)

(non-Kabat) (SEQ ID NO:177) or

GAPLGAAAGWFDP

(SEQ ID NO:178)
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A49MF EVQLVESGGGLVKPGGSLRLSCAA DIQMTQSPSSVSASVGDRVTI

SGFTFSSYSMNWVRQAPGKGLEW TCRASQGISSWLAWYQQKPG

VSSISSSSSYIYYADSVKGRFTISRD KAPKLLIYAASSLQSGVPSRF

NAKNSLYLQMNSLRAEDTAVYYC SGSGSGTDFTLTISSLQPEDFA

ARGAPFGAAAGWFDPWGQGTLV TYYCQQGVSFPRTFGGGTKV

EIK (SEQ ID NO:86)

CDR1: FTFSSYSMN (non-Kabat) CDR1: RASQGISSWLA

(SEQ ID NO:87) or SYSMN (SEQ ID NO:90)

(SEQ ID NO:180)
CDR2: AASSLQS

CDR2: SISSSSSYIYYADSVKG (SEQ ID NO:91)

(SEQ ID NO:88)
CDR3: QQGVSFPRT

CDR3: ARGAPFGAAAGWFDP (SEQ ID NO:92)

GAPFGAAAGWFDP

A49MV EVQLVESGGGLVKPGGSLRLSCAA DIQMTQSPSSVSASVGDRVTI

SGFTFSSYSMNWVRQAPGKGLEW TCRASQGISSWLAWYQQKPG

VSSISSSSSYIYYADSVKGRFTISRD KAPKLLIYAASSLQSGVPSRF

NAKNSLYLQMNSLRAEDTAVYYC SGSGSGTDFTLTISSLQPEDFA

ARGAPVGAAAGWFDPWGQGTLV TYYCQQGVSFPRTFGGGTKV

CDR1: FTFSSYSMN (non-Kabat) CDR1: RASQGISSWLA

CDR2: AASSLQS

CDR2: SISSSSSYIYYADSVKG (SEQ ID NO:91)

(SEQ ID NO:88)
CDR3: QQGVSFPRT

CDR3: ARGAPVGAAAGWFDP (SEQ ID NO:92)

GAPVGAAAGWFDP
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A49- EVQLVESGGGLVKPGGSLRLSCAA DIQMTQSPSSVSASVGDRVTI

consensus SGFTFSSYSMNWVRQAPGKGLEW TCRASQGISSWLAWYQQKPG

VSSISSSSSYIYYADSVKGRFTISRD KAPKLLIYAASSLQSGVPSRF

NAKNSLYLQMNSLRAEDTAVYYC SGSGSGTDFTLTISSLQPEDFA

ARGAPXGAAAGWFDPWGQGTLV TYYCQQGVSFPRTFGGGTKV

(SEQ ID NO:187)
CDR1: RASQGISSWLA

CDR2: AASSLQS
(SEQ ID NO:188)

CDR2: SISSSSSYIYYADSVKG
CDR3: QQGVSFPRT

(SEQ ID NO:88)

CDR3: ARGAPXGAAAGWFDP
(non-Kabat) (SEQ ID NO:189) or

GAPXGAAAGWFDP, wherein X is

M, L, I, V, Q, or F (SEQ ID NO:190)

[0117]

5 SEQ ID NO:101

QVQLVESGGGLVKPGGSLRLSCAASGFTESSYGMHWVRQAPGKGLEWVAFIRYDGS

NKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDRGLGDGTYFDYW

GQGTTVTVSS

10 QSALTQPASVSGSPGQSITISCSGSSSNIGNNAVNWYQQLPGKAPKLLIYYDDL

LTVL
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[0118] Alternatively, a heavy chain variable domain represented by SEQ ID NO:103 can

be paired with a light chain variable domain represented by SEQ ID NO:104 to form an

antigen-binding site that can bind to NKG2D, as illustrated in US 7,879,985.

5

SEQ ID NO:104

10

[0119]

proteins that bind to the NKG2D receptor and CD16 receptor on natural killer cells, and the

domains and light chain variable domains that, in combination, can bind to FAP. CDR

15 sequences of the heavy and light chain variable domain amino acid sequences listed in Table

2 below and described in the corresponding patents and publication are incorporated by

reference herein. Unless indicated otherwise, the CDR sequences provided in Table 2 are

determined under Kabat.

Table 2

Source Heavy chain variable domain Light chain variable domain amino

amino acid sequence acid sequence

Sibrotuzumab QVQLVQSGAEVKKPGASV DIVMTQSPDSLAVSLGERATIN

KVSCKTSRYTFTEYTIHWV CKSSQSLLYSRNQKNYLAWY

RQAPGQRLEWIGGINPNNG QQKPGQPPKLLIFWASTRESG

(US Patent IPNYNQKFKGRVTITVDTS VPDRFSGSGFGTDFTLTISSLQ

ASTAYMELSSLRSEDTAVY6,455,677) AEDVAVYYCQQYFSYPLTFG

YWGQGTLVTVSS CDR1: QSLLYSRNQKNYLA
(SEQ ID NO:114)

(non-Kabat) (SEQ ID NO:119) or
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CDR2: NPNNGI (non-Kabat) (SEQ ID NO:120)

(SEQ ID NO:116) or
CDR3: QQYFSYPLT

GINPNNGIPNYNQKFKG (SEQ ID NO:121)

(SEQ ID NO:148)

CDR3:

RRIAYGYDEGHAMDY

(SEQ ID NO:117)

Hu36 QVQLVQSGAEVKKPGASV DIQMIQSPSSLSASVGDRVTIT

KVSCKASGYTFTENIIHWV CRASKSVSTSAYSYMHWYQQ

SGSIKYNEKFKDRVTMTA10,137,202) RFSGSGSGTDFILTISSLQPEDF

CDR2: LASNLES
(SEQ ID NO:123)

(SEQ ID NO:128)

CDR3: QHSRELPYT

(SEQ ID NO:129)

(SEQ ID NO:124)

WO
2012020006 RQAPGKGLEWVSAISGSG QAPRLLIIGASTRATGIPDRESG

SKNTLYLQMNSLRAEDTA

VYYCAKGWLGNFDYWGQ (SEQ ID NO:135)
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GTLVTVSS CDR1: RASQSVSRSYLA

(SEQ ID NO:131) (SEQ ID NO:136)

CDR1: SYAMS CDR2: GASTRAT

CDR3: QQGQVIPPT

29B11 EIVLTQSPGTLSLSPGERATLS

WO
CRASQSVTSSYLAWYQQKPG

KNTLYLQMNSLRAEDTAV YYCQQGIMLPPTFGQGTKVEI

TLVTVSS (SEQ ID NO:139)
CDR1: RASQSVTSSYLA

CDR1: SYAMS (SEQ ID NO:144)

(SEQ ID NO:140)
CDR2: VGSRRAT

CDR2: AIIGSGGITYYADSV (SEQ ID NO:145)

(SEQ ID NO:141)

CDR3: GWFGGFNY

(SEQ ID NO:142)

[0120] Alternatively, novel antigen-binding sites that can bind to FAP can be identified

by screening for binding to the amino acid sequence defined by SEQ ID NO:130.

