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COVALENT DIABODIES AND USES THEREOF
[0001] This Application claims the benefit of of U.S. Patent Appln. Serial No.
61/370,046 (filed Aug. 2, 2010; pending), and U.S. Patent Applns. Serial Nos. 60/671,657
(filed April 15, 2005; expired); 11/409,339 (filed April 17, 2006; pending);
PCT/US06/014481 (filed April 17, 2006; expired); 60/945,523 (filed June 21, 2007,
expired), 61/019,051 (filed January 4, 2008; expired); 12/138,867 (filed June 13, 2008,
pending), PCT/US08/066957 (filed June 13, 2008, pending), 61/139,352 (filed December
19, 2008, pending), 61/156,035 (filed February 27, 2009, pending); 61/256,779 (filed
October 30, 2009; pending) and 12/641,095 (filed December 17, 2009; pending), all of

which applications are herein incorporated by reference in their entireties.

1. FIELD OF THE INVENTION

[0002] The present invention is directed to diabody molecules, otherwise referred
to as “dual affinity retargeting reagents” (“DARTS”), and uses thereof in the treatment of
a variety of diseases and disorders, including immunological disorders and cancers. The
diabody molecules of the invention comprise at least two polypeptide chains that associate
to form at least two epitope binding sites, which may recognize the same or different
epitopes. Additionally, the epitopes may be from the same or different molecules or
located on the same or different cells. The individual polypeptide chains of the diabody
molecule may be covalently bound through non-peptide bond covalent bonds, such as, but
not limited to, disulfide bonding of cysteine residues located within each polypeptide
chain. In particular embodiments, the diabody molecules of the present invention further
comprise an Fc region, which allows antibody-like functionality to be engineered into the

molecule.

2. BACKGROUND OF THE INVENTION

[0003] The design of covalent diabodies is based on the single chain Fv construct
(scFv) (Holliger et al. (1993) “’ Diabodies’: Small Bivalent And Bispecific Antibody
Fragments,” Proc. Natl. Acad. Sci. USA 90:6444-6448; herein incorporated by reference
in its entirety). In an intact, unmodified IgG, the VL and VH domains are located on
separate polypeptide chains, i.e., the light chain and the heavy chain, respectively.
Interaction of an antibody light chain and an antibody heavy chain and, in particular,
interaction of VL and VH domains forms one of the epitope binding sites of the antibody.

In contrast, the scFv construct comprises a VL and VH domain of an antibody contained
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in a single polypeptide chain wherein the domains are separated by a flexible linker of
sufficient length to allow self-assembly of the two domains into a functional epitope
binding site. Where self assembly of the is impossible due to a linker of insufficient
length (less than about 12 amino acid residues), two of the scFv constructs interact with
each other to form a bivalent molecule, the VL of one chain associating with the VH of the
other (reviewed in Marvin ef al. (2005) “Recombinant Approaches To IgG-Like Bispecific
Antibodies,” Acta Pharmacol. Sin. 26:649-658). Moreover, addition of a cysteine residue
to the c-terminus of the construct has been show to allow disulfide bonding of the
polypeptide chains, stabilizing the resulting dimer without interfering with the binding
characteristics of the bivalent molecule (see e.g., Olafsen et al. (2004) “Covalent
Disulfide-Linked Anti-CEA Diabody Allows Site-Specific Conjugation And Radiolabeling
For Tumor Targeting Applications,” Prot. Engr. Des. Sel. 17:21-27). Further, where VL
and VH domains of differing specificity are selected, not only a bivalent, but also a
bispecific molecule may be constructed.

[0004] Bivalent diabodies have wide ranging applications including therapy and
immunodiagnosis. Bivalency allows for great flexibility in the design and engineering of
diabody in various applications, providing enhanced avidity to multimeric antigens, the
cross-linking of differing antigens, and directed targeting to specific cell types relying on
the presence of both target antigens. Due to their increased valency, low dissociation rates
and rapid clearance from the circulation (for diabodies of small size, at or below ~50 kDa),
diabody molecules known in the art have also shown particular use in the filed of tumor
imaging (Fitzgerald ef al. (1997) “Improved Tumour Targeting By Disulphide Stabilized
Diabodies Expressed In Pichia pastoris,” Protein Eng. 10:1221). Of particular
importance is the cross linking of differing cells, for example the cross linking of cytotoxic
T cells to tumor cells (Staerz ef al. (1985) “Hybrid Antibodies Can Target Sites For Aitack
By T Cells,” Nature 314:628-631, and Holliger et al. (1996) “Specific Killing Of
Lymphoma Cells By Cytotoxic T-Cells Mediated By A Bispecific Diabody, " Protein Eng.
9:299-305). Diabody epitope binding domains may also be directed to a surface
determinant of any immune effector cell such as CD3, CD16, CD32, or CD64, which are
expressed on T lymphocytes, natural killer (NK) cells or other mononuclear cells. In
many studies, diabody binding to effector cell determinants, e.g., Fcy receptors (FcyR),
was also found to activate the effector cell (Holliger er al. (1996) “Specific Killing Of
Lymphoma Cells By Cytotoxic T-Cells Mediated By A Bispecific Diabody, " Protein Eng.

