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CD3 BINDING POLYPEPTIDES 

RELATED INVENTIONS 

[1] This invention is related to PCT application PCT/US12/034575 filed April 20, 

2012 titled "Prostate-Specific Membrane Antigen Binding Proteins And Related 

Compositions And Methods" which claims priority to US provisional patent application 

61/478,449 filed April 22, 2011, and is also related to U.S. Application No. 61/636,557, all 

three of which are incorporated by reference in their entireties. 

FIELD OF INVENTION 

[2] The present invention relates to mono-specific and multi-specific protein 

therapeutics that bind or interact with CD3. This includes antibodies, fragments thereof, 

scFvs, Fabs, di-scFvs single domain antibodies and polypeptides containing an antibodies or 

antibody fragments. 

ACCOMPANYING SEQUENCE LISTING 

[3] The contents of the text file (Name: "2479_113PC03_SequenceListing_ascii.txt", 

Size: 459,722 bytes; Date of Creation: April 16, 2013) submitted electronically herewith are 

incorporated herein by reference in their entirety. 

BACKGROUND 

[4] Targeting the TCR complex on human T-cells with anti-CD3 monoclonal 

antibodies has been used or suggested for treatment of autoimmune disease and related 

disorders such as in the treatment of organ allograft rejection. Mouse monoclonal antibodies 

specific for human CD3, such as OKT3 (Kung et al. (1979) Science 206: 347-9), were the 

first generation of such treatments. Although OKT3 has strong immunosuppressive potency, 

its clinical use was hampered by serious side effects linked to its immunogenic and 

mitogenic potentials (Chatenoud (2003) Nature Reviews 3:123-132). It induced an anti-

globulin response, promoting its own rapid clearance and neutralization (Chatenoud et al. 

(1982) Eur. J. Immunol. 137:830-8). In addition, OKT3 induced T-cell proliferation and 

cytokine production in vitro and led to a large scale release of cytokine in vivo (Hirsch et al. 

(1989) J. Immunol 142: 737-43, 1989). The cytokine release (also referred to as "cytokine 

storm") in turn led to a "flu-like" syndrome, characterized by fever, chills, headaches, nausea, 

vomiting, diarrhea, respiratory distress, septic meningitis and hypotension (Chatenoud, 

2003). Such serious side effects limited the more widespread use of OKT3 in 

transplantation as well as the extension of its use to other clinical fields such as 

autoimmunity (Id.). 
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[5] To reduce the side effects of the first generation of anti-CD3 monoclonal 

antibodies, a second generation of genetically engineered anti-CD3 monoclonal antibodies 

had been developed not only by grafting complementarity-determining regions (CDRs) of 

murine anti-CD3 monoclonal antibodies into human IgG sequences, but also by introducing 

non-FcR-binding mutations into the Fc to reduce occurrence of cytokine storm (Cole et al. 

(1999) Transplantation 68: 563; Cole et al. (1997) J. Immunol. 159: 3613). See also PCT 

Publication No. W02010/042904 which is herein incorporated by reference in its entirety. 

[6] In addition to monospecific therapeutics that target CD3, multispecific 

polypeptides that bind selectively to T-cells and tumor cells could offer a mechanism to 

redirect T-cell cytotoxicity towards the tumor cells and treatment of cancer. One problem, 

however, to designing a bispecific or multispecific T-cell-recruiting antibody has been to 

maintain specificity while simultaneously overriding the regulation of T-cell activation by 

multiple regulatory pathways. 

[7] A need remains for improved anti-CD3 monospecific and multispecific 

molecules. Although previous improvements have been made in the Fc portion of CD3 

targeting molecules to reduce the likelihood of cytokine storm, there is still a need for anti- 

CD3 therapeutics that have an increased half-life over prior art molecules, can be effectively 

manufactured, exhibit improved T-cell binding and/or improved redirected T-cell cytoxicity (in 

the case of multispecific molecules designed for treatment of cancer). 

SUMMARY OF THE INVENTION 

[8] In one aspect, the present invention includes a CD3 binding polypeptide 

comprising a CD3 binding domain with a reduced isoelectric point as compared to a binding 

domain with the amino acid sequence of SEQ ID NO:41. In certain embodiments, the CD3 

binding domain comprises a VH and VL region, each VH and VL region containing 

framework regions. To reduce the isoelectric point (pi) of the binding domain and/or 

polypeptide, two or more amino acids can be modified in the framework regions by 

substituting positively charged amino acids with neutral amino acids and/or substituting 

neutral amino acids with negatively charged amino acids. For instance, R and T can be 

substituted with S, Q can be substituted with E, Y can be substituted with F, and T can be 

substituted with V. In one embodiment, e.g., to reduce the risk of immunogenicity, the amino 

acids that are substituted into the sequence are prevalent in the human germline IgG 

sequence or contained in the human germline sequence at the same or proximate position, 

e.g., in a corresponding human germline IgG sequence. In some embodiments, the human 

germline IgG sequence comprises SEQ ID NOs:43 or 44. 

[9] In another embodiment of the invention, the CD3 binding polypeptide 

comprises modifications in the prehinge region that result in lowering the pl of the prehinge 
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region or entire polypeptide. The prehinge region is in the junction between the binding 

domain and hinge region. For instance, a three amino acid prehinge region with the 

sequence RRT can be replaced with the sequence SSS to reduce the isoelectric point. In 

some embodiments, a prehinge region has a reduced isoelectric point as compared to a 

CP3 binding polypeptide with an RRT prehinge region. 

[0010] CD3 binding polypeptides can be designed to lower the isoelectric point, e.g., 

by mutating the framework region(s) of the VH and/or VL regions and/or the prehinge region. 

The reduction in isoelectric point can be by 0.5 to 2.5 or more units. 

[0011] In one embodiment of the invention, the CD3 binding polypeptide is an 

antibody, e.g., humanized. In another embodiment it is a small modular 

immunopharmaceutical protein (SMIP). In some embodiments, a CD3 t:Inding polypeptide 

comprises a single-chain variable fragment (scFv). 

[0012] In yet another embcdiment, it is a multispecific or bispecific polypeptide. 	For 

instance, the CD3 binding polypeptide can comprise a CD3 binding domain and a tumor 

antigen binding domain. In one embodiment, the bispecific or multispecific molecule 

redirects T-cell cytotoxicity to a tumor cell. 

[0013] In another embodiment of the invention, the CD3 polypeptide exists as a 

homodimer or a heterodimer. 

DESCRIPTION OF THE FIGURES 

[0014] Figure 1 is a graph depicting the theoretical pl of humanized Cris-7 SMIP 

polypeptides previously generated compared to the theoretical pl of about 200 other SMIP 

polypeptides. 

[0015] Figure 2A and 2B illustrate the clipping of CD3 binding SMIP polypeptides 

that contain a higher pl than the CD3 polypeptides of the invention. Figure 2A is a Capillary 

Electrophoresis in SAS that quantifies the low molecular weight clip content of purified 

proteins. Figure 2B contains illustrations of clipped CD3 SMIP molecules. The sequences 

shown in Figure 28 correspond to amino acids 252-260 of SEQ ID NO:4, 243-252 of SEQ ID 

NO:4 and 251-260 of SEQ ID NO:240. 

[0016] Figure 3 is an amino acid sequence alignment of Cris-7 mouse VH and 

derived humanized VH sequences. Cris7 VH mouse, H1, H2, H3, H4, H5, H6 and the 

consensus, sequence correspond to SEQ ID NOs: 45, 22, 2.4, 26, 28, 30, 32 and 229, 

respectively. 

[0017] Figure 4 is an amino acid sequence alignment of Cris-7 mouse VL and 

derived humanized VL sequences. Cris7 VL mouse, L1, L2, L3, L4 and the consensus 

sequence correspond to SEQ ID NOs: 46, 34, 36, 38, 40 and 230, respectively. 
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[0018] Figure 5 is an amino acid sequence alignment of the H3 and germline 

sequences IGHV1-69*01 and IGHV3-30*010 The H3, 1GHV1-69*01, IGHV3-30`01 and 

consensus sequences correspond to SEQ ID NOs: 26, 43, 44 and 331, respectively, 

[0019] Figure 6 is an amino acid sequence alignment of the J kappa region of the VL 

region of the germline sequence 1GKV1-5*01 and Li. The J kappa region of the VL region 

(IGKVI-5*01), L1 chain and consensus sequences correspond to SEQ ID NOs: 232, 34 and 

233, respectively. The listed IGKJ1*01, IGKJ2*01, IGKJ3*01, IGKJ4*01 and IGKJ5*01 

sequences correspond to SEQ ID NOs: 234-238, respectively. 

[0020] Figures 7A and 7B depicts an amino acid sequence alignment of various CD3 

binding polypeptide SMIP molecules with reduced theoretical pl as compared to DRA209. 

The sequences listed for DRA209, DRA219, DRA222, DRA221, DRA223, DRA224, DRA225 

and the consensus sequence correspond to amino acids 1-423 of SEQ ID NO:4, amino 

acids 1-423 of SEQ ID NO:6, amino acids 1-423 of SEQ ID NO:8, amino acids 1-423 of SEQ 

ID NO:10, amino acids 1-423 of SEQ ID NO:12, amino acids 1-426 of SEQ ID NO:14, amino 

acids 1-426 of SEQ ID NO:16 and SEQ ID NO:239, respectively. 

[0021] Figure 8 is an amino acid sequence alignment of pl variants DRA233 and 

DRA234 compared to DRA161. The sequences listed for DRA161, DRA233, DRA234 and 

the consensus sequence correspond to SEQ ID NOs: 240, 18, 20 and 241, respectively. 

[0022] Figure 9 is an illustration of how empirical pl values were determined. 

[0023] Figure 10 is a graph showing the empirical pl of DRA209 SMIP and scFv. 

[0024] Figure 11 is a graph showing the empirical pl of DRA161 SMIP compared to 

pl variants DRA233 and DRA234. 

[0025] Figure 12 is a graph showing that the SMIP pl variants bound to T-cells the 

same as DRA209 and DRA161 with the exception of DRA227. DRA227 SMIP is used as a 

control and it does not contain a CD3 or T-cell binding domain. The letter "a" following each 

molecule designation indicates that the particular molecule was produced in CHO cells and 

the four digit number is the lot number. 

[0026] Figure 13 depicts images of non-reduced SDS-PAGE showing that the CD3 

binding SMIP constructs DRA233 and DRA234 are less prone to fragmentation than SMIP 

DRA161 (which shares the same VH and VL as DRA209). 

[0027] Figure 14 depicts images of reduced SDS-PAGE showing that the CD3 

binding SMIP constructs DRA233 and DRA234 are less prone to fragmentation than SMIP 

DRA161 (which shares the same VH and VL as DRA209). 

[0028] Figure 15 are graphs and a table showing that pl variants DRA233 and 

DRA234 are predominately expressed intact (e.g., no clipping). 

[0029] Figure 16 are images showing non-reduced CE-SDS of DRA161 (purified). 

[0030] Figure 17 shows data of a PK study of DRA234 and DRA233. 
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[0031] Figure 18 provides data from a WinNonLin Analysis for DRA233 and DRA234 

as described in Example 14. 

[0032] Figure 19 is a table of PK estimates for DRA233 and DRA234. 

[0033] Figure 20 is a table of PK parameters for DRA161 compared to DRA233 (with 

and without the 504 hour time point) and DRA234. 

[0034] Figure 21 depicts results from target-dependent T-cell proliferation assays 

using different homodimer bispecific polypeptide molecules that target CD19. Figures 21A 

and 21B show results for CD4+ T-cell proliferation and CD8+ T-cell proliferation, 

respectively, as described in Example 10. 

[0035] Figure 22 depicts results from a target-dependent T-cell proliferation assay 

using different heterodimer bispecific polypeptide molecules that target CD19. Figures 22A 

and 22B show results for CD8+ T-cell proliferation and CD4+ T-cell proliferation, 

respectively, as described in Example 10. 

[0036] Figure 23 depicts results from a redirected T-cell cytotoxicity assay using 

different polypeptide heterodimers and homodimers that target CD19. Figure 23A shows 

results for the homodimeric bispecific polypeptides TSC129a, TSC233 and TSC234. Figure 

23B shows results for the heterodimeric bispecific polypeptides TSC127, TSC227 and 

TSC228. 

[0037] Figure 24 depicts results from a redirected T-cell cytotoxicity assay using 

TSC275, TSC277, TSC278 and TSC279 which are different bispecific polypeptide 

homodimers that target RON. 

[0038] Figure 25 depicts results for T-cell binding of bispecific polypeptide 

heterodimers and homodimers. Figures 25A and 258 show dose-dependent binding of 

bispecific molecules TSC228 (heterodimer) and 1SC249 (homodimer) to Jurkat cells. 

[0039] Figure 26 depicts results of target-dependent T-cell proliferation by 

polypeptide homodimers targeting PSMA. Figure 26A shows results for C4-28 cells 

expressing the target PSMA antigen upon treatment with TSC249. Figure 26B shows 

results for DU-145 cells that did not express the target PSMA antigen upon treatment with 

TSC249. Figure 26C shows the results when isolated T-cells were treated with TSC249. 

[0040] Figure 27 depicts results from a redirected T-cell cytotoxicity assay using the 

homodimerc bispecific polypeptides TSC194 and TSC249 that target both PSMA. 

DETAILED DESCRIPTION OF THE INVENTION 

[0041] The invention provides CD3 binding polypeptides with improved 

characteristics compared to prior art CD3 binding polypeptides. The molecules of the 

invention have been designed to exhibit a reduced isoelectric point by modifying amino acids 

in the heavy ard/or light chain framework regions and/or a prehinge region to reduce the 
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isoelectric point of the molecule. In one embodiment, the modifications are made in the J 

kappa region of the VL region. In some embodiments, modifications are made by 

substituting amino acids with a positive charge with amino acids with a neutral charge and/or 

substituting amino acids with a neutral charge with a negative charge. 

[0042] In some embodiments, a CD3 binding polypeptide of the invention has a 

theoretical pl of about 0.5 to 2.5 units less than the anti-CD3 DRA209 SMIP (SEQ ID NO:4). 

For instance, DRA209 has a theoretical pl of 9, whereas pl variants DRA219 (SEQ ID NO:6) 

has a theoretical pl of 8.4, DRA221 (SEQ ID NO:10) has a theoretical pl of 8.2, DRA222 

(SEQ ID NO:8) has a theoretical pl of 7.5, DRA223 (SEQ ID NO:12) has a theoretical pl of 

7.2 and DRA224 (SEQ ID NO:14) has a theoretical pl of 6.8. In some embodiments, a CD3 

binding polypeptide has an empirical isoelectric point of at least 1 pl unit less than a 

polypeptide of SEQ ID NO:4. 

[0043] Surprisingly, pl variants exhibit an improved half-life and express better in 

CHO cells than DRA209, e.g., see Example 4 below which describes a method for 

measuring half-life. Moreover, multispecific constructs comprising the DRA222 scFv 

exhibited improved properties as compared to similar constructs with other anti-CD3 binding 

domains such as the DRA209 binding domain (see related PCT Publication No. 

W02012/145714). 

[0044] The section headings used herein are for organizational purposes only and 

are not to be construed as limiting the subject matter described. All documents, or portions 

of documents, cited herein, including but not limited to patents, patent applications, articles, 

books, and treatises, are hereby expressly incorporated by reference in their entirety for any 

purpose. In the event that one or more of the incorporated documents or portions of 

documents define a term that contradicts that term's definition in the application, the 

definition that appears in this application controls. 

[0045] In the present description, any concentration range, percentage range, ratio 

range, or integer range is to be understood to include the value of any integer within the 

recited range and, when appropriate, fractions thereof (such as one tenth and one hundredth 

of an integer), unless otherwise indicated. As used herein, "about" means ± 20% of the 

indicated range, value, or structure, unless otherwise indicated. It should be understood that 

the terms "a" and "an" as used herein refer to "one or more" of the enumerated components 

unless otherwise indicated. The use of the alternative (e.g., "or") should be understood to 

mean either one, both, or any combination thereof of the alternatives. As used herein, the 

terms "include" and "comprise" are used synonymously. In addition, it should be understood 

that the polypeptides comprising the various combinations of the components (e.g., domains 

or regions) and substituents described herein, are disclosed by the present application to the 
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same extent as if each polypeptide was set forth individually. Thus, selection of particular 

components of individual polypeptides is within the scope of the present disclosure. 

[0046] As used herein, the term "binding domain" or "binding region" refers to the 

domain, region, portion, or site of a protein, polypeptide, oligopeptide, or peptide that 

possesses the ability to specifically recognize and bind to a target molecule, such as an 

antigen, ligand, receptor, substrate, or inhibitor (e.g., CD3, or a tumor associated antigen 

such as RON, CD19, CD37 or PSMA). Exemplary binding domains include single-chain 

antibody variable regions (e.g., domain antibodies, sFv, scFv, and scFab), receptor 

ectodomains, and ligands (e.g., cytokines, chemokines). In certain embodiments, the 

binding domain comprises or consists of an antigen binding site (e.g., comprising a variable 

heavy chain sequence and variable light chain sequence or three light chain complementary 

determining regions (CDRs) and three heavy chain CDRs from an antibody placed into 

alternative framework regions (FRs) (e.g., human FRs optionally comprising one or more 

amino acid substitutions). A variety of assays are known for identifying binding domains of 

the present disclosure that specifically bind a particular target, including Western blot, 

ELISA, phage display library screening, and BIACORE® interaction analysis. As used 

herein, a CD3 binding polypeptide can have a "CD3 binding domain" and, optionally, a 

"second binding domain." The CD3 binding domain may be located at either the amino- or 

carboxyl-terminus. In certain embodiments, the CD3 binding domain comprises a 

humanized scFv derived from a mouse monoclonal antibody (e.g., Cris-7 or HuM291). For 

instance, the CD3 binding domain may be comprised of a VH region and VL region derived 

from a mouse monoclonal antibody wherein the VH and VL regions are joined with a linker 

such as a (Gly4Ser)3  (SEQ ID NO:76) linker. In other embodiments, the CD3 binding domain 

consists essentially of or consists of a humanized scFv derived from a mouse monoclonal 

antibody. In some embodiments, a CD3 binding domain of the invention comprises heavy 

chain CDR1, CDR2 and CDR3 and light chain CDR1, CDR2 and CDR3 of murine Cris-7 

antibody or HuM291. 

[0047] A binding domain "specifically binds" a target if it binds the target with an 

affinity or Ka  (i.e., an equilibrium association constant of a particular binding interaction with 

units of 1/M) equal to or greater than 105  M-1, while not significantly binding other 

components present in a test sample. Binding domains may be classified as "high affinity" 

binding domains and "low affinity" binding domains. "High affinity" binding domains refer to 

those binding domains with a Ka  of at least 107  M-1, at least 108  M-1, at least 109  M-1, at least 

1010 M', at least 1011  M-1, at least 1012  M-1, or at least 1 013  M-1. 	"Low affinity" binding 

domains refer to those binding domains with a Ka  of up to 107  M-1, up to 106  M-1, up to 105  M- 

1. Alternatively, affinity may be defined as an equilibrium dissociation constant (Kd) of a 

particular binding interaction with units of M (e.g., 10-5  M to 10-13  M). Affinities of binding 
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domain polypeptides and single chain polypeptides according to the present disclosure can 

be readily determined using conventional techniques (see, e.g., Scatchard et al. (1949) Ann. 

N.Y. Acad. Sci. 51:660; and U.S. Patent Nos. 5,283,173, 5,468,614, or the equivalent). 

[0048] "CD3" is known in the art as a multi-protein complex of six chains (see, e.g., 

Abbas and Lichtman, 2003; Janeway et al., p. 172 and 178, 1999), which are subunits of the 

T-cell receptor complex. In mammals, the CD3 subunits of the T-cell receptor complex are a 

CD3y chain, a CD36 chain, two CD3c chains, and a homodimer of CD34 chains. The CD3y, 

CD36, and CD3s chains are highly related cell surface proteins of the immunoglobulin 

superfamily containing a single immunoglobulin domain. The transmembrane regions of the 

CD3y, CD36, and CD3E chains are negatively charged, which is a characteristic that allows 

these chains to associate with the positively charged T-cell receptor chains. The intracellular 

tails of the CD3y, CD36, and CD3E chains each contain a single conserved motif known as 

an immunoreceptor tyrosine-based activation motif or ITAM, whereas each CD34 chain has 

three. It is believed the ITAMs are important for the signaling capacity of a TCR complex. 

CD3 as used in the present disclosure may be from various animal species, including 

human, monkey, mouse, rat, or other mammals. 

[0049] As used herein, a "conservative substitution" is recognized in the art as a 

substitution of one amino acid for another amino acid that has similar properties. Exemplary 

conservative substitutions are well-known in the art (see, e.g., W097/09433, page 10, 

published March 13, 1997; Lehninger, Biochemistry, Second Edition; Worth Publishers, Inc. 

NY:NY (1975), pp.71-77; Lewin, Genes IV, Oxford University Press, NY and Cell Press, 

Cambridge, MA (1990), p. 8). In certain embodiments, a conservative substitution includes a 

leucine to serine substitution. 

[0050] As used herein, the term "derivative" refers to a modification of one or more 

amino acid residues of a peptide by chemical or biological means, either with or without an 

enzyme, e.g., by glycosylation, alkylation, acylation, ester formation, or amide formation. 

[0051] As used herein, a polypeptide or amino acid sequence "derived from" a 

designated polypeptide or protein refers to the origin of the polypeptide. In one embodiment, 

the polypeptide or amino acid sequence which is derived from a particular sequence has an 

amino acid sequence that is essentially identical to that sequence or a portion thereof, 

wherein the portion consists of at least 10-20 amino acids, at least 20-30 amino acids, or at 

least 30-50 amino acids, or at least 50-150 amino acids, or which is otherwise identifiable to 

one of ordinary skill in the art as having its origin in the sequence. In one embodiment, a 

humanized or chimeric binding domain is derived from the VH and/or VL of an antibody 

generated by another animal. For instance, a humanized binding domain or chimeric 

binding domain can be derived from the VH and VL regions of a murine antibody. For 
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example, humanization of murine antibodies can be performed by modifying framework 

regions by methods known in the art. 

[0052] Polypeptides derived from another polypeptide may have one or more 

mutations relative to the starting polypeptide, e.g., one or more amino acid residues which 

have been substituted with another amino acid residue or which has one or more amino acid 

residue insertions or deletions. The polypeptide may comprise an amino acid sequence 

which is not naturally occurring. Such variations necessarily have less than 100% sequence 

identity or similarity with the starting polypeptide. 	In one embodiment, the variant will have 

an amino acid sequence from about 60% to less than 100% amino acid sequence identity or 

similarity with the amino acid sequence of the starting polypeptide. In another embodiment, 

the variant will have an amino acid sequence from about 75% to less than 100%, from about 

80% to less than 100%, from about 85% to less than 100%, from about 90% to less than 

100%, from about 95% to less than 100% amino acid sequence identity or similarity with the 

amino acid sequence of the starting polypeptide. 

[0053] As used herein, unless otherwise provided, a position of an amino acid 

residue in a variable region of an in-munoglobulin molecule is numbered according to the 

Kabat numbering convention (Kabat, Sequences of Proteins of Immunological Interest, 5th  

ed. Bethesda, MD: Public Health Service, National Institutes of Health (1991)), and a 

position of an amino acid residue in a constant region of an immunoglobulin molecule is 

numbered according to EU nomenclature (Ward et al., 1995 Therap. Immunol. 2:77-94). 

[0054] As used herein, the term "dimer" refers to a biological entity that consists of 

two subunits associated with each other via one or more forms of intramolecular forces, 

including covalent bonds (e.g., disulfide bonds) and other interactions (e.g., electrostatic 

interactions, salt bridges, hydrogen bonding, and hydrophobic interactions), and is stable 

under appropriate conditions (e.g., under physiological conditions, in an aqueous solution 

suitable for expressing, purifying, and/or storing recombinant proteins, or under conditions 

for non-denaturing and/or non-reducing electrophoresis). A "heterodimer" or "heterodimeric 

protein," as used herein, refers to a dimer formed from two different polypeptides. A 

heterodimer does not include an antibody formed from four polypeptides (i.e., two light 

chains and two heavy chains). In one embodiment of the invention, a heterodimer is created 

using Emergent's Interceptor platform which comprises a heterodimerization domain. A 

"homodimer" or "homodimeric protein," as used herein, refers to a dimer formed from two 

identical polypeptides. In certain embodiments of the invention, the homodimer is created 

using Emergent's SMIP, PIMS or Scorpion platform. 

[0055] As used herein, a "hinge region" or a "hinge" refers to a polypeptide derived 

from (a) an interdomain region of a transmembrane protein (e.g., a type I transmembrane 

protein); or (b) a stalk region of a type II C-lectin. For example, a hinge region may be 
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derived from an interdomain region of an immunoglobulin superfamily member; suitable 

hinge regions within this particular class include (i) immunoglobulin hinge regions (made up 

of, for example, upper and/or core region(s)) or functional variants thereof, including wild-

type and altered immunoglobulin hinges, and (ii) regions (or functional variants thereof) that 

connect immunoglobulin V-like or immunoglobulin C-like domains. 

[0056] A "wild-type immunoglobulin hinge region' refers to a naturally occurring 

upper and middle hinge amino acid sequences interposed between and connecting the CH1 

and CH2 domains (for IgG, IgA, and IgD) or interposed between and connecting the CH1 

and CH3 domains (for IgE and IgM) found in the heavy chain of an antibody. In certain 

embodiments, a wild type immunoglobulin hinge region sequence is human, and may 

comprise a human IgG hinge region. 

[0057] An "altered wild-type immunoglobulin hinge region" or "altered 

immunoglobulin hinge region" refers to (a) a wild type immunoglobulin hinge region with up 

to 30% amino acid changes (e.g., up to 25%, 20%, 15%, 10%, or 5% amino acid 

substitutions or deletions), or (b) a portion of a wild type immunoglobulin hinge region that 

has a length of about 5 amino acids (e.g., about 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 

18, 19, or 20 amino acids) up to about 120 amino acids (for instance, having a length of 

about 10 to about 40 amino acids or about 15 to about 30 amino acids or about 15 to about 

20 amino acids or about 20 to about 25 amino acids), has up to about 30% amino acid 

changes (e.g., up to about 25%, 20%, 15%, 10%, 5%, 4%,  3%, 	AI  -0,  , z 	or 1% amino acid 

substitutions or deletions or a combination thereof), and has an IgG core hinge region as 

disclosed in PCT Publications W02011/090762 and W02011/090754. 

[0058] As used herein, the term "humanized" refers to a process of making an 

antibody or immunoglobulin binding proteins and polypeptides derived from a non-human 

species (e.g., mouse or rat) less immunogenic to humans, while still retaining antigen-

binding properties of the original antibody, using genetic engineering techniques. In some 

embodiments, the binding domain(s) of an antibody or immunoglobulin binding proteins and 

polypeptides (e.g., light and heavy chain variable regions, Fab, scFv) are humanized. Non-

human binding domains may be humanized using techniques known as CDR grafting (Jones 

et aL, Nature 321:522 (1986)) and variants thereof, including "reshaping" (Verhoeyen, et al., 

1988 Science 239:1534-1536; Riechmann, et al., 1988 Nature 332:323-337; Tempest, et al., 

Biorrechnol 1991 9:266-271), "hyperchimerization" (Queen, et al., 1989 Proc Natl Acad Sci 

USA 86:10029-10033; Co, et al., 1991 Proc Natl Acad Sci USA 88:2869-2873; Co, et al., 

1992 J Immunol 148:1149-1154), and "veneering" (Mark, et al., "Derivation of therapeutically 

active humanized and veneered anti-CD18 antibodies. In: Metcalf BW, Dalton BJ, eds. 

Cellular adhesion: molecular definition to therapeutic potential. New York: Plenum Press, 

1994: 291-312). If derived from a non-human source, other regions of the antibody or 
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immunoglobulin binding proteins and polypeptides, such as the hinge region and constant 

region domains, may also be humanized. 

[0059] An "immunoglobulin constant region" or "constant region" is a term defined 

herein to refer to a peptide or polypeptide sequence that corresponds to or is derived from 

part or all of one or more constant region domains. In one embodiment, the constant region 

does contain all the constant region domains of a source antibody. In one embodiment, the 

constant region comprises IgG CH2 and CH3 domains, for instance, IgG1 CH2 and CH3 

domains, In some embodiments, a constant region does not comprise a CI-11 domain. In 

certain embodiments, the constant region domains making up the constant sub-region are 

human. In some embodiments, the constant region domains of a fusion protein of this 

disclosure lack or have minimal effector functions of antibody-dependent cell-mediated 

cytotoxicity (ADCC) and complement activation and complement-dependent cytotoxicity 

(CDC), while retaining the ability to bind some Fc  receptors (such as FcRri, the neonatal Fc 

receptor) and retaining a relatively long half life in vivo. 

[0060] In other variations, a fusion protein of this disclosure includes constant 

domains that retain such effector function of one or both of ADCC and CDC. In certain 

embodiments, a binding domain of this disclosure is fused to a human IgG constant region 

(for instance, IgG1), wherein the constant region has one or more of the following amino 

acids mutated: leucine at position 234 (L234), leucine at position 235 (L235), glycine at 

position 237 (G237), glutamate at position 318 (E318), lysine at position 320 (K320), lysine 

at position 322 (K322), or any combination thereof (numbering according to EU). For 

example, any one or more of these amino acids can be changed to alanine. In a further 

embodiment, an IgG Fc domain such as IgG1 has each of L234, L235, G237, E318, K320, 

and K322 (according to EU numbering) mutated, e.g., to an alanine (i.e., L234A, L235A, 

G237A, E318A, K320A, and K322A, respectively), and optionally an N297A mutation as well 

(i.e., essentially eliminating glycosylation of the CH2 domain). 

[0061] As used here the term "small modular immunopharmaceutical proteins" or 

"SMIP" is used to refer to protein scaffold as generally disclosed in, for example, in US 

Patent Application Publication Nos. 2003/0133939, 2003/0118592, and 2005/0136049, 

which are incorporated herein by reference in their entirety. "SMIP molecules" described in 

the Examples and throughout the disclosure herein should be understood to be binding 

proteins comprising SMIP scaffolding, e.g., in order from amino to carboxyl-terminus, a first 

binding domain, a hinge region, and an immunoglobulin constant region. "CD3-specific 

SMIP molecules" should be understood to be CD3-binding proteins comprising SMIP 

scaffolding. 