SEQ ID NO:130

5 MKTWVKIVFGVATSAVLALLVMCIVLRPSRVHNSEENTMRALTLKDILNGTESYKTF

FPNWISGQEYLHQSADNNIVLYNIETGQSYTILSNRTMKSVNASNYGLSPDRQFVYLE

KQRPGDPPFQITFNGRENKIFNGIPDWVYEEEMLATKYALWWSPNGKFLAYAEFND

10
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TGWAGGFFVSTPVFSYDAISYYKIFSDKDGYKHIHYIKDTVENAIQITSGKWEAINIFR

VTQDSLFYSSNEFEEYPGRRNIYRISIGSYPPSKKCVTCHLRKERCQYYTASFSDYAK

YYALVCYGPGIPISTLHDGRTDQEIKILEENKELENALKNIQLPKEEIKKLEVDEITLW

5 TAFQGDKLLYAVYRKLGVYEVEDQITAVRKFIEMGFIDEKRIAIWGWSYGGYVSSLA

RNVDYLLIHGTADDNVHFQNSAQIAKALVNAQVDFQAMWYSDQNHGLSGLSTNHL

YTHMTHFLKQCFSLSD

[0121] Within the Fc domain, CD16 binding is mediated by the hinge region and the CH2

10

Sondermann P. et al. (2000) Nature; 406 (6793):267-273.). Based on the known domains,

15 phage-displayed libraries or yeast surface-displayed cDNA libraries, or can be designed

[0122]

20

incorporating different mutations in the CH3 domain of each antibody heavy chain constant

US14/830,336. For example, mutations can be made in the CH3 domain based on human

25

other. The positions of amino acid substitutions illustrated below are all numbered according

to the EU index as in Kabat.

30 original amino acid with a larger amino acid, selected from arginine (R), phenylalanine (F),

tyrosine (Y) or tryptophan (W), and at least one amino acid substitution in the second

alanine (A), serine (S), threonine (T), or valine (V), such that the larger amino acid
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substitution (a protuberance) fits into the surface of the smaller amino acid substitutions (a

cavity). For example, one polypeptide can incorporate a T366W substitution, and the other

can incorporate three substitutions including T366S, L368A, and Y407V.

[0124] An antibody heavy chain variable domain of the invention can optionally be

5 coupled to an amino acid sequence at least 90% identical to an antibody constant region, such

as an IgG constant region including hinge, CH2 and CH3 domains with or without CH1

domain. In some embodiments, the amino acid sequence of the constant region is at least

90% identical to a human antibody constant region, such as an human IgG1 constant region,

an IgG2 constant region, IgG3 constant region, or IgG4 constant region. In some other

10

antibody constant region from another mammal, such as rabbit, dog, cat, mouse, or horse.

One or more mutations can be incorporated into the constant region as compared to human

IgG1 constant region, for example at Q347, Y349, L351, S354, E356, E357, K360, Q362,

15 and/or K439. Exemplary substitutions include, for example, Q347E, Q347R, Y349S,

E357Q, E357L, E357W, K360E, K360W, Q362E, S364K, S364E, S364H, S364D, T366V,

N390E, K392L, K392M, K392V, K392F, K392D, K392E, T394F, T394W, D399R, D399K,

20 D399V, S400K, S400R, D401K, F405A, F405T, Y407A, Y407I, Y407V, K409F, K409W,

K409D, T411D, T411E, K439D, and K439E.

human IgG1 constant region may be at amino acid V125, F126, P127, T135, T139, A140,

F170, P171, and/or V173. In certain embodiments, mutations that can be incorporated into

25

S174, and/or T164.

[0126] Alternatively, amino acid substitutions could be selected from the following sets

Table 3

Set 2 S364H/D401K Y349T/T411E
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Set 12 L368D/K370S S364K/E357L

[0127] Alternatively, amino acid substitutions could be selected from the following sets

of substitutions shown in Table 4.

First Polypeptide Second Polypeptide

Set 3 K360E Q347R

Set 4 K360E/K409W Q347R/D399V/F405T

Set 5 Q347E/K360E/K409W Q347R/D399V/F405T

Set 6 Y349S/K409W E357W/D399V/F405T

5

First Polypeptide Second Polypeptide

Set 1 T366K/L351K L351D/L368E
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Set 3 T366K/L351K L351D/Y349D

Set 4 T366K/L351K L351D/Y349E/L368E

Set 5 T366K/L351K L351D/Y349D/L368E

Set 6 E356K/D399K K392D/K409D

[0129] Alternatively, at least one amino acid substitution in each polypeptide chain could

be selected from Table 6.

Table 6

Second Polypeptide

L351Y, D399R, D399K, S400K, T366V, T366I, T366L, T366M,

S400R, Y407A, Y407I, Y407V N390D, N390E, K392L, K392M,

K392V, K392F K392D, K392E,

K409F, K409W, T411D and T411E

5 following set of substitutions in Table 7, where the position(s) indicated in the First

Polypeptide column is replaced by any known negatively-charged amino acid, and the

charged amino acid.

Table 7

First Polypeptide Second Polypeptide

K392, K370, K409, or K439 D399, E356, or E357

[0131]

10 following set of substitutions in Table 8, where the position(s) indicated in the First

Polypeptide column is replaced by any known positively-charged amino acid, and the

position(s) indicated in the Second Polypeptide Column is replaced by any known negatively-

charged amino acid.

Table 8

Second Polypeptide

D399, E356, or E357 K409, K439, K370, or K392
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[0132]

Table 9.

Table 9

First Polypeptide Second Polypeptide

Y407V T394W

[0133]

5 and Y349C on the opposing polypeptide chain, which forms an artificial disulfide bridge

within the interface of the two polypeptides.

[0134] In some embodiments, the amino acid sequence of one polypeptide chain of the

antibody constant region differs from the amino acid sequence of an IgG1 constant region at

position T366, and wherein the amino acid sequence of the other polypeptide chain of the

10 antibody constant region differs from the amino acid sequence of an IgG1 constant region at

antibody constant region differs from the amino acid sequence of an IgG1 constant region at

15 wherein the amino acid sequence of the other polypeptide chain of the antibody constant

region differs from the amino acid sequence of an IgG1 constant region at position T366.

[0136] In some embodiments, the amino acid sequence of one polypeptide chain of the

[0137] In some embodiments, the amino acid sequence of one polypeptide chain of the

25
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Q362, S364, L368, K370, T394, D401, F405, and T411.

[0138]

5 antibody constant region differs from the amino acid sequence of an IgG1 constant region at

one or more positions selected from the group consisting of L351, D399, S400 and Y407 and

wherein the amino acid sequence of the other polypeptide chain of the antibody constant

positions selected from the group consisting of T366, N390, K392, K409 and T411.

10 [0139] In some embodiments, the amino acid sequence of one polypeptide chain of the

constant region differs from the amino acid sequence of an IgG1 constant region at one or

15

antibody constant region differs from the amino acid sequence of an IgG1 constant region at

one or more positions selected from the group consisting of Q347, Y349, K360, and K409,

20 region differs from the amino acid sequence of an IgG1 constant region at one or more

[0141]

one or more positions selected from the group consisting of Q347, E357, D399 and F405, and

25 wherein the amino acid sequence of the other polypeptide chain of the antibody constant

region differs from the amino acid sequence of an IgG1 constant region at one or more

positions selected from the group consisting of Y349, K360, Q347 and K409.