-
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9:299-305; Holliger et al. (1999) “Carcinoembryonic Antigen (CEA)-Specific T-cell
Activation In Colon Carcinoma Induced By Anti-CD3 x Anti-CEA Bispecific Diabodies
And B7 x Anti-CEA Bispecific Fusion Proteins,” Cancer Res. 59:2909-2916). Normally,
effector cell activation is triggered by the binding of an antigen bound antibody to an
effector cell via Fc-FcyR interaction; thus, in this regard, diabody molecules of the
invention may exhibit Ig-like functionality independent of whether they comprise an Fc
domain (e.g., as assayed in any efferctor function assay known in the art or exemplified
herein (e.g., ADCC assay)). By cross-linking tumor and effector cells, the diabody not
only brings the effector cell within the proximity of the tumor cells but leads to effective
tumor killing (see e.g., Cao et al. (2003) “Bispecific Antibody Conjugates In
Therapeutics,” Adv. Drug. Deliv. Rev. 55:171-197, hereby incorporated by reference

herein in its entirety).

2.1 EFFECTOR CELL RECEPTORS AND THEIR ROLES IN THE
IMMUNE SYSTEM

[0005] In traditional immune function the interaction of antibody-antigen
complexes with cells of the immune system results in a wide array of responses, ranging
from effector functions such as antibody-dependent cytotoxicity, mast cell degranulation,
and phagocytosis to immunomodulatory signals such as regulating lymphocyte
proliferation and antibody secretion. All these interactions are initiated through the
binding of the Fc domain of antibodies or immune complexes to specialized cell surface
receptors on hematopoietic cells. The diversity of cellular responses triggered by
antibodies and immune complexes results from the structural heterogeneity of Fc
receptors. Fc receptors share structurally related an antigen binding domains which
presumably mediate intracellular signaling.

[0006] The Fcy receptors, members of the immunoglobulin gene superfamily of
proteins, are surface glycoproteins that can bind the Fcy portion of immunoglobulin
molecules. Each member of the family recognizes immunoglobulins of one or more
isotypes through a recognition domain on the alpha chain of the Fcy receptor. Fey
receptors are defined by their specificity for immunoglobulin subtypes. Fcy receptors for
IgG are referred to as FcyR, for IgE as FceR, and for IgA as FcaR. Different accessory
cells bear Fcy receptors for antibodies of different isotype, and the isotype of the antibody
determines which accessory cells will be engaged in a given response (reviewed by

Ravetch J.V. et al. (1991) “Fc Receptors,” Annu. Rev. Immunol. 9: 457-92; Gerber J.S. ef
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al. (2001) “Stimulatory And Inhibitory Signals Originating From The Macrophage
Fcgamma Receptors,” Microbes and Infection, 3: 131-139; Billadeau D.D. et al. (2002),
“ITAMSs Versus ITIMs: Striking A Balance During Cell Regulation,” The Journal of
Clinical Investigation, 2(109): 161-1681; Ravetch J.V. et al. (2000) “Immune Inhibitory
Receptors,” Science, 290: 84-89; Ravetch J.V. et al., (2001) “IgG Fc Receptors,” Annu.
Rev. Immunol. 19:275-90; Ravetch J.V. (1994) “Fc Receptors: Rubor Redux,” Cell,
78(4): 553-60). The different Fcy receptors, the cells that express them, and their isotype
specificity is summarized in Table 1 (adapted from Immunobiology: The Immune System

in Health and Disease, 4" ed. 1999, Elsevier Science Ltd/Garland Publishing, New York).

Fcy Receptors

[0007] Each member of this family is an integral membrane glycoprotein,
possessing extracellular domains related to a C2-set of immunoglobulin-related domains, a
single membrane spanning domain and an intracytoplasmic domain of variable length.
There are three known FcyRs, designated FcyRI(CD64), FeyRII(CD32), and
FcyRIII(CD16). The three receptors are encoded by distinct genes; however, the extensive
homology between the three family members suggest they arose from a common
progenitor perhaps by gene duplication.