[0062] As used here the term "PIMS" is used to refer to protein scaffold as generally 

disclosed in, for example, in US Patent Application Publication No. 2009/0148447, which is 
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incorporated herein in its entirety by reference. "PIMS molecules" described in the 

Examples and throughout the disclosure herein should be understood to be binding proteins 

comprising PIMS scaffolding, e.g., in order from amino to carboxyl-terminus, an 

immunoglobulin constant region, a hinge region and a first binding domain. "CD3-specific 

PIMS molecules" should be understood to be CD3-binding proteins comprising PIMS 

scaffolding. 

[0063] 	"Fc region" or "Fc domain" refers to a polypeptide sequence corresponding to 

or derived from the portion of a source antibody that is responsible for binding to antibody 

receptors on cells and the C1q component of complement. Fc stands for "fragment 

crystalline," ti-e fragment of an antibody that will readily form a protein crystal. Distinct 

protein fragments, which were originally described by proteolytic digestion, can define the 

overall general structure of an immunoglobulin protein. As originally defined in the literature, 

the Fc fragment consists of the disulfide-linked heavy chain hinge regions, CH2, and CH3 

domains. However, more recently the term has been applied to a single chain consisting of 

CH3, CH2, and at least a portion of the hinge sufficient to form a disulfide-linked dimer with a 

second such chain. For a review of immunoglobulin structure and function, see Putnam, 

The Plasma Proteins, Vol. V (Academic Press, Inc., 1987), pp. 49-140; and Padlan, Mol. 

Immunol. 31:169-217, 1994. As used herein, the term Fc includes variants of naturally 

occurring sequences. 

[0064] As used herein, "isoelectric point" or pl is the pH at which net charge is zero. 

[0065] As used herein, the term "Interceptor" is used to refer to a monospecific or 

multispecific heterodimeric protein scaffold as generally disclosed in PCT Publications 

W02011/090762 and W02011/090754. The Interceptor molecules described herein should 

be understood to be CD3 binding proteins comprising two non-identical polypeptide chains, 

each polypeptide chain comprising an immunoglobulin heterodimerization domain. The 

interfacing immunoglobulin heterodimerization domains are different. In one embodiment, 

the immunoglobulin heterodimerization domain comprises a CH1 domain or a derivative 

thereof. In another embodiment, the immunoglobulin heterodimerization domain comprises 

a CL domain or a derivative thereof. In one embodiment, the CL domain is a CK or CA 

isotype or a derivative thereof. 

[0066] As used herein, the "stalk region" of a type ll C-lectin refers to the portion of 

the extracellular domain of the type II C-lectin that is located between the C-type lectin-like 

domain (CTLD; e.g., similar to CTLD of natural killer cell receptors) and the transmembrane 

domain. For example, in the human CD94 molecule (GenBank Accession No. AAC50291.1, 

PRI November 30, 1995), the extracellular domain corresponds to amino acid residues 34- 

179, whereas the CTLD corresponds to amino acid residues 61-176. Accordingly, the stalk 

region of the human CD94 molecule includes amino acid residues 34-60, which is found 
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between the membrane and the CTLD (see Boyington et al., Immunity 10:75, 1999; for 

descriptions of other stalk regions, see also Beavil et al., Roc, Nat'l. Aced. Sol. USA 89:753, 

1992; and Figdor et aL, Nature Rev. ImmunoL 2:77, 2002). These type II C-lectins may also 

have from six to 10 junction amino acids between the stalk region and the transmembrane 

region or the CTLD. In another example, the 233 amino acid human NKG2A protein 

(GenBank Accession No. P26715.1, PRI June 15, 2010) has a transmembrane domain 

ranging from amino acids 71-93 and an extracellular domain ranging from amino acids 94- 

233. The CTLD is comprised of amino acids 119-231, and the stalk region comprises amino 

acids 99-116, which is flanked by junctions of five and two amino acids. Other type II C-

lectins, as well as their extracellular ligand-bind domains, interdomain or stalk regions, and 

CTLDs are known in the art (see, e.g., GenBank Accession Nos. NP_001993.2; 

AAH07037.1, PRI July 15, 2006; NP_001773.1, PRI June 20, 1010; AAL65234.1, PRI 

January 17, 2002; and CAA04925.1, PRI November 14, 2006, for the sequences of human 

CD23, CD69, CD72, NKG2A and NKG2D and their descriptions, respectively). 

[0067] As used herein, the "interdomain region" of a transmembrane protein (e.g., a 

type I transmembrane protein) refers to a portion of the extracellular domain of the 

transmembrane protein that is located between two adjacent domains. Examples of 

interdomain regions include regions linking adjacent Ig domains of immunoglobulin 

superfamily members (e.g., an immunoglobulin hinge region from IgG, IgA, IgD, or IgE; the 

region linking the IgV and IgC2 domains of CD2; or the region linking the IgV and IgC 

domains of CD80 or CD86). Another example of an interdomain region is the region linking 

the non-Ig and IgC2 domain of CD22, a type I sialic acid-binding Ig-like lectin. 

[0068] A polypeptide region "derived from" a stalk region of a type II C-lectin, or 

"derived from" a transmembrane protein interdomain region (e.g., an immunoglobulin hinge 

region), refers to an about five to about 150 amino acid sequence all or at least a portion of 

which includes (i) a wild-type stalk region or interdomain region sequence; (ii) a fragment of 

the wild-type stalk region or interdomain region sequence; (iii) a polypeptide having at least 
80%,  85%, 90%, or 95% amino acid sequence identity with either (i) or (ii); or (iv) either (i) or 

(ii) in which one, two, three, four, or five amino acids have a deletion, insertion, substitution, 

or any combination thereof, for instance, the one or more changes are substitutions or the 

one or more mutations include only one deletion. In some embodiments, a derivative of a 

stalk region is more resistant to proteolytic cleavage as compared to the wild-type stalk 

region sequence, such as those derived from about eight to about 20, about 10 to about 25 

or about 15 to about 25 amino acids of NKG2A, NKG2D, CD23, CD64, CD72, or CD94. 

[0069] As used herein, the term "junction amino acids" or "junction amino acid 

residues" refers to one or more (e.g., about 2-10) amino acid residues between two adjacent 

regions or domains of a polypeptide, such as between a hinge and an adjacent 
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immunoglobulin constant sub-region or between a hinge and an adjacent binding domain or 

between a peptide linker that links two immunoglobulin variable domains and an adjacent 

immunoglobulin variable domain. Junction amino acids may result from the construct design 

of a polypeptide (e.g., amino acid residues resulting from the use of a restriction enzyme site 

during the construction of a nucleic acid molecule encoding a polypeptide). Junction amino 

acids between a binding domain and hinge region are referred to herein as the prehinge 

region, e.g., can result from adding a restriction site into the encoding nucleotide sequence. 

In one embodiment, the prehinge region consists of about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or 15 

amino acids. The prehinge region sequence of DRA209 and DRA161 is not part of the 

murine Cris-7 or human immunoglobulin germline sequence. The prehinge region of 

DRA209 and DRA161 is the amino acid sequence RRT, while it is SSS for DRA219, 

DRA221, DRA222, DRA223, DRA224, DRA225, DRA228, DRA229, DRA233, DRA234, 

TSC249, TSC250, TSC251, TSC252, TSC295, TSC296, TSC301 and TSC302. Binding 

molecules of the invention may or may not include a prehinge region. 

[0070] As used herein, the phrase a "linker between CH3 and CH1 or CL" refers to 

one or more (e.g., about 2-12) amino acid residues between the C- terminus of a CH3 

domain (e.g., a wild type CH3 or a mutated CH3) and the N-terminus of a CH1 domain or CL 

domain (e.g., Ck). 

[0071] As used herein, the term "patient in need" refers to a patient at risk of, or 

suffering from, a disease, disorder or condition that is amenable to treatment or amelioration 

with a CD3 binding protein or polypeptide or a composition thereof provided herein. 

[0072] As used herein, the term "peptide linker" refers to an amino acid sequence 

that connects a heavy chain variable region to a light chain variable region and provides a 

spacer function compatible with interaction of the two sub-binding domains so that the 

resulting polypeptide retains a specific binding affinity to the same target molecule as an 

antibody that comprises the same light and heavy chain variable regions. In certain 

embodiments, a linker is comprised of five to about 35 amino acids, for instance, about 15 to 

about 25 amino acids. 

[0073] As used herein, the term "pharmaceutically acceptable" refers to molecular 

entities and compositions that do not produce allergic or other serious adverse reactions in a 

majority of subjects when administered using routes well known in the art. Molecular entities 

and compositions approved by a regulatory agency of the Federal or a state government or 

listed in the U.S. Pharmacopeia or other generally recognized pharmacopeia for use in 

animals, and more particularly in humans are considered to be "pharmaceutically 

acceptable." 

[0074] As used herein, the term "promoter" refers to a region of DNA involved in 

binding RNA polymerase to initiate transcription. 
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[0075] As used herein, the terms "nucleic acid," "nucleic acid molecule," or 

"polynucleotide" refer to deoxyribonucleotides or ribonucleotides and polymers thereof in 

either single- or double-stranded form. Unless specifically limited, the terms encompass 

nucleic acids containing analogues of natural nucleotides that have similar binding properties 

as the reference nucleic acid and are metabolized in a manner similar to naturally occurring 

nucleotides. Unless otherwise indicated, a particular nucleic acid sequence also implicitly 

encompasses conservatively modified variants thereof (e.g., degenerate codon 

substitutions) and complementary sequences as well as the sequence explicitly indicated. 

Specifically, degenerate codon substitutions may be achieved by generating sequences in 

which the third position of one or more selected (or all) codons is substituted with mixed-

base and/or deoxyinosine residues (Batzer et al. (1991) Nucleic Acid Res. 19:5081; Ohtsuka 

et al. (1985) J. Biol. Chem. 260:2605-2608; Cassol et al. (1992); Rossolini et al. (1994) MoL 

Cell. Probes 8:91-98). The term nucleic acid is used interchangeably with gene, cDNA, and 

mRNA encoded by a gene. As used herein, the terms "nucleic acid," "nucleic acid molecule," 

or "polynucleotide" are intended to include DNA molecules (e.g., cDNA or genomic DNA), 

RNA molecules (e.g., mRNA), analogs of the DNA or RNA generated using nucleotide 

analogs, and derivatives, fragments and homologs thereof. 

[0076] The term "expression" refers to the biosynthesis of a product encoded by a 

nucleic acid. For example, in the case of nucleic acid segment encoding a polypeptide of 

interest, expression involves transcription of the nucleic acid segment into mRNA and the 

translation of mRNA into one or more polypeptides. 

[0077] The terms "expression unit" and "expression cassette" are used 

interchangeably herein and denote a nucleic acid segment encoding a polypeptide of 

interest and capable of providing expression of the nucleic acid segment in a host cell. An 

expression unit typically comprises a transcription promoter, an open reading frame 

encoding the polypeptide of interest, and a transcription terminator, all in operable 

configuration. In addition to a transcriptional promoter and terminator, an expression unit 

may further include other nucleic acid segments such as, e.g., an enhancer or a 

polyadenylation signal. 

[0078] The term "expression vector," as used herein, refers to a nucleic acid 

molecule, linear or circular, comprising one or more expression units. In addition to one or 

more expression units, an expression vector may also include additional nucleic acid 

segments such as, for example, one or more origins of replication or one or more selectable 

markers. Expression vectors are generally derived from plasmid or viral DNA, or may 

contain elements of both. 

[0079] As used herein, Scorpion is a tern n used to refer to a multi-specific binding 

protein scaffold. Multi-specific birding proteins and polypeptides are disclosed, for instance, 
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in PCT Application Publication No. WO 2007/146968, U.S. Patent Application Publication 

No. 2006/0051844, PCT Application Publication No. WO 2010/040105, PCT Application 

Publication No. W02010/003108, and U.S. Patent No. 7,166,707. A Scorpion polypeptide 

comprises two binding domains (the domains can be designed to specifically bind the same 

or different targets), two linkers, and an immunoglobulin constant sub-region. Linkers for 

Scorpion molecules are described in PCT Application Publication No. W02010/003108. In 

some embodiments, a linker sequence is between about 2-45 amino acids, or 2-38 amino 

acids, or 5-45 amino acids. In some embodiments, a linker is an antibody hinge region (e.g., 

from IgG) or a C-lectin stalk region. Scorpion proteins are homodimeric proteins comprising 

two identical, disulfide-bonded Scorpion polypeptides. 

[0080] As used herein, the term "sequence identity" refers to a relationship between 

two or more polynucleotide sequences or between two or more polypeptide sequences. 

When a position in one sequence is occupied by the same nucleic acid base or amino acid 

residue in the corresponding position of the comparator sequence, the sequences are said 

to be "identical' at that position. The percentage "sequence identity" is calculated by 

determining the number of positions at which the identical nucleic acid base or amino acid 

residue occurs in both sequences to yield the number of "identical" positions. The number of 

"identical" positions is then divided by the total number of positions in the comparison 

window and multiplied by 100 to yield the percentage of "sequence identity." Percentage of 

"sequence identity" is determined by comparing two optimally aligned sequences over a 

comparison window. The comparison window for nucleic acid sequences may be, for 

instance, at least 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 

190, 200, 300, 400, 500, 600, 700, 800, 900 or 1000 or more nucleic acids in length. The 

comparison window for polypeptide sequences may be, for instance, at least 20, 30, 40, 50, 

60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 300 or more amino 

acids in length. In order to optimally align sequences for comparison, the portion of a 

polynucleotide or polypeptide sequence in the comparison window may comprise additions 

or deletions termed gaps while the reference sequence is kept constant. An optimal 

alignment is that alignment which, even with gaps, produces the greatest possible number of 

"identical" positions between the reference and comparator sequences. Percentage 

"sequence identity" between two sequences can be determined using the version of the 

program "BLAST 2 Sequences" which was available from the National Center for 

Biotechnology Information as of September 1, 2004, which program incorporates the 

programs BLASTN (for nucleotide sequence comparison) and BLASTP (for polypeptide 

sequence comparison), which programs are based on the algorithm of Karlin and Altschul 

(Proc. Natl. Acad. Sci. USA 90(12):5873-5877, 1993). When utilizing "BLAST 2 Sequences," 

parameters that were default parameters as of September 1, 2004, can be used for word 
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size (3), open gap penalty (11), extension gap penalty (1), gap dropoff (50), expect value 

(10) and any other required parameter including but not limited to matrix option. Two 

nucleotide or amino acid sequences are considered to have "substantially similar sequence 

identity" or "substantial sequence identity" if the two sequences have at least 80%, at least 

85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% 

sequence identity relative to each other. 

[0081] As used herein, a "polypeptide" or "polypeptide chain" is a single, linear and 

contiguous arrangement of covalently linked amino acids. It does not include two 

polypeptide chains that link together in a non-linear fashion, such as via an interchain 

disulfide bond (e.g., a half immunoglobulin molecule in which a light chain links with a heavy 

chain via a disulfide bond). Polypeptides may have or form one or more intrachain disulfide 

bonds. With regard to polypeptides as described herein, reference to amino acid residues 

corresponding to those specified by a SEQ ID NO includes post-translational modifications 

of such residues. 

[0082] A "protein" is a macromolecule comprising one or more polypeptide chains. A 

protein may also comprise non-peptidic components, such as carbohydrate groups. 

Carbohydrates and other non-peptidic substituents may be added to a protein by the cell in 

which the protein is produced, and will vary with the type of cell. 	Proteins are defined herein 

in terms of their amino acid backbone structures; substituents such as carbohydrate groups 

are generally not specified, but may be present nonetheless. 

[0083] The terms "amino-terminal" (N-terminal) and "carboxyl-terminal" (C-terminal) 

are used herein to denote positions within polypeptides. Where the context allows, these 

terms are used with reference to a particular sequence or portion of a polypeptide to denote 

proximity or relative position. For example, a certain sequence positioned carboxyl-terminal 

to a reference sequence within a polypeptide is located proximal to the carboxyl-terminus of 

the reference sequence, but is not necessarily at the carboxyl-terminus of the complete 

polypeptide. 

[0084] "T-cell receptor" (TCR) is a molecule found on the surface of T-cells that, 

along with CD3, is generally responsible for recognizing antigens bound to major 

histocompatibility complex (MHC) molecules. It consists of a disulfide-linked heterodimer of 

the highly variable a and 6 chains in most T-cells. In other T-cells, an alternative receptor 

made up of variable y and 6 chains is expressed. Each chain of the TCR is a member of the 

immunoglobulin superfamily and possesses one N-terminal immunoglobulin variable 

domain, one immunoglobulin constant domain, a transmembrane region, and a short 

cytoplasmic tail at the C-terminal end (see Abbas and Lichtman, Cellular and Molecular 

Immunology (5th Ed.), Editor: Saunders, Philadelphia, 2003; Janeway et al., Immunobiology: 

The Immune System in Health and Disease, 4th  Ed., Current Biology Publications, p148, 
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149, and 172, 1999). TCR as used in the present disclosure may be from various animal 

species, including human, mouse, rat, or other mammals. 

[0085] "TCR complex," as used herein, refers to a complex formed by the 

association of CD3 chains with other TCR chains. For example, a TCR complex can be 

composed of a CD3y chain, a CD36 chain, two CD3E chains, a homodimer of CD34 chains, 

a TCRa chain, and a TCR6 chain. Alternatively, a TCR complex can be composed of a 

CD3y chain, a CD36 chain, two CD3E chains, a homodimer of CD3y; chains, a TCRy chain, 

and a TCR6 chain. 

[0086] "A component of a TCR complex," as used herein, refers to a TCR chain 

(e.g., TCRa, TCR(3, TCRy or TCR6), a CD3 chain (e.g., CD3y, CD36, CD3E or CD34), or a 

complex formed by two or more TCR chains or CD3 chains (e.g., a complex of TCRa and 

TCR6, a complex of TCRy and TCR6, a complex of CD3E and CD36, a complex of CD3y 

and CD3E, or a sub-TCR complex of TCRa, TCR6, CD3y, CD36, and two CD3E chains). 

[0087] "Antibody-dependent cell-mediated cytotoxicity" and "ADCC," as used herein, 

refer to a cell-mediated process in which nonspecific cytotoxic cells that express FcyRs (e.g., 

monocytic cells such as Natural Killer (NK) cells and macrophages) recognize bound 

antibody (or other protein capable of binding FcyRs) on a target cell and subsequently cause 

lysis of the target cell. 	In principle, any effector cell with an activating FcyR can be triggered 

to mediate ADCC. The primary cells for mediating ADCC are NK cells, which express only 

FcyRIII, whereas monocytes, depending on their state of activation, localization, or 

differentiation, can express FcyRI, FcyRII, and FcyRIII. For a review of FcyR expression on 

hematopoietic cells, see, e.g., Ravetch et al., 1991, Annu. Rev. Immunol., 9:457-92. 

[0088] The term "having ADCC activity," as used herein in reference to a polypeptide 

or protein, means that the polypeptide or protein (for example, one comprising an 

immunoglobulin hinge region and an immunoglobulin constant sub-region having CH2 and 

CH3 domains, such as derived from IgG (e.g., IgG1)), is capable of mediating antibody-

dependent cell-mediated cytotoxicity (ADCC) through binding of a cytolytic Fc receptor (e.g., 

FcyRIII) on a cytolytic immune effector cell expressing the Fc receptor (e.g., an NK cell). 

[0089] "Complement-dependent cytotoxicity" and "CDC," as used herein, refer to a 

process in which components in normal serum ("complement"), together with an antibody or 

other C1q-complement-binding protein bound to a target antigen, exhibit lysis of a target cell 

expressing the target antigen. Complement consists of a group of serum proteins that act in 

concert and in an orderly sequence to exert their effect. 

[0090] The terms "classical complement pathway" and "classical complement 

system," as used herein, are synonymous and refer to a particular pathway for the activation 

of complement. The classical pathway requires antigen-antibody complexes for initiation 
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and involves the activation, in an orderly fashion, of nine major protein components 

designated C1 through C9. For several steps in the activation process, the product is an 

enzyme that catalyzes the subsequent step. This cascade provides amplification and 

activation of large amounts of complement by a relatively small initial signal. 

[0091] The term "having CDC activity," as used herein in reference to a polypeptide 

or protein, means that the polypeptide or protein (for example, one comprising an 

immunoglobulin hinge region and an immunoglobulin constant sub-region having CH2 and 

CH3 domains, such as derived from IgG (e.g., IgG1)) is capable of mediating complement-

dependent cytotoxicity (CDC) through binding of Cl q complement protein and activation of 

the classical complement system. 

[0092] "Redirected T-cell cytotoxicity" and "RTCC," as used herein, refer to a T-cell-

mediated process in which a cytotoxic T-cell is recruited to a target cell using a multi-specific 

protein that is capable of specifically binding both the cytotoxic T-cell and the target cell, and 

whereby a target-dependent cytotoxic T-cell response is elicited against the target cell. 

[0093] As used herein, the term "treatment," "treating," or "ameliorating" refers to 

either a therapeutic treatment or prophylactic/preventative treatment. A treatment is 

therapeutic if at least one symptom of disease in an individual receiving treatment improves 

or a treatment may delay worsening of a progressive disease in an individual, or prevent 

onset of additional associated diseases. 

[0094] As used herein, the term "transformation," "transfection," and transduction" 

refer to the transfer of nucleic acid (e.g., a nucleotide polymer) into a cell. As used herein, 

the term "genetic transformation" refers to the transfer and incorporation of DNA, especially 

recombinant DNA, into a cell. The transferred nucleic acid may be introduced into a cell via 

an expression vector. 

[0095] As used herein, the term "variant" or "variants" refers to a nucleic acid or 

polypeptide differing from a reference nucleic acid or polypeptide, but retaining essential 

properties thereof. Generally, variants are overall closely similar, and, in many regions, 

identical to the reference nucleic acid or polypeptide. For instance, a variant may exhibit at 

least about 70%, at least about 80%, at least about 90%, at least about 95%, at least about 

96%, at least about 97%, at least about 98% or at least about 99% sequence identity 

compared to the active portion or full length reference nucleic acid or polypeptide. 

[0096] The terms "light chain variable region" (also referred to as "light chain variable 

domain' or "VL") and "heavy chain variable region" (also referred to as "heavy chain variable 

domain" or "VH") refer to the variable binding region from an antibody light and heavy chain, 

respectively. The variable binding regions are made up of discrete, well-defined sub-regions 

known as "complementarity determining regions" (CDRs) and "framework regions" (FRs). In 

one embodiment, the FRs are humanized. The term "CL" refers to an "immunoglobulin light 
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chain constant region" or a "light chain constant region," i.e.;  a constant region from an 

antibody light chair. The term "CH" refers to an "immunoglobulin heavy chain constant 

region" or a "heavy chain constant region," which is further divisible, depending on the 

antibody isotype into CH1, CH2, and CH3 (IgA, igD, igG), or CH1, CH2, CH3, and CH4 

domains (IgE, 10/1). A "Fab" (fragment antigen binding) is the part of an antibody that binds 

to antigens and includes the variable region and CH1 domain of the heavy chain linked to 

the light chain via an inter-chain disulfide bond. 

[0097] The present disclosure provides, inter a/ia, polypeptides and proteins 

comprising binding domains, in particular, a first binding domain that specifically binds CD3. 

The polypeptides and proteins comprising binding domains of this disclosure may comprise 

one or more of the following: an immunoglobulin constant sub-region(s), a linker peptide(s), 

a hinge region(s), an immunoglobulin heterodimerization domain(s), an immunoglobulin 

dimerization domain(s), one or more junctional amino acids, a tag(s), etc. These 

components of the disclosed polypeptides and proteins are described in further detail herein. 

[0098] Additionally, the CD3 binding polypeptides and proteins disclosed herein may 

be in the form of an antibody or a fusion protein of any of a variety of different formats (e.g., 

the fusion protein may be in the form of a SMIP protein, a PIMS protein, a Scorpion protein 

or an Interceptor protein). 

[0099] In some embodiments, a CD3 binding polypeptide comprises a second 

binding domain. In some embodiments, a CD3 binding polypeptide comprises, from amino 

to carboxyl terminus, a CD3 binding domain, a hinge region, a constant region, and a 

second binding domain. In other embodiments, a CD3 binding polypeptide comprises, from 

amino to carboxyl terminus, a second binding domain, a hinge region, a constant region, and 

a CD3 binding domain. 

[00100] A CD3 binding protein in accordance with the present invention generally 

includes (a) at least one CD3 binding polypeptide chain comprising a CD3 binding domain 

as set forth herein. In certain variations, the CD3 binding polypeptide further includes (b) a 

hinge region carboxyl-terminal to the CD3 binding domain, and (c) an immunoglobulin 

constant region (e.g., a SMIP polypeptide). In further variations, the CD3 binding 

polypeptide further includes (d) a second hinge region carboxyl-terminal to the 

immunoglobulin constant sub-region, and (e) a second binding domain carboxyl-terminal to 

the second hinge region (e.g., a Scorpion polypeptide). In some embodiments, a CD3 

binding polypeptide comprises a CD3 binding domain with framework regions, a prehinge 

region and a hinge region. 

[00101] 	In some embodiments, a CD3 binding polypeptide comprises three or more 

modified amino acids as compared to SEQ ID NO:42, for example, the modifications being 

substitutions of positively charged amino acids with neutral amino acids and/or substitutions 
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of neutral amino acids with negatively charged amino acids, e.g., in the framework and/or 

prehinge regions. In some embodiments, at least two, at least three, at least four, 3-5 or 3- 

10 amino acids are modified in the framework regions of VH and/or VL by substituting 

positively charged amino acids with neutral amino acids and/or substituting neutral amino 

acids with negatively charged amino acids. 

[00102] 	In some embodiment of the invention, a CD3 binding polypeptide comprises 

modifications in the prehinge region, e.g., that result in lowering the pl of the prehinge region 

or entire polypeptide. The prehinge region is in the junction between the binding domain and 

hinge region. For instance, a three amino acid prehinge region with the sequence RRT can 

be replaced with the sequence SSS or SST to reduce the isoelectric point. In some 

embodiments, a prehinge region has a reduced isoelectric point as compared to a CD3 

binding polypeptide with an RRT prehinge region. 

[00103] 	In one embodiment, to reduce the risk of immunogenicity, amino acids are 

substituted into the sequence that are prevalent in the human germline IgG sequence or 

contained in the human germline sequence at the same or proximate position, e.g., in a 

corresponding human germline IgG sequence. In some embodiments, the human germline 

IgG sequence comprises SEQ ID NOs:43 or 44. 

[00104] 	In some embodiments, at least one amino acid modification is within the J 

kappa (Jk) region of the VL region as compared to the Cris-7 VL Jk region mouse sequence 

LQIT (SEQ ID NO:252). In some embodiments, a Jk region comprises the amino acid 

sequence VEIK (SEQ ID NO:253), e.g., in place of LQIT (SEQ ID NO:252). 

[00105] 	In some embodiments, a CD3 binding polypeptide comprises a hinge region 

and a constant region, for example, a CD3 binding polypeptide may comprise (a) a hinge 

region amino-terminal to the CD3 binding domain, and (b) an immunoglobulin constant 

region amino-terminal to the hinge region (e.g., a PIMS polypeptide). In some embodiments, 

a CD3 binding polypeptide comprises, from amino to carboxyl terminus, a CD3 binding 

domain, a hinge region and a constant region. In some embodiments, a CD3 binding 

polypeptide comprises, from amino to carboxyl terminus, a constant region, a hinge region 

and a CD3 binding domain. 

[00106] 	Typically, CD3 binding polypeptides of the above formats (SMIP, Scorpion, 

or PIMS) are capable of homodimerization, typically through disulfide bonding, via the 

immunoglobulin constant region and/or hinge region (e.g., via an immunoglobulin constant 

region comprising IgG CH2 and CH3 domains and an IgG hinge region). Thus, in certain 

aspects of the present invention, two identical CD3 binding polypeptides homodimerize to 

form a dimeric CD3 binding protein. 

[00107] 	In other embodiments, a CD3 binding polypeptide further includes a 

heterodimerization domain that is capable of heterodimerization with a different 
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heterodimerization domain in a second, non-identical polypeptide chain. In certain 

variations, the second polypeptide chain for heterodimerization includes a second binding 

domain. Accordingly, in certain aspects of the present invention, two non-identical 

polypeptide chains, one comprising the CD3 binding domain and the second optionally 

comprising a second binding domain, dimerize to form a heterodimeric protein with one to 

four binding domains. In some embodiments, a CD3 binding polypeptide comprises, from 

amino to carboxyl terminus, a CD3 binding domain, a hinge region, a constant region, a 

heterodimerization domain and optionally a second binding domain. 

[00108] 	In some embodiments, a second binding domain binds or interacts with a 

target molecule and the CD3 binding polypeptide induces T-cell cytotoxicity. This could be 

in a non-dinner, heterodimer or hornodimer format. In some embodiments, a second binding 

domain binds or interacts with a tumor associated antigen. In some embodiments, a CD3 

binding polypeptide induces T-cells to lyse tumor cells and/or induces polycional T- cell 

activation and expansion in the vicinity of a tumor. 

[00109] 	Polypeptides comprising an anti-CD3 binding domain of the invention can 

be or comprise antibodies or antibody derivatives including functional antibody fragments or 

derivatives of fragments which retain binding specificity. In some embodiments, the 

invention includes fusion proteins and other polypeptides that contain variable heavy and/or 

light chain domains. 