[0142] In some embodiments, the amino acid sequence of one polypeptide chain of the

antibody constant region differs from the amino acid sequence of an IgG1 constant region at

30

and wherein the amino acid sequence of the other polypeptide chain of the antibody constant

region differs from the amino acid sequence of an IgG1 constant region at one or more

positions selected from the group consisting of D356, E357 and D399.

44

20
26

20
14

54
   

   
26

 F
eb

 2
02

6

2
6
 
F
e
b
 
2
0
2
6

5

2
0
2
6
2
0
1
4
5
4

1
0

4
4



[0143] In some embodiments, the amino acid sequence of one polypeptide chain of the

antibody constant region differs from the amino acid sequence of an IgG1 constant region at

5

antibody constant region differs from the amino acid sequence of an IgG1 constant region at

10

region differs from the amino acid sequence of an IgG1 constant region at one or more

positions selected from the group consisting of Y349, L351, L368, K392 and K409.

[0145] In some embodiments, the amino acid sequence of one polypeptide chain of the

15 one or more positions selected from the group consisting of Y349, L351, L368, K392 and

K409, and wherein the amino acid sequence of the other polypeptide chain of the antibody

[0146] In some embodiments, the amino acid sequence of one polypeptide chain of the

20

an S354C substitution and wherein the amino acid sequence of the other polypeptide chain of

by a Y349C substitution.

25

30 antibody constant region differs from the amino acid sequence of an IgG1 constant region by
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Q347R, D399V and F405T substitutions and wherein the amino acid sequence of the other

polypeptide chain of the antibody constant region differs from the amino acid sequence of an

5 IgG1 constant region by K360E and K409W substitutions.

[0150] In some embodiments, the amino acid sequence of one polypeptide chain of the

antibody constant region differs from the amino acid sequence of an IgG1 constant region by

the antibody constant region differs from the amino acid sequence of an IgG1 constant region

10 by T366S, T368A, and Y407V substitutions.

polypeptide chain of the antibody constant region differs from the amino acid sequence of an

15

antibody constant region differs from the amino acid sequence of an IgG1 constant region by

T350V, L351Y, F405A, and Y407V substitutions and wherein the amino acid sequence of

20 sequence of an IgG1 constant region by T350V, T366L, K392L, and T394W substitutions.

antibody constant region differs from the amino acid sequence of an IgG1 constant region by

the other polypeptide chain of the antibody constant region differs from the amino acid

25 sequence of an IgG1 constant region by T350V, L351Y, F405A, and Y407V substitutions.

[0154] The multi-specific binding proteins described above can be made using

recombinant DNA technology well known to a skilled person in the art. For example, a first

nucleic acid sequence encoding the first immunoglobulin heavy chain can be cloned into a

first expression vector; a second nucleic acid sequence encoding the second immunoglobulin

encoding the immunoglobulin light chain can be cloned into a third expression vector; and

the first, second, and third expression vectors can be stably transfected together into host cells

to produce the multimeric proteins.
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[0155] To achieve the highest yield of the multi-specific protein, different ratios of the

first, second, and third expression vector can be explored to determine the optimal ratio for

5

be isolated and purified using methods known in the art including centrifugation, depth

10

mode chromatography.

II. CHARACTERISTICS OF THE MULTI-SPECIFIC BINDING PROTEINS

[0157] The multi-specific binding proteins described herein include an NKG2D-binding

site, a CD16-binding site, and a binding site for FAP. In certain embodiments, the multi-

specific binding proteins bind to cells expressing NKG2D and/or CD16, such as NK cells,

and tumor cells expressing FAP simultaneously. Binding of the multi-specific binding

proteins to NK cells can enhance the activity of the NK cells toward destruction of the cancer

[0158] In certain embodiments, the multi-specific binding proteins described herein bind

same FAP-binding site. In certain embodiments, the multi-specific binding proteins described

herein may be more effective at reducing tumor growth and killing tumor cells expressing

FAP than a corresponding monoclonal antibody having the same FAP-binding site.

[0159] In certain embodiments, the multi-specific binding proteins described herein,

30 cells in the presence of tumor cells expressing FAP.
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greater cytotoxic activity against tumor cells expressing FAP.

III. THERAPEUTIC APPLICATIONS

[0162] The invention provides methods for treating cancer using a multi-specific binding

protein described herein and/or a pharmaceutical composition described herein. The methods

may be used to treat a variety of cancers expressing FAP. Exemplary cancers to be treated

may be gastric cancer, colorectal cancer, pancreatic cancer, breast cancer, endometrial cancer,

lung cancer, prostate cancer, bladder cancer, cervical cancer, head and neck cancer, ovarian

cancer, esophageal cancer, renal cancer, liver cancer, testicular cancer, and oral cavity

15

angioimmunoblastic T-cell lymphoma, angiosarcoma, anorectal cancer, astrocytic tumor,

20 tract cancer, bladder cancer, bone cancer, bone marrow cancer, brain cancer, breast cancer,

25 lymphoma, cystadenoma, diffuse large B-cell lymphoma, digestive system cancer, duodenum

cancer, endocrine system cancer, endodermal sinus tumor, endometrial cancer/hyperplasia,

endometrial stromal sarcoma, endometrioid adenocarcinoma, endothelial cell cancer,

enteropathy type T-cell lymphoma, ependymal cancer, epithelial cell cancer, esophageal

cancer, Ewing sarcoma, extranodal marginal zone B-cell lymphoma, extranodal natural

30

hyperplasia, follicular lymphoma, gall bladder cancer, gastric antrum cancer, gastric cancer,

gastric fundus cancer, gastrinoma, glioblastoma, glioma, glucagonoma, hairy cell leukemia,

head and neck cancer, heart cancer, hemangioblastoma, hemangioendothelioma
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hemangiomas, hematological tumors, hepatic adenoma, hepatic adenomatosis, hepatocellular

carcinoma, hepatobilliary cancer, Hodgkin's disease, ileum cancer, insulinoma, intraepithelial

squamous cell carcinoma, jejunum cancer, joint cancer, Kaposi's sarcoma, kidney cancer,

5 large cell carcinoma, large intestine cancer, leiomyosarcoma, lentigo maligna melanomas,

10

adenocarcinoma, nodal marginal zone B-cell lymphoma, nodular melanoma, non-epithelial

skin cancer, non-Hodgkin's lymphoma, oat cell carcinoma, oligodendroglial cancer, oral

cavity cancer, osteosarcoma, ovarian cancer, pancreatic cancer, papillary serous

15 adenocarcinoma, parotid cancer, pelvic cancer, penile cancer, peripheral T-cell lymphoma,

pharynx cancer, pituitary tumors, plasmacytoma, precursor T-lymphoblastic lymphoma,

primary central nervous system lymphoma, primary mediastinal B-cell lymphoma, prostate

cancer, pseudosarcoma, pulmonary blastoma, rectal cancer, renal cancer, renal cell

20 carcinoma, sinus cancer, skin cancer, small cell carcinoma, small intestine cancer, small

tumor, spine cancer, splenic marginal zone B-cell lymphoma, squamous cell carcinoma (e.g.,

skin), striated muscle cancer, subcutaneous panniculitis-like T-cell lymphoma,

submesothelial cancer, superficial spreading melanoma, T cell leukemia, T cell lymphoma,

25 testicular cancer, thyroid cancer, tongue cancer, undifferentiated carcinoma, ureter cancer,