FcyRII(CD32)

[0008] FcyRII proteins are 40 kDa integral membrane glycoproteins which bind
only the complexed IgG due to a low affinity for monomeric Ig (10° M™"). This receptor is
the most widely expressed FcyR, present on all hematopoietic cells, including monocytes,
macrophages, B cells, NK cells, neutrophils, mast cells, and platelets. FcyRII has only
two immunoglobulin-like regions in its immunoglobulin binding chain and hence a much
lower affinity for IgG than FcyRI. There are three human FeyRII genes (FeyRII-A,
FcyRII-B, FeyRII-C), all of which bind IgG in aggregates or immune complexes.

[0009] Distinct differences within the cytoplasmic domains of FcyRII-A and
FcyRII-B create two functionally heterogenous responses to receptor ligation. The
fundamental difference is that the A isoform initiates intracellular signaling leading to cell
activation such as phagocytosis and respiratory burst, whereas the B isoform initiates
inhibitory signals, e.g., inhibiting B-cell activation.

FeyRIII (CD16)

[0010] Due to heterogeneity within this class, the size of FcyRIII ranges between

40 and 80 kDa in mouse and man. Two human genes encode two transcripts, FcyRIIIA,
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an integral membrane glycoprotein, and FcyRIIIB, a glycosylphosphatidyl-inositol (GPI)-
linked version. One murine gene encodes an FcyRIII homologous to the membrane
spanning human FcyRIITA. The FcyRIII shares structural characteristics with each of the
other two FcyRs. Like FeyRII, FeyRIII binds 1gG with low affinity and contains the
corresponding two extracellular Ig-like domains. FcyRIIIA is expressed in macrophages,
mast cells and is the lone FcyR in NK cells. The GPI-linked FcyRIIIB is currently known
to be expressed only in human neutrophils.

Signaling through FcyRs

[0011] Both activating and inhibitory signals are transduced through the FcyRs
following ligation. These diametrically opposing functions result from structural
differences among the different receptor isoforms. Two distinct domains within the
cytoplasmic signaling domains of the receptor called immunoreceptor tyrosine based
activation motifs (ITAMs) or immunoreceptor tyrosine based inhibitory motifs (ITIMS)
account for the different responses. The recruitment of different cytoplasmic enzymes to
these structures dictates the outcome of the FcyR-mediated cellular responses. ITAM-
containing FcyR complexes include FeyRI, FeyRIIA, FeyRIIIA, whereas ITIM-containing
complexes only include FcyRIIB.

[0012] Human neutrophils express the FcyRIIA gene. FcyRIIA clustering via
immune complexes or specific antibody cross-linking serves to aggregate ITAMs along
with receptor-associated kinases which facilitate ITAM phosphorylation. ITAM
phosphorylation serves as a docking site for Syk kinase, activation of which results in
activation of downstream substrates (e.g., PI3K). Cellular activation leads to release of
proinflammatory mediators.

[0013] The FcyRIIB gene is expressed on B lymphocytes; its extracellular domain
is 96% identical to FcyRIIA and binds IgG complexes in an indistinguishable manner. The
presence of an ITIM in the cytoplasmic domain of FcyRIIB defines this inhibitory subclass
of FcyR. Recently the molecular basis of this inhibition was established. When co-ligated
along with an activating FcyR, the ITIM in FcyRIIB becomes phosphorylated and attracts
the SH2 domain of the inosital polyphosphate 5’-phosphatase (SHIP), which hydrolyzes
phosphoinositol messengers released as a consequence of ITAM-containing FcyR-
mediated tyrosine kinase activation, consequently preventing the influx of intracellular

Ca"". Thus crosslinking of FcyRIIB dampens the activating response to FcyR ligation and
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inhibits cellular responsiveness. B cell activation, B cell proliferation and antibody

secretion is thus aborted.

TABLE 1. Receptors for the Fc Regions of Immunoglobulin Isotypes
Receptor Binding Cell Type Effect of Ligation
1eG1 II\\I/[:Strr (:)pl}l]ail]gses Uptake Stimulation
FcyRI (CD64) gg a roph Activation of respiratory burst
10°M Eosinophils . o1
L Induction of killing
Dendritic cells
Macrophages
Neutrophils
FeyRI1I-A IeGl Eosinophils
(CD32) 2 x 10° M Dendritic cells | UPtake Granule Release
Platelets
Langerhan cells
Macrophages
FeyRII-B2 1gG1 : - . .
(CD32) 2y 105 M-! Neu.trophfls Uptake Inhibition of Stimulation
Eosinophils
FeyRII-B1 1gGl B cells No Uptake
(CD32) 2x 10°M" Mast cells Inhibition of Stimulation
NK cells
Eosinophil
FeyRIII IgG1 . .
(CD16) 5% 10° M Macropha}ges Induction of Killing
Neutrophils
Mast Cells
IoE Mast cells
FeeRI1 1% -1 Eosinophil Secretion of granules
107" M .
Basophils
Macrophages
FeaRI lgA 17’ Ig_/l\2 Neutrophils Uptake Induction of Killing
(CD89) 10'M . .
Eosinophils