[00110] 	In some embodiments of the invention, a CD3 binding polypeptide 

comprises a CD3 binding domain that comprises a VH region sequence or VL region 

sequence selected from the group consisting of SEQ ID NOs:28, 30, 32, 38 and 40 . In 

some embodiments, a CD3 binding domain comprises a VH region selected from the group 

consisting of SEQ ID NOs:22, 24, 26, 28, 30 and 32 and a VL region selected from the group 

consisting of SEQ ID NOs:38 and 40. In some embodiments, a CD3 binding domain 

comprises a VH region selected from the group consisting of SEQ ID NO:28, 30 and 32 and 

a VL region selected from the group consisting of SEQ ID NO:34, 36, 38 and 40. In some 

embodiments, the VH region comprises SEQ ID NO:28 and the VL region comprises SEQ ID 

NO:34; the VH region comprises SEQ ID NO:28 and the VL region comprises SEQ ID 

NO:38.; the VH region comprises SEQ ID NO:26 and the VL region comprises SEQ ID 

NO:38; or the VH region comprises SEQ ID NO:26 and the VL region comprises SEQ ID 

NO:34. In some embodiments, a CD3 binding polypeptide comprises a CD3 binding domain 

that comprises a heavy chain CDR1, CDR2 and CDR3 and a light chain CDR1, CDR2 and 

CDR3 and wherein the heavy chain CDR3 comprises SEQ ID NO:51. In some 

embodiments, a CD3 binding polypeptide includes a heavy chain CDR1 comprising SEQ ID 

NO:49, a CDR2 comprising SEQ ID NO:50 and a CDR3 comprising SEQ ID NO:51 and a 
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light chain CDR1 comprising SEQ ID NO:52, a CDR2 comprising SEQ ID NO:53, and a 

CDR3 comprising SEQ ID NO:54. 

[00111] 	In some embodiments, a CD3 binding polypeptide comprises an amino acid 

sequence selected from the group consisting of SEQ ID NOs:6, 8, 10, 12, 14, 16, 18 and 20. 

[00112] 	The invention includes a multispecific binding protein comprising dimerized 

single chain polypeptides, each single chain polypeptide comprising, from amino to carboxyl 

terminus, a first binding domain, an N-terminus linker, an immunoglobulin constant region, a 

C-terminus linker and a CD3 binding domain of the invention. Likewise, the invention 

includes a multispecific binding protein comprising dimerized single chain polypeptides, each 

single chain polypeptide comprising, from amino to carboxyl terminus, a CD3 binding domain 

of the invention, an N-terminus linker, an immunoglobulin constant region, a C-terminus 

linker and a first binding domain. In some embodiments, the N-terminus linker may 

comprise or may consist essentially of an immunoglobulin hinge region. 

[00113] 	In another aspect of the invention, the multispecific binding protein 

comprises a single chain polypeptide comprising, from amino to carboxyl terminus, a first 

binding domain, an N-terminus linker, an immunoglobulin constant region, a C-terminus 

linker and a CD3 binding domain. Likewise, the invention includes a multispecific binding 

protein comprising, from amino to carboxyl terminus, a CD3 binding domain, an N-terminus 

linker, an immunoglobulin constant region, a C-terminus linker and a first binding domain. 

[00114] 	The invention includes a multispecific binding protein comprising a first 

binding domain linked via a linker domain to a second binding domain (e.g., a scFv linked via 

a linker to another scFv). For instance, the invention includes a multispecific binding protein 

comprising a first binding domain (in VH-linker-VL  or VL-linker-VH  orientation) linked via a 

peptide linker domain to a CD3 binding domain (in VH-linker-VL  or VL-linker-VH  orientation). 

In some embodiments, a bispecific protein in the scFv-linker-scFv format may comprise 

variable heavy and variable light domains derived from an antibody to a T-cell antigen (such 

as CD3) including, but not limited to, the variable domains disclosed herein. A linker 

separating the scFv domains may comprise ((Gly4)Ser)n  wherein n= 1-5 (SEQ ID NOs:74- 

78). In one embodiment, the linker is ((Gly4)Ser)3  (SEQ ID NO:76). The linker may also 

comprise about 8-12 amino acids. In some embodiments, a protein of the invention in this 

format ("bispecific single chain antibody"), does not comprise an Fc region and as a result, 

has no Fc-related effector function. 

[00115] 	The invention includes essentially any type of polypeptide containing a 

binding domain or domains as described herein. This includes antibodies, fragments 

thereof, scFvs, Fabs, di-scFvs single domain antibodies, diabodies, dual variable domain 

binding proteins and polypeptides containing an antibody or antibody fragments. Further 

types of polypeptides that are included in the invention are described herein. 
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[00116] In some embodiments, VH and VL  domains are used as scFvs and 

attached/fused to other polypeptides or amino acid sequences in a manner that allows the 

scFvs and VHNL  to bind the target. In some embodiments, a VH and VL  domain as described 

herein is used in an antibody or fragment thereof. For example the VH and VL  domains are 

incorporated into the natural position for VH and VL  domains in an antibody. In some 

embodiments, a CD3 binding polypeptide of the invention is an antibody, e.g., with a VL  

chain and VH chain as described herein. 

[00117] 	In one embodiment of the invention, a multispecific protein is a scFv dimer 

or diabody rather than a whole antibody. Diabodies and scFv dimers can be constructed 

without an Fc region, using only variable domains. Diabodies are bivalent, bispecific 

antibodies in which VH and VL  domains are expressed on a single polypeptide chain, but 

using a peptide linker that is too short to allow for pairing between the two domains on the 

same chain, thereby forcing the domains to pair with complementary domains of another 

chain and creating two antigen binding sites (see e.g., Holliger, P., et al. (1993) Proc. Natl. 

Acad. Sci. USA 90:6444-6448; Poljak, R. J., et al. (1994) Structure 2:1121-1123). Such 

antibody binding portions are known in the art (Kontermann and Dubel eds., Antibody 

Engineering (2001) Springer-Verlag. New York. 790 pp. (ISBN 3-540-41354-5). 

[00118] 	In one embodiment of the invention, a multispecific protein is a disulfide— 

stabilized diabody. For instance, a multispecific antibody may comprise two distinct 

polypeptides that are co-expressed to generate a covalently linked heterodimeric complex 

with one binding site for each of 2 specificities. 	In this embodiment, each Fv is formed by 

the association of a VL  partner on one chain with a VH partner on the second chain in a VLA- 

VHB (first chain) and VLB-VHA (second chain) configuration. This can be stabilized by either 

of two alternative carboxy terminal heterodimerization domains: a pairing of VEPKSC (SEQ 

ID NO:254) on one chain and FNRGEC (SEQ ID NO:255) on the other or a pairing of 

oppositely charged coiled-coil domains. See, for instance, Moore et al., 2011, Blood. 

117:4542-4551. In this embodiment, a multispecific binding protein may comprise a first 

chain with a CD3 binding domain VH linked to first binding domain VL  and the second chain 

comprises a CD3binding domain VL  linked to a first binding domain VH, and the two chains 

are linked via a disulfide bond at the C-termini. A disulfide-stabilized diabody may be 

designed using variable heavy and light chains derived from known antibodies including, for 

instance, the variable heavy and light chains disclosed herein. 

[00119] 	In another embodiment, a multispecific binding protein is a dual variable 

domain binding protein capable of binding a first binding site (e.g., a tumor antigen) and a 

TCR complex with specificity. 	In this embodiment, a recombinant protein comprises a 

polypeptide chain, wherein said polypeptide chain comprises VD1-(X1)n-VD2-C--(X2)n, 

wherein VD1 is a first variable domain, VD2 is a second variable domain, C is a constant 

24 



WO 2013/158856 
	

PCT/US2013/037135 

domain, X1 is a linker (e.g., a polypeptide linker of about 10 to 20 amino acids in length), X2 

represents an Fc region and n is 0 or 1. See, for instance, U.S. Patent No. 8,258,268. 

[00120] 	In one embodiment of the invention, a multispecific binding protein 

comprises one, two, three or more polypeptide chains. For instance, the invention includes 

a multispecific protein with a first chain comprising Vi-11-W2, a second chain comprising CH2- 

CH3-VLi-VH2  and a third chain comprising CH2-CH3. 	In this embodiment, the VH1 and VL, 

may correspond to a first binding domain's variable domains, and VH2 and VL2 may 

correspond to anti-CD3 variable domains. Alternatively, the VH1 and Vt., may correspond to 

anti-CD3 variable domains, and the VH2 and VL2 may correspond to a first binding domain's 

variable domains. 

[00121] 	In other embodiments, a multispecific binding protein is composed of 

dimerized single chain polypeptide chains comprising different single chain polypeptides (a 

heterodimer). In this format ("multispecific heterodimer"), each polypeptide chain comprising 

a binding domain, N-terminus linker, constant region, C-terminus linker and optionally 

another binding domain and does further include a heterodimerization domain. In certain 

variations, the second polypeptide chain for heterodimerization includes additional binding 

domains. Accordingly, in certain embodiments of the present invention, a heterodimeric 

recombinant protein may contain two, three or four binding different binding domains. See 

PCT publication No. W02011/090762 for some examples and related methods. 

[00122] As indicated above, a CD3 binding polypeptide of the present disclosure 

comprises a binding domain that specifically binds CD3. In some variations, the CD3 

binding domain is capable of competing for binding to CD3 with a single-chain Fv (scFv) 

having an amino acid sequence as shown in SEQ ID NO:41. In particular embodiments, the 

CD3 binding domain comprises (i) an immunoglobulin heavy chain variable region (VH) 

comprising CDRs HCDR1, HCDR2, and HCDR3, and (ii) an immunoglobulin light chain 

variable region (VL) comprising CDRs LCDR1, LCDR2, and LCDR3. Suitable CD3 binding 

domains include those having VL  and VH regions derived from murine monoclonal antibody 

Cris-7 (Reinherz, E. L. et al. (eds.), Leukocyte typing II., Springer Verlag, New York, (1986). 

In some such embodiments, LCDR3 has the amino acid sequence set forth in SEQ ID 

NO:54 and/or HCDR3 has the amino acid sequence set forth in SEQ ID NO:51; and LCDR1 

and LCDR2 optionally have the amino acid sequences as set forth in SEQ ID NO:52 and 

SEQ ID NO:53, respectively, and HCDR1 and HCDR2 optionally have the amino acid 

sequences as set forth in SEQ ID NO:49 and SEQ ID NO:50, respectively. In some 

embodiments, for example, LCDR1, LCDR2, and LCDR3 have the amino acid sequences 

respectively shown in SEQ ID NOs:52, 53, and 54; and/or HCDR1, HCDR2, and HCDR3 

have the amino acid sequences as respectively shown in SEQ ID NOs:49, 50, and 51. 
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[00123] 	Exemplary anti-CD3 antibodies from which the binding domain of this 

disclosure may be derived include Cris-7 monoclonal antibody (Reinherz, E. L. et al. (eds.), 

Leukocyte typing 11., Springer Verlag, New York, (1986) 

(VL  = QWLTQSPAIMSAFPGEKVTMTCSASSSVSYMNWYQQKSGTSPKRWIYDSSKLASG 

VPARFSGSGSGTSYSLTISSMETEDAATYYCQQWSRNPPTFGGGTKLQITR (SEQ ID 

NO:46) and 

VH  = QVQLQQSGAELARPGASVKMSCKASGYTFTRSTMHWVKQRPGQGLEWIGYINPSSA 

YTNYNQKFKDKATLTADKSSSTAYMQLSSLTSEDSAVYYCASPQVHYDYNGFPYWGQGTIL 

VTVSA (SEQ ID NO:45)); HuM291 (Chau et at (2001) Transplantation 71:941-950 

(VL  = DIQMTOSPSSLSASVGDRVTITCSASSSVSYMNWYCIQKPGKAPKRLIYDTSKLASGV 

PSRFSGSGSGTDFTLTISSLQPEDFATYYCQQWSSNPPTFGGGTKVEIK (SEQ ID NO:72) 

and 

VH  = QVQLVQSGAEVKKPGASVKVSCKASGYTFISYTMHWVRQAPGQGLEWMGYINPRSG 

YTHYNQKLKDKATLTADKSASTAYMELSSLRSEDTAVYYCARSAYYDYDGFAYWGQGTLV 

TVSS (SEQ ID NO:73); 13C3 monoclonal antibody (Anasetti et al. (1990) J. Exp, Med. 

172:1691); OKT3 monoclonal antibody (Ortho multicenter Transplant Study Group (1985) N. 

Engl. J. Med. 313:337) and derivatives thereof such as OKT3 ala-ala (also referred to as 

OKT3 AA-FL or OKT3 FL), a humanized, Fc variant with alanine substitutions at positions 

234 and 235 (Herold et al. (2003) J. Clin. Invest. 11:409); visilizumab (Carpenter et al. 

(2002) Blood 99:2712), G19-4 monoclonal antibody (Ledbetter et aL, 1986, J. Immunol. 

136:3945) and 145-2C11 monoclonal antibody (Hirsch et al. (1988) J. Immunol. 140: 3766). 

An exemplary anti-TCR antibody is the BMA031 monoclonal antibody (Borst et al. (1990) 

Human Immunology 29:175-188). 

[00124] 	In some embodiments, a binding domain is a single-chain Fv fragment 

(scFv) that comprises VH  and VL  regions specific for a target of interest. In certain 

embodiments, the VH  and VL  regions are human. 

[00125] 	In one embor-iiment of the invention, CD3 binding polypeptides have an 

empirical and/or theoretical pl that is at least 0.25, 0.5, 0.75, 1, 1.25, 1.5, 2, 2.5 or more units 

less than that of the DRA209 SMIP. In some embodiments, a CD3 binding polypeptide of 

the invention has an empirical and/or theoretical pi that is from about 0.25 to about 2.5, 0.5 

to about 2.5, about 0.5 to about 2.0, about 0.5 to about 1.5, about 0.5 to about 1.25, about 

0.5 to about 1.0, about 0.5 to about 0.75, about 0.75 to about 1.0, about 0.75 to about 1.25, 

about 0.75 to about 1.5, about 0.75 to about 2.0, about 1.0 to about 1.5, about 1.0 to about 

2.0, or about 1.0 to about 2.5 units less than that of the DRA209 SMIP. In some 

embodiments, the CD3 polypeptides of the invention have an empirical or theoretical pl that 

is less than about 8.9, 8.8, 8.7, 8.6, 8.5, 8.4, 8.3, 8.2, 8.1, 8, 7.5, 7.25, 7.0 or 6.75. 	In some 

embodiments, the CD3 polypeptides of the invention have an empirical or theoretical pl that 
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is about 8.9, 8.8, 8.7, 8.6, 8.5, 8.4, 8.3, 8.2, 8.1, 8, 7.5, 7.25, 7.2 7.0, 6.8 or 6.75. 	In some 

embodiments, the CD3 polypeptides of the invention have an empirical or theoretical pl that 

is from about 7.9 to about 8.7, 7.9 to about 8.6, 8.0 to about 8.6, 8.0 to about 8.5, 8.0 to 

about 8.4, 8.0 to about 8.3, 8.0 to about 8.2, 8.0 to about 8.1, about 8.1 to about 8.6, about 

8.2 to about 8.6, about 8.3 to about 8.6, about 8.4 to about 8.6, about 8.5 to about 8.6, about 

8.5 to about 8,3, about 8.4 to about 8.2, or about 8.3 to about 8.1. 

[00126] 	In certain embodiments, a CD3 binding domain comprises or is a scFv with 

a reduced pi (empirical and/or theoretical) by at least about 0.25, 0.5, 1, 1.25, 1.5, 2, 2.5 or 

more units as compared to the scFv of SEQ ID NO:41. In some embodiments, a CD3 

binding domain comprises or is a scFv with a reduced pi (empirical and/or theoretical) that is 

from about 0.25 to about 2.5, 0.5 to about 2.5, about 0.5 to about 2.0, about 0.5 to about 1.5, 

about 0.5 to about 1,25, about 0.5 to about 1.0, about 0.5 to about 0.75, about 0.75 to about 

1.0, about 0.75 to about 1.25, about 0.75 to about 1.5, about 0.75 to about 2.0, about 1.0 to 

about 1.5, about 1.0 to about 2.0, or about 1.0 to about 2.5 units less than that of the scFv of 

SEQ ID NO:41. Such scFvs include the scFvs contained within SEQ ID NOse 6, 8, 10, 12, 

14, 16, 18, and 20 or an scFv that is at least about 90%, at least about 91%, at least about 

92%, at least about 93%, at least about 94%, at least about 95%, at least about 96%, at 

least about 97%, at least about 98%, at least about 99%, at least about 99.5%, or 100% 

identical to an amino acid sequence of scFvs contained within SEQ ID NOs: 6, 8, 10, 12, 14, 

16, 18, and 20. 

[00127] 	In some embodiments, a CD3 binding domain of the invention is about 80% 

to about 99%, about 82% to about 99%, about 84% to about 99%, about 86% to about 99%, 

about 88% to about 99%, about 90% to about 99%, about 92% to about 99%, about 94% to 

about 99%, about 96% to about 99%, about 97% to about 99%, about 98% to about 99%, 

about 80% to about 85%, about 85% to about 90%, about 85% to about 95%, about 90% to 

about 97%, about 90% to about 95%, about 90% to about 93%, about 90% to about 91%, 

about 95% to about 96%, about 96% to about 97%, about 97% to about 98%, about 96% to 

about 97% or about 96% to about 98% identical to SEQ ID NO:41. 

[00128] 	In some embodiments, a CD3 binding domain of the invention is a variant of 

SEQ ID NO:41, wherein one or more amino acids in the amino acid sequence have been 

mutated to decrease the pl of the binding domain. Mutations include substitution of an 

amino acid(s) with another amino acid(s) to lower the pl of the binding domain, insertion of 

an amino acid(s) to lower the pl of the binding molecule and/or deletion of an amino acid(s) 

to lower the pl of the binding domain. In one embodiment, the mutations are substitutions. 

In some embodiments, the mutation(s) are in the framework regions of the variable chain(s). 

In some embodiments, a variant has a mutation of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more amino 

acids 
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[00129] 	In one embodiment, the CD3 binding domain comprises or is a scFv 

comprising a heavy chain or a light chain selected from the group consisting of SEQ ID NOs: 

28, 30, 32, 38 and 40. In another embodiment, the CD3 binding domain comprises a VH 

region selected from the group consisting of SEQ ID NOs: 22, 24, 26, 28, 30 and 32, and a 

VL region selected from the group consisting of SEQ ID NOs: 38 and 40. In another 

embodiment, the CD3 binding domain comprises a VH region selected from the group 

consisting of SEQ ID NOs: 28, 30 and 32 and a VL region selected from the group consisting 

of SEQ ID NOs: 34, 36, 38 and 40. In another embodiment, the CD3 binding domain 

comprises SEQ ID NOs: 28 and 34. In another embodiment, the CD3 binding domain 

comprises SEQ ID NOs: 28 and 38. In another embodiment, the CD3 binding domain 

comprises SEQ ID NOs: 26 and 38. In another embodiment, the CD3 binding domain 

comprises SEQ ID NOs: 26 and 34. In some embodiments, a CD3 binding domain 

comprises a VL region selected from the group consisting of SEQ ID NOs: 38 and 40 and a 

VH region selected from the group consisting of SEQ ID NOs: 22, 24, 26, 28, 30 and 32. In 

further embodiments, each CDR comprises no more than one, two, or three substitutions, 

insertions or deletions, as compared to that from a monoclonal antibody or fragment or 

derivative thereof that specifically binds to a target of interest (e.g., CD3). 

[00130] 	In some embodiments, a CD3 binding domain binds or interacts with the 

CD3E subunit of the T-cell receptor complex on T-cells. In some embodiments, the CD3 

binding domain competes for binding to CD3c with the Cris-7 or HuM291 monoclonal 

antibody. 

[00131] 	In some embodiments, a CD3 binding polypeptide induces internalization of 

a T-cell receptor complex. 

[00132] 	In some variations, the binding domain is a single-chain Fv (scFv) 

comprising immunoglobulin VL  and VH  regions joined by a peptide linker. The use of peptide 

linkers for joining VL  and VH  regions is well-known in the art, and a large number of 

publications exist within this particular field. A widely used peptide linker is a 15mer 

consisting of three repeats of a Gly-Gly-Gly-Gly-Ser (SEQ ID NO:74) amino acid sequence 

(Gly4Ser)3  (SEQ ID NO:76). In some embodiments, a peptide linker comprises or consists of 

any one of SEQ ID NOs:74-78. 	Other linkers have been used, and phage display 

technology, as well as selective infective phage technology, has been used to diversify and 

select appropriate linker sequences (Tang et al., J. Biol. Chem. 271, 15682-15686, 1996; 

Hennecke et al., Protein Eng. 11, 405-410, 1998). In certain embodiments, the VH  and VL  

regions are joined by a peptide linker having an amino acid sequence comprising the 

formula (Gly4Ser)n , wherein n=1-5 (SEQ ID NOs:74-78, respectively). Other suitable linkers 

may be obtained by optimizing a simple linker (e.g., (Gly4Ser)n) through random 

mutagenesis. 
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[00133] 	In particular embodiments, a binding domain comprises humanized 

immunoglobulin VL  and/or VH regions. Techniques for humanizing immunoglobulin VL  and 

VH regions are known in the art and are discussed, for example, in United States Patent 

Application Publication No. 2006/0153837. 

[00134] 	"Humanization" is expected to result in an antibody that is less 

immunogenic, with complete retention of the antigen-binding properties of the original 

molecule. In order to retain all of the antigen-binding properties of the original antibody, the 

structure of its antigen binding site should be reproduced in the "humanized" version. This 

can be achieved by grafting only the nonhuman CDRs onto human variable framework 

domains and constant regions, with or without retention of critical framework residues (Jones 

et al., Nature 321:522 (1986); Verhoeyen et al., Science 239:1539 (1988)) or by recombining 

the entire nonhuman variable domains (to preserve ligand-binding properties), but "cloaking" 

them with a human-like surface through judicious replacement of exposed residues (to 

reduce antigenicity) (Padlan, Molec. lmmunol. 28:489 (1991)). 

[00135] 	Essentially, humanization by CDR grafting involves recombining only the 

CDRs of a non-human antibody onto a human variable region framework and a human 

constant region. Theoretically, this should substantially reduce or eliminate immunogenicity 

(except if allotypic or idiotypic differences exist). However, it has been reported that some 

framework residues of the original antibody also may need to be preserved (Reichmann et 

al., Nature, 332:323 (1988); Queen et al., Proc. Natl. Acad. ScL USA, 86:10,029 (1989)). 

[00136] The framework residues that need to be preserved are amenable to 

identification through computer modeling. Alternatively, critical framework residues may 

potentially be identified by comparing known antigen-binding site structures (Padlan, Molec. 

Immunol., 31(3):169-217 (1994), incorporated herein by reference). 

[00137] 	The residues that potentially affect antigen binding fall into several groups. 

The first group comprises residues that are contiguous with the antigen site surface, which 

could therefore make direct contact with antigens. These residues include the amino-

terminal residues and those adjacent to the CDRs. The second group includes residues that 

could alter the structure or relative alignment of the CDRs, either by contacting the CDRs or 

another peptide chain in the antibody. The third group comprises amino acids with buried 

side chains that could influence the structural integrity of the variable domains. The residues 

in these groups are usually found in the same positions (Padlan, 1994, supra) although their 

positions as identified may differ depending on the numbering system (see Kabat et al., 

"Sequences of proteins of immunological interest, 5th ed., Pub. No. 91-3242, U.S. Dept. 

Health & Human Services, NIH, Bethesda, Md., 1991). 
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[00138] Although some examples described herein involve the humanization of 

scFv, SMIP, Scorpion, and Interceptor molecules, and not antibodies, knowledge about 

humanized antibodies in the art is applicable to the polypeptides according to the invention. 

[00139] 	In certain embodiments, a hinge is a wild-type human immunoglobulin hinge 

region. In certain other embodiments, one or more amino acid residues may be added at 

the amino- or carboxyl-terminus of a wild type immunoglobulin hinge region as part of a 

fusion protein construct design. For example, additional junction amino acid residues at the 

hinge amino-terminus can be "RT," "RSS," "TG," or "T," or at the hinge carboxyl-terminus 

can be "SG", or a hinge deletion can be combined with an addition, such as AP with "SG" 

added at the carboxyl-terminus. 

[00140] 	In certain embodiments, a hinge is an altered immunoglobulin hinge in 

which one or more cysteine residues in a wild type immunoglobulin hinge region is 

substituted with one or more other amino acid residues (e.g., serine or alanine). 

[00141] 	Exemplary altered immunoglobulin hinges include, but are not limited to, an 

immunoglobulin human IgG1 hinge region having one, two or three cysteine residues found 

in a wild type human IgG1 hinge substituted by one, two or three different amino acid 

residues (e.g., serine or alanine). An altered immunoglobulin hinge may additionally have a 

proline substituted with another amino acid (e.g., serine or alanine). For example, the 

above-described altered human IgG1 hinge may additionally have a proline located 

carboxyl-terminal to the three cysteines of wild type human IgG1 hinge region substituted by 

another amino acid residue (e.g., serine, alanine). In one embodiment, the prolines of the 

core hinge region are not substituted. 

[00142] 	In certain embodiments, a hinge polypeptide comprises or is a sequence 

that is at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at 

least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, 

at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 

99% identical to a wild type immunoglobulin hinge region, such as a wild type human IgG1 

hinge, a wild type human IgG2 hinge, or a wild type human IgG4 hinge. 

[00143] 	In further embodiments, a hinge present in a CD3 binding polypeptide may 

be a hinge that is not based on or derived from an immunoglobulin hinge (Le., not a wild-type 

immunoglobulin hinge or an altered immunoglobulin hinge). Examples for such hinges 

include peptides of about five to about 150 amino acids derived from an interdomain region 

of a transmembrane protein or stalk region of a type II C-Iectin, for instance, peptides of 

about eight to 25 amino acids and peptides of about seven to 18 amino acids. 

[00144] 	In certain embodiments, interdomain or stalk region hinges have seven to 

18 amino acids and can form an a-helical coiled coil structure. In certain embodiments, 

interdomain or stalk region hinges contain 0, 1, 2, 3, or 4 cysteines. Exemplary interdomain 
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or stalk region hinges are peptide fragments of the interdomain or stalk regions, such as ten 

to 150 amino acid fragments from the stalk regions of CD69, CD72, CD94, NKG2A and 

NKG2D. 

[00145] 	In certain embodiments, hinge sequences have about 5 to 150 amino acids, 

5 to 10 amino acids, 10 to 20 amino acids, 20 to 30 amino acids, 30 to 40 amino acids, 40 to 

50 amino acids, 50 to 60 amino acids, 5 to 60 amino acids, 5 to 40 amino acids, 8 to 20 

amino acids, or 10 to 15 amino acids. The hinge may be primarily flexible, but may also 

provide more rigid characteristics or may contain primarily a-helical structure with minimal 13-

sheet structure. The lengths or the sequences of the hinges may affect the binding affinities 

of the binding domains to which the hinges are directly or indirectly (via another region or 

domain, such as an heterodimerization domain) connected as well as one or more activities 

of the Fc region portions to which the hinges are directly or indirectly connected. 

[00146] 	In certain embodiments, hinge sequences are stable in plasma and serum 

and are resistant to proteolytic cleavage. The first lysine in the IgG1 upper hinge region may 

be mutated to minimize proteolytic cleavage, for instance, the lysine may be substituted with 

methionine, threonine, alanine or glycine, or is deleted. 

[00147] 	In some embodiments of the invention, the CD3 binding polypeptide is 

capable of forming a heterodimer with a second polypeptide chain and comprises a hinge 

region: (a) immediately amino-terminal to an immunoglobulin constant region (e.g., amino-

terminal to a CH2 domain wherein the immunoglobulin constant region includes CH2 and 

CH3 domains, or amino-terminal to a CH3 domain wherein the immunoglobulin regions 

includes CH3 and CH4 domains), (b) interposed between and connecting a binding domain 

(e.g., scFv) and a immunoglobulin heterodimerization domain, (c) interposed between and 

connecting an immunoglobulin heterodimerization domain and an immunoglobulin constant 

region (e.g., wherein the immunoglobulin constant region includes CH2 and CH3 domains or 

CH3 and CH4 domains), (d) interposed between and connecting an immunoglobulin 

constant region and a binding domain, (e) at the amino-terminus of a polypeptide chain, or 

(f) at the carboxyl-terminus of a polypeptide chain. A polypeptide chain comprising a hinge 

region as described herein can be capable of associating with a different polypeptide chain 

to form a homodimeric or heterodimeric protein provided herein, and the dimer formed will 

contain a binding domain that retains its target specificity and/or its specific target binding 

affinity. 

[00148] 	In certain embodiments, a hinge present in a polypeptide that forms a 

heterodimer with another polypeptide chain may be an immunoglobulin hinge, such as a 

wild-type immunoglobulin hinge region or an altered immunoglobulin hinge region thereof. In 

certain embodiments, a hinge of one polypeptide chain of a heterodimeric protein is identical 

to a corresponding hinge of the other polypeptide chain of the heterodimer. In certain other 
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embodiments, a hinge 

length and/or sequence). 

manipulation of the binding 

connected, so that the 

the target of the other binding 

heterodimeric protein has 

domain (such as a tumor 

hinges in the two chains 

then to a CD3 or other 

cells to tumor antigen-expressing 

may damage or destroy 

[00149] 	Exemplary 

invention are shown in the 

Hinge Region 

sss(s)-hIgG1 hinge 

of one chain is different from that of the other chain (e.g., in their 

The different hinges in the different chains allow different 

affinities of the binding domains to which the hinges are 

heterodimer is able to bind to the target of one binding domain over 

domain. For example. in certain embodiments, a 

a CD3- or TCR-binding domain in one chain and a second binding 

antigen binding domain) in another chain. Having two different 

may allow the heterodimer to bind to the tumor antigen first, and 

TCR component second. Thus, the heterodimer may recruit CD3+  T-

cells (e.g., PSMA-expressing tumor cells), which in turn 

the tumor antigen-expressing cells. 

hinge regions suitable for use in accordance with the present 

Tables 1 and 2 below. 