30

arthritis, rheumatoid arthritis, juvenile rheumatoid arthritis, inflammatory destuctive arthritis,
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syndrome (ARDS), meningitis, encephalitis, uveitis, colitis, glomerulonephritis, allergic

5

and delayed hypersensitivity mediated by cytokines and T-lymphocytes, tuberculosis,

sarcoidosis, granulomatosis including Wegener's granulomatosis, agranulocytosis, vasculitis

(including ANCA), aplastic anemia, Diamond Blackfan anemia, immune hemolytic anemia

including autoimmune hemolytic anemia (AIHA), pernicious anemia, pure red cell aplasia

10 (PRCA), Factor VIII deficiency, hemophilia A, autoimmune neutropenia, pancytopenia,

leukopenia, diseases involving leukocyte diapedesis, central nervous system (CNS)

15

IgM polyneuropathies or IgM mediated neuropathy, idiopathic thrombocytopenic purpura

20

autoimmune disease of the testis and ovary including autoimune orchitis and oophoritis,

25

referred to as insulin-dependent diabetes mellitus (IDDM) and Sheehan's syndrome;

autoimmune hepatitis, lymphoid interstitial pneumonitis (HIV), bronchiolitis obliterans (non-

transplant) vs NSIP, Guillain-Barre' Syndrome, large vessel vasculitis (including polymyalgia

rheumatica and giant cell (Takayasu's) arteritis), medium vessel vasculitis (including

30 Kawasaki's disease and polyarteritis nodosa), ankylosing spondylitis, Berger's disease (IgA

(gluten enteropathy), cryoglobulinemia, amyotrophic lateral sclerosis (ALS), or coronary

artery disease.
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[0165] In certain embodiments, the invention provides a method of treating fibrosis in a

patient. The method comprises administering to a patient in need thereof a therapeutically

treated using FAP-targeting multispecific binding proteins may be associated with interstitial

5 lung disease, liver cirrhosis, kidney disease, heart disease, ocular disease, scleroderma, keloid

[0166] Another aspect of the invention provides for combination therapy. A multi-

specific binding protein described herein can be used in combination with additional

therapeutic agents to treat a cancer.

[0167] Exemplary therapeutic agents that may be used as part of a combination therapy in

treating cancer, include, for example, radiation, mitomycin, tretinoin, ribomustin,

gemcitabine, vincristine, etoposide, cladribine, mitobronitol, methotrexate, doxorubicin,

carboquone, pentostatin, nitracrine, zinostatin, cetrorelix, letrozole, raltitrexed, daunorubicin,

fadrozole, fotemustine, thymalfasin, sobuzoxane, nedaplatin, cytarabine, bicalutamide,

vinorelbine, vesnarinone, aminoglutethimide, amsacrine, proglumide, elliptinium acetate,

flutamide, drogenil, butocin, carmofur, razoxane, sizofilan, carboplatin, mitolactol, tegafur,

ifosfamide, prednimustine, picibanil, levamisole, teniposide, improsulfan, enocitabine,

lisuride, oxymetholone, tamoxifen, progesterone, mepitiostane, epitiostanol, formestane,

interferon-alpha, interferon-2 alpha, interferon-beta, interferon-gamma, colony stimulating

factor-1, colony stimulating factor-2, denileukin diftitox, interleukin-2, luteinizing hormone

releasing factor and variations of the aforementioned agents that may exhibit differential

binding to its cognate receptor, and increased or decreased serum half-life.

[0168] An additional class of agents that may be used as part of a combination therapy in

treating cancer is immune checkpoint inhibitors. Exemplary immune checkpoint inhibitors

include agents that inhibit one or more of (i) cytotoxic T-lymphocyte-associated antigen 4

30 (CTLA4), (ii) programmed cell death protein 1 (PD1), (iii) PDL1, (iv) LAG3, (v) B7-H3, (vi)

B7-H4, and (vii) TIM3. The CTLA4 inhibitor ipilimumab has been approved by the United

States Food and Drug Administration for treating melanoma.
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non-cytotoxic agents (e.g., tyrosine-kinase inhibitors).

5

inhibitor, a Bcr-Abl tyrosine kinase inhibitor, a Bruton's tyrosine kinase inhibitor, a CDC7

inhibitor, a CHK1 inhibitor, a Cyclin-Dependent Kinase inhibitor, a DNA-PK inhibitor, an

inhibitor of both DNA-PK and mTOR, a DNMT1 inhibitor, a DNMT1 inhibitor plus 2-

chloro-deoxyadenosine, an HDAC inhibitor, a Hedgehog signaling pathway inhibitor, an IDO

10 inhibitor, a JAK inhibitor, an mTOR inhibitor, a MEK inhibitor, a MELK inhibitor, a MTH1

15

20 therapeutic effect. For example, when administering a combination therapy to a patient in

25

versa.

V. PHARMACEUTICAL COMPOSITIONS

30

acceptable excipients or carriers can also be included in the composition for proper
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Pharmaceutical Sciences, 17th Ed. Mack Publishing Company, Easton, PA (1985). For a brief

review of methods for drug delivery, see, e.g., Langer T., Science; 249(4976):1527-1533.

contained in a bag, a pen, or a syringe. In certain embodiments, the bag may be connected to

5 a channel comprising a tube and/or a needle. In certain embodiments, the formulation may be

10

formulation from 12, 27, or 45 vials are combined to obtain a therapeutic dose of the protein

in the intravenous drug formulation. In certain embodiments, the formulation may be a liquid

formulation and stored as about 250 mg/vial to about 1000 mg/vial. In certain embodiments,

the formulation may be a liquid formulation and stored as about 600 mg/vial. In certain

15 embodiments, the formulation may be a liquid formulation and stored as about 250 mg/vial.

[0175] This present disclosure could exist in a liquid aqueous pharmaceutical formulation

including a therapeutically effective amount of the multi-specifc protein in a buffered

solution.

[0176] The compositions disclosed herein may be sterilized by conventional sterilization

20

use as-is, or lyophilized, wherein the lyophilized preparation being combined with a sterile

aqueous carrier prior to administration. The pH of the preparations typically will be between

3 and 11, more preferably between 5 and 9 or between 6 and 8, and most preferably between

7 and 8, such as 7 to 7.5. The resulting compositions in solid form may be packaged in

25 multiple single dose units, each containing a fixed amount of the above-mentioned agent or

quantity.

[0177]

extended shelf life including the multi-specific protein of the present disclosure, in

30 combination with mannitol, citric acid monohydrate, sodium citrate, disodium phosphate

dihydrate, sodium dihydrogen phosphate dihydrate, sodium chloride, polysorbate 80, water,

[0178] In certain embodiments, an aqueous formulation is prepared including the protein

of the present disclosure in a pH-buffered solution. The buffer of this invention may have a
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recited pH's are also intended to be part of this disclosure. For example, ranges of values

5

include acetate (e.g., sodium acetate), succinate (e.g., sodium succinate), gluconate, histidine,

citrate and other organic acid buffers.