Table 1: Exemplary hinge regions  	 
Amino Acid Sequence 

EPKSSDKTHTSPPSS (SEQ ID NO:112) 

csc(s)-hIgG1 hinge EPKSCDKTHTSPPCS (SEQ ID NO:113) 

ssc(s)-hIgG1 hinge EPKSSDKTHTSPPCS (SEQ ID NO:114) 

scc(s)-hIgG1 hinge 

css(s)-hIgG1 hinge 

scs(s)-hIgG1 hinge 

EPKSSDKTHTCPPCS (SEQ ID NO:115) 

EPKSCDKTHTSPPSS (SEQ ID NO:116) 

EPKSSDKTHTCPPSS (SEQ ID NO:117) 

ccc(s)-hIgG1 hinge EPKSCDKTHTSPPCS (SEQ ID NO:118) 

ccc(p)-hIgG1 hinge EPKSCDKTHTSPPCP (SEQ ID NO:119) 

EPKSSDKTHTSPPSP (SEQ ID NO:120) 

EPKSCDKTHTSPPCP (SEQ ID NO:121) 

sss(p)-hIgG1 hinge 

csc(p)-hIgG1 hinge 

ssc(p)-hIgG1 hinge EPKSSDKTHTSPPCP (SEQ ID NO:122) 

scc(p)-hIgG1 hinge EPKSSDKThTCPPCP (SEQ ID NO.123) 

css(p)-hIgG1 hinge EPKSCDKTHTSPPSP (SCQ ID NO:124) 

scs(p)-hIgG1 hinge EPKSSDKTHTCPPSP (SEQ ED NO:125) 

Scppcp SCPPCP (SEQ ID NO:126) 

STD1 

STD2 

NYGGGGSGGGGSGGGGSGNS (SEQ ID NO:127) 

NYGGGGSGGGGSGGGGSGNYGGGGSGGGGSGGGGSGNS (SEQ ID NO:128) 

NS (SEQ ID NO:129) H1 

H2 GGGGSGNS (SEQ ID NO:130) 

H3 NYGGGGSGNS (SEQ ID NO:131) 

H4 

H5 
	— — —. 	  

GGGGSGGGGSGNS (SEQ ID NO:132) 
....— 	.4 ........ 	 .4 .44 	  

NYGGGGSGGGGSGNS (SEQ ID NO:133) 

H6 GGGGSGGGGSGGGGSGNS (SEQ ID NO:134) 

H7 GCPPCPNS (SEQ ID NO:135) 
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H9 	W  GSPPSPNS (SEQ ID NO:136) 

(G4S)3 GGGGSGGGGSGGGGS (SEQ ID NO:137) 

H105 

(G4S)4 

SGGGGSGGGGSGGGGS (SEQ ID NO:138) 

GGGGSGGGGSGGGGSGGGGS (SEQ ID NO:139) 

H75 (NKG2A quadruple 
mutant) 

H83 (NKG2A derived) 

H106 (NKG2A derived) 

QRHNNSSLNTGTQMAGHSPNS (SEQ ID NO:140) 

SSLNTGTQMAGHSPNS (SEQ ID NO:141) 

QRHNNSSLNTGTQMAGHS (SEQ ID NO:142) 

H81 (NKG2D derived) EVQIPLTESYSPNS (SEQ ID NO:143) 

H91 (NKG2D derived) NSLANQEVQIPLTESYSPNS (SEQ ID NO:144) 

H94 

Table 2: Exemplary hinge 
lectin, or interdomain 

SGGGGSGGGGSGGGGSPNS (SEQ ID NO:145) 

regions (derived from H7 hinge, stalk region of a type II C- 
region of a type I transmembrane protein) 	 

Molecule and/or 
Hinge hinge from which 

Region Amino Acid Sequence derived 

H16 LSVKADFLTPSIGNS (SEQ ID NO:146) CD80 

H17 LSVKADFLTPSISCPPCPNS (SEQ ID NO:147) CD80 + H7 

H18 LSVLANFSQPEIGNS (SEQ ID NO:148) CD86 

H19 LSVLANFSQPEISCPPCPNS (SEQ ID NO:149) CD86 + H7 

H2O LKIQERVSKPKISNS (SEQ ID NO:150) CD2 
_. 	1 

H21 LKIQERVSKPKISCPPCPNS (SEQ ID NO:151) 
	 .t. 	  

CD2 + H7 

H22 LNVSERPFPPHIQNS (SEQ ID NO:152) CD22 

is 

:,. 	 

H23 

H24 

H25 

LDVSERPFPPHIQSCPPCPNS (SEQ ID NO:153) 

REQLAEVTLSLKANS (SEQ ID NO:154) 

REQLAEVTLSLKACPPCPNS (SEQ ID NO:155) 

CD22 + H7 

CD80 

CD80 + H7 7 

H26 RIHQMNSELSVLANS (SEQ ID NO:156) CD86 

H27 
--- 	 

RIHQMNSELSVLACPPCPNS (SEQ ID NO:157) 
* 	  

CD86 + H7 

H28 

H30 

H32 

DTKGKNVLEKIFSNS (SEQ ID NO:158) 

LPPETQESQEVTLNS (SEQ ID NO:159) 

RIHLNVSERPFPPNS (SEQ ID NO:160) 	 I 

CD2 

CD22 	 

CD22 

H33 

H36 

RIHLNVSERPFPPCPPCPNS (SEQ ID NO:161) 

GCPPCPGGGGSNS (SEQ ID NO:162) 

CD22 + H7 

H7 

H40 GCPPCPANS (SEQ ID NO:163) H7 

H41 
1.-- 	

GCPPCPANS (SEQ ID NO:164) 	
i. 	

H7 

H42 

H44 

H45 

GCPPCPNS (SEQ ID NO:165) 

GGGASCPPCPGNS (SEQ ID NO:166) 

GGGASCPPCAGNS (SEQ ID NO:167) 

	  i 	H7 

i 	H7 

H7 

H46 GGGASCPPCANS (SEQ ID NO:168) H7 

H47 LSVKADFLTPSIGNS (SEQ ID No;169) 	 CD80 

H48 ADFLTPSIGNS (SEQ ID NO:170) 	 CD80 
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invention 

polypeptide 

second 

between 

"heterodimeric 

domains 

and second 

dimerization 

immunoglobulin 

immunoglobulin 

embodiments, 

at least 

90%, 91%, 

polypeptide 

domain 

H50 

H51 

LSVLANFSQPEIGNS (SEQ ID NO:171) CD86 
	 --,. 	  

CD86 

CD86 

of a 

dimer 

or 

first 

60%, 

CL 

LSVLANFSQPEIGNS (SEQ ID NO:172) 

H52 SQPEIVPISNS (SEQ ID NO:173) 

H53 SQPEIVPISCPPCPNS (SEQ ID NO:174) 	 CD86 + H7 
---i 

H54 SVLANFSQPEISCPPCPNS (SEQ ID NO:175) CD86 + H7 

H55 
f---- 

H56 

RIHQMNSELSVLANS (SEQ ID NO:176) CD86 
_ 

CD86 QMNSELSVLANS (SEQ ID NO:177) 

VSERPFPPNS (SEQ ID NO:178) 

KPFFTCGSADTCPNS (SEQ ID NO:179) 

H57 

H58 

CD22 

CD72 

CD72 

CD69 

 CD94 

H59 

H60 

KPFFTCGSADTCPNS (SEQ ID NO:180) 

QYNCPGQYTFSMPNS (SEQ ID NO:181) 

EPAFTPGPNIELQKDSDCPNS (SEQ ID NO:182) H61 

H62 QRHNNSSLNTRTQKARHCPNS (SEQ ID NO:183) 

NSLFNQEVQIPLTESYCPNS (SEQ ID NO:184) 	1. 

embodiments, a CD3 binding polypeptide 

an "immunoglobulin dimerization domain" or 

"immunoglobulin dimerization domain" or "immunoglobulin 

as used herein, refers to an immunoglobulin 

interacts or associates with a second immunoglobulin 

chain, wherein the interaction of the first and second 

substantially contributes to or efficiently 

the first and second polypeptide chains (i.e., the 

polypeptide chains, which is also referred to as 

The interactions between immunoglobulin 

contributes to or efficiently promotes" the heterodimerization 

chains if there is a statistically significant reduction 

the first and second polypeptide chains in the 

domain of the first polypeptide chain 

domain of the second polypeptide 

the first and second polypeptide chains are co-expressed, 

about 70%, at least about 70% to about 80%, 

94%, 95%, 96%, 97%, 98%, or 99% of the first 

heterodimers with each other. Representative 

include an immunoglobulin CH1 domain, 

CA isotypes), or derivatives thereof, including wild 

In certain 

domain." 

domain," 

domains 

of 

heterodimerization 

heterodimerization 

domains 

NKG2A 

NKG2D 
3— 

[00150] 

heterodimerization 

[00151] 

heterodimerization 

heterodimerization 

heterodimerization 

heterodimerization 

H63 

may comprise 

An 

chain that 

polypeptide 

two different 

protein"). 

"substantially 

polypeptide 

between 

when 

about 60% to 

92%, 93%, 

chains form 

(e.g., CK or 

or protein of the 

"immunoglobulin 

domain of a 

domain 

immunoglobulin 

promotes 

formation of a 

a "heterodimer" 

heterodimerization 

of 

in the 

absence of the 

and/or the 

chain. 	In certain 

at least 

at least 80% to about 

and second 

immunoglobulin 

an immunoglobulin 

-type immunoglobulin 
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CH1 and CL domains and altered (or mutated) immunoglobulin CH1 and CL domains, such 

as provided herein. 

[00152] 	Dimerization/heterodimerization domains may be used where it is desired to 

form heterodimers from two non-identical polypeptide chains, where one or both polypeptide 

chains comprise a binding domain. In certain embodiments, one polypeptide chain member 

of certain heterodimers described herein does not contain a binding domain. As indicated 

above, a heterodimeric protein of the present disclosure comprises an immunoglobulin 

heterodimerization domain in each polypeptide chain. The immunoglobulin 

heterodimerization domains in the polypeptide chains of a heterodimer are different from 

each other and thus may be differentially modified to facilitate heterodimerization of both 

chains and to minimize homodimerization of either chain. As shown in PCT Publication No. 

W02011/090762, immunoglobulin heterodimerization domains provided herein allow for 

efficient heterodimerization between different polypeptides and facilitate purification of the 

resulting heterodimeric protein. 

[00153] As provided herein, immunoglobulin heterodimerization domains useful for 

promoting heterodimerization of two different single chain polypeptides (e.g., one short and 

one long) according to the present disclosure include immunoglobulin CH1 and CL domains, 

for instance, human CH1 and CL domains. In certain embodiments, an immunoglobulin 

heterodimerization domain is a wild-type CH1 domain, such as a wild type IgG1, IgG2, IgG3, 

IgG4, IgA1, IgA2, IgD, IgE, or IgM CH1 domain. In further embodiments, an immunoglobulin 

heterodimerization domain is a wild-type human IgG1, IgG2, IgG3, IgG4, IgA1, IgA2, IgD, 

IgE, or IgM CH1 domain as set forth in SEQ ID NOS:114, 186-192 and 194, respectively, of 

PCT Publication No. W02011/090762 (said sequences incorporated by reference herein). 

In certain embodiments, an immunoglobulin heterodimerization domain is a wild-type human 

IgG1 CH1 domain as set forth in SEQ ID NO:114 of W02011/090762 (said sequence 

incorporated by reference herein), which is the same as SEQ ID NO:80 of the present 

application. 

[00154] 	In further embodiments, an immunoglobulin heterodimerization domain is 

an altered immunoglobulin CH1 domain, such as an altered IgG1, IgG2, IgG3, IgG4, IgA1, 

IgA2 IgD, IgE, or IgM CH1 domain. In certain embodiments, an immunoglobulin 

heterodimerization domain is an altered human IgG1, IgG2, IgG3, IgG4, IgA1, IgA2, IgD, 

IgE, or IgM CH1 domain. In still further embodiments, a cysteine residue of a wild-type CH1 

domain (e.g., a human CH1) involved in forming a disulfide bond with a wild type 

immunoglobulin CL domain (e.g., a human CL) is deleted or substituted in the altered 

immunoglobulin CH1 domain such that a disulfide bond is not formed between the altered 

CH1 domain and the wild-type CL domain. 
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[00155] 	In certain embodiments, an immunoglobulin heterodimerization domain is a 

wild-type CL domain, such as a wild type CK domain or a wild type CA domain. In particular 

embodiments, an immunoglobulin heterodimerization domain is a wild type human CK or 

human CA domain as set forth in SEQ ID NOS:112 and 113, respectively, of 

W02011/090762 (said sequences incorporated by reference herein), which are the same as 

SEQ ID NOs:81 & 82, respectively, of the present application. In further embodiments, an 

immunoglobulin heterodimerization domain is an altered immunoglobulin CL domain, such 

as an altered CK or CA domain, for instance, an altered human CK or human CA domain. 

[00156] 	In certain embodiments, a cysteine residue of a wild-type CL domain (e.g., 

a human CL) involved in forming a disulfide bond with a wild type immunoglobulin CHI 

domain (e.g., a human CH1) is deleted or substituted in the altered immunoglobulin CL 

domain. Such altered CL domains may further comprise an amino acid deletion at their 

amino-termini. An exemplary CK domain is set forth in SEQ ID NO:141 of W02011/090762 

(said sequence incorporated by reference herein, which is SEQ ID NO:83 of the present 

application), in which the first arginine and the last cysteine of the wild type human Ck 

domain are both deleted. In certain embodiments, only the last cysteine of the wild type 

human Ck domain is deleted in the altered Ck domain because the first arginine deleted 

from the wild type human Ck domain may be provided by a linker that has an arginine at its 

carboxyl-terminus and links the amino-terminus of the altered Ck domain with another 

domain (e.g., an immunoglobulin sub-region, such as a sub-region comprising 

immunoglobulin CH2 and CH3 domains). An exemplary CA domain is set forth in SEQ ID 

NO:140 of W02011/090762 (said sequence incorporated by reference herein, which is SEQ 

ID NO:84 of the present application), in which the first arginine of a wild type human CA 

domain is deleted and the cysteine involved in forming a disulfide bond with a cysteine in a 

CH1 domain is substituted by a serine. 

[00157] 	In further embodiments, an immunoglobulin heterodimerization domain is 

an altered CK domain that contains one or more amino acid substitutions, as compared to a 

wild type CK domain, at positions that may be involved in forming the interchain-hydrogen 

bond network at a CK-CK interface. For example, in certain embodiments, an 

immunoglobulin heterodimerization domain is an altered human CK domain having one or 

more amino acids at positions N29, N30, Q52, V55, T56, S68 or T70 that are substituted 

with a different amino acid. The numbering of the amino acids is based on their positions in 

the altered human CK sequence as set forth in SEQ ID NO:141 of W02011/090762 (said 

sequence incorporated by reference herein, which is SEQ ID NO:83 of the present 

application). In certain embodiments, an immunoglobulin heterodimerization domain is an 

altered human CK domain having one, two, three or four amino acid substitutions at positions 

N29, N30, V55, or T70. The amino acid used as a substitute at the above-noted positions 
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may be an alanine, or an amino acid residue with a bulk side chain moiety such as arginine, 

tryptophan, tyrosine, glutamate, glutamine, or lysine. Additional amino acid residues that 

may be used to substitute amino acid residues of the wild type human Ck sequence at the 

above noted positions (e.g., N30) include aspartate, methionine, serine and phenylalanine. 

Exemplary altered human CK domains are set forth in SEQ ID NOS:142-178 of 

W02011/090762 (said sequences incorporated by reference herein). Altered human CK 

domains are those that facilitate heterodimerization with a CH1 domain, but minimize 

homodimerization with another CK domain. Representative altered human CK domains are 

set forth in SEQ ID NOS:160 (N29W V55A T70A), 161 (N29Y V55A T70A), 202 (T7OE N29A 

N30A V55A), 167 (N3OR V55A T70A), 168 (N30K V55A T70A), 170 (N30E V55A T70A), 172 

(V55R N29A N30A), 175 (N29W N30Y V55A T70E), 176 (N29Y N30Y V55A T70E), 177 

(N30E V55A —70E), 178 (N30Y V55A T70E), 838 (N3OD V55A T70E), 839 (N3OM V55A 

T70E), 840 (N3OS V55A T70E), and 841 (N3OF V55A T70E) of W02011/090762 (said 

sequences incorporated by reference herein). 

[00158] 	In certain embodiments, in addition to or alternative to the mutations in Ck 

domains described herein, both the immunoglobulin heterodimerization domains (e.g., 

immunoglobulin CH1 and CL domains) of a polypeptide heterodimer have mutations so that 

the resulting immunoglobulin heterodimerization domains form salt bridges (i.e., ionic 

interactions) between the amino acid residues at the mutated sites. For example, the 

immunoglobulin heterodimerization domains of a polypeptide heterodimer may be a mutated 

CH1 domain in combination with a mutated Ck domain. In the mutated CH1 domain, valine 

at position 68 (V68) of the wild type human CH1 domain is substituted by an amino acid 

residue having a negative charge (e.g., aspartate or glutamate), whereas leucine at position 

29 (L29) of a mutated human Ck domain in which the first arginine and the last cysteine 

have been deleted is substituted by an amino acid residue having a positive charge (e.g., 

lysine, arginine or histidine). The charge-charge interaction between the amino acid residue 

having a negative charge of the resulting mutated CH1 domain and fi-  e amino acid residue 

having a positive charge of the resulting mutated Ck domain forms a salt bridge, which 

stabilizes the heterodimeric interface between the mutated CH1 and Ck domains. 

Alternatively, V68 of the wild type CH1 may be substituted by an amino acid residue having 

a positive charge, whereas L29 of a mutated human Ck domain in which the first arginine 

and the last cysteine have been deleted may be substituted by an amino acid residue having 

a negative charge. Exemplary mutated CH1 sequences in which V68 is substituted by an 

amino acid with either a negative or positive charge are set forth in SEQ ID NOS:844 and 

845 of W02011/090762 (said sequences incorporated by reference herein). Exemplary 

mutated Ck sequences in which L29 is substituted by an amino acid with either a negative or 
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positive charge are set forth in SEQ ID NOS:842 and 843 of W02011/090762 (said 

sequences incorporated by reference herein). 

[00159] Positions other than V68 of human CH1 domain and L29 of human Ck 

domain may be substituted with amino acids having opposite charges to produce ionic 

interactions between the amino acids in addition or alternative to the mutations in V68 of 

CH1 domain and L29 of Ck domain. Such positions can be identified by any suitable 

method, including random mutagenesis, analysis of the crystal structure of the CH1-Ck pair 

to identify amino acid residues at the CH1-Ck interface, and further identifying suitable 

positions among the amino acid residues at the CH1-Ck interface using a set of criteria (e.g., 

propensity to engage in ionic interactions, proximity to a potential partner residue, etc.). 

[00160] 	In certain embodiments, polypeptide heterodimers of the present disclosure 

contain only one pair of immunoglobulin heterodimerization domains. For example, a first 

chain of a polypeptide heterodimer may comprise a CH1 domain as an immunoglobulin 

heterodimerization domain, while a second chain may comprise a CL domain (e.g., a CK or 

CA) as an immunoglobulin heterodimerization domain. Alternatively, a first chain may 

comprise a CL domain (e.g., a CK or CA) as an immunoglobulin heterodimerization domain, 

while a second chain may comprise a CH1 domain as an immunoglobulin heterodimerization 

domain. As set forth herein, the immunoglobulin heterodimerization domains of the first and 

second chains are capable of associating to form a heterodimeric protein of this disclosure. 

[00161] 	In certain other embodiments, heterodimeric proteins of the present 

disclosure may have two pairs of immunoglobulin heterodimerization domains. For example, 

a first chain of a heterodimer may comprise two CH1 domains, while a second chain may 

have two CL domains that associate with the two CH1 domains in the first chain. 

Alternatively, a first chain may comprise two CL domains, while a second chain may have 

two CH1 domains that associate with the two CL domains in the first chain. In certain 

embodiments, a first polypeptide chain comprises a CH1 domain and a CL domain, while a 

second polypeptide chain comprises a CL domain and a CH1 domain that associate with the 

CH1 domain and the CL domain, respectively, of the first polypeptide chain. 

[00162] 	In the embodiments where a heterodimeric protein comprises only one 

heterodimerization pair (e.g., one immunoglobulin heterodimerization domain in each chain), 

the immunoglobulin heterodimerization domain of each chain may be located amino-terminal 

to the immunoglobulin constant sub-region of that chain. Alternatively, the immunoglobulin 

heterodimerization domain in each chain may be located carboxyl-terminal to the 

immunoglobulin constant sub-region of that chain. 

[00163] 	In the embodiments where a heterodimeric protein comprises two 

heterodimerization pairs (e.g., two immunoglobulin heterodimerization domains in each 

chain), both immunoglobulin heterodimerization domains in each chain may be located 
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amino-terminal to the immunoglobulin constant sub-region of that chain. Alternatively, both 

immunoglobulin heterodimerization domains in each chain may be located carboxyl-terminal 

to the immunoglobulin constant sub-region of that chain. In further embodiments, one 

immunoglobulin heterodimerization domain in each chain may be located amino-terminal to 

the immunoglobulin constant sub-region of that chain, while the other immunoglobulin 

heterodimerization domain of each chain may be located carboxyl-terminal to the 

immunoglobulin constant sub-region of that chain. In other words, in those embodiments, 

the immunoglobulin constant sub-region is interposed between the two immunoglobulin 

heterodimerization domains of each chain. 

[00164] 	As indicated herein, in certain embodiments, CD3 binding polypeptides of 

the present disclosure (e.g., small modular immunopharmaceutical proteins (SrvilPs), 

homodimer bispecifics (e.g., Scorpion), heterodimer mono- and multi-specific therapeutics 

(e.g., Interceptor) comprise an immunoglobulin constant region in each polypeptide chain. 

The term "constant region" is used interchangeably with constant sub-region and 

immunoglobulin constant region herein. The inclusion of an immunoglobulin constant region 

can slow clearance of the homodimeric and heterodimeric proteins formed from two CD3 

binding polypeptide chains from circulation after administration to a subject. 

[00165] 	By mutations or other alterations, the immunoglobulin constant region 

further enables relatively easy modulation of dimeric polypeptide effector functions (e.g., 

ADCC, ADCP, CDC, complement fixation, and binding to Fc receptors), which can either be 

increased or decreased depending on the disease being treated, as known in the art and 

described herein. 

[00166] 	In certain embodiments, an immunoglobulin constant region of one or both 

of the polypeptide chains of the polypeptide homodimers and heterodimers of the present 

disclosure will be capable of mediating one or more of these effector functions. 

[00167] 	In other embodiments, one or more of these effector functions are reduced 

or absent in an immunoglobulin constant region of one or both of the polypeptide chains of 

the polypeptide homodimers and heterodimers of the present disclosure, as compared to a 

corresponding wild-type immunoglobulin constant region. For instance, it is particularly 

useful for monospecific CD3 binding polypeptides as well as CD3 binding polypeptides 

comprising a second binding domain, e.g., designed to elicit redirected T-cell toxicity 

(RTCC), to have an immunoglobulin constant region with reduced or no effector function 

relative to a corresponding wild-type immunoglobulin constant region. In one embodiment, 

the constant region is modified to not fix complement. The constant region can also be 

modified to not bind to one or more FCy receptors such as CD16, CD32 and CD64. 

[00168] An immunoglobulin constant sub-region present in CD3 binding 

polypeptides of the present disclosure may comprise of or is derived from part or all of: a 
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CH2 domain, a CH3 domain, a CH4 domain, or any combination thereof. For example, an 

immunoglobulin constant sub-region may comprise a CH2 domain, a CH3 domain, both CH2 

and CH3 domains, both CH3 and CH4 domains, two CH3 domains, a CH4 domain, two CH4 

domains, and a CH2 domain and part of a CH3 domain. In some embodiments, a constant 

region comprises CH2 and CH3 domains of IgG1, IgG2, IgG3, IgG4, IgA1, IgA2, IgD or any 

combination thereof; an immunoglobulin CH3 domain of IgG1, IgG2, IgG3, IgG4, IgA1, IgA2, 

IgD, IgE, IgM or any combination thereof; or immunoglobulin CH3 and CH4 domains of IgE, 

Igrvi or a combination thereof. In some embodiments, a constant region consists essentially 

of a CH2 domain and CH3 domain. 

[00169] A CH2 domain that may form an immunoglobulin constant region of a CD3 

binding polypeptide of the present disclosure may be a wild type immunoglobulin CH2 

domain or an altered immunoglobulin CH2 domain thereof from certain immunoglobulin 

classes or subclasses (e.g., IgG1, IgG2, IgG3, IgG4, IgA1, IgA2, or IgD) and from various 

species (including human, mouse, rat, and other mammals). 	In some embodiments, a 

constant region is modified to reduce or eliminate effector function, reduce or not fix 

complement and/or reduce binding to or not bind to Fcy receptors. In some embodiments, 

an Fey receptor is selected from the group consisting of CD16, CD32 and CD64. 

[00170] 	In certain embodiments, a CH2 domain is a wild type human 

immunoglobulin CH2 domain, such as wild type CH2 domains of human IgG1, IgG2, IgG3, 

IgG4, IgA1, IgA2, or IgD, as set forth in SEQ ID NOS:115, 199-201 and 195-197, 

respectively, of PCT Publication W02011/090762 (said sequences incorporated by 

reference herein). In certain embodiments, the CH2 domain is a wild type human IgG1 CH2 

domain as set forth in SEQ ID NO:115 of W02011/090762 (said sequence incorporated by 

reference herein, which is SEQ ID NO:85 of the present application). In some embodiments, 

a constant region comprises or consists of the amino acid sequence of SEQ ID NO:55 

[00171] 	In certain embodiments, a CH2 domain is an altered immunoglobulin CH2 

region (e.g., an altered human IgG1 CH2 domain) that comprises an amino acid substitution 

at the asparagine of position 297 (e.g., asparagine to alanine). Such an amino acid 

substitution reduces or eliminates glycosylation at this site and abrogates efficient Fc binding 

to FcyR and C1q. The sequence of an altered human IgG1 CH2 domain with an Asn to Ala 

substitution at position 297 is set forth in SEQ ID NO:324 of W02011/090762 said 

(sequence incorporated by reference herein, which is SEQ ID NO:86 of the present 

application). 

[00172] 	In certain embodiments, a CH2 domain is an altered immunoglobulin CH2 

region (e.g., an altered human IgG1 CH2 domain) that comprises at least one substitution or 

deletion at positions 234 to 238. For example, an immunoglobulin CH2 region can comprise 
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a substitution at position 234, 235, 236, 237 or 238, positions 234 and 235, positions 234 

and 236, positions 234 and 237, positions 234 and 238, positions 234-236, positions 234, 

235 and 237, positions 234, 236 and 238, positions 234, 235, 237, and 238, positions 236- 

238, or any other combination of two, three, four, or five amino acids at positions 234-238. 

In addition or alternatively, an altered CH2 region may comprise one or more (e.g., two, 

three, four or five) amino acid deletions at positions 234-238, for instance, at one of position 

236 or position 237 while the other position is substituted. The above-noted mutation(s) 

decrease or eliminate the antibody-dependent cell-mediated cytotoxicity (ADCC) activity or 

Fc receptor-binding capability of a polypeptide heterodimer that comprises the altered CH2 

domain. In certain embodiments, the amino acid residues at one or more of positions 234- 

238 has been replaced with one or more alanine residues. In further embodiments, only one 

of the amino acid residues at positions 234-238 have been deleted while one or more of the 

remaining amino acids at positions 234-238 can be substituted with another amino acid 

(e.g., alanine or serine). 

[00173] 	In certain other embodiments, a CH2 domain is an altered immunoglobulin 

CH2 region (e.g., an altered human IgG1 CH2 domain) that comprises one or more amino 

acid substitutions at positions 253, 310, 318, 320, 322, and 331. For example, an 

immunoglobulin CH2 region can comprise a substitution at position 253, 310, 318, 320, 322, 

or 331, positions 318 and 320, positions 318 and 322, positions 318, 320 and 322, or any 

other combination of two, three, four, five or six amino acids at positions 253, 310, 318, 320, 

322, and 331. The above-noted mutation(s) decrease or eliminate the complement-

dependent cytotoxicity (CDC) of a polypeptide heterodimer that comprises the altered CH2 

domain. 

[00174] 	In certain other embodiments, in addition to the amino acid substitution at 

position 297, an altered CH2 region (e.g., an altered human IgG1 CH2 domain) can further 

comprise one or more (e.g., two, three, four, or five) additional substitutions at positions 234- 

238. For example, an immunoglobulin CH2 region can comprise a substitution at positions 

234 and 297, positions 234, 235, and 297, positions 234, 236 and 297, positions 234-236 

and 297, positions 234, 235, 237 and 297, positions 234, 236, 238 and 297, positions 234, 

235, 237, 238 and 297, positions 236-238 and 297, or any combination of two, three, four, or 

five amino acids at positions 234-238 in addition to position 297. In addition or alternatively, 

an altered CH2 region may comprise one or more (e.g., two, three, four or five) amino acid 

deletions at positions 234-238, such as at position 236 or position 237. The additional 

mutation(s) decreases or eliminates the antibody-dependent cell-mediated cytotoxicity 

(ADCC) activity or Fc receptor-binding capability of a polypeptide heterodimer that 

comprises the altered CH2 domain. In certain embodiments, the amino acid residues at one 

or more of positions 234-238 have been replaced with one or more alanine residues. In 
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further embodiments, only one of the amino acid residues at positions 234-238 has been 

deleted while one or more of the remaining amino acids at positions 234-238 can be 

substituted with another amino acid (e.g., alanine or serine). 

[00175] 	In certain embodiments, in addition to one or more (e.g., 2, 3, 4, or 5) amino 

acid substitutions at positions 234-238, a mutated CH2 region (e.g., an altered human IgG1 

CH2 domain) in a fusion protein of the present disclosure may contain one or more (e.g., 2, 

3, 4, 5, or 6) additional amino acid substitutions (e.g., substituted with alanine) at one or 

more positions involved in complement fixation (e.g., at positions 1253, H310, E318, K320, 

K322, or P331). Examples of mutated immunoglobulin CH2 regions include human IgG1, 

IgG2, IgG4 and mouse IgG2a CH2 regions with alanine substitutions at positions 234, 235, 

237 (if present), 318, 320 and 322. An exemplary mutated immunoglobulin CH2 region is 

mouse IGHG2c CH2 region with alanine substitutions at L234, L235, G237, E318, K320, and 

K322. 

[00176] 	In still further embodiments, in addition to the amino acid substitution at 

position 297 and the additional deletion(s) or substitution(s) at positions 234-238, an altered 

CH2 region (e.g., an altered human IgG1 CH2 domain) can further comprise one or more 

(e.g., two, three, four, five, or six) additional substitutions at positions 253, 310, 318, 320, 

322, and 331. For example, an immunoglobulin CH2 region can comprise a (1) substitution 

at position 297, (2) one or more substitutions or deletions or a combination thereof at 

positions 234-238, and one or more (e.g., 2, 3, 4, 5, or 6) amino acid substitutions at 

positions 1253, H310, E318, K320, K322, and P331, such as one, two, three substitutions at 

positions E318, K320 and K322. The amino acids at the above-noted positions may be 

substituted by alanine or serine. 

[00177] 	In certain embodiments, an immunoglobulin CH2 region polypeptide 

comprises: (i) an amino acid substitution at the asparagines of position 297 and one amino 

acid substitution at position 234, 235, 236 or 237; (ii) an amino acid substitution at the 

asparagine of position 297 and amino acid substitutions at two of positions 234-237; (iii) an 

amino acid substitution at the asparagine of position 297 and amino acid substitutions at 

three of positions 234-237; (iv) an amino acid substitution at the asparagine of position 297, 

amino acid substitutions at positions 234, 235 and 237, and an amino acid deletion at 

position 236; (v) amino acid substitutions at three of positions 234-237 and amino acid 

substitutions at positions 318, 320 and 322; or (vi) amino acid substitutions at three of 

positions 234-237, an amino acid deletion at position 236, and amino acid substitutions at 

positions 318, 320 and 322. 

[00178] 	Exemplary altered immunoglobulin CH2 regions with amino acid 

substitutions at the asparagine of position 297 include: human IgG1 CH2 region with alanine 

substitutions at L234, L235, G237 and N297 and a deletion at G236 (SEQ ID NO:325 of 
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W02011/090762, said sequence incorporated by reference herein), human IgG2 CH2 region 

with alanine substitutions at V234, G236, and N297 (SEQ ID NO:326 of W02011/090762, 

said sequence incorporated by reference herein), human IgG4 CH2 region with alanine 

substitutions at F234, L235, G237 and N297 and a deletion of G236 (SEQ ID NO:322 of 

W02011/090762, said sequence incorporated by reference herein), human IgG4 CH2 region 

with alanine substitutions at F234 and N297 (SEQ ID NO:343 of W02011/090762, said 

sequence incorporated by reference herein), human IgG4 CH2 region with alanine 

substitutions at L235 and N297 (SEQ ID NO:344 of W02011/090762, said sequence 

incorporated by reference herein), human IgG4 CH2 region with alanine substitutions at 

G236 and N297 (SEQ ID NO:345 of W02011/090762, said sequence incorporated by 

reference herein), and human IgG4 CH2 region with alanine substitutions at G237 and N297 

(SEQ ID NO:346 of W02011/090762, said sequence incorporated by reference herein). 

[00179] 	In certain embodiments, in addition to the amino acid substitutions 

described above, an altered CH2 region (e.g., an altered human IgG1 CH2 domain) may 

contain one or more additional amino acid substitutions at one or more positions other than 

the above-noted positions. Such amino acid substitutions may be conservative or non-

conservative amino acid substitutions. For example, in certain embodiments, P233 may be 

changed to E233 in an altered IgG2 CH2 region (see, e.g., SEQ ID NO:326 of 

W02011/090762, said sequence incorporated by reference herein). In addition or 

alternatively, in certain embodiments, the altered CH2 region may contain one or more 

amino acid insertions, deletions, or both. The insertion(s), deletion(s) or substitution(s) may 

anywhere in an immunoglobulin CH2 region, such as at the N- or C-terminus of a wild type 

immunoglobulin CH2 region resulting from linking the CH2 region with another region (e.g., a 

binding domain or an immunoglobulin heterodimerization domain) via a hinge. 

[00180] 	In certain embodiments, an altered CH2 region in a polypeptide of the 

present disclosure comprises or is a sequence that is at least 90%, at least 91%, at least 

92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98% or at 

least 99% identical to a wild type immunoglobulin CH2 region, such as the CH2 region of 

wild type human IgG1, IgG2, or IgG4, or mouse IgG2a (e.g., IGHG2c). 

[00181] 	An altered immunoglobulin CH2 region in a CD3 binding polypeptide of the 

present disclosure may be derived from a CH2 region of various immunoglobulin isotypes, 

such as IgG1, IgG2, IgG3, IgG4, IgA1, IgA2, and IgD, from various species (including 

human, mouse, rat, and other mammals). In certain embodiments, an altered 

immunoglobulin CH2 region in a fusion protein of the present disclosure may be derived 

from a CH2 region of human IgG1, IgG2 or IgG4, or mouse IgG2a (e.g., IGHG2c), whose 

sequences are set forth in SEQ ID NOS:115, 199, 201, and 320 of W02011/090762 (said 

sequences incorporated by reference herein). 
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[00182] 	In certain embodiments, an altered CH2 domain is a human IgG1 CH2 

domain with alanine substitutions at positions 235, 318, 320, and 322 (i.e., a human IgG1 

CH2 domain with L235A, E318A, K320A and K322A substitutions) (SEQ ID NO:595 of 

W02011/090762, said sequence incorporated by reference herein), and optionally an N297 

mutation (e.g., to alanine). In certain other embodiments, an altered CH2 domain is a 

human IgG1 CH2 domain with alanine substitutions at positions 234, 235, 237, 318, 320 and 

322 (i.e., a human IgG1 CH2 domain with L234A, L235A, G237A, E318A, K320A and K322A 

substitutions) (SEQ ID NO:596 of W02011/090762, said sequence incorporated by 

reference herein), and optionally an N297 mutation (e.g., to alanine). 

[00183] 	In certain embodiments, an altered CH2 domain is an altered human IgG1 

CH2 domain with mutations known in the art that enhance immunological activities such as 

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

[00184] The CH3 domain that may form an immunoglobulin constant region of a 

CD3 binding polypeptide of the present disclosure may be a wild type immunoglobulin CH3 

domain or an altered immunoglobulin CH3 domain thereof from certain immunoglobulin 

classes or subclasses (e.g., IgGl, IgG2, IgG3, IgG4, IgAl, IgA2, IgD, IgE, IgM) of various 

species (including human, mouse, rat, and other mammals). In certain embodiments, a CH3 

domain is a wild type human immunoglobulin CH3 domain, such as wild type CH3 domains 

of human IgG1, IgG2, IgG3, IgG4, IgAl, IgA2, IgD, IgE, or IgM as set forth in SEQ ID 

NOS:116, 208-210, 204-207, and 212, respectively of W02011/090762 (said sequences 

incorporated by reference herein). In certain embodiments, the CH3 domain is a wild type 

human IgG1 CH3 domain as set forth in SEQ ID NO:116 of W02011/090762 (said sequence 

incorporated by reference herein). In certain embodiments, a CH3 domain is an altered 

human immunoglobulin CH3 domain, such as an altered CH3 domain based on or derived 

from a wild-type CH3 domain of human IgG1, IgG2, IgG3, IgG4, IgA1, IgA2, IgD, IgE, or IgM 

antibodies. For example, an altered CH3 domain may be a human IgG1 CH3 domain with 

one or two mutations at positions H433 and N434 (positions are numbered according to EU 

numbering). The mutations in such positions may be involved in complement fixation. In 

certain other embodiments, an altered CH3 domain may be a human IgG1 CH3 domain but 

with one or two amino acid substitutions at position F405 or Y407. The amino acids at such 

positions are involved in interacting with another CH3 domain. In certain embodiments, an 

altered CH3 domain may be an altered human IgG1 CH3 domain with its last lysine deleted. 

The sequence of this altered CH3 domain is set forth in SEQ ID NO:761 of W02011/090762 

(said sequence incorporated by reference herein). 

[00185] 	In certain embodiments, CD3 binding polypeptides forming a polypeptide 

heterodimer comprise a CH3 pair that comprises so called "knobs-into-holes" mutations 

(see, Marvin and Zhu, Acta Pharmacologica Sinica 26:649-58, 2005; Ridgway et al., Protein 
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Engineering 9:617-21, 1966). More specifically, mutations may be introduced into each of 

the two CH3 domains of each polypeptide chain so that the steric complementarity required 

for CH3/CH3 association obligates these two CH3 domains to pair with each other. For 

example, a CH3 domain in one single chain polypeptide of a polypeptide heterodimer may 

contain a T366W mutation (a "knob" mutation, which substitutes a small amino acid with a 

larger one), and a CH3 domain in the other single chain polypeptide of the polypeptide 

heterodimer may contain a Y407A mutation (a "hole" mutation, which substitutes a large 

amino acid with a smaller one). Other exemplary knobs-into-holes mutations include (1) a 

T366Y mutation in one CH3 domain and a Y407T in the other CH3 domain, and (2) a 

T366W mutation in one CH3 domain and T366S, L368A and Y407V mutations in the other 

CH3 domain. 

[00186] The CH4 domain that may form an immunoglobulin constant region of CD3 

binding polypeptides of the present disclosure may be a wild type immunoglobulin CH4 

domain or an altered immunoglobulin CH4 domain thereof from IgE or IgM molecules. 	In 

certain embodiments, the CH4 domain is a wild type human immunoglobulin CH4 domain, 

such as wild type CH4 domains of human IgE and IgM molecules as set forth in SEQ ID 

NOS:213 and 214, respectively, of W02011/090762 (said sequences incorporated by 

reference 	herein). 	In 	certain 	embodiments, 	a 	CH4 	domain 	is 	an 	altered 	human 

immunoglobulin CH4 domain, such as an altered CH4 domain based on or derived from a 

CH4 domain of human IgE or IgM molecules, which have mutations that increase or 

decrease an immunological activity known to be associated with an IgE or IgM Fc region. 

[00187] 	In certain embodiments, an immunoglobulin constant region of CD3 binding 

polypeptides of the present disclosure comprises a combination of CH2, CH3 or CH4 

domains (i.e., more than one constant region domain selected from CH2, CH3 and CH4). 

For example, the immunoglobulin constant sub-region may comprise CH2 and CH3 domains 

or CH3 and CH4 domains. In certain other embodiments, the immunoglobulin constant 

region may comprise two CH3 domains and no CH2 or CH4 domains (i.e., only two or more 

CH3). The multiple constant region domains that form an immunoglobulin constant sub-

region may be based on or derived from the same immunoglobulin molecule, or the same 

class or subclass immunoglobulin molecules. In certain embodiments, the immunoglobulin 

constant sub-region is an IgG CH2CH3 (e.g., IgG1 CH2CH3, IgG2 CH2CH3, and IgG4 

CH2CH3) and may be a human (e.g., human IgG1, IgG2, and IgG4) CH2CH3. For example, 

in certain embodiments, the immunoglobulin constant sub-region comprises (1) wild type 

human IgG1 CH2 and CH3 domains, (2) human IgG1 CH2 with N297A substitution (i.e., 

CH2(N297A)) and wild type human IgG1 CH3, or (3) human IgG1 CH2(N297A) and an 

altered human IgG1 CH3 with the last lysine deleted. 
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[00188] Alternatively, the multiple constant region domains may be based on or 

derived from different immunoglobulin molecules, or different classes or subclasses 

immunoglobulin molecules. For example, in certain embodiments, an immunoglobulin 

constant sub-region comprises both human IgM CH3 domain and human IgG1 CH3 domain. 

The multiple constant region domains that form an immunoglobulin constant sub-region may 

be directly linked together or may be linked to each other via one or more (e.g., about 2-10) 

amino acids. 

[00189] 	Exemplary immunoglobulin constart sub-regions are set forth in SEQ ID 

NOS:305-309, 321, 323, 341, 342, and 762 of W02011/090762 (said sequences 

incorporated by reference herein). 

[00190] 	In certain embodiments, the immunoglobulin constant regions of both CD3 

binding polypeptide chains of a homodimer or heterodimer are identical to each other. In 

certain other embodiments, the immunoglobulin constant sub-region of one polypeptide 

chain of a heterodimeric protein is different from the immunoglobulin constant sub-region of 

the other polypeptide chain of the heterodimer. For example, one immunoglobulin constant 

sub-region of a heterodimeric protein may contain a CH3 domain with a "knob" mutation, 

whereas the other immunoglobulin constant sub-region of the heterodimeric protein may 

contain a CH3 domain with a "hole" mutation. 

[00191] 	Some embodiments of the invention involve using bispecific or multispecific 

binding molecules that (i) target a TCR complex (e.g., CD3) on human T-cells and (ii) a cell 

surface protein, e.g., to redirect T-cell cytotoxicity towards the cell with the cell surface 

protein, e.g., towards a tumor cell expressing a tumor antigen for the treatment of cancer. 

[00192] 	In certain embodiments, a CD3 binding protein may comprise one or more 

additional binding domains (e.g., a second binding domain) that bind a target other than 

CD3. These other target molecules may comprise, for example, a tumor associated antigen. 

In one embodiment of the invention, the one or more additional binding domains bind or 

interact with one or more of the following tumor antigens: RON, c-Met, CEACAM-6, PSMA, 

EpCAM, CEA, PCTA-1, STEAP-1, STEAP-2, PSCA, PSA, PAP, ALCAM (CD166), PECAM- 

1, EphA2, CD151, CA-125/MUC16, MUC-1, MAGE-1, TROP2, IGF1R, TGFBR2, GHRHR, 

GHR, IL-6R, gp130, TNFR2, OSMR13, Patched-1, Frizzled, Robo1, LTI3R, CD19, CD25, 

CD26, CD27, CD30, CD33, CD44, CD44v6, CD63, CD80, CD81, CD86, CD100, CD151, 

CXCR4, CCR5, HER-2/ErbB1, HER-3/ErbB3, HER-4/ErbB4, EGFR/ErbB1, EGFRvIII 

isoform, MUC2, MUC3, MUC4, MUC5Ac, MUC5b, MUC7,13hCG, Lewis-Y, ganglioside GD3, 

9-0-Acetyl-GD3, GM2, Globo H, fucosyl GM1, Poly SA, GD2, Carbonic anhydrase IX 

(MN/CA IX), Sonic Hedgehog (Shh), Wue-1, Plasma Cell Antigen, (membrane-bound) IgE, 

Melanoma Chondroitin Sulfate Proteoglycan (MCSP), CCR8, TNF-alpha precursor, 

mesothelin, A33 Antigen, Ly-6; desmoglein 4, E-cadherin neoepitope, Fetal Acetylcholine 
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Receptor, CA19-9 marker, Muellerian Inhibitory Substance (MIS) Receptor type II, sTn 

(sialylated Tn antigen; TAG-72), FAP (fibroblast activation antigen), endosialin, LG, SAS, 

BCMA, TWEAKR/Fn14, FGFR4, VEGFR1, VEGFR2, SSX1, and SSX2. 

[00193] 	In certain embodiments, the CD3 binding domain binds the TCR binding 

domain for recruitment of T-cells to target cells expressing a tumor antigen. In certain 

embodiments, a CD3 binding polypeptide may comprise a CD3 binding domain that 

specifically binds a TCR complex or a component thereof (e.g., TCRa, TCR[3, CD3y, CD36, 

and CD3c) and another binding domain that specifically binds to a tumor associated antigen. 

[00194] 	PSMA is a highly restricted prostate-cancer-related cell membrane antigen. 

In prostate cancer cells, PSMA is expressed 1000-fold higher than on normal prostate 

epithelium (Su et al., Cancer Res. 1995 44:1441-1443). Expression of PSMA increases with 

prostate cancer progression and is typically highest in metastatic disease, hormone 

refractory cases, and higher-grade lesions (Israeli et aL, Cancer Res. 1994, 54:1807-1811; 

Wright et al., Urologic Oncology: Seminars and Original Investigations 1995 1:18-28; Wright 

et al., Urology 1996 48:326-332; Sweat et al., Urology 1998 52:637-640). Additionally, 

PSMA is abundantly expressed on the neovasculature of a variety of other solid tumors, 

including bladder, pancreas, melanoma, lung and kidney cancers, but not on normal 

neovasculature (Chang et al., Urology 2001 57:801-805; Divgi et al., Clin. Cancer Res. 1998 

4:2729-3279). Binding domains for targeting PSMA include, but are not limited to, those 

described in PCT Publication No. W02012/145714, which is herein incorporated by 

reference in its entirety. 

[00195] 	In some embodiments, a PSMA binding domain comprises an amino acid 

sequence that is at least 90%, at least 95% or 100% identical to an amino acid sequence 

selected from the group consisting of (i) amino acids 1-107 and 124-243 of SEQ ID NO:212; 

(ii) amino acids 1-107 and 124-243 of SEQ ID NO:226; or (iii) amino acids 1- 107 and 124- 

243 of SEQ ID NO:216. In some embodiments, a protein or molecule of the invention 

comprises an amino acid sequence selected from the group consisting of SEQ ID NO:212, 

214, 216 and 226. PSMA binding domains that can be used in accordance with the 

invention are also described in PCT Publication No. W02012/145714 including PSMA 

binding domains comprising amino acid sequences SEQ ID NOs:19, 21, 30, 31, 34, or 35 of 

W02012/145714 or comprises a VL chain comprising an amino acid sequence selected 

from the group consisting of SEQ ID NO:5 and 23 and a VH chain comprising an amino acid 

sequence selected from the group consisting of SEQ ID NO: 2, 25 and 27 of 

W02012/145714. 

[00196] 	RON (recepteur d'origine Nantaise, also known as MST1R) is a receptor-

type protein tyrosine kinase that is essential to embryonic development and also plays an 

important role in inflammatory responses (Camp et al. Ann. Surg. Oncol. 12:273-281 
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(2005)). RON is mostly expressed in epithelial-derived cell types, and it has been suggested 

that RON, like a number of other receptor-type tyrosine kinases, may play a role in the 

progression of malignant epithelial cancers (Wang et al. Carcinogenesis 23:1291-1297 

(2003)). Activation of RON initiates downstream signaling pathways that have been 

implicated in tumorigenic activities such as cell proliferation, inhibition of apoptosis, and cell 

motility. RON represents a therapeutic target for epithelial cancers, inter alia, because of its 

signaling properties and/or the overexpression of RON in colorectal, breast, ovarian, and 

pancreatic carcinomas. 

[00197] 	Binding domains for targeting RON include, but are not limited to, those 

described in the Examples section and those described in PCT Publication W02011/090761 

which is herein incorporated by reference in its entirety. In some embodiments, an anti-RON 

binding domain comprises (a) a VL domain comprising i. a CDR1 amino acid sequence of 

SEQ ID NO:87, a CDR2 amino acid sequence of SEQ ID NO:88, and a CDR3 amino acid 

sequence of SEQ ID NO:89; or ii. a CDR1 amino acid sequence of SEQ ID NO:90, a CDR2 

amino acid sequence of SEQ ID NO:91, and a CDR3 amino acid sequence of SEQ ID 

NO:92; or (b) a VH domain comprising i. a CDR1 amino acid sequence of SEQ ID NO:93, a 

CDR2 amino acid sequence of SEQ ID NO:94, and a CDR3 amino acid sequence of SEQ ID 

NO:95; or ii. a CDR1 amino acid sequence of SEQ ID NO:96, a CDR2 amino acid sequence 

of SEQ ID NO:97, and a CDR3 amino acid sequence of SEQ ID NO:98; or (c) a VL of (a) 

and a VH of (b). In one embodiment, the VL domain comprises an amino acid sequence of 

any one of SEQ ID NOS:99 or 100, and the VH domain comprises an amino acid sequence 

of any one of SEQ ID NOS:101, 102 and 103. In another embodiment, the VL and VH 

domains are humanized. In certain embodiments, the humanized VL comprises an amino 

acid sequence of any one of SEQ ID NOS:104, 105 and 106, and the humanized VH domain 

comprises an amino acid sequence of any one of SEQ ID NOS:107-111. In some 

embodiments, an anti-RON binding domain comprises a VL domain comprising an amino 

acid sequence of any one of SEQ ID NO:99 and 100, and a VH domain comprising an amino 

acid sequence of any one of SEQ ID NO:101, 102 and 103. In some embodiments, an anti- 

RON binding domain comprises a VL domain comprises an amino acid sequence of any one 

of SEQ ID NOS:104, 105, and 106, and a VH domain comprising an amino acid sequence of 

any one of SEQ ID NOS:107-111. 

[00198] In some embodiments, a RON binding domain comprises an amino acid 

sequence that is at least 90%, 92%, 94%, 96%, 97%, 98%, 99% or 100% identical to SEQ 

ID NO:187 and/or comprises an amino acid sequence that is at least 90%, 92%, 94%, 96%, 
97%, 9,-.00110  , 99% or 100% identical to SEQ ID NO:188. In some embodiments, a RON 

binding domain comprises (i) SEQ ID NO:187, wherein amino acid 43 (alanine) is substituted 

with another amino acid, e.g., with lysine (A43K) or threonine (A43T), (ii) SEQ ID NO:188, 
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wherein amino acid 38 (glutamine) and/or 113 (glutamine) is substituted with another amino 

acid, e.g., with glutamic acid and/or arginine such as Q38R and/or Q113E, or (iii) any 

combination thereof. In some embodiments, an anti-RON/anti-CD3 bispecific molecule 

comprises or consists of an amino acid sequence that is at least 90%, 92%, 94%, 96%, 

97%, 98%, 99% or 100% identical to any one of SEQ ID NOs:186, 190, 192 or 194. In some 

embodiments, the invention provides a nucleic acid that encodes an anti-RON/anti-CD3 

bispecific molecule, wherein the nucleic acid comprises a nucleotide sequence that is at 

least 90%, 92%, 94%, 96%, 97%, 98%, 99% or 100% identical to any one of SEQ ID 

NOs:185, 189, 191 or 193. 

[00199] 	CD19 is found on the surface of B-cells including most malignant B cells. 

Targeting CD19 can be used to inhibit and treat B-cell related diseases, leukemias and 

lymphomas. 

[00200] 	In some embodiments, a CD19 binding domain comprises an amino acid 

sequence that is at least 90%, 92%, 94%, 96%, 97%, 98%, 99% or 100% identical to amino 

acids 1-111 of SEQ ID NO:196 and/or comprises an amino acid sequence that is at least 

90%, 92%, 94%, 96%, 97%, 98%, 99% or 100% identical to amino acids 128-251 of SEQ ID 

NO:196. In some embodiments, an anti-CD19/anti-CD3 bispecific molecule comprises or 

consists of an amino acid sequence that is at least 90%, 92%, 94%, 96%, 97%, 98%, 99% 

or 100% identical to any one of SEQ ID NOs:196, 198, 200, 202, 204 or 206. In some 

embodiments, the invention provides a nucleic acid that encodes an anti-CD19/anti-CD3 

bispecific molecule, wherein the nucleic acid comprises a nucleotide sequence that is at 

least 90%, 92%, 94%, 96%, 97%, 98%, 99% or 100% identical to any one of SEQ ID 

NOs:195, 197, 199, 201, 203 or 206. 

[00201] 	HER2 is also known as human ErbB2. Overexpression of HER2 (frequently 

but not uniformly due to gene amplification) has also been observed in breast cancers, 

ovarian cancers and other carcinomas including carcinomas of the stomach, endometrium, 

salivary gland, lung, kidney, colon, thyroid, pancreas and bladder. Binding domains for 

targeting HER2 include, but are not limited to, those described in PCT Publication 

W02009/055074 which is herein incorporated by reference in its entirety. 

[00202] 	In some embodiments, a CD3 binding polypeptide comprises an amino acid 

sequence that is at least 90%, at least 95% or 100% identical to SEQ ID NO: 57, 59, 61, 63, 

65, 67, 69, 71, 186, 190, 192, 194, 196, 198, 200, 202, 204 or 206. 

[00203] 	In some embodiments, a CD3 binding polypeptide is part of a heterodimer. 

In some embodiments, a heterodimer comprises a pair of single chain polypeptides wherein 

the single chain pair comprises amino acid sequences that are at least 90%, at least 95% or 

100% identical to the pairs selected from SEQ ID NO:210 & 247, SEQ ID NO:210 & 218, 

SEQ ID NO:210 & 220, SEQ ID NO:208 & 249, SEQ ID NO:208 & 222, or SEQ ID NO:208 & 
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224, SEQ ID NO:212 & 218, SEQ ID NO:216 & 222, SEQ ID NO:228 & 226, or SEQ ID 

NO:214 & 218. 

[00204] 	The invention also includes nucleic acids (e.g., DNA or RNA) encoding a 

CD3 binding polypeptide as described herein, or one or more polypeptide chains of a dimeric 

or heterodimeric CD3 binding protein as described herein. Nucleic acids of the invention 

include nucleic acids having a region that is substantially identical to a polynucleotide as 

provided in SEQ ID NOs: 5, 7, 9, 11, 13, 15, 17, 19, 27, 29, 31, 37 and 39 or nucleic acids 

comprising a coding region that codes for the same or a similar polypeptide. In certain 

embodiments, a nucleic acid in accordance with the present invention has at least 80%, 

typically at least about 90%, and more typically at least about 95% or at least about 98% 

identity to a polypeptide-encoding polynucleotide as provided in SEQ ID NOs: 5, 7, 9, 11, 13, 

15, 17, 19, 27, 29, 31, 37 and 39. Nucleic acids of the invention also include complementary 

nucleic acids. In some instances, the sequences will be fully complementary (no 

mismatches) when aligned. In other instances, there may be up to about a 20% mismatch in 

	

the sequences. 	In some embodiments of the invention are provided nucleic acids encoding 

both first and second polypeptide chains of a heterodimeric CD3 binding protein of the 

invention. The nucleic acid sequences provided herein can be exploited using codon 

optimization, degenerate sequence, silent mutations, and other DNA techniques to optimize 

expression in a particular host, and the present invention encompasses such sequence 

modifications. 

	

[00205] 	Polynucleotide molecules comprising a desired polynucleotide sequence 

are propagated by placing the molecule in a vector. The invention also includes expression 

vectors containing nucleic acids of the invention and/or that express polypeptides of the 

invention. Viral and non-viral vectors are used, including plasmids. The choice of plasmid 

will depend on the type of cell in which propagation is desired and the purpose of 

propagation. Certain vectors are useful for amplifying and making large amounts of the 

desired DNA sequence. Other vectors are suitable for expression in cells in culture. Still 

other vectors are suitable for transfer and expression in cells in a whole animal or person. 

The choice of appropriate vector is well within the skill of the art. Many such vectors are 

available commercially. The partial or full-length polynucleotide is inserted into a vector 

typically by means of DNA ligase attachment to a cleaved restriction enzyme site in the 

vector. Alternatively, the desired nucleotide sequence can be inserted by homologous 

recombination in vivo. Typically this is accomplished by attaching regions of homology to 

the vector on the flanks of the desired nucleotide sequence. Regions of homology are 

added by ligation of oligonucleotides, or by polymerase chain reaction using primers 

comprising both the region of homology and a portion of the desired nucleotide sequence, 

for example. 
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[00206] For expression, an expression cassette or system may be employed. To 

express a nucleic acid encoding a polypeptide disclosed herein, a nucleic acid molecule 

encoding the polypeptide, operably linked to regulatory sequences that control transcriptional 

expression in an expression vector, is introduced into a host cell. The invention includes host 

cells comprising a nucleic acid and/or expression vector of the invention, e.g., those that code 

for a polypeptide of the invention. In addition to transcriptional regulatory sequences, such as 

promoters and enhancers, expression vectors can include translational regulatory sequences 

and a marker gene which is suitable for selection of cells that carry the expression vector. The 

gene product encoded by a polynucleotide of the invention is expressed in any convenient 

expression system, including, for example, bacterial, yeast, insect, amphibian and 

mammalian systems. In the expression vector, the polypeptide-encoding polynucleotide is 

linked to a regulatory sequence as appropriate to obtain the desired expression properties. 

These can include promoters, enhancers, terminators, operators, repressors; and inducers. 

The promoters can be regulated (e.g., the promoter from the steroid inducible pIND vector 

(Invitrogen)) or constitutive (e.g., promoters from CMV, SV40, Elongation Factor, or LTR 

sequences). These are linked to the desired nucleotide sequence using the techniques 

described above for linkage to vectors. Any techniques known in the art can be used. 

Accordingly, the expression vector will generally provide a transcriptional and translational 

initiation region, which may be inducible or constitutive, where the coding region is operably 

linked under the transcriptional control of the transcriptional initiation region, and a 

transcriptional and translational termination region. 

[00207] An expression cassette ("expression unit") may be introduced into a variety 

of vectors, e.g. plasrnid, BAC, YAC, bacteriophage such as lambda, P1, M13, etc., plant or 

animal viral vectors (e.g., retroviral-based vectors, adenovirus vectors), and the like, where 

the vectors are normally characterized by the ability to provide selection of cells comprising 

the expression vectors. The vectors may provide for extrachromosomal maintenance, 

particularly as plasmids or viruses, or for integration into the host chromosome. Where 

extrachromosomal maintenance is desired, an origin sequence is provided for the replication 

of the plasmid, which may be low- or high copy-number. A wide variety of markers are 

available for selection, particularly those which protect against toxins, more particularly 

against antibiotics. The particular marker that is chosen is selected in accordance with the 

nature of the host, where in some cases, complementation may be employed with 

auxotrophic hosts. Introduction of the DNA construct may use any convenient method, 

including, e.g., conjugation, bacterial transformation, calcium-precipitated DNA, 

electroporation, fusion, transfection, infection with viral vectors, biolistics, and the like. 

[00208] Accordingly, proteins for use within the present invention can be produced 

in genetically engineered host cells according to conventional techniques. Suitable host 
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cells are those cell types that can be transformed or transfected with exogenous DNA and 

grown in culture, and include bacteria, fungal cells, and cultured higher eukaryotic cells 

(including cultured cells of multicellular organisms), particularly cultured mammalian cells. 

Techniques for manipulating cloned DNA molecules and introducing exogenous DNA into a 

variety of host cells are disclosed by Sambrook and Russell, Molecular Cloning: A 

Laboratory Manual (3rd ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 

2001), and Ausubel et al., Short Protocols in Molecular Biology (4th ed., John Wiley & Sons, 

1999). 

[00209] 	For example, for recombinant expression of a homodimeric CD3 binding 

protein comprising two identical CD3 binding polypeptide chains as described herein, an 

expression vector will generally include a nucleic acid segment encoding the CD3 binding 

polypeptide, operably linked to a promoter. For recombinant expression of a heterodimeric 

CD3 binding protein, comprising different first and second polypeptide chains, the first and 

second polypeptide chains may be co-expressed from separate vectors in the host cell for 

expression of the entire heterodimeric protein. Alternatively, for the expression of 

heterodimeric CD3 binding proteins, the first and second polypeptide chains are co-

expressed from separate expression units in the same vector in the host cell for expression 

of the entire heterodimeric protein. The expression vector(s) are transferred to a host cell by 

conventional techniques, and the transfected cells are then cultured by conventional 

techniques to produce the encoded polypeptide(s) to produce the corresponding CD3 

binding protein. 