[0179] In certain embodiments, the formulation includes a buffer system which contains

citrate and phosphate to maintain the pH in a range of about 4 to about 8. In certain

10 embodiments the pH range may be from about 4.5 to about 6.0, or from about pH 4.8 to about

15

20 and 6.0 to 6.4 mg/mL of sodium chloride. In certain embodiments, the pH of the formulation

25

also be altered with respect to the molecular weight of the polyol. For example, a lower

30

mg/mL. In certain embodiments, the concentration of mannitol may be about 12 mg/mL. In
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[0181] A detergent or surfactant may also be added to the formulations of the present

invention. Exemplary detergents include nonionic detergents such as polysorbates (e.g.,

added is such that it reduces aggregation of the formulated antibody and/or minimizes the

5 formation of particulates in the formulation and/or reduces adsorption. In certain

10

contain between about 0.1 mg/mL and about 10 mg/mL of polysorbate 80, or between about

0.5 mg/mL and about 5 mg/mL. In certain embodiments, about 0.1% polysorbate 80 may be

added in the formulation.

[0182] In certain embodiments, the multi-specific protein product of the present

15 disclosure is formulated as a liquid formulation. The liquid formulation may be present at a

10 mg/mL concentration in either a USP / Ph Eur type I 50R vial closed with a rubber stopper

and sealed with an aluminum crimp seal closure. The stopper may be made of elastomer

complying with USP and Ph Eur. In certain embodiments vials may be filled with 61.2 mL of

the multi-specific protein product solution in order to allow an extractable volume of 60 mL.

20

[0183] In certain embodiments, the liquid formulation of the disclosure may be prepared

as a 10 mg/mL concentration solution in combination with a sugar at stabilizing levels. In

certain embodiments, the liquid formulation may be prepared in an aqueous carrier. In certain

embodiments, a stabilizer may be added in an amount no greater than that which may result

25 in a viscosity undesirable or unsuitable for intravenous administration. In certain

liquid formulation may also include one or more of a buffering agent, a surfactant, and a

preservative.

[0184] In certain embodiments, the pH of the liquid formulation may be set by addition

30 of a pharmaceutically acceptable acid and/or base. In certain embodiments, the

pharmaceutically acceptable acid may be hydrochloric acid. In certain embodiments, the

[0185] In addition to aggregation, deamidation is a common product variation of peptides

and proteins that may occur during fermentation, harvest/cell clarification, purification, drug
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in a 17 dalton decrease in mass and formation of a succinimide intermediate. Subsequent

5

solvent dielectric constant, ionic strength, primary sequence, local polypeptide conformation

and tertiary structure. The amino acid residues adjacent to Asn in the peptide chain may also

affect deamidation rates, e.g., Gly and Ser following an Asn residue results in a higher

susceptibility to deamidation.

10 [0186] In certain embodiments, the liquid formulation of the present disclosure may be

15

20 [0189] Intravenous (IV) formulations may be the preferred administration route in

25

about 10 mM to about 200 mM. The salts and/or buffers are pharmaceutically acceptable and

30

bacterial action. The addition of a preservative may, for example, facilitate the production of
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[0192] The aqueous carrier of interest herein is one which is pharmaceutically acceptable

(i.e., safe and non-toxic for administration to a human) and is useful for the preparation of a

phosphate-buffered saline), sterile saline solution, Ringer's solution or dextrose solution.

5 [0193] This present disclosure could exist in a lyophilized formulation including the

10

product may be in a weight ratio of at least 1:2 protein to sucrose or maltose. In certain

embodiments, the protein to sucrose or maltose weight ratio may be from 1:2 to 1:5.

[0195] In certain embodiments, the pH of the lyophilized formulation, prior to

lyophilization, may be set by addition of a pharmaceutically acceptable acid and/or base. In

15 certain embodiments the pharmaceutically acceptable acid may be hydrochloric acid. In

certain embodiments, the pharmaceutically acceptable base may be sodium hydroxide.

[0196] Before lyophilization, the pH of the solution containing the protein of the present

disclosure may be adjusted between 6 to 8. In certain embodiments, the pH range for the

lyophilized drug product may be from 7 to 8.

20

may be added in an amount of 10 mM - 200 mM. The salts and/or buffers are

pharmaceutically acceptable and are derived from various known acids (inorganic and

organic) with "base forming" metals or amines. In certain embodiments, the buffer may be

phosphate buffer. In certain embodiments, the buffer may be glycinate, carbonate, citrate

25 buffers, in which case, sodium, potassium or ammonium ions can serve as counterion.

formulation. A "bulking agent" is a compound which adds mass to a lyophilized mixture and

contributes to the physical structure of the lyophilized cake (e.g., facilitates the production of

an essentially uniform lyophilized cake which maintains an open pore structure). Illustrative

30 bulking agents include mannitol, glycine, polyethylene glycol and sorbitol. The lyophilized

formulations of the present invention may contain such bulking agents.

reduce bacterial action. The addition of a preservative may, for example, facilitate the

production of a multi-use (i.e., multiple-dose) formulation.
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acceptable (e.g., safe and non-toxic for administration to a human) and is useful for the

5

solution, Ringer's solution or dextrose solution.

[0201] In certain embodiments, the lyophilized drug product of the current disclosure is

reconstituted with either SWFI or 0.9% sodium chloride for injection, USP. During

reconstitution, the lyophilized powder dissolves into a solution.

10 [0202] In certain embodiments, the lyophilized protein product of the instant disclosure is

15

20 the disease or condition to be treated or prevented, the severity of the disease, the route of

25

dosage can be adjusted as the progress of the disease is monitored. Blood levels of the

30

[0205] In general, dosages based on body weight are from about 0.01 µg to about 100 mg
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0.01 µg to about 1 mg/kg of body weight, about 0.01 µg to about 100 µg/kg of body weight,

about 0.01 µg to about 50 µg/kg of body weight, about 0.01 µg to about 10 µg/kg of body

body weight, about 0.1 µg to about 100 mg/kg of body weight, about 0.1 µg to about 50

5 mg/kg of body weight, about 0.1 µg to about 10 mg/kg of body weight, about 0.1 µg to about

10

about 10 µg/kg of body weight, about 10 µg to about 100 mg/kg of body weight, about 10 µg

to about 50 mg/kg of body weight, about 10 µg to about 10 mg/kg of body weight, about 10

µg to about 1 mg/kg of body weight, about 10 µg to about 100 µg/kg of body weight, about

10 µg to about 50 µg/kg of body weight, about 50 µg to about 100 mg/kg of body weight,

15 about 50µg to about 50 mg/kg of body weight, about 50 µg to about 10 mg/kg of body

weight, about 50 µg to about 1 mg/kg of body weight, about 50 µg to about 100 µg/kg of

body weight, about 100 µg to about 100 mg/kg of body weight, about 100 µg to about 50

mg/kg of body weight, about 100 µg to about 10 mg/kg of body weight, about 100 µg to

about 1 mg/kg of body weight, about 1 mg to about 100 mg/kg of body weight, about 1 mg to

20

to about 100 mg/kg of body weight, about 10 mg to about 50 mg/kg of body weight, or about

50 mg to about 100 mg/kg of body weight.

[0206] Doses may be given once or more times daily, weekly, monthly or yearly, or even

once every 2 to 20 years. Persons of ordinary skill in the art can easily estimate repetition

25 rates for dosing based on measured residence times and concentrations of the targetable

be intravenous, intraarterial, intraperitoneal, intramuscular, subcutaneous, intrapleural,

intrathecal, intracavitary, by perfusion through a catheter or by direct intralesional injection.

This may be administered once or more times daily, once or more times weekly, once or

30 more times monthly, or once or more times annually.

[0207] The description above describes multiple aspects and embodiments of the

permutations of the aspects and embodiments.
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reference to the following examples, which are included merely for purposes of illustration of

Example 1 - NKG2D binding domains bind to NKG2D

NKG2D binding domains bind to purified recombinant NKG2D

[0209] The nucleic acid sequences of human, mouse or cynomolgus NKG2D

ectodomains were fused with nucleic acid sequences encoding human IgG1 Fc domains and

10

15

(comprising heavy chain and light chain variable domains selected from SEQ ID NOs: 101-

20

25 recombinant NKG2D-Fc proteins, although with varying affinities from clone to clone.

30 [0211] EL4 mouse lymphoma cell lines were engineered to express human or mouse

NKG2D-CD3 zeta signaling domain chimeric antigen receptors. An NKG2D-binding clone,

an isotype control or a positive control was used at a 100 nM concentration to stain
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extracellular NKG2D expressed on the EL4 cells. The antibody binding was detected using

fluorophore-conjugated anti-human IgG secondary antibodies. Cells were analyzed by flow

cytometry, and fold-over-background (FOB) was calculated using the mean fluorescence

intensity (MFI) of NKG2D expressing cells compared to parental EL4 cells.

5 [0212] NKG2D-binding domains produced by all clones bound to EL4 cells expressing

human and mouse NKG2D. Positive control antibodies (comprising heavy chain and light

NKG2D-binding affinity for each clone was similar between cells expressing human NKG2D

10 (FIG. 6) and mouse (FIG. 7) NKG2D.

Example 2 - NKG2D-binding domains block natural ligand binding to NKG2D

Competition With ULBP-6

[0213] Recombinant human NKG2D-Fc proteins were adsorbed to wells of a microplate,

and the wells were blocked with bovine serum albumin reduce non-specific binding. A

15 saturating concentration of ULBP-6-His-biotin was added to the wells, followed by addition

of the NKG2D-binding domain clones. After a 2-hour incubation, wells were washed and

ULBP-6-His-biotin that remained bound to the NKG2D-Fc coated wells was detected by

streptavidin-conjugated to horseradish peroxidase and TMB substrate. Absorbance was

measured at 450 nM and corrected at 540 nM. After subtracting background, specific binding

20 of NKG2D-binding domains to the NKG2D-Fc proteins was calculated from the percentage

of ULBP-6-His-biotin that was blocked from binding to the NKG2D-Fc proteins in wells.

The positive control antibody (comprising heavy chain and light chain variable domains

selected from SEQ ID NOs: 101-104) and various NKG2D-binding domains blocked ULBP-6

binding to NKG2D, while isotype control showed little competition with ULBP-6 (FIG. 8).

25 [0214] ULBP-6 sequence is represented by SEQ ID NO:150.

EKTFLHYDCGNKTVTPVSPLGKKLNVTMAWKAQNPVLREVVDILTEQLLDIQLENY

TPKEPLTLQARMSCEQKAEGHSSGSWQFSIDGQTFLLFDSEKRMWTTVHPGARKMK

EKWENDKDVAMSFHYISMGDCIGWLEDFLMGMDSTLEPSAGAPLAMSSGTTQLRA

30 TATTLILCCLLILPCFILPGI (SEQ ID NO:150)
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nM and corrected at 540 nM. After subtracting background, specific binding of NKG2D-

binding domains to the NKG2D-Fc proteins was calculated from the percentage of NKG2D-

while isotype control showed little competition with MICA (FIG. 9).

Competition With Rae-1 delta

15

20

25

competition with Rae-1delta (FIG. 10).

Example 3 - NKG2D-binding domain clones activate NKG2D

Gibson assembly and transfected into expi293 cells for retrovirus production. EL4 cells were

infected with viruses containing NKG2D-CAR together with 8 µg/mL polybrene. 24 hours
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after infection, the expression levels of NKG2D-CAR in the EL4 cells were analyzed by flow

cytometry, and clones which express high levels of the NKG2D-CAR on the cell surface

were selected.

[0218] To determine whether NKG2D-binding domains activate NKG2D, they were

5 adsorbed to wells of a microplate, and NKG2D-CAR EL4 cells were cultured on the antibody

fragment-coated wells for 4 hours in the presence of brefeldin-A and monensin. Intracellular

TNF- production, an indicator for NKG2D activation, was assayed by flow cytometry. The

percentage of TNF- positive cells was normalized to the cells treated with the positive

control. All NKG2D-binding domains activated both human NKG2D (FIG. 11) and mouse

10 NKG2D (FIG. 12).

Example 4 - NKG2D-binding domains activate NK cells

peripheral blood buffy coats using density gradient centrifugation. NK cells (CD3-CD56+)

15 were isolated using negative selection with magnetic beads from PBMCs, and the purity of

the isolated NK cells was typically >95%. Isolated NK cells were then cultured in media

containing 100 ng/mL IL-2 for 24-48 hours before they were transferred to the wells of a

microplate to which the NKG2D-binding domains were adsorbed, and cultured in the media

containing fluorophore-conjugated anti-CD107a antibody, brefeldin-A, and monensin.

20 Following culture, NK cells were assayed by flow cytometry using fluorophore-conjugated

antibodies against CD3, CD56 and IFN-. CD107a and IFN- staining were analyzed in CD3

CD56+ cells to assess NK cell activation. The increase in CD107a/IFN-y double-positive cells

is indicative of better NK cell activation through engagement of two activating receptors

rather than one receptor. NKG2D-binding domains and the positive control (e.g., heavy chain

25 variable domain represent by SEQ ID NO:101 or SEQ ID NO:103, and light chain variable

NK cells becoming CD107a+ and IFN- than the isotype control (FIG. 13 and FIG. 14

represent data from two independent experiments, each using a different donor's PBMCs for

NK cell preparation).

30 Primary mouse NK cells
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5

10

conjugated antibodies against CD3, NK1.1 and IFN-. CD107a and IFN- staining were

analyzed in CD3-NK1.1+ cells to assess NK cell activation. The increase in CD107a/IFN-y

double-positive cells is indicative of better NK cell activation through engagement of two

activating receptors rather than one receptor. NKG2D-binding domains and the positive

15

20 [0221] Human and mouse primary NK cell activation assays demonstrate increased

cytotoxicity markers on NK cells after incubation with NKG2D-binding domains. To address

whether this translates into increased tumor cell lysis, a cell-based assay was utilized where

each NKG2D-binding domain was developed into a monospecific antibody. The Fc region

was used as one targeting arm, while the Fab region (NKG2D-binding domain) acted as

25 another targeting arm to activate NK cells. THP-1 cells, which are of human origin and

express high levels of Fc receptors, were used as a tumor target and a Perkin Elmer DELFIA®

Cytotoxicity Kit (Waltham, MA) was used. THP-1 cells were labeled with BATDA reagent,

and resuspended at 10/mL in culture media. Labeled THP-1 cells were then combined with

NKG2D antibodies and isolated mouse NK cells in wells of a microtiter plate at 37 °C for 3

30 hours. After incubation, 20 µl of the culture supernatant was removed, mixed with 200 µl of

measured over time by a PHERAStar® plate reader equipped with a time-resolved
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fluorescence module (Excitation 337 nm, Emission 620 nm) and specific lysis was calculated

according to the kit instructions.