[00210] 	To direct a recombinant protein into the secretory pathway of a host cell, a 

secretory signal sequence (also known as a leader sequence) is provided in the expression 

vector. The secretory signal sequence may be that of the native form of the recombinant 

protein, or may be derived from another secreted protein or synthesized de novo. The 

secretory signal sequence is operably linked to the polypeptide-encoding DNA sequence, 

i.e., the two sequences are joined in the correct reading frame and positioned to direct the 

newly synthesized polypeptide into the secretory pathway of the host cell. Secretory signal 

sequences are commonly positioned 5' to the DNA sequence encoding the polypeptide of 

interest, although certain signal sequences may be positioned elsewhere in the DNA 

sequence of interest (see, e.g., Welch et al., U.S. Patent No. 5,037,743; Holland et al., U.S. 

Patent No. 5,143,830). In particular variations, a secretory signal sequence for use in 

accordance with the present invention has the amino acid sequence 

NIEAPAQLLFLLLLWLPDTTG (SEQ ID NO:79). 

[00211] 	Cultured mammalian cells are suitable hosts for production of recombinant 

proteins for use within the present invention. Methods for introducing exogenous DNA into 

mammalian host cells include calcium phosphate-mediated transfection (Wigler et aL, Cell 
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14:725, 1978; Corsaro and Pearson, Somatic Cell Genetics 7:603, 1981: Graham and Van 

der Eb, Virology 52:456, 1973), electroporation (Neumann et aL, EMBO J. 1:841-845, 1982), 

DEAE-dextran mediated transfection (Ausubel et al., supra), and liposome-mediated 

transfection (Hawley-Nelson et aL, Focus 15:73, 1993; Ciccarone et aL, Focus 15:80, 1993). 

The production of recombinant polypeptides in cultured mammalian cells is disclosed by, for 

example, Levinson et al., U.S. Patent No. 4,713,339; Hagen et al., U.S. Patent No. 

4,784,950; Palmiter at aL, U.S. Patent No. 4,579,821; and Ringold, U.S. Patent No. 

4,656,134. Examples of suitable mammalian host cells include African green monkey kidney 

cells (Vero; ATCC CRL 1587), human embryonic kidney cells (293-HEK; ATCC CRL 1573), 

baby hamster kidney cells (BHK-21, BHK-570; ATCC CRL 8544, ATCC CRL 10314), canine 

kidney cells (MDCK; ATCC CCL 34), Chinese hamster ovary cells (CHO-K1; ATCC CCL61; 

CHO DG44; CHO DXB11 (Hyclone, Logan, UT); see also, e.g., Chasin et al., Som. Cell. 

Molec. Genet. 12:555, 1986)), rat pituitary cells (GH1; ATCC CCL82), HeLa S3 cells (ATCC 

CCL2.2), rat hepatoma cells (H-4-II-E; ATCC CRL 1548) SV40-transformed monkey kidney 

cells (COS-1; ATCC CRL 1650) and murine embryonic cells (NIH-3T3; ATCC CRL 1658). 

Additional suitable cell lines are known in the art and available from public depositories such 

as the American Type Culture Collection, Manassas, Virginia. Strong transcription 

promoters can be used, such as promoters from SV-40 or cytomegalovirus. See, e.g., U.S. 

Patent No. 4,956,288. Other suitable promoters include those from metallothionein genes 

(U.S. Patents Nos. 4,579,821 and 4,601,978) and the adenovirus major late promoter. 

[00212] 	Drug selection is generally used to select for cultured mammalian cells into 

which foreign DNA has been inserted. Such cells are commonly referred to as 

"transfectants." Cells that have been cultured in the presence of the selective agent and are 

able to pass the gene of interest to their progeny are referred to as "stable transfectants." 

Exemplary selectable markers include a gene encoding resistance to the antibiotic 

neomycin, which allows selection to be carried out in the presence of a neomycin-type drug, 

such as G-418 or the like; the gpt gene for xanthine-guanine phosphoribosyl transferase, 

which permits host cell growth in the presence of mycophenolic acid/xanthine; and markers 

that provide resistance to zeocin, bleomycin, blastocidin, and hygromycin (see, e.g., Gatignol 

et al., Mol. Gen. Genet. 207:342, 1987; Drocourt et al., Nucl. Acids Res. 18:4009, 1990). 

Selection systems can also be used to increase the expression level of the gene of interest, 

a process referred to as "amplification." Amplification is carried out by culturing transfectants 

in the presence of a low level of the selective agent and then increasing the amount of 

selective agent to select for cells that produce high levels of the products of the introduced 

genes. An exemplary amplifiable selectable marker is dihydrofolate reductase, which 

confers resistance to methotrexate. Other drug resistance genes (e.g., hygromycin 

resistance, multi-drug resistance, puromycin acetyltransferase) can also be used. 
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[00213] 	Other higher eukaryotic cells can also be used as hosts, including insect 

cells, plant cells and avian cells. The use of Agrobacterium rhizogenes as a vector for 

expressing genes in plant cells has been reviewed by Sinkar et al., J. Biosci. (Bangalore) 

11:47-58, 1987. Transformation of insect cells and production of foreign polypeptides 

therein is disclosed by Guarino et al., U.S. Patent No. 5,162,222 and WIPO publication WO 

94/06463. 

[00214] 	Insect cells can be infected with recombinant baculovirus, commonly 

derived from Autographa califomica nuclear polyhedrosis virus (AcNPV). See King and 

Possee, The Baculovirus Expression System: A Laboratory Guide (Chapman & Hall, 

London); O'Reilly et al., Baculovirus Expression Vectors: A Laboratory Manual (Oxford 

University Press., New York 1994); and Baculovirus Expression Protocols. Methods in 

Molecular Biology (Richardson ed., Humana Press, Totowa, NJ, 1995). Recombinant 

baculovirus can also be produced through the use of a transposon-based system described 

by Luckow et aL (J. ViroL 67:4566-4579, 1993). This system, which utilizes transfer vectors, 

is commercially available in kit form (BAC-TO-BAC kit; Life Technologies, Gaithersburg, 

MD). The transfer vector (e.g., PFASTBAC1; Life Technologies) contains a Tn7 transposon 

to move the DNA encoding the protein of interest into a baculovirus genome maintained in E. 

coli as a large plasmid called a "bacmid." See Hill-Perkins and Possee, J. Gen. ViroL 

71:971-976, 1990; Bonning et al., J. Gen. ViroL 75:1551-1556, 1994; and Chazenbalk and 

Rapoport, J. Biol. Chem. 270:1543-1549, 1995. In addition, transfer vectors can include an 

in-frame fusion with DNA encoding a polypeptide extension or affinity tag as disclosed 

above. Using techniques known in the art, a transfer vector containing a protein-encoding 

DNA sequence is transformed into E. coil host cells, and the cells are screened for bacmids 

which contain an interrupted IacZ gene indicative of recombinant baculovirus. The bacmid 

DNA containing the recombinant baculovirus genome is isolated, using common techniques, 

and used to transfect Spodoptera frugiperda cells, such as Sf9 cells. Recombinant virus that 

expresses the protein or interest is subsequently produced. Recombinant viral stocks are 

made by methods commonly used in the art. 

[00215] 	For protein production, the recombinant virus is used to infect host cells, 

typically a cell line derived from the fall armyworm, Spodoptera frugiperda (e.g., Sf9 or Sf21 

cells) or Trichoplusia ni (e.g., HIGH FIVE cells; Invitrogen, Carlsbad, CA). See generally 

Glick and Pasternak, Molecular Biotechnology, Principles & Applications of Recombinant 

DNA (ASM Press, Washington, D.C., 1994). See also U.S. Patent No. 5,300,435. Serum-

free media are used to grow and maintain the cells. Suitable media formulations are known 

in the art and can be obtained from commercial suppliers. The cells are grown up from an 

inoculation density of approximately 2-5 x 105  cells to a density of 1-2 x 106  cells, at which 

time a recombinant viral stock is added at a multiplicity of infection (M01) of 0.1 to 10, more 
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typically near 3. Procedures used are generally described in available laboratory manuals 

(see, e.g., King and Possee, supra; O'Reilly et aL, supra; Richardson, supra). 

[00216] 	Fungal cells, including yeast cells, can also be used within the present 

invention. Yeast species of particular interest in this regard include Saccharomyces 

cerevisiae, Pichia pastoris, and Pichia methanolica. Methods for transforming S. cerevisiae 

cells with exogenous DNA and producing recombinant polypeptides therefrom are disclosed 

by, for example, Kawasaki, U.S. Patent No. 4,599,311; Kawasaki et al., U.S. Patent No. 

4,931,373; Brake, U.S. Patent No. 4,870,008; Welch et al., U.S. Patent No. 5,037,743; and 

Murray et al., U.S. Patent No. 4,845,075. Transformed cells are selected by phenotype 

determined by the selectable marker, commonly drug resistance or the ability to grow in the 

absence of a particular nutrient (e.g., leucine). An exemplary vector system for use in 

Saccharomyces cerevisiae is the POT1 vector system disclosed by Kawasaki et al. (U.S. 

Patent No. 4,931,373), which allows transformed cells to be selected by growth in glucose-

containing media. Suitable promoters and terminators for use in yeast include those from 

glycolytic enzyme genes (see, e.g., Kawasaki, U.S. Patent No. 4,599,311; Kingsman et aL, 

U.S. Patent No. 4,615,974; and Bitter, U.S. Patent No. 4,977,092) and alcohol 

dehydrogenase genes. See also U.S. Patents Nos. 4,990,446; 5,063,154; 5,139,936; and 

4,661,454. Transformation systems for other yeasts, including Hansenula polymorpha, 

Schizosaccharomyces pombe, Kluyveromyces lactis, Kluyveromyces fragilis, Ustilago 

maydis, Pichia pastoris, Pichia methanolica, Pichia guillermondii, and Candida maltosa are 

known in the art. See, e.g., Gleeson et al., J. Gen. Microbiol. 132:3459-3465, 1986; Cregg, 

U.S. Patent No. 4,882,279; and Raymond et al., Yeast 14:11-23, 1998. Aspergillus cells 

may be utilized according to the methods of McKnight et al., U.S. Patent No. 4,935,349. 

Methods for transforming Acremonium chrysogenum are disclosed by Sumino et al., U.S. 

Patent No. 5,162,228. Methods for transforming Neurospora are disclosed by Lambowitz, 

U.S. Patent No. 4,486,533. Production of recombinant proteins in Pichia methanolica is 

disclosed in U.S. Patents Nos. 5,716,808; 5,736,383; 5,854,039; and 5,888,768. 

[00217] 	Prokaryotic host cells, including strains of the bacteria Escherichia coli, 

Bacillus, and other genera are also useful host cells within the present invention. 

Techniques for transforming these hosts and expressing foreign DNA sequences cloned 

therein are well-known in the art (see, e.g., Sambrook and Russell, supra). When 

expressing a recombinant protein in bacteria such as E. coli, the protein may be retained in 

the cytoplasm, typically as insoluble granules, or may be directed to the periplasmic space 

by a bacterial secretion sequence. In the former case, the cells are lysed, and the granules 

are recovered and denatured using, for example, guanidine isothiocyanate or urea. The 

denatured protein can then be refolded and dimerized by diluting the denaturant, such as by 

dialysis against a solution of urea and a combination of reduced and oxidized glutathione, 
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followed by dialysis against a buffered saline solution. In the alternative, the protein may be 

recovered from the cytoplasm in soluble form and isolated without the use of denaturants. 

The protein is recovered from the cell as an aqueous extract in, for example, phosphate 

buffered saline. To capture the protein of interest, the extract is applied directly to a 

chromatographic medium, such as an immobilized antibody or heparin-Sepharose column. 

Secreted proteins can be recovered from the periplasmic space in a soluble and functional 

form by disrupting the cells (by, for example, sonication or osmotic shock) to release the 

contents of the periplasmic space and recovering the protein, thereby obviating the need for 

denaturation and refolding. Antibodies, including single-chain antibodies, can be produced 

in bacterial host cells according to known methods. See, e.g., Bird et al, Science 242:423- 

426, 1988; Huston et al, Proc. Natl. Acad. Sci. USA 85:5879-5883, 1988; and Pantoliano et 

al., Biochem. 30:10117-10125, 1991. 

[00218] 	Transformed or transfected host cells are cultured according to 

conventional procedures in a culture medium containing nutrients and other components 

required for the growth of the chosen host cells. A variety of suitable media, including 

defined media and complex media, are known in the art and generally include a carbon 

source, a nitrogen source, essential amino acids, vitamins and minerals. Media may also 

contain such components as growth factors or serum, as required. The growth medium will 

generally select for cells containing the exogenously added DNA by, for example, drug 

selection or deficiency in an essential nutrient which is complemented by the selectable 

marker carried on the expression vector or co-transfected into the host cell. 

[00219] 	CD3 binding proteins can be purified by conventional protein purification 

methods, typically by a combination of chromatographic techniques. See generally Affinity 

Chromatography: Principles & Methods (Pharmacia LKB Biotechnology, Uppsala, Sweden, 

1988); Scopes, Protein Purification: Principles and Practice (Springer-Verlag, New York 

1994). Proteins comprising an immunoglobulin Fc region can be purified by affinity 

chromatography on immobilized protein A or protein G. Additional purification steps, such as 

gel filtration, can be used to obtain the desired level of purity or to provide for desalting, 

buffer exchange, and the like. 

[00220] The invention also includes compositions comprising a CD3 binding 

polypeptide of the invention and a pharmaceutically acceptable carrier, diluent and/or 

excipient. 

[00221] 	In one embodiment of the invention, a monospecific CD3 binding 

polypeptide is administering to a patient suffering from an autoimmune disease such as 

rheumatoid arthritis. In another embodiment of the invention, a monospecific CD3 binding 

polypeptide of the invention is administered to a subject about to undergo an organ 

transplant. 



WO 2013/158856 
	

PCT/US2013/037135 

[00222] 	In another aspect, the present invention provides a method for treating a 

disorder characterized by overexpression of a tumor antigen, such as cancer. Generally, 

such methods include administering to a subject in need of such treatment a therapeutically 

effective amount of a CD3 binding protein comprising a second binding domain that binds 

the tumor antigen as described herein. In some embodiments, the CD3 binding protein 

induces redirected T-cell cytotoxicity (RTCC) against tumor antigen-expressing cells in the 

subject. 

[00223] 	In certain variations of the method, the disorder is a cancer. In other 

variations, the disorder is an autoimmune disease. The invention also provides methods for 

treating cancer or an autoimmune disorder comprising administering a therapeutically 

effective amount of the compositions or CD3 binding polypeptides described herein to a 

patient in need thereof. 

[00224] 	In each of the embodiments of the treatment methods described herein, the 

CD3 binding protein is delivered in a manner consistent with conventional methodologies 

associated with management of the disease or disorder for which treatment is sought. In 

accordance with the disclosure herein, an effective amount of the CD3 binding protein is 

administered to a subject in need of such treatment for a time and under conditions sufficient 

to prevent or treat the disease or disorder. 

[00225] 	For administration, the CD3 binding protein is formulated as a 

pharmaceutical composition. A pharmaceutical composition comprising a CD3 binding 

protein can be formulated according to known methods to prepare pharmaceutically useful 

compositions, whereby the therapeutic molecule is combined in a mixture with a 

pharmaceutically acceptable carrier. A composition is said to be a "pharmaceutically 

acceptable carrier" if its administration can be tolerated by a recipient patient. Sterile 

phosphate-buffered saline is one example of a pharmaceutically acceptable carrier. Other 

suitable carriers are well-known to those in the art. (See, e.g., Gennaro (ed.), Remington's 

Pharmaceutical Sciences (Mack Publishing Company, 19th ed. 1995).) Formulations may 

further include one or more excipients, preservatives, solubilizers, buffering agents, albumin 

to prevent protein loss on vial surfaces, etc. 

[00226] A pharmaceutical composition comprising a CD3 binding protein is 

administered to a subject in a therapeutically effective amount. According to the methods of 

the present invention, a CD3 binding protein may be administered to subjects by a variety of 

administration modes, including, for example, by intramuscular, subcutaneous, intravenous, 

intra-atrial, intra-articular, parenteral, intranasal, intrapulmonary, transdermal, intrapleural, 

intrathecal, and oral routes of administration. For prevention and treatment purposes, 

administration to a subject may be, e.g., in a single bolus delivery, via continuous delivery 
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(e.g., continuous transdermal delivery) over an extended time period, or in a repeated 

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

[00227] A "therapeutically effective amount (or dose)" or "effective amount (or 

dose)" of a molecule or composition is that amount that produces a statistically significant 

effect in amelioration of one or more symptoms of the disorder, such as a statistically 

significant reduction in disease progression or a statistically significant improvement in organ 

function. The exact dose will be determined by the clinician according to accepted 

standards, taking into account the nature and severity of the condition to be treated, patient 

traits, etc. Determination of dose is within the level of ordinary skill in the art. When 

referring to a combination, a therapeutically effective dose refers to combined amounts of 

the active ingredients that result in the therapeutic effect, whether administered serially or 

simultaneously (e.g., in the same formulation or concurrently in separate formulations). 

[00228] 	Determination of effective dosages in this context is typically based on 

animal model studies followed up by human clinical trials and is guided by determining 

effective dosages and administration protocols that significantly reduce the occurrence or 

severity of the subject disorder in model subjects. Effective doses of the compositions of the 

present invention vary depending upon many different factors, including means of 

administration, target site, physiological state of the patient, whether the patient is human or 

an animal, other medications administered, whether treatment is prophylactic or therapeutic, 

as well as the specific activity of the composition itself and its ability to elicit the desired 

response in the individual. Usually, the patient is a human, but in some diseases, the patient 

can be a nonhuman mammal. Typically, dosage regimens are adjusted to provide an 

optimum therapeutic response, e.g., to optimize safety and efficacy. 

EXAMPLES 

EXAMPLE 1: DESIGN AND CONSTRUCTION OF ANTI-CD3 SMIP MOLECULES WITH  

REDUCED THEORETICAL  pl 

[00229] 	L1, L2, H1, H2 and H3 (see Figures 3 & 4) are heavy and light chains of 

humanized Cris-7 that were previously constructed and analyzed for binding and activity. 

H3L1 was used to make SMIP DRA209 (SEQ ID NOs: 3 and 4; IgG4 AA ADCC-CDC null 

Fc) and SMIP DRA161 (IgG4 AA N297A Fc). 	Although these constructs exhibit improved 

characteristics over OKT3 and other anti-CD3 therapeutics in the prior art, the constructs 

exhibit significantly shorter half-life, higher theoretical pl (see Figure 1) and "clipping" at the 

binding domain or prehinge region when expressed in CHO cells (see Figures 2A and 2B) as 

compared to other SMIP molecules. 

[00230] Anti-CD3 pl variants were designed to reduce the pl of the binding domain 

and/or prehinge region. To make the anti-CD3 pl variants, new heavy and light chains (L3, 
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L4, H4, H5, and H6) were 

3 and 4. 

[00231] 	H4 has 

charge residue (K to 

changes were designed 

or introducing a negative 

sequence to avoid loss 

the germline sequence 

germline sequence as 

amino acid substitutions 

sequence. These amino 

proximate position. See 

[00232] H5 was 

compared to DRA209 

DRA209 and DRA161. 

VH1 framework of IGHV1-3`01 

[00233] H6 was 

compared to DRA209 

DRA209 and DRA161. 

germline sequence rather 

ordered 

Table 3: CD3 
i  Name  

H1 

H2 

H3 

and synthesized by Blue Heron. See 

Variable Heavy and Light Chains 
SEQ ID NOs: 	 

SEQ ID NO:21 nucleic acid (na) 
 	SEQ ID NO:22 amino acid (aa) 

SEQ ID NO:23 (na) 
SEQ ID NO:24 (aa) 	 
SEQ ID NO:25 (na) 
	 SEQ ID NO:26 'aa) 

Table 3 and Figures 

replaced a positive 

charge (Q to E). Both 

a positive charge 

framework 

to be present in 

By using the 

binding domain, 

in the germline 

sequence or a 

sequence (as 

as compared to 

compared to the 

sequence (as 

as compared to 

H6 was the 

this was 

H4 
SEQ ID NO:27 (na) 
SEQ ID NO:28 (aa)  

I-- 	I SEQ ID NO:29 (na)  
H5 

SEQ ID NO:30 taa)  

H6 	
SEQ ID NO:31 (na) 
SEQ ID NO:32 (aa) 	 

L1 
SEQ ID NO:33 (na)  
SEQ ID NO:34 (aa)  
SEQ ID NO:35 (na) 

	 SEQ  ID NO:36 (aa)  
SEQ ID NO:37 (na) 

	 SEQ ID NO:38 (aa)  
SEQ ID NO:39 (na) 
	 SEQ ID NO:40 (aa)  

L2 

L3 

L4 

2 point 

Q) while the 

to reduce 

charge). 

of affinity 

at that position 

a guide to 

can be 

acids 

Figure 

designed 

and DRA161) 

This was 

designed 

and DRA161) 

In other 

than a 

mutations compared to H3. One mutation 

other mutation introduced a negative 

the pl of the protein (either by removing 

The mutations were performed on the 

and new residues introduced were verified 

to avoid the risk of immunogenicity. 

reduce the pl of an already humanized 

made to add amino acids that are prevalent 

may be at the same location in the germline 

5. 

by "re-humanizing" the heavy chain 

in such a way to create a lower pi 

done by designing the heavy chain as 

heavy chain germline sequence. 

by "re-humanizing" the heavy chain 

in such a way to create a lower pl 

words, the starting sequence used to design 

previously humanized sequence. Specifically, 
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done by designing the heavy chain using the VH3 framework of IGHV3-21*01 heavy chain 

sequence. 

[00234] 	L3 has 6 points mutation compared to L1 where RW were mutated (i.e., 

replacing the positive charge residue, R to L) to LL (LL was used because LL is more 

common in the germline sequence than LW) and part of the J kappa (Jk) region (LQIT; SEQ 

ID NO:252) was replaced with Jk4 sequence (VEIK; SEQ ID NO:253). Jk4 is a better match 

Jk region based on the Cris-7 H_CDR3 sequence. See Figure 6. 	Again, mutations were 

only performed in the framework region and new residues introduced were verified to be 

present at that position in the germline sequence to avoid the risk of immunogenicity. 

[00235] 	L4 was designed by "re-humanizing" the light chain sequence (as compared 

to DRA209 and DRA161) in such a way to create a lower pl as compared to DRA209 and 

DRA161. L4 was re-humanized using the framework of Vk3 of IGKV3-11*01 light chain 

sequence as a guide. 

[00236] All the new light and heavy chains are expected to have lower pl based on 

theoretical calculations. 	Vector NTI (Invitrogen) was used to help put together the 

sequences (the sequences are attached). The germline sequences were obtained from 

NCBI website (http://www.ncbi.nlm.nih.gov/igblast/).  

[00237] Variants were constructed that comprised substituted amino acids in the 

prehinge region of SMIP molecules that are otherwise identical to DRA209 and DRA161. 

The prehinge region is a short amino acid sequence that connects the binding domain to the 

hinge region, e.g., can result from adding a restriction site into the encoding nucleotide 

sequence. 

[00238] 	One variant made involved replacing the RRT sequence in the prehinge 

region of DRA209 with SSS by PCR mutagenesis. This was done intentionally to remove 

two positively charged residues (arginine). We have experimentally shown that this change 

translated to reduction in pl of the protein. This construct still had the H3L1 combination and 

was given the new name, DRA219. Aside from removing positive charged residues (two 

arginine), this SSS mutation also introduced an Yhol restriction site that allowed for easy 

assembly of the newer pl variant constructs. 

[00239] 	Using the same Fc tail as DRA209, the following combinations of H and L 

were used to construct SMIP constructs using standard molecular biology techniques: a) H4 

L1 (with IgG4 AA ADCC-CDC null FC; also referred to herein as DRA222; SEQ ID NOs: 7 

and 8), b) H4L3 (with IgG4 AA ADCC-CDC null Fc; also referred to herein as DRA221; SEQ 

ID NOs:9 and 10), c) H3L3 (with IgG4 AA ADCC-CDC null Fc; also referred to herein as 

DRA223; SEQ ID NOs: 11 and 12), d) H5L4 (with IgG4 AA ADCC-CDC null Fc; also referred 

to herein as DRA224; SEQ ID NOs: 13 and 14), and e) H6L4 (with IgG4 AA ADCC-CDC null 

Fc; also referred to herein as DRA225; SEQ ID NOs: 15 and 16). See Figures 7A and 7B. 
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[00240] All these 

in vitro binding studies. All 

DRA225 construct, which 

(i) to bind CD3 with varying 

have a lower pl than the parent 

[00241] DRA219 

mixed lymphocyte reactions 

with their measured ability 

[00242] DRA219 

DRA222 (SEQ ID NOs: 7 

and were further cloned into 

N297A) to generate two additional 

and DRA234 (H4L1; SEQ 

DRA222 were cloned into 

and DRA229 respectively. 

equivalent to DRA229. All 

subsequently transfected 

characterization and PK studies. 

[00243] 	Proteins 

chromatography using an 

Technologies) were used 

columns (GE Healthcare) 

presence of PBS and eluted 

r , 	441 	Capillary 

instrument and used to determine 

performed according to standard 

solution of 3M urea in clEF 

(GE Healthcare), cathodic 

(Beckman). Samples were 

by submerging the capillary 

applying a 25 kV electrical 

constructs were transfected 

of the constructs expressed 

had no apparent expression. 

degrees (DRA222 having 

molecule, DRA209. 

Table 4: Measured 
 	Construct  

DRA209 

into HEK cells to generate protein for 

the desired protein except the 

All of the other constructs were found 

some of the best binding) and (ii) to 

The measured pls are found in Table 4. 

pis 
Measured pl 	1 

9.0  
DRA219 	 8.4  
DRA221 	8.2  
DRA222   7.5  
DRA223  	7.2 
DRA224 	 6.8  

DRA221, DRA222, DRA223 and DRA224 all inhibited human 

(MLR; data not shown) and the amount of inhibition correlated 

to bind CD3. 

(H3 L1 IgG4 AA ADCC-CDC null FC; SEQ ID NOs: 5 and 6) and 

and 8) both retained binding to CD3 and had a lower measured pl 

the pEE12.4 vector which codes for a different Fc tail (IgG4 AA 

constructs — DRA233 (H3L1; SEQ ID NOs: 17 and 18) 

ID NOs: 19 and 20) respectively. Furthermore, DRA219 and 

pEE12.4 vector for expression in CHO and named as DRA228 

Essentially DRA219 is equivalent to DRA228 and DRA222 is 

the constructs (DRA228, DRA229, DRA233 and DRA234) were 

into CHO cells to generate proteins for binding studies, protein 

See Figure 8. 

were purified from cell supernatant by Protein A affinity 

AKTA Purifier HPLC system. Pre-packed POROS A columns (Life 

for in vitro preparations and pre-packed MabSuRe Protein A 

were used for in vivo material. Samples were loaded in the 

with citrate buffer. Eluents were neutralized with TRIS buffer. 

lsoelectric Focusing was performed on a Beckman PA 800 

the isoelectric point (pi) of purified proteins. Analysis was 

Beckman clEF protocol. Samples were prepared in a 

gel (Beckman) supplemented with Pharmalyte 3-10 ampholytes 

and anodic stabilizers, and synthetic peptide pl markers 

introduced into a neutral capillary (Beckman) and then focused 

inlet in anolyte solution, the outlet in catholyte solution, and 

potential across the capillary for 15 minutes. After focusing, the 
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sample was mobilized by chemical means to pass all separated components across a fixed 

wavelength detector measuring absorbance at 280 nm. The isoelectric point (p1) was 

calculated for all samples from a standard curve constructed of results for the synthetic 

peptide pl markers. See Figures 9-11. The constructs had the following measured pls: 

DRA228=8.4; DRA229=7.5; DRA233=8.6; DRA234=8.0, whereas the DRA161=9.2 and 

DRA209=8.8. Therefore, all of the pl variants that were expressed had a lower pl than their 

respective parental constructs, DRA161 or DRA209. 

EXAMPLE 2: ANTI-CD3 SMIP MOLECULES BIND T-CELLS 

[00245] 	Human peripheral blood mononuclear cells (PBMC) were isolated from 

fresh whole blood using standard density gradient centrifugation and washed three times in 

PBS with 0.2% BSA. Cells were plated in 96-well plates U-bottom plates at 200,000 

PBMCs/well and labeled with 50u1 of antibodies at the nM concentrations as indicated in 

Figure 12 for 30 min on ice. Plates were washed three times and labeled for 30 min with 50u1 

of an antibody cocktail containing optimal concentrations of anti-CD5 —APC plus F(ab')2 goat 

anti-hu IgG Fc-PE. Plates were washed three times and fixed in 120u1 of 1% 

paraformaldehyde in PBS, at 4C overnight. All antibody incubations and washes were 

performed on ice, with cold PBS, 0.2%BSA, 2nM EDTA. Samples were analyzed by flow 

cytometry using a BD LSRII analyzer. Sixty microliters were collected from each well. 

Collected samples were analyzed using Flowjo software by gating on T-cells (FCS vs SSC, 

CD5+ cells). The mean fluorescence intensity (MFI) on the PE channel is shown in the 

graph. The DRA227 SMIP was used only as a control and does not contain a CD3 or T-cell 

binding domain and was not modified to reduce pl. See Figure 12. All the tested pl variants 

bound to CD3 and DRA228 and DRA229 retained binding activity very similar to their 

parental constructs. 

EXAMPLE 3: ANTI-CD3 SMIP MOLECULES WITH REDUCED DI EXPRESS BETTER IN 

CHO CELLS 

[00246] 	Size exclusion chromatography: Size exclusion chromatography was used 

to assess the high-molecular weight aggregate content of purified proteins. The HPLC 

system was an Agilent 1200 series equipped with a quaternary pump, solvent degasser, 

DAD, and temperature-controlled autosampler. A Tosoh TSKgeI G3000SWx1 column 

equilibrated in a running buffer of 200 mM potassium phosphate and 250 mM potassium 

chloride at pH 7.2 was used for chromatographic separation. Solvent flow rate was 1 

mL/min and sample injection mass was 50 gg. Column effluent was monitored with the 

Agilent DAD detector at a wavelength of 280 nm. 
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[00247] SDS-PAGE: Denaturing sodium dodecyl sulfate polyacrylamide gel 

electrophoresis (SDS-PAGE) was used to assess the integrity of purified proteins. Samples 

were prepared with Novex sample buffer (Invitrogen) and heated at 85°C for 3 minutes to 

ensure full denaturation prior to loading into 4-20% Novex Tris-Glycine gels (Invitrogen). 

Samples were optionally reduced by adding Novex reducing agent prior to the heating step. 

Proteins were mobilized and separated by applying 125V across the gels for 110 minutes in 

an electrophoresis chamber filled with Tris-Glycine buffer (Invitrogen, from 10X stock). 

Protein bands were visualized by staining with SimplyBlue Safe Stain (Invitrogen). See 

Figures 13-14. The tested pl variants demonstrated reduced clipping as compared to their 

parental molecule, DRA161. 

[00248] CE-SDS: Capillary Electrophoresis in SDS was performed on a Beckman 

PA 800 instrument and used to quantify the low molecular weight clip content of purified 

proteins. Samples were prepared at a 1 mg/mL concentration in 50% SDS sample buffer 

(Beckman) and heated at 85°C for 3 minutes to ensure full denaturation prior to analysis. 

Samples were electrokinetically injected (10 kV for 20 s) into a bare-fused silica capillary 

filled with SDS gel buffer (Beckman) and separated by applying a voltage of 15 kV across 

the capillary (reverse polarity) for 30 minutes. Absorbance at 220 nm and 280 nm was 

measured at the detector window. See Figures 15-16. This showed that the quality of 

protein of the pl variants was better than the parental molecule, e.g., because of lower 

apparent proteolysis, sometimes referred to herein as "clipping". 

EXAMPLE 4: ANTI-CD3 SMIP l VARIANT MOLECULES EXHIBIT INCREASED HALF- 

LIFE 

[00249] 	Female BALB/c mice were injected intravenously (IV) at time 0 with 200 pL 

of PBS containing 200 pg of DRA234 or DRA233. Three mice per group were injected for 

each time point. Anesthetized mice were exsanguinated via cardiac puncture at the indicted 

time points after injection, and serum was collected as described below. Serum 

concentrations of DRA234 and DRA233 were determined using enzyme linked 

immunosorbent assays (ELISA). Pharmacokinetic disposition parameters for each protein 

were estimated by non-compartmental analysis using WinNonlin TM  Professional software 

(v5.3) and applying the precompiled model 201 for IV bolus administration and sparse 

sampling. 

[00250] At time 0, mice were injected IV with 200 pL of PBS containing 200 pg (-10 

mg/kg) of DRA233 or DRA234. Three mice per group were injected for each time point. 

Anesthetized mice were exsanguinated via cardiac puncture and serum was collected at t = 

15 minutes, and 2, 6, 24, 48, 72, 96, 168, 336 and 504 hours after injection. Serum 

concentrations for each protein were determined using a specific sandwich ELISA. Results 
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are expressed as mean serum concentration (in pg/mL) ± SD over time. Data are shown in 

linear (A) and log (B) format. See Figure 17. 

[00251] Anti-drug antibodies (ADA) were detected using a sandwich ELISA, with 

DRA161 (original form of DRA233 and DRA234) coated on plates to capture ADA, and anti-

mouse IgG (H&L) HRP to detect bound ADA. Bound complexes were measured using a 

peroxidase substrate, with results being read on a fluorescent plate reader. Results were 

expressed as mean fluorescent units (FU) vs. serum dilution. Levels of ADA were clearly 

seen at 504 hours for DRA233, with possible low levels starting at 336 hours; however there 

did not appear to be ADA in any of the DRA234 samples. (Data not shown). 

[00252] 	The mean serum concentration vs time profile is plotted for all DRA233 PK 

time points in and without data from 504 hours. The serum concentration vs time profile for 

DRA234 is found in Figure 18C. Results are expressed as the observed data set and the 

predicted values calculated by WinNonLin TM  software. The Rsq value and Rsq adjusted 

values are the goodness of fit statistics for the terminal elimination phase, before and after 

adjusting for the number of points used in the estimation of HL_Lambda z. The approximate 

half-life for DRA233 was 95 hours using only time points without detectable levels of anti-

drug antibodies, and 84 hours for DRA234. See Figure 18. 

[00253] 	PK estimates from WinNonLin program in tabular format: The 

pharmacokinetic analysis was carried out using WinNonlin TM  Professional (v5.3) software, 

applying non-compartmental analysis using sparse sampling and the precompiled model 201 

for IV bolus administration with uniform weighting. The area under the serum concentration-

time curve (AUC) from time 0 to the last measurable concentration (Tlast) was estimated 

using the linear trapezoidal with linear/log interpolation calculation method. The following 

pharmacokinetic disposition parameters were estimated: maximum observed serum 

concentration (Cmax), concentration at the last measurable concentration (Clast), time to 

reach the maximum observed serum concentration (Tmax), apparent terminal elimination 

half-life (HL lambda z), AUC from time of dosing to the last measurable concentration 

(AUCaII), AUC from dosing with time extrapolated to infinity (AUCINF___pbs), serum clearance 

(Cl_obs), volume of distribution based on the terminal phase (Vz_obs), and mean residence 

time (MRT). See Figure 19 and 20. This Example shows that the tested pi variants had 

longer in vivo serum half-life and slower clearance in mice as compared to the parent 

molecule, DRA161. 

EXAMPLE 5:  BISPECIFIC HOMODIMER MOLECULES - ANTI-CD3 AND ANTI-PSMA 

[00254] Bispecific CD3 and PSMA binding homodimers were 

standard techniques. These constructs, TSC249, TSC250, TSC251, 

TSC296, TSC301 and TSC302 are described in Table 5. Insertion of 

constructed using 

TSC252, TSC295, 

the N-terminal scFv 
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with 

were 

and 

binding 

terminal 

identified 

domain was accomplished through digestion of the parental template and scFv insert 

either the restriction enzymes HindlIl and Xhol or Agel and Xhol, desired fragments 

identified and isolated by agarose gel purification, and ligation. Insertion of the C-

scFv binding domain was accomplished through digestion of the parental template 

scFv insert with the restriction enzymes EcoRl and Notl, desired fragments were 

and isolated by agarose gel purification, and ligation. 

Table 5: Binding Polypeptide Sequences and Components 
Name 

107- 

107- 
linker)  

107- 
linker) 	 

107- 
linker 

107- 

107- 
linker) 

107- 
linker) 

107- 
linker) 

SEQ 
SEQ ID NO:56 
SEQ ID NO:57 
SEQ ID NO:58 
SEQ ID NO:59 
SEQ ID NO:60 
SEQ ID NO:61 
SEQ ID NO:62 

E SEQ ID NO:63 
SEQ ID NO:64 
SEQ ID NO:65 
SEQ ID NO:66 
SEQ ID NO:67 
SEQ ID NO:68 
SEQ ID NO:69 
SEQ ID NO:70 
SEQ ID NO:71 

ID NOs 
nucleic acid (na) 
amino acid tea) .  
(na) 
(aa) : 
(na) 
(aa) 
(na) 
as 	 

(na) 
(aa) 
(na) 
(aa) 

EXAMPLE 

humanized TSC249 Scorpion (huVL-VH#2 
1A4 scFv-Fc-DRA222 scFv1 	 
humanized TSC250 Scorpion (huVL-VH#2 
1A4 scFv-Fc-DRA222 scFv, with H81  
humanized TSC251 Scorpion (huVL-VH#2 
1A4 scFv-Fc-DRA222 scFv, with H83  
humanized TSC252 Scorpion (huVL-VH#2 
1A4 scFv-Fc-DRA222 scFv, with H91  
Humanized TSC295 Scorpion (huVL-VH#2 
1A4 scFv-Fc-DRA222 scFv, with H9 linker) 
Humanized TSC296 Scorpion (huVL-VH#2 
1A4 scFv-Fc-DRA222 scFv, with H94 
Humanized TSC301 Scorpion (huVL-VH#2 
1A4 scFv-Fc-DRA222 scFv, with H105 
Humanized TSC302 Scorpion (huVL-VH#2 
1A4 scFv-Fc-DRA222 scFv,  with H106 

6: BISPECIFIC HOMODIMER 

(na) 
(aa) 
(na) 
(aa) 

MOLECULES - ANTI-CD3 AND ANTI-RON 

[00255] 	Bispecific molecules with 

constructed using standard techniques. These 

TSC279, are described in Table 6. TSC275 

ID NOs:187 and 188, respectively, which are 

TSC278 and TSC279 are the same as TSC275 

indicated in Table 6. 

Table 6: Binding Polypeptide 

both CD3 and RON binding 

constructs, TSC275, TSC277, 

contains the VL and VH 

part of the RON binding 

except for the mutations/substitutions 

Sequences and Components 
'nucleic Add Sequence 

(SEQ ID NO) 	 

homodimers were 

TSC278 and 

chains of hu4C04, SEQ 

domain. TSC277, 

as 

Amino Acid Sequence 
(SEQ ID NO) 

186 

Name = 	 Brief Description 

TSC275 
hu4C04 x 

I 	DRA222 null2  185 

hu4C04 (A43K Q240E) x 
TSC277 DRA222 null2 189 190 

hu4C04 (A43T) x 
TSC278 DRA222 null2  

191 192 

TSC279 
hu4C04 (Q165R) x 

DRA222 null2 193 194 
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EXAMPLE 7: BISPECIFIC HOMODIMER MOLECULES - ANTI-CD3 AND ANTI-CD19  

[00256] Bispecific molecules with both CD3 and CD19 binding homodimers were 

constructed using standard techniques, e.g., see PCT Publication No. W02007/146968. 

These constructs, TSC233, TSC234, TSC235, TSC240, TSC241 and TSC242, are 

described in Table 7. TSC233 contains the VL (amino acids 1-111 of SEQ ID NO:196) and 

VH (amino acids 128-251 of SEQ ID NO:196) chains of HD37 which are part of the CD19 

binding domain. 

Table 7: Binding_Polyptide Sequences and Com onents  

Name  Brief Description 
Nucleic Acid Sequence Amino Acid Sequence 

(SEQ ID NO) 	(SEC ID NO)  

TSC129a 
HD37 x Cris7 scorpion, H75 

linker 
244 	 245 

TSC233 
HD37 x DRA221 scorpion, 

H75 linker  195 196 

TSC234 
HD37 x DRA222 scorpion, 
	H75 linker 

197 198 

TSC235 
HD37 x DRA224 scorpion, 

H75 linker 	 
199 200 

TSC240 
HD37 x DRA222 scorpion, 

H81 linker  
201 202 

TSC241 

TSC242 

HD37 x DRA222 scorpion, 
H83 linker 	 

HD37 x DRA222 scorpion, 
H91 linker 

203 

205 

204 

206 

EXAMPLE 8:  

[00257] 

domain and a 

Publication W02011/090762 

amino acid sequences 

two different polypeptides 

heterodimerization 

CL heterodimerization 

Table 8: Cotransfection 
Heterodimer'  
Designation 

BISPECIFIC HETERODIMER 

Different heterodimeric bispecific 

CD3 binding domain were 

by performing 

as indicated in Table 

chains, one polypeptide 

domain and the other 

domain. 

for ANTI-CD3 
Binding Domain in 
Each Heterodimer  

MOLECULES - ANTI-CD3 AND ANTI-CD19 

molecules comprising a CD19 binding 

constructed similar to as described in PCT 

co-transfections of nucleic acids encoding the 

8. Heterodimers were made by co-expressing 

chain comprising an immunoglobulin CH1 

polypeptide chain comprising an immunoglobulin 

AND ANTI-CD19 Heterodimer Constructions 
Constructs Used in  

Co-transfection (na & as sequences) 	 

TSC127 
r 	 

TSC224 

Cris 7 scFv x HD37 

DRA221 scFv* x HD37 
	  SEQ ID NOs:209 & 210 

TSC096 

TSC096 
SEQ ID NOs:209 & 210  

TSC125 
SEQ ID NOs 242 & 243  

TSC218 
SEQ ID NOs:246 & 247 

TSC225 
DRA222 scFv** x HD37 TSC096 
	  SEQ ID NOs:209 & 210 

TSC219 
SEQ ID NOs:217 & 218 

TSC226 
DRA224 scFv*** x HD37 TSC096 
	  SEQ ID NOs:209 & 210, 

TSC220 
SEQ ID NOs:219 & 220 

_ TSC227 	I HD37 X DRA221 scFv* TSC049 	 TSC221 
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Heterodimer Binding Domain in Constructs Used in 
Designation  Each Heterodimer  Co-transfection (na & as sequences) 

-r- 	 ..,. 	 _ SEQ ID NOs:207 & 208 SEQ ID NOs:248 & 249  

TSC228 HD37 X DRA222 scFv** TSC049 
SEQ ID NOs:207 & 208 

TSC222 
SEQ ID NOs:221 & 222 

TSC229 HD37 X DRA224 scFv*** TSC049 
SEQ  ID NOs:207 & 208 

TSC223 
SEQ ID NOs:223 & 224 

* amino acid 1-244 of SEQ ID NO:10 

** amino acid 1-244 of SEQ ID NO:8 

*** amino acid 1-247 of SEQ ID NO:14 

[00258] 	TSC049 comprises from its amino- to carboxyl-terminus: HD37 (anti-CD19) 

scFv, human IgG1 SCC-P hinge, human IgG1 CH2, human IgG1 CH3, and human CH1. 

TSC096 comprises from its amino- to carboxyl-terminus: HD37 (anti-CD19) scFv, human 

IgG1 SCC-P hinge, human IgG1 CH2, human IgG1 CH3, and human CK(YAE). TSC125 

comprises from its amino- to carboxyl-terminus: Cris7 (anti-CD3) scFv, human IgG1 SCC-P 

hinge, human IgG1 CH2, human IgG1 CH3, and human CH1. TSC218 comprises from its 

amino- to carboxyl-terminus: DRA221 (anti-CD3) scFv, human IgG1 SCC-P hinge, human 

IgG1 CH2, human IgG1 CH3, and human CH1. TSC219 comprises from its amino- to 

carboxyl-terminus: DRA222 (anti-CD3) scFv, human IgG1 SCC-P hinge, human IgG1 CH2, 

human IgG1 CH3, and human CH1. TSC220 comprises from its amino- to carboxyl- 

terminus: DRA224 (anti-CD3) scFv, human IgG1 SCC-P hinge, human IgG1 CH2, human 

IgG1 CH3, and human CH1. TSC221 comprises from its amino- to carboxyl-terminus: 

DRA221 (anti-CD3) scFv, human IgG1 SCC-P hinge, human IgG1 CH2, human IgG1 CH3, 

and human CK(YAE). TSC222 comprises from its amino- to carboxyl-terminus: DRA222 

(anti-CM) scFv, human IgG1 SCC-P hinge, human IgG1 CH2, human IgG1 CH3, and 

human CK(YAE). TSC223 comprises from its amino- to carboxyl-terminus: DRA224 (anti- 

CD3) scFv, human IgG1 SCC-P hinge, human IgG1 CH2, human IgG1 CH3, and human 

CK(YAE). 

EXAMPLE 9: BISPECIFIC HETERODIMER MOLECULES - ANTI-CD3 AND ANTI-PSMA 

[00259] 	Different heterodimeric bispecific molecules comprising a PSMA binding 

domain and a CD3 binding domain were constructed similar to as described in PCT 

Publication W02011/090762 by performing co-transfections of nuc.:ieic acids encoding the 

amino acid sequences as indicated in Table 9. Heterodimers were made by co-expressing 

two different polypeptides chains, one polypeptide chain comprising an immunoglobulin CH1 

heterodimerization domain and the other polypeptide chain comprising an immunoglobulin 

CL heterodimerization domain. Some PSMA binding domains are described in PCT 

Publication No. W02011/090761. 

67 



WO 2013/158856 
	

PCT/US2013/037135 

Table 9: Cotransfection for ANTI-CD3 AND ANTI-PSMA Heterodimer Constructions  
Heterodimer Binding Domain in Constructs Used in 
Desitration Each Heterodimer Co-transfection (na & as sequences) 

TSC236 
DRA222 scFv* x 

humanized 107-1A4 V - 
VH#2 scFv**  

TSC192 
SEQ ID NOs:211 & 212 

TSC219 
SEQ ID NOs:217 & 218 

TSC237 humanized 107-1A4 
scFv** x DRA222 scFv*  
humanized 107-1A4 VL-
VH#1 scFv*** x DRA222 

scFv*  

....._ 
 TSC195 

SEQ ID NOs:215 & 216,  

TSC258 
SEQ ID NOs:227 & 228 

TSC222 
SEQ ID NOs:221 & 222 , 

TSC254 
SEQ ID NOs:225 & 226 

TSC264 

TSC265 
DRA222 scFv* x 

humanized 107-1A4 VL- 
VH#1 scFv** 	 

TSC193 
SEQ ID NOs:213 & 214 

TSC219 
SEQ ID NOs:217 & 218 

* amino acid 1-244 of SEQ ID NO:8 

** amino acid 1-243 of SEQ ID NO:216 

*** amino acid 1-243 of SEQ ID NO:226 

[00260] "Humanized 107-1A4 VL-VH#2 scFv" and "humanized 107-1A4 VL-VH#1 

scFv" are humanized scFvs based on the anti-human-PSMA 107-1A4 monoclonal antibody 

and are also described in PCT Publication No. W02011/090761. The "humanized 107-1A4 

VL-VH#2 scFv" and "humanized 107-1A4 VL-VH#1 scFv" correspond to amino acids amino 

acid 1-243 of SEQ ID NO:216 & 226, respectively. 

[00261] 	TSC192 comprises from its amino- to carboxyl-terminus: humanized 107- 

1A4 (anti-PSMA) VL-VH#2 scFv, human IgG1 SCC-P hinge, human IgG1 CH2, human IgG1 

CH3, and human CK(YAE). TSC195 comprises from its amino- to carboxyl-terminus: 

humanized 107-1A4 (anti-PSMA) VL-VH#2 scFv, human IgG1 SCC-P hinge, human IgG1 

CH2, human IgG1 CH3, and human CH1. TSC193 comprises from its amino- to carboxyl- 

terminus: humanized 107-1A4 (anti-PSMA) VL-VH#1 scFv, human IgG1 SCC-P hinge, 

human IgG1 CH2, human IgG1 CH3, and human CK(YAE). 

[00262] TSC219 comprises from its amino- to carboxyl-terminus: DRA222 (anti- 

CD3) scFv, human IgG1 SCC-P hinge, human IgG1 CH2, human IgG1 CH3, and human 

CH1. TSC222 comprises from its amino- to carboxyl-terminus: DRA222 (anti-CD3) scFv, 

human IgG1 SCC-P hinge, human IgG1 CH2, human IgG1 CH3, and human CK(YAE). 

TSC254 comprises from its amino- to carboxyl-terminus: humanized 107-1A4 (anti-PSMA) 

VL-VH#1 scFv, human IgG1 SCC-P hinge, human IgG1 CH2, human IgG1 CH3, linker, and 

human CH1. TSC258 comprises from its amino- to carboxyl-terminus: DRA222 (anti-CD3) 

scFv, human IgG1 SCC-P hinge, human IgG1 CH2, human IgG1 CH3, linker, and human 

CK(YAE). 
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EXAMPLE 10: TARGET-DEPENDENT T-CELL PROLIFERATION BY POLYPEPTIDE 

HETERODIMERS AND HOMODIMERS TARGETING CD19 

[00263] 	To compare the effectiveness of different bispecific polypeptide heterodimer 

molecules at inducing target-dependent T-cell activation and proliferation, three different 

homodimeric bispecific molecules (TSC129a, TSC233, and TSC234 (SEQ ID NOs: 245, 196 

and 198, respectively)) with a common anti-CD19 binding domain (HD37) and three different 

anti-CD3 binding domains (Cris7 for TSC129a, the scFv binding domain from DRA221 

(amino acid 1-244 of SEQ ID NO:10) for TSC233, the scFv binding domain from DRA222 

(amino acid 1-244 of SEQ ID NO:8) for TSC234) were compared. Additionally, three 

different heterodimeric bispecific molecules (TSC127, TSC227, TSC228) with three different 

anti-CD3 binding domains (Cris7 for TSC127, scFv binding domain from DRA221 (amino 

acid 1-244 of SEQ ID NO:10) for TSC227, and scFv binding domain from DRA222 (amino 

acid 1-244 of SEQ ID NO:8) for TSC228) were also compared. 

[00264] 	Daudi Burkitt's lymphoma cells (CD19+) were obtained from ATCC 

(Manassas, VA) and cultured according to the provided protocol. Peripheral blood 

mononuclear cells (PBMC) were isolated from human blood using standard ficoll gradients. 

The isolated cells were washed in saline buffer. T-cells were additionally isolated from these 

PBMC using a Pan T-cell Isolation Kit II from Miltenyi Biotec (Bergisch Gladbach, Germany) 

using the manufacturer's protocol. 

[00265] 	Proliferation was assessed by labeling isolated T-cell populations with 

carboxyfluorescein diacetate succinimidyl ester (CFSE). CFSE-labeled T-cells were plated 

in U-bottom 96-well plates at 100,000 T-cells/well, with 33,000 tumor cells/well, to achieve T-

cell to tumor cell ratios of approximately 3:1. Concentrations of test molecules ranging from 

1 nM to 5 fM were added to the cell mixtures in a total of 200 uUwell in RPMI 1640 media 

supplemented with 10% human or bovine serum, sodium pyruvate and non-essential amino 

acids. Plates were incubated at 37°C, 5% CO2  in humidified incubators. After 3 days, cells 

were labeled with antibodies for flow cytometric analysis. Cells were labeled and washed in 

their original plates to minimize cell losses during transfers, and all labeling was done in 

saline buffer with 0.2% bovine serum albumin. First, cells were pre-incubated with 10Oug/m1 

human IgG at room temperature for 15 min. Subsequently, cells were incubated with a 

mixture (total volume 50 ul) of the following dye-labeled antibodies: CD5-PE, CD4-APC, 

CD8-Pacific Blue, CD25-PE-Cy7, as well as 7-Amino Actinomycin D (7AAD hereafter) for 40 

min. Plates were washed twice, resuspended in 80 to 12Oul volumes and ran immediately in 

a BD LSRII flow cytometer to acquire 80% of the contents of each well. The sample files 

were analyzed using FlowJo software to calculate the percentages and numbers of cells that 

had undergone at least one cell division, according to their CFSE profile, by gating 
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sequentially on activated, live CD4+ or CD8+ T-cells (7AAD-, CD5+ CD25+ CD4+ or 7AAD- 

CD5+ CD25+ CD8+, respectively). Mean values and standard deviations were calculated 

using Microsoft Excel software. Graphs were plotted using Microsoft Excel or Graphpad 

Prism. 

[00266] Analysis of live CD4+ and CD8+ populations from Daudi cells treated with 

whole T-cells revealed a significant increase in both the total number of cells and percent 

proliferating cells in the presence of Daudi cells displaying the target CD19 antigen (Figures 

21 & 22). 

[00267] 	For the homodimeric bispecific polypeptides (TSC129a, TSC233, TSC234), 

proliferation was comparable between CD4+ and CD8+ cells (Figure 21). Proliferation 

induced by TSC129a and TSC234 was comparable between CD4+ and CD8+ cells 

(Figure 21), suggesting that pl variant anti-CD3 scFv binding domain from DRA222 had 

essentially equivalent activity to the parental Cris7 binding domain. The profile of T-cell 

proliferation induced by TSC233 differed slightly from TSC129a and TSC234, with a 

decreased induction of CD4+ proliferation (Figure 21A) and a slightly increased induction of 

CD8+ proliferation (Figure 21B). This suggested that the pl variant anti-CD3 scFv binding 

domain from DRA221 was not completely equivalent in activity to the parental Cris7 binding 

domain. 

[00268] 	For the heterodimeric bispecific polypeptides (TSC127, TSC227, TSC228), 

proliferation was higher for CD8+ T-cells than CD4+ T-cells in the presence of Daudi cells 

(Figure 22). Proliferation induced by TSC127 and TSC228 was comparable between CD4+ 

and CD8+ cells (Figure 22), suggesting that pl variant anti-CD3 scFv binding domain from 

DRA222 had essentially equivalent activity to the parental Cris7 binding domain. The profile 

of T-cell proliferation induced by TSC227 differed slightly from TSC127 and TSC228, with a 

decreased induction of CD4+ proliferation, and comparable induction of CD8+ proliferation. 

Again, this suggested that the pl variant anti-CD3 scFv binding domain from DRA221 was 

not completely equivalent in activity to the parental Cris7 binding domain. 

EXAMPLE 11: REDIRECTED T-CELL  CYTOTOXIC1TY BY POLYPEPTIDE 

HETERODIMERS AND HOMODIMERS TARGETING CD19 

[00269] 	To compare the effectiveness of different bispecific polypeptide heterodimer 

molecules at inducing target-dependent T-cell cytotoxicity, three different homodimeric 

bispecific molecules (TSC129a, TSC233, and TSC234 (SEQ ID NOs: 245, 196 and 198, 

respectively)) with a common anti-CD19 binding domain (HD37) and three different anti-CD3 

binding domains (Cris7 for TSC129a, the scFv binding domain from DRA221 (amino acid 1- 

244 of SEQ ID NO:10) for TSC233, the scFv binding domain from DRA222 (an lino acid 1- 

244 of SEQ ID NO:8) for TSC234)) were compared. Additionally, three different 
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heterodimeric bispecific molecules (TSC127, TSC227, TSC228) with three different anti-CD3 

binding domains (Cris7 for TSC127, scFv binding domain from DRA221 (amino acid 1-244 

of SEQ ID NO:10) for TSC227, and scFv binding domain from DRA222 (amino acid 1-244 of 

SEQ ID NO:8) for TSC228) were also compared. 

[00270] 	Daudi Burkitt's lymphoma cells (CD19+) were obtained from ATCC 

(Manassas, VA) and cultured according to the provided protocol. Peripheral blood 

mononuclear cells (PBMC) were isolated from human blood using standard ficoll gradients 

and washed in saline buffer. T cells were additionally isolated from PBMC using a Pan T-

cell Isolation Kit II from Miltenyi Biotec (Bergisch Gladbach, Germany) using the 

manufacturer's protocol. 

[00271] 	Cytotoxicity was assessed by a 51Cr release assay. Approximately 5x106  

Daudi cells were treated with 0.3 mCi of 5 'Cr and incubated for 75 minutes at 37°C. After 75 

minutes, cells were washed 3 times with media (RPMI + 10% FBS) and resuspended in 11.5 

mL of media. From this suspension, 50 pL was dispensed per well into 96 well U-bottom 

plates (approximately 20,000 cells/well). Concentrations of bispecific molecules ranging 

from 500 pM to 0.1 pM were added to the Daudi cells, bringing the total volume to 100 

pL/well. Target cells were incubated at room temperature for 15 minutes. Then 100 pL of 

isolated T-cells (approximately 200,000) were added to bring the T-cell to target cell ratio to 

10:1. 50 pL of 0.8% NP-40 was added to a control well containing target cells, left for 15 

minutes, then 100 pL of media was added to provide a total lysis control. 

[00272] 	Plates were incubated for 4 hours, then spun at 1500 rpm for 3 minutes and 

25 pL of supernatant was transferred from each well to the corresponding well of a 96-well 

Luma sample plate. Sample plates were allowed to air dry in a chemical safety hood for 18 

hours, and then radioactivity was read on a Topcount scintillation counter using a standard 

protocol. 

[00273] 	Analysis of cytotoxicity data showed T-cell directed cytotoxicity with the 

Daudi cells in the presence of T-cells and anti-CD19 directed bispecific molecules (Figure 

23). 

[00274] 	For the homodimeric bispecific polypeptides (TSC129a, TSC233, TSC234), 

observed cytotoxicity was comparable between TSC129a and TSC234 (Figure 23A), 

suggesting that the DRA222 pl variant had equivalent activity to the parental Cris7 binding 

domain. A slight decrease in cytotoxicity was observed with TSC233, suggesting that the 

DRA221 pl variant had less activity than the parental Cris7 binding domain. 

[00275] 	For the heterodimeric bispecific polypeptides (TSC127, TSC227, TSC228), 

observed cytotoxicity was comparable between TSC127 and TSC228 (Figure 23B), 

suggesting that the DRA222 scFv binding domain pl variant had equivalent activity to the 

parental Cris7 binding domain. A slight decrease in cytotoxicity was observed with TSC227, 
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suggesting that the DRA221 scFv binding domain pl variant had less activity than the 

parental Cris7 binding domain. 

EXAMPLE 12: REDIRECTED T-CELL  CYTOTOXICITY BY POLYPEPTIDE HOMODIMERS 

TARGETING RON 

[00276] 	To compare the effectiveness of different bispecific polypeptide heterodimer 

molecules at inducing target-dependent T-cell cytotoxicity, four different homodimeric 

bispecific molecules (TSC275, TSC277, TSC278, and TSC279) with a common anti-CD3 

binding domain (scFv binding domain from DRA222 (amino acid 1-244 of SEQ ID NO:8)) 

and four variants of the same anti-RON binding domain (hu4C04 scFv for TSC275, hu4C04 

scFv (A43K/Q240E) for TSC277, hu4C04 scFv (A43T) for TSC278, and hu4C04 scFv 

(Q165R) for TSC279) were compared. 

[00277] MDA-MB-453 breast cancer cells (RON+) were obtained from ATCC 

(Manassas, VA) and cultured according to the protocol provided by ATCC. Peripheral blood 

mononuclear cells (PBMC) were isolated from human blood using standard ficoll gradients 

and washed in saline buffer. T-cells were additionally isolated from PBMC using a Pan T-

cell Isolation Kit II from Miltenyi Biotec (Bergisch Gladbach, Germany) using the 

manufacturer's protocol. 