[0222] The positive control, ULBP-6 - a natural ligand for NKG2D, showed increased

specific lysis of THP-1 target cells by mouse NK cells. NKG2D antibodies also increased

5 specific lysis of THP-1 target cells, while isotype control antibody showed reduced specific

lysis. The dotted line indicates specific lysis of THP-1 cells by mouse NK cells without

antibody added (FIG. 17).

Example 6 - NKG2D antibodies have high thermostability

[0223] Melting temperatures of NKG2D-binding domains were assayed using differential

scanning fluorimetry. The extrapolated apparent melting temperatures of NKG2D-binding

CD16

Primary human NK cell activation assay

15 [0224] Peripheral blood mononuclear cells (PBMCs) were isolated from peripheral

human blood buffy coats using density gradient centrifugation. NK cells were purified from

PBMCs using negative selection magnetic beads (StemCell Technologies, Vancouver,

Canada; Cat# 17955). NK cells were >90% CD3-CD56+ as determined by flow cytometry.

Cells were then expanded 48 hours in media containing 100 ng/mL hIL-2 (PeproTech, Inc.,

20

CA; Cat# 302013) and 5 µg/mL (anti-NKG2D, R&D Systems, Minneapolis, MN; Cat#

25

with 100 ng/mL hIL2 and 1 µg/mL APC-conjugated anti-CD107a mAb (BioLegend, San

30 1:1000 and 1:270 respectively. Plated cells were incubated for 4 hours at 37 °C in 5% CO2.

Diego, CA; Cat#300452) and anti-CD56 mAb (BioLegend, San Diego, CA; Cat# 318328)
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5

anti-NKG2D, or a combination of both monoclonal antibodies. Combined stimulation of

CD16 and NKG2D resulted in percentages of CD107a+ cells (FIG. 19A) and IFN- cells

10

and NKG2D resulted in a greater percentage of CD107a+IFN-y+ double-positive cells as

compared to the additive effect of individual of each receptor alone (FIG. 19C). Bar graphs

15 different healthy donors.

Example 8 - Expression of FAP on human cell lines

20

human FAP antibody (R&D Systems, Minneapolis, MN).

[0228] As shown in FIG. 35, as compared to an antibody isotype control, FAP expression

Example 9 - Binding of anti-FAP multi-specific binding proteins and anti-FAP

25 monoclonal antibodies to FAP-expressing cell lines.

[0229] FAP-expressing human cell lines, LL86, COLO 829 and U-87MG, were used to

assess tumor antigen binding of multi-specific binding proteins having a FAP binding site

comprising a heavy chain variable domain sequence identical to SEQ ID NO:114 paired with

a light chain variable domain sequence identical to SEQ ID NO:118 (FAP-mutli-specific BP

30 Sibrotuzumab); a heavy chain variable domain sequence identical to SEQ ID NO:131 paired

with a light chain variable domain sequence identical to SEQ ID NO:135 (FAP-multi-specific

BP 4G8); or a heavy chain variable domain sequence identical to SEQ ID NO:139 paired

66

20
26

20
14

54
   

   
26

 F
eb

 2
02

6

2
0
2
6
2
0
1
4
5
4
 
2
6
 
F
e
b
 
2
0
2
6

6
6



with a light chain variable domain sequence identical to SEQ ID NO:143 (FAP-multi-specific

BP 29B11). Multi-specific binding proteins or corresponding monoclonal antibodies (mAb)

having the same FAP binding site were diluted and incubated with the cells. Binding was

detected using fluorophore-conjugated anti-human IgG secondary antibody. Cells were

5 analyzed by flow cytometry and express as mean fluorescence intensity (MFI) normalized to

human recombinant IgG1 stained controls to obtain fold over background (FOB) values.

[0230] As shown in FIGs. 36A-36C, FAP-multi-specific BP Sibrotuzumab, FAP-multi-

10 (FIG. 36B) and U-87 MG cells (FIG. 36C). Overall binding signal was higher with multi-

specific binding proteins as compared to corresponding mAbs.

[0231] PBMCs were isolated from human peripheral blood buffy coats using density gradient

centrifugation. Isolated PBMCs were washed and prepared for NK cell isolation. NK cells

CD56+ as determined by flow cytometry. Isolated NK cells were incubated overnight in

cytokine-free media before use in cytotoxicity assays.

DELFIA Cytotoxicity Assay:

[0232] FAP-expressing human cancer cell lines were harvested from culture. Cells were

manufacturer's instructions. After labeling, cells were washed 3x with HEPES buffered

30
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with a SpectraMax i3X instrument (Molecular Devices, San Jose, CA). % Specific lysis was

calculated as follows:

[0235] FIG. 37A shows that FAP-multi-specific BP Sibrotuzumab, FAP multi-specific BP

4G8, and FAP-multi-specific BP 29B11 simulated cytotoxic activity of primary human NK

cells isolated from donor RR01612 against FAP-expressing LL86 cells.

15 [0236] Similarly, FIG. 37D shows that FAP-multi-specific BP Sibrotuzumab, FAP multi-

specific BP 4G8, and FAP-multi-specific BP 29B11 simulated cytotoxic activity of primary

human NK cells isolated from donor 55109 against FAP-expressing LL86 cells.

[0237] FIG. 37B shows that FAP-multi-specific BP Sibrotuzumab, FAP multi-specific BP

4G8, and FAP-multi-specific BP 29B11 simulated cytotoxic activity of primary human NK

20

4G8, and FAP-multi-specific BP 29B11 simulated cytotoxic activity of primary human NK

cells isolated from donor RR01612 against FAP-expressing U-87 MG cells.

25 against human cancer cells more effectively than corresponding mAbs having the same FAP-

binding sites.

INCORPORATION BY REFERENCE

[0240] The entire disclosure of each of the patent documents and scientific articles

referred to herein is incorporated by reference for all purposes.

30 EQUIVALENTS

[0241] The invention may be embodied in other specific forms without departing from

the spirit or essential characteristics thereof. The foregoing embodiments are therefore to be
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considered in all respects illustrative rather than limiting the invention described herein.

Scope of the invention is thus indicated by the appended claims rather than by the foregoing

description, and all changes that come within the meaning and range of equivalency of the

claims are intended to be embraced therein.

5
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WHAT IS CLAIMED IS:

1. A protein comprising:

(a) a first antigen-binding site that binds NKG2D;

5 (b) a second antigen-binding site that binds fibroblast activation protein

(FAP); and

(c) an antibody Fc domain or a portion thereof sufficient to bind CD16, or

a third antigen-binding site that binds CD16.

2. The protein according to claim 1, wherein the first antigen-binding site binds to

10 NKG2D in humans.

3. The protein according to claim 1 or 2, wherein the first antigen-binding site comprises

a heavy chain variable domain and a light chain variable domain.

4. The protein according to claim 3, wherein the heavy chain variable domain and the

light chain variable domain are present on the same polypeptide.

15 5. The protein according to claims 3 or 4, wherein the second antigen-binding site

comprises a heavy chain variable domain and a light chain variable domain.

6. The protein according to claim 5, wherein the heavy chain variable domain and the

light chain variable domain of the second antigen-binding site are present on the same

polypeptide.

20 7. The protein according to claim 5 or 6, wherein the light chain variable domain of the

first antigen-binding site has an amino acid sequence identical to the amino acid sequence of

the light chain variable domain of the second antigen-binding site.