[00278] 	Cytotoxicity was assessed by a 51Cr release assay. Approximately 5x106  

Daudi cells were treated with 0.3 mCi of 51Cr and incubated for 75 minutes at 37°C. After 75 

minutes, cells were washed 3 times with media (RPMI + 10% FBS) and resuspended in 11.5 

mL of media. From this suspension, 50 pL was dispensed per well into 96 well U-bottom 

plates (approximately 20,000 cells/well). Concentrations of bispecific molecules ranging 

from 10 nM to 0.005 fM were added to the Daudi cells, bringing the total volume to 

100 pL/well. Target cells were incubated at room temperature for 15 minutes. Then 100 pL 

of isolated T-cells (approximately 100,000) were added to bring the T-cell to target cell ratio 

to 5:1. 50 pL of 0.8% NP-40 was added to a control well containing target cells, left for 15 

minutes, then 100 pL of media was added to provide a total lysis control. 

[00279] 	Plates were incubated for 24 hours, spun at 1500 rpm for 3 minutes, and 25 

pL of supernatant was transferred from each well to the corresponding well of a 96-well 

Luma sample plate. Sample plates were allowed to air dry in a chemical safety hood for 18 

hours, and then radioactivity was read on a Topcount scintillation counter using a standard 

protocol. 
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[00280] 	Analysis of cytotoxicity data showed T-cell directed cytotoxicity with the 

MDA-MB-453 cells in the presence of T-cells and anti-RON directed bispecific molecules 

(Figure 24). 

[00281] 	For the homodimeric bispecific polypeptides (TSC275, TSC277, TSC278 

and TSC279), observed cytotoxicity was generally comparable (Figure 24), suggesting that 

mutations within the ORN196 binding domain did not significantly affect overall activity. 

However, slightly lower maximum lysis was observed for TSC278 compared to the other 

three variants (Figure 24). Maximum lysis was observed between concentrations of 10 pM 

and 10 nM. 

EXAMPLE 13: T-CELL BINDING OF  BISPECIFIC POLYPEPTIDE HETERODIMERS AND 

HOMODIMERS 

[00282] 	To compare the effectiveness of bispecific polypeptide molecules featuring 

a pl variant CD3 binding domain (the scFv found in DRA222 (amino acid 1-244 of SEQ ID 

NO:8)) at binding to T-cells, the on-cell binding characteristics of an anti-CD19 x anti-CD3 

bispecific polypeptide heterodimer, TSC228 (as described in Example 8, Table 8), were 

compared to that of an anti-PSMA x anti-CD3 bispecific polypeptide homodimer TSC249 (as 

described in Example 5, Table 5), were compared in two independent experiments. 

[00283] Jurkat (CD3+) T cell leukemia cells were obtained from ATCC (Manassas, 

VA), and cultured according to the protocol provided by ATCC. 	Binding was assessed by 

incubating 5x105  Jurkat cells for 30 minutes at 4°C with serially diluted bispecific molecules 

TSC228 or TSC249, in concentrations from 250 nM to 0.125 nM (TS0249) or 125 nM to 1 

pM (TSC228) 	The cells were washed three times and then incubateci with goat anti-human 

loG-FITC (1:200 dilution) for another 30 minutes at 4°C. The cells were then washed again 

three times, fixed in 1% paraformaldehyde and read on a FACS-Calibur instrument. 

[00284] Analysis of the FSC high, SSC high subset in FlowJo v7.5 (Tree Star, Inc, 

Ashland, OR) showed dose-dependent binding of bispecific molecules TSC228 and TSC249 

to 	Jurkat cells 	(Figures 25A & 	B, 	respectively). 	The TSC228 	bispecific polypeptide 

heterodimer, which possessed only one anti-CD3 binding domain, bound with a lower 

apparent affinity (EC50 = 24.5 nM) than the TSC249 bispecific polypeptide homodimer (EC50 

= 1.9 nM), which possessed two anti-CD3 binding domains. This suggests that the TSC249 

bispecific polypeptide heterodimer bound with some avidity. 
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EXAMPLE 14: TARGET-DEPENDENT T-CELL PROLIFERATION BY BISPECIFIC 

POLYPEPTIDE HOMODIMERS TARGETING PSMA 

[00285] 	To determine the effectiveness of different bispecific polypeptide 

heterodimer molecules at inducing target-dependent T-cell activation and proliferation, a 

homodimeric bispecific molecule (TSC249, see Example 5, Table 5) with an anti-PSMA 

binding domain (hu107-1A4) and an anti-CD3 binding domain (the scFv from DRA222 

(amino acid 1-244 of SEQ ID NO:8)) was tested on prostate cancer cell lines expressing 

PSMA, prostate cancer cell lines not expressing PSMA, and T-cells without target cells 

present. 

[00286] C4-2B prostate carcinoma cells (PSMA+) were obtained from MD Anderson 

Cancer Center (Houston, TX) and cultured according to the provided protocol. DU-145 

prostate carcinoma cells (PSMA-) were obtained from ATCC (Manassas, VA) and cultured 

according to the provided protocol. Peripheral blood mononuclear cells (PBMC) were 

isolated from human blood using standard ficoll gradients, and further were washed in saline 

buffer. T-cells were then isolated from these PBMC using a Pan T-cell Isolation Kit II from 

Miltenyi Biotec (Bergisch Gladbach, Germany) using the manufacturer's protocol. 

[00287] 	Proliferation was assessed by labeling isolated T cell populations with 

carboxyfluorescein diacetate succinimidyl ester (CFSE). Three individual experiments were 

set up simultaneously. CFSE-labeled T cells were mixed with the TSC249 molecule alone; 

CFSE-labeled T cells were mixed with DU-145 cells and the TSC249 molecule; and CFSE-

labeled T cells were mixed with C4-2B cells and the TSC249 molecule. CFSE-labeled 

T-cells were plated in U-bottom 96-well plates at 100,000 cells/well, with 33,000 tumor 

cells/well, to achieve approximate T-cell to tumor cell ratios of 3:1. Concentrations of test 

molecules ranging from 20 nM to 5 fM were added to the cell mixtures in a total of 200 

uL/well in RPMI 1640 media supplemented with 10% human or bovine serum, sodium 

pyruvate and non-essential amino acids. Plates were incubated at 37°C, 5% CO2  in 

humidified incubators. After 3 days, cells were labeled with antibodies for flow cytometric 

analysis. Cells were labeled and washed in their original plates to minimize cell losses 

during transfers, and all labeling was done in saline buffer with 0.2% bovine serum albumin. 

First, cells were pre-incubated with 100 ug/ml human IgG at room temperature for 15 min. 

Subsequently, cells were incubated with a mixture (total volume 50 ul) of the following dye-

labeled antibodies: CD5-PE, CD4-APC, CD8-Pacific Blue, CD25-PE-Cy7, as well as 7- 

Amino Actinomycin D (7AAD hereafter) for 40 min. Plates were washed twice, resuspended 

in 80 to 120 ul volumes and ran immediately in a BD LSRII flow cytometer to acquire 80% of 

the contents of each well. The sample files were analyzed using FlowJo software to 

calculate the percentages and numbers of cells that had undergone at least one cell division, 
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according to their CFSE profile, by gating sequentially on activated, live CD4+ or CD8+ T 

cells (7AAD-, CD5+ CD25+ CD4+ or 7AAD- CD5+ CD25+ CD8+, respectively). Mean 

values and standard deviations were calculated using Microsoft Excel software. Graphs 

were plotted using Microsoft Excel or Graphpad Prism. 

[00288] Analysis of live CD4+ and CD8+ populations from C4-2B cells treated with 

whole T cells revealed a significant increase in both the total number of cells in the presence 

of C4-2B cells expressing the target PSMA antigen upon treatment with TSC249 (Figure 

26A). This increase was not seen in the presence of DU-145 cells that did not express the 

target PSMA antigen after treatment with TSC249 (Figure 26B). Finally, this increase was 

also not seen when isolated T cells were treated with TSC249 (Figure 26C). This confirmed 

the target-dependent nature of the T cell proliferation induced by TSC249 in the presence of 

tumor cells expressing the target antigen. 

EXAMPLE 15: IN VIVO TESTING OF BISPECIFIC TARGETING  OF CD3 AND PSMA 

[00289] To confirm effectiveness of an anti-CD3 and anti-PSMA bispecific molecule 

at inhibiting tumor growth in vivo, a PSMA-directed molecule can be evaluated using any 

one or more of the following. 

[00290] 	Prophylactic treatment, or prevention of tumor engraftment of subcutaneous 

tumors: Cultured, PSMA-expressing tumor cell lines (such as LNCaP, LNCaP C4-2, LNCaP 

C4-2B, VCaP, CWR22Rv1, LAPC4, MDA-PCa-2b, LuCaP 23.1, LuCaP 58, LuCaP 70, 

LuCaP 77) are mixed with human lymphocytes (either human peripheral blood mononuclear 

cells or purified T-cells) and injected subcutaneously into immunodeficient mice (such as 

SCID, NOD/SCID, etc.). An anti-PSMA bispecific molecule is injected intravenously on the 

day of injection and on several subsequent days. Dose-dependent inhibition of tumor 

outgrowth, as assessed by tumor volume, indicates that the respective molecule has efficacy 

against PSMA-expressing tumors in vivo. 

[00291] 	Therapeutic treatment or regression of previously established subcutaneous 

tumors: Cultured, PSMA-expressing tumor cell lines (such as LNCaP, LNCaP C4-2, LNCaP 

C4-2B, VCaP, CWR22Rv1, LAPC4, MDA-PCa-2b, LuCaP 23.1AI, LuCaP 58, LuCaP 70, 

and LuCaP 77) are injected subcutaneously into immunodeficient mice (such as SCID, 

NOD/SCID, etc.). Tumor growth is monitored, and the study is initiated when tumors show 

signs of established growth (typically a volume of —200 mm3). Human lymphocytes (either 

human peripheral blood mononuclear cells or purified T-cells) are injected intravenously 

along with an anti-PSMA bispecific molecule on the day of injection. The anti-PSMA 

bispecific molecule is injected several subsequent days. Dose-dependent inhibition of tumor 

growth, as assessed by tumor volume, indicates that the respective molecule has efficacy 

against PSMA-expressing tumors in vivo. 
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[00292] 	Prophylactic treatment, or prevention of tumor engraftment of intra-tibial 

tumors: Cultured, PSMA-expressing tumor cell lines (such as LNCaP C4-2, LNCaP C4-2B, 

VCaP, CWR22Rv1, LAPC4, MDA-PCa-2b, LuCaP 23.1, LuCaP 58, LuCaP 70, LuCaP 77) 

are mixed with human lymphocytes (either human peripheral blood mononuclear cells or 

purified T-cells) and injected intra-tibially into immunodeficient mice (such as SCID, 

NOD/SCID, etc.). An anti-PSMA bispecific molecule is injected intravenously on the day of 

injection and on several subsequent days. Dose-dependent inhibition of tumor growth, as 

assessed by serum biomarkers, radiography, fluorescent imaging, weight loss, and other 

proxy measurements of tumor volume, indicates that the respective molecule has efficacy 

against PSMA-expressing tumors in vivo. 

[00293] 	Therapeutic treatment or regression of previously established intra-tibial 

tumors: Cultured, PSMA-expressing tumor cell lines (such as LNCaP C4-2, LNCaP C4-2B, 

VCaP, CWR22Rv1, LAPC4, MDA-PCa-2b, LuCaP 23.1AI, LuCaP 58, LuCaP 70, and LuCaP 

77) are injected intra-tibially into immunodeficient mice (such as SCID, NOD/SCID, etc.). 

Tumor growth is monitored, and the study is initiated when tumors show signs of established 

growth (typically a volume of —200 mm3). 	Human lymphocytes (either human peripheral 

blood mononuclear cells or purified T-cells) are injected intravenously along with an anti- 

PSMA bispecific molecule on the day of injection. 	The anti-PSMA bispecific molecule is 

injected several subsequent days. Dose-dependent inhibition of tumor growth, as assessed 

by serum biomarkers, radiography, fluorescent imaging, weight loss, and other proxy 

measurements of tumor volume, indicates that the respective molecule has efficacy against 

PSMA expressing tumors in vivo. 

EXAMPLE 16: REDIRECTED T-CELL CYTOTOXICITY BY POLYPEPTIDE 

HETERODIMERS AND HOMODIMERS TARGETING PSMA 

[00294] 	To compare the effectiveness of different bispecific polypeptide heterodimer 

molecules at inducing target-dependent T-cell cytotoxicity, two different homodimeric 

bispecific molecules (TSC194, TSC249) with a common anti-PSMA binding domain (hu107- 

1A4) and two different anti-CD3 binding domains (a Cris7 scFV for TSC194, the scFv from 

DRA222 for TSC249) were compared. TSC194 is a homodimeric bispecific ((huVL-VH#2 

107-1A4 scFv-Fc-Cris7 scFv) (SEQ ID NO:250 & 251) 

[00295] C4-2B cells (PSMA+) were obtained from MD Anderson and cultured 

according to published culture conditions in RPMI-1640 media (Life Technologies, Carlsbad, 

CA) plus 10% FBS. Peripheral blood mononuclear cells (PBMCs) were isolated from human 

blood using standard Ficoll gradients and washed in saline buffer. T-cells were additionally 

isolated from PBMC using a Pan T-cell Isolation Kit II from Miltenyi Biotec (Bergisch 

Gladbach, Germany) using the manufacturer's protocol. 
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[00296] 	Cytotoxicity was assessed by a 51Cr release assay. Approximately 5x106  

C4-2 cells were treated with 0.3 mCi of 51Cr and incubated for 75 minutes at 37°C. After 75 

minutes, cells were washed 3 times with media (RPMI + 10% FBS) and resuspended in 11.5 

mL of media. From this suspension, 50 pL was dispensed per well into 96 well U-bottom 

plates (approximately 20,000 cells/well). Concentrations of bispecific molecules ranging 

from 500 pM to 0.2 pM were added to the C4-2 cells, bringing the total volume to 100 

pL/well. Target cells were incubated at room temperature for 15 minutes. Then 100 pL of 

isolated T-cells (approximately 200,000) were added to bring the T-cell to target cell ratio to 

10:1. 50 pL of 0.8% NP-40 was added to a control well containing target cells, left for 15 

minutes, then 100 pL of media was added to provide a total lysis control. 

[00297] 	Plates were incubated for 4 hours, spun at 1500 rpm for 3 minutes, and 25 

pL of supernatant was transferred from each well to the corresponding well of a 96-well 

Luma sample plate. Sample plates were allowed to air dry in a chemical safety hood for 18 

hours, and then radioactivity was read on a Topcount scintillation counter using a standard 

protocol. 

[00298] Analysis of cytotoxicity data showed T-cell directed cytotoxicity with the C4- 

2 cells in the presence of T-cells and anti-PSMA directed bispecific molecules (Figure 27). 

For the homodimeric bispecific polypeptides (TSC194, TSC249), observed cytotoxicity was 

comparable between TSC194 and TSC249 (Table 10), suggesting that the DRA222 anti- 

CD3 scFv binding domain pl variant had equivalent activity to the parental Cris7 binding 

domain. 

Table 10: Observed Cytotoxicity 

EC50  for RTCC 

TSC194 2.8± 0.6 pM 

TSC249 2.9± 1.0 pM 
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CLAIMS 

The invention claimed is: 

1. A CD3 binding polypeptide comprising a CD3 binding domain with a 

reduced isoelectric point as compared to a binding domain with the amino acid 

sequence of SEQ ID NO:41. 

2. The CD3 binding polypeptide of claim 1, wherein said binding domain 

comprises a VH region and a VL region and wherein the VH region and the VL 

region comprise framework regions. 

3. The CD3 binding polypeptide of claim 2, wherein two or more amino acids 

are modified in the framework regions of VH and/or VL by substituting positively 

charged amino acids with neutral amino acids and/or substituting neutral amino 

acids with negatively charged amino acids. 

4. The CD3 binding polypeptide of claim 3, wherein the modified amino 

acids of the framework regions are substituted with amino acids contained within a 

corresponding human germline IgG sequence. 

5. The CD3 binding polypeptide of claim 4, wherein the human germline IgG 

sequence comprises SEQ ID NO:43 

6. The CD3 binding polypeptide of claim 4, wherein the human germline IgG 

sequence comprises SEQ ID NO:44 

7. The CD3 binding polypeptide of claims 1-3 further comprising a prehinge 

region. 

8. The CD3 binding polypeptide of claim 7, wherein said prehinge region 

has a reduced isoelectric point as compared to a CD3 binding polypeptide with an 

RRT prehinge region. 

9. A CD3 binding polypeptide comprising a CD3 binding domain with 

framework regions, a prehinge region and a hinge region, 

wherein the CD3 binding polypeptide has three or more modified amino acids 

as compared to SEQ ID NO:42, said modifications being substitutions of positively 

charged amino acids with neutral amino acids and/or substitutions of neutral amino 

acids with negatively charged amino acids in the framework and/or prehinge regions. 
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10. The CD3 binding polypeptide of claim 9, wherein at least two or more 

amino acids are modified in the framework regions of VH and/or VL by substituting 

positively charged amino acids with neutral amino acids and/or substituting neutral 

amino acids with negatively charged amino acids. 

11. The CD3 binding polypeptide of claims 3 and 9, wherein at least four or 

more amino acids are modified in the framework regions of VH and/or VL by 

substituting positively charged amino acids with neutral amino acids and/or 

substituting neutral amino acids with negatively charged amino acids. 

12. The CD3 binding polypeptide of claims 3 and 9, wherein three to five 

amino acids are modified in the framework regions of VH and/or VL by substituting 

positively charged amino acids with neutral amino acids and/or substituting neutral 

amino acids with negatively charged amino acids. 

13. The CD3 binding polypeptide of claims 3 and 9, wherein three to ten 

amino acids are modified in the framework regions of VH and/or VL by substituting 

positively charged amino acids with neutral amino acids and/or substituting neutral 

amino acids with negatively charged amino acids. 

14. The CD3 binding polypeptide of claims 8-9, wherein the CD3 binding 

polypeptide prehinge region comprises the amino acid sequence SSS or SST. 

15. The CD3 binding polypeptide of claims 1-8, wherein the CD3 binding 

polypeptide further comprises a hinge region and a constant region. 

16. The CD3 binding polypeptide of claims 1-15, wherein the CD3 binding 

polypeptide has an empirical isoelectric point of at least 1 pl unit less than a 

polypeptide of SEQ ID N0:4. 

17. The CD3 binding polypeptide of claim 1, wherein the CD3 binding 

polypeptide is a humanized antibody, a single chain Fv (scFv) or a SMIP. 

18. The CD3 binding polypeptide of claim 15, wherein the CD3 binding 

polypeptide comprises, from amino to carboxyl terminus, the CD3 binding domain, 

the hinge region and the constant region. 

19. The CD3 binding polypeptide of claim 15, wherein the binding polypeptide 

comprises, from amino to carboxyl terminus, the constant region, the hinge region 

and the CD3 binding domain. 
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20. The CD3 binding polypeptide of claim 15, wherein the binding polypeptide 

further comprises a second binding domain. 

21. The CD3 binding polypeptide of claim 20, wherein the binding polypeptide 

comprises, from amino to carboxyl terminus, the CD3 binding domain, the hinge 

region, the constant region, and the second binding domain. 

22. The CD3 binding polypeptide of claim 20, wherein the CD3 binding 

polypeptide comprises, from amino to carboxyl terminus, the second binding domain, 

the hinge region, the constant region, and the CD3 binding domain. 

23. The CD3 binding polypeptide of claim 15, wherein the CD3 binding 

polypeptide further comprises a heterodimerization domain. 

24. The CD3 binding polypeptide of claim 23, wherein the CD3 binding 

polypeptide comprises, from amino to carboxyl terminus, the CD3 binding domain, 

the hinge region, the constant region and the heterodimerization domain. 

25. The CD3 binding polypeptide of claims 1-24, wherein the CD3 binding 

polypeptide further comprises a second binding domain. 

26. The CD3 binding polypeptide of claim 25 wherein the second binding 

domain binds or interacts with a target molecule and the CD3 binding polypeptide 

induces T-cell cytotoxicity. 

27. The CD3 binding polypeptide of claim 26, wherein the second binding 

domain binds or interacts with a tumor associated antigen. 

28. The CD3 binding polypeptide of claim 27, wherein the CD3 binding 

polypeptide induces T-cells to lyse tumor cells. 

29. The CD3 binding polypeptide of claims 27, wherein the CD3 binding 

polypeptide induces polyclonal T- cell activation and expansion in the vicinity of a 

tumor. 

30. The CD3 binding polypeptide of claims 27-29, wherein the tumor 

associated antigen is selected from the group consisting of RON, c-Met, CEACAM-6, 

PSMA, EpCAM, CEA, PCTA-1, STEAP-1, STEAP-2, PSCA, PSA, PAP, ALCAM 

(CD166), PECAM-1, EphA2, CD151, CA-125/MUC16, MUC-1, MAGE-1, TROP2, 

IGF1R, TGFBR2, GHRHR, GHR, IL-6R, gp130, TNFR2, OSMRP, Patched-1, 

Frizzled, Robo1, LTpR, CD25, CD26, CD27, CD30, CD33, CD44, CD44v6, CD63, 
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CD80, CD81, CD86, CD100, CD151, CXCR4, CCR5, HER-2/ErbB1, HER-3/ErbB3, 

HER-4/ErbB4, EGFR/ErbB1, EGFRvIII isoform, MUC2, MUC3, MUC4, MUC5Ac, 

MUC5b, MUC7,13hCG, Lewis-Y, ganglioside GD3, 9-0-Acetyl-GD3, GM2, Globo H, 

fucosyl GM1, Poly SA, GD2, Carbonic anhydrase IX (MN/CA IX), Sonic Hedgehog 

(Shh), Wue-1, Plasma Cell Antigen, (membrane-bound) IgE, Melanoma Chondroitin 

Sulfate Proteoglycan (MCSP), CCR8, TNF-alpha precursor, mesothelin, A33 

Antigen, Ly-6; desmoglein 4, E-cadherin neoepitope, Fetal Acetylcholine Receptor, 

CA19-9 marker, Muellerian Inhibitory Substance (MIS) Receptor type II, sTn 

(sialylated Tn antigen; TAG-72), FAP (fibroblast activation antigen), endosialin, LG, 

SAS, BCMA, TWEAKR/Fn14, FGFR4, VEGFRI, VEGFR2, SSX1, and SSX2. 

31. The CD3 binding polypeptide of claims 1-30, wherein the CD3 binding 

domain binds or interacts with the CD3c subunit of the T-cell receptor complex on T-

cells. 

32. The CD3 binding polypeptide of claims 1-31, wherein the CD3 binding 

polypeptide induces internalization of T-cell receptor complex. 

33. The CD3 binding polypeptide of claims 1-32, wherein the CD3 binding 

domain is a humanized CD3 binding domain derived from murine Cris-7 monoclonal 

antibody or HuM291. 

34. The CD3 binding polypeptide of claim 33, wherein the CD3 binding 

domain comprises heavy chain CDR1, CDR2 and CDR3 and light chain CDR1, 

CDR2 and CDR3 of murine Cris-7 antibody or HuM291. 

35. The CD3 binding polypeptide of claim 1, wherein the CD3 binding domain 

comprises a VH region sequence or VL region sequence selected from the group 

consisting of SEQ ID NO:28, SEQ ID NO:30, SEQ ID NO:32, SEQ ID NO:38 and 

SEQ ID NO:40 . 

36. The CD3 binding polypeptide of claim 1, wherein the CD3 binding domain 

comprises a VH region selected from the group consisting of SEQ ID NO:22, SEQ ID 

NO:24, SEQ ID NO:26, SEQ ID NO:28, SEQ ID NO:30 and SEQ ID N032 and a VL 

region selected from the group consisting of SEQ ID NO:38 and SEQ ID NO:40. 

37. The CD3 binding polypeptide of claim 1, wherein the CD3 binding domain 

comprises a VH region selected from the group consisting of SEQ ID NO:28, SEQ ID 
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NO:30 and SEQ ID NO:32 and a VL region selected from the group consisting of 

SEQ ID NO:34, SEQ ID NO:36, SEQ ID NO:38 and SEQ ID NO:40. 

38. The CD3 binding polypeptide of claim 2, wherein the VH region 

comprises SEQ ID NO:28 and the VL region comprises SEQ ID NO:34. 

39. The CD3 binding polypeptide of claim 2, wherein the VH region 

comprises SEQ ID NO:28 and the VL region comprises SEQ ID NO:38. 

40. The CD3 binding polypeptide of claim 2, wherein the VH region 

comprises SEQ ID NO:26 and the VL region comprises SEQ ID NO:38. 

41. The CD3 binding polypeptide of claims 9 and 14, wherein the VH region 

comprises SEQ ID NO:26 and the VL region comprises SEQ ID NO:34. 

42. The CD3 binding polypeptide of claim 1, wherein said CD3 binding 

polypeptide comprises an amino acid sequence selected from the group consisting 

of SEQ ID NO:6, SEQ ID NO:8, SEQ ID NO:10, SEQ ID NO:12, SEQ ID NO:14, 

SEQ ID NO:16, SEQ ID NO:18 and SEQ ID N020. 

43. The CD3 binding polypeptide of claim 1, wherein the CD3 binding domain 

comprises a heavy chain CDR1, CDR2 and CDR3 and a light chain CDR1, CDR2 

and CDR3 and wherein the heavy chain CDR3 comprises SEQ ID NO:51. 

44. The CD3 binding polypeptide of claim 43, wherein the heavy chain CDR1 

comprises SEQ ID NO:49, CDR2 comprises SEQ ID NO:50 and CDR3 comprises 

SEQ ID NO:51 and light chain CDR1 comprises SEQ ID NO:52, CDR2 comprises 

SEQ ID NO:53, and CDR3 comprises SEQ ID NO:54. 

45. The CD3 binding polypeptide of claim 15, wherein the constant region 

comprises CH2 and CH3 domains of IgG1, IgG2, IgG3, IgG4, IgA1, IgA2, IgD or any 

combination thereof; an immunoglobulin CH3 domain of IgG1, IgG2, IgG3, IgG4, 

IgA1, IgA2, IgD, IgE, IgM or any combination thereof; or immunoglobulin CH3 and 

CH4 domains of IgE, IgM or a combination thereof. 

46. The CD3 binding polypeptide of claim 15, wherein the constant region 

comprises CH2 and CH3. 

47. The CD3 binding polypeptide of claim 15, wherein the constant region 

consists essentially of a CH2 domain and CH3 domain. 
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48. The CD3 binding polypeptide of claims 45-47, wherein the constant 

region is modified to reduce or eliminate effector function. 

49. The CD3 binding polypeptide of claims 45-47, wherein the constant 

region is modified to not fix complement. 

50. The CD3 binding polypeptide of claims 45-47, wherein the constant 

region is modified to not bind to Fc y receptors. 

51. The CD3 binding polypeptide of claim 50, wherein the Fcy receptors are 

selected from the group consisting of CD16, CD32 and CD64. 

52. The CD3 binding polypeptide of claim 15, wherein the constant region 

comprises the amino acid sequence of SEQ ID NO:55. 

53. A nucleic acid encoding any one of the polypeptides of claims 1-52. 

54. An isolated nucleic acid comprising the nucleic acid selected from the 

group consisting of SEQ ID NO:5, SEQ ID NO:', SEQ ID NO:9, SEQ ID NO:11, SEQ 

ID NO:13, SEQ ID NO:15, SEQ ID NO:17, SEQ ID NO:19, SEQ ID NO:27 and SEQ 

ID NO:37. 

55. An expression vector comprising the nucleic acid of claim 53 or 54. 

56. A recombinant host cell comprising the expression vector of claim 32. 

57. A composition comprising the CD3 binding polypeptide of any of claims 1- 

52 and a pharmaceutically acceptable carrier, diluent or excipient. 

58. A method for treating cancer or an autoimmune disorder comprising 

administering a therapeutically effective amount of the composition of claim 57 or a 

CD3 binding polypeptide of claims 1-52 to a patient in need thereof. 

59. The CD3 binding polypeptide of claims 1-52, wherein said CD3 binding 

polypeptide forms a dimer. 

60. The CD3 binding polypeptide of claim 59, wherein the dimer is a 

homodimer or heterodimer. 

61. The CD3 binding polypeptide of claim 3, wherein at least one amino acid 

modification is within the J kappa (Jk) region of the VL region as compared to the 

Cris-7 VL Jk region mouse sequence LQIT (SEQ ID NO:252). 
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62. The CD3 	binding 	polypeptide 	of claim 61, 	wherein the Jk region 

comprises the amino acid sequence VEIK (SEQ ID NO:253). 

63. The CD3 binding polypeptide of claim 25, wherein the second binding 

domain comprises an amino acid sequence that is at least 90%, at least 95% or 

100% identical to an amino acid sequence selected from the group consisting of 

amino acids 1-107 and 124-243 of SEQ ID NO:212; amino acids 1-107 and 124-243 

of SEQ ID NO:226; amino acids 1- 107 and 124-243 of SEQ ID NO:216; and 1-111 

and 128-251 of SEQ ID NO:196; 

64. The CD3 binding polypeptide of claim 1, wherein the binding polypeptide 

comprises an amino acid sequence that is at least 90%, at least 95% or 100% 

identical to SEQ ID NO: 57, 59, 61, 63, 65, 67, 69, 71, 186, 190, 192, 194, 196, 198, 

200, 202, 204 or 206. 

65. The CD3 binding polypeptide of claim 1, wherein the polypeptide is part of 

a heterodimer. 

66. The CD3 binding polypeptide of claim 65, wherein the heterodimer 

comprises a pair of single chain polypeptides wherein the single chain pair 

comprises amino acid sequences that are at least 90%, at least 95% or 100% 

identical to the pairs selected from SEQ ID NO:210 & 247, SEQ ID NO:210 & 218, 

SEQ ID NO:210 & 220, SEQ ID NO:208 & 249, SEQ ID NO:208 & 222, or SEQ ID 

NO:208 & 224, SEQ ID NO:212 & 218, SEQ ID NO:216 & 222, SEQ ID NO:228 & 

226, or SEQ ID NO:214 & 218. 

67. The CD3 binding polypeptide of claim 1, wherein the CD3 binding domain 

is about 90% to about 99% identical to SEQ ID NO:41. 
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