8. A protein according to any one of claims 1 to 7, wherein the first antigen-binding site

comprises a heavy chain variable domain at least 90% identical to an amino acid sequence

25 selected from: SEQ ID NO:1, SEQ ID NO:41, SEQ ID NO:49, SEQ ID NO:57, SEQ ID

NO:59, SEQ ID NO:61, SEQ ID NO:69, SEQ ID NO:77, SEQ ID NO:85, SEQ ID NO:167,

SEQ ID NO:171, SEQ ID NO: 175, SEQ ID NO:179, SEQ ID NO:183, SEQ ID NO:187, and

SEQ ID NO:93.
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9. The protein according to any one of claims 1 to 7, wherein the first antigen-binding

site comprises a heavy chain variable domain at least 90% identical to SEQ ID NO:41 and a

light chain variable domain at least 90% identical to SEQ ID NO:42.

10. The protein according to any one of claims 1 to 7, wherein the first antigen-binding

11.

light chain variable domain at least 90% identical to SEQ ID NO:58.

site comprises a heavy chain variable domain at least 90% identical to SEQ ID NO:59 and a

13. The protein according to any one of claims 1 to 7, wherein the first antigen-binding

15

14.

15.

20

25
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5 site comprises a heavy chain variable domain at least 90% identical to SEQ ID NO:103 and a

light chain variable domain at least 90% identical to SEQ ID NO:104.

The protein according to claim 1 or 2, wherein the first antigen-binding site is a

single-domain antibody.

21. The protein according to claim 20, wherein the single-domain antibody is a VHH

10 fragment or a VNAR fragment.

22. The protein according to any one of claims 1 to 2 or 20 to 21, wherein the second

antigen-binding site comprises a heavy chain variable domain and a light chain variable

23. The protein according to claim 22, wherein the heavy chain variable domain and the

light chain variable domain of the second antigen-binding site are present on the same

24. The protein according to any one of claims 1 to 23, wherein the heavy chain variable

domain of the second antigen-binding site comprises an amino acid sequence at least 90%

20 binding site comprises an amino acid sequence at least 90% identical to SEQ ID NO:118.

25. The protein according to any one of claims 1 to 23, wherein the heavy chain variable

domain of the second antigen-binding site comprises an amino acid sequence at least 90%

identical to SEQ ID NO:131 and the light chain variable domain of the second antigen-

binding site comprises an amino acid sequence at least 90% identical to SEQ ID NO:135.

26. The protein according to any one of claims 1 to 23, wherein the heavy chain variable

domain of the second antigen-binding site comprises an amino acid sequence at least 90%

identical to SEQ ID NO:139 and the light chain variable domain of the second antigen-

binding site comprises an amino acid sequence at least 90% identical to SEQ ID NO: 143.
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27. The protein according to any one of claims 1 to 23, wherein the heavy chain variable

domain of the second antigen-binding site comprises an amino acid sequence at least 90%

identical to SEQ ID NO:122 and the light chain variable domain of the second antigen-

binding site comprises an amino acid sequence at least 90% identical to SEQ ID NO: 126.

5

and a light chain variable domain selected from the group consisting of SEQ ID NO: 114 and

29. The protein according to any one of claims 1 to 4 or 8 to 21, wherein the second

10

30. The protein according to claim 29, wherein the second antigen-binding site is a VHH

31. The protein according to any one of claims 1 to 30, wherein the protein comprises a

portion of an antibody Fc domain sufficient to bind CD16, wherein the antibody Fc domain

15

32. The protein according to claim 31, wherein the antibody Fc domain comprises hinge

and CH2 domains of a human IgG1 antibody.

acid sequence at least 90% identical to amino acids 234-332 of a human IgG1 antibody.

34. The protein according to claim 33, wherein the Fc domain comprises amino acid

25 35.

36. A cell comprising one or more nucleic acids encoding a protein according to any one

of claims 1 to 34.
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38. A method of treating cancer, wherein the method comprises administering an

5 effective amount of the protein according to any one of claims 1 to 34 or the formulation

according to claim 35 to a patient.

39. The method according to claim 38, wherein the cancer to be treated is selected from

the group consisting of infiltrating ductal carcinoma, pancreatic ductal adenocarcinoma,

10 cancer, bladder cancer, lung cancer, mesothelioma, gastric cancer, pancreatic cancer, head

and neck cancer, liver cancer, endometrial cancer, neuroendocrine cancer, fibrosarcoma,

liposarcoma, synovial sarcoma, schwannoma, melanoma, and glioma.

15

formulation according to claim 35 to a patient.

biliary cirrhosis, primary sclerosis cholangitis, and inflammatory destructive arthritis.

20

effective amount of the protein according to any one of claims 1 to 34 or the formulation

according to claim 35 to a patient.

43. A method according to claim 42, wherein the fibrosis is selected from the group

consisting of idiopathic pulmonary fibrosis, renal fibrosis, hepatic fibrosis, and cardiac

25 fibrosis.
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FIG. 3
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FIG. 7
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FIG. 9
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FIG. 11

100
T

80

% TNFa+ of max

60

40

20

0

FIG. 12

100 T

80

% TNF+ of max

T
60

40

20

0

20
26

20
14

54
   

   
26

 F
eb

 2
02

6

6
/
2
2

F
I
G
.
 
1
1

2
6
 
F
e
b
 
2
0
2
6

1
0
0

T
-

8
0

%
 
T
N
F
a
+
 
o
f
 
m
a
x

H
6
0

T

4
0

T
2
0
2
6
2
0
1
4
5
4

2
0 0

F
I
G
.
 
1
2

1
0
0

T

8
0

%
 
T
N
F
a
+
 
o
f
 
m
a
x

T
4

6
0

4
0

2
0 0



7/22

FIG. 13
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FIG. 19A FIG. 19B FIG. 19C
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FIG. 20

FIG. 21
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FIG. 23
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FIG. 24
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FIG. 29
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FIG. 30A

K

FIG. 30B

K

20
26

20
14

54
   

   
26

 F
eb

 2
02

6

1
6
/
2
2

F
e
b
 
2
0
2
6

F
I
G
.
 
3
0
A

2
0
2
6
2
0
1
4
5
4
 
2
6

F
I
G
.
 
3
0
B

K



17/22

FIG. 32
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FIG. 35A

LL 86
100

80

60 Isotype control

40 FAP antibody (clone 427819)

20

0

10² 10² 10³ 10° 10

FIG. 35B

COLO 829
100

80

Isotype control
60

FAP antibody (clone 427819)
40

20

0

10¹ 102 10³ 104 103

FIG. 35C

U-87 MG
100

80 Isotype control

60
FAP antibody (clone 427819)

40

20

0

10° 10² 10² 10" 101

20
26

20
14

54
   

   
26

 F
eb

 2
02

6

1
9
/
2
2

F
I
G
.
 
3
5
A

L
L
 
8
6

1
0
0

2
0
2
6
2
0
1
4
5
4
 
2
6
 
F
e
b
 
2
0
2
6

8
0 6
0

4
0 2
0 0

1
0
°

1
0

F
I
G
.
 
3
5
B

C
O
L
O
 
8
2
9

1
0
0

8
0

6
0

F
A
P
 
a
n
t
i
b
o
d
y
 
(
c
l
o
n
e
 
4
2
7
8
1
9
)

4
0 2
0 0

F
I
G
.
 
3
5
C

U
-
8
7
 
M
G

1
0
0

8
0 6
0

4
0

2
0 0



20/22

FIG. 36A
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FIG. 37A
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