3. SUMMARY OF THE INVENTION
[0014] The present invention relates to covalent diabodies and/or covalent diabody
molecules and to their use in the treatment of a variety of diseases and disorders including
cancer, autoimmune disorders, allergy disorders and infectious diseases caused by
bacteria, fungi or viruses. Preferably, the diabody of the present invention can bind to two
different epitopes on two different cells wherein the first epitope is expressed on a
different cell type than the second epitope, such that the diabody can bring the two cells
together.
[0015] In one embodiment, the present invention is directed to a covalent
bispecific diabody, which diabody comprises a first and a second polypeptide chain, which
first polypeptide chain comprises (i) a first domain comprising a binding region of a light
chain variable domain of a first immunoglobulin (VL1) specific for a first epitope, (ii) a
second domain comprising a binding region of a heavy chain variable domain of a second

immunoglobulin (VH2) specific for a second epitope, and, optionally, (iii) a third domain
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comprising at least one cysteine residue, which first and second domains are covalently
linked such that the first and second domains do not associate to form an epitope binding
site; which second polypeptide chain comprises (i) a fourth domain comprising a binding
region of a light chain variable domain of the second immunoglobulin (VL2), (ii) a fifth
domain comprising a binding region of a heavy chain variable domain of the first
immunoglobulin (VH1), and, optionally, (iii) a sixth domain comprising at least one
cysteine residue, which fourth and fifth domains are covalently linked such that the fourth
and fifth domains do not associate to form an epitope binding site; and wherein the first
polypeptide chain and the second polypeptide chain are covalently linked, with the proviso
that the covalent link is not a peptide bond; wherein the first domain and the fifth domain
associate to form a first binding site (VL1)(VH1) that binds the first epitope; wherein the
second domain and the fourth domain associate to form a second binding site (VL2)(VH2)
that binds the second epitope.

[0016] In another embodiment, the present invention is directed to a covalent
bispecific diabody, which diabody comprises a first and a second polypeptide chain, which
first polypeptide chain comprises (i) a first domain comprising a binding region of a light
chain variable domain of a first immunoglobulin (VL1) specific for a first epitope, (ii) a
second domain comprising a binding region of a heavy chain variable domain of a second
immunoglobulin (VH2) specific for a second epitope and (iii) a third domain comprising
an Fc domain or portion thereof, which first and second domains are covalently linked
such that the first and second domains do not associate to form an epitope binding site;
which second polypeptide chain comprises (i) a fourth domain comprising a binding
region of a light chain variable domain of the second immunoglobulin (VL2), (ii) a fifth
domain comprising a binding region of a heavy chain variable domain of the first
immunoglobulin (VH1), which fourth and fifth domains are covalently linked such that the
third and fourth domains do not associate to form an epitope binding site; and wherein the
first polypeptide chain and the second polypeptide chain are covalently linked, with the
proviso that the covalent link is not a peptide bond; wherein the first domain and the fifth
domain associate to form a first binding site (VL1)(VH1) that binds the first epitope;
wherein the second domain and the fourth domain associate to form a second binding site
(VL2)(VH2) that binds the second epitope.

[0017] In certain aspects, the present invention is directed to diabody molecule,

which molecule comprises a first and a second polypeptide chain, which first polypeptide
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chain comprises (i) a first domain comprising a binding region of a light chain variable
domain of a first immunoglobulin (VL1) specific for a first epitope, (ii) a second domain
comprising a binding region of a heavy chain variable domain of a second
immunoglobulin (VH2) specific for a second epitope and (iii) a third domain comprising
an Fc domain or portion thereof, which first and second domains are covalently linked
such that the first and second domains do not associate to form an epitope binding site;
which second polypeptide chain comprises (i) a fourth domain comprising a binding
region of a light chain variable domain of the second immunoglobulin (VL2), (ii) a fifth
domain comprising a binding region of a heavy chain variable domain of the first
immunoglobulin (VH1), and (iii) a sixth domain comprising at least one cysteine residue,
which fourth and fifth domains are covalently linked such that the fourth and fifth domains
do not associate to form an epitope binding site; and wherein the first polypeptide chain
and the second polypeptide chain are covalently linked, with the proviso that the covalent
link is not a peptide bond; wherein the first domain and the fifth domain associate to form
a first binding site (VL1)(VH]1) that binds the first epitope; wherein the second domain
and the fourth domain associate to form a second binding site (VL2)(VH2) that binds the
second epitope.

[0018] In certain embodiments, the present invention is directed to a covalent
bispecific diabody, which diabody is a dimer of diabody molecules, each diabody
molecule comprising a first and a second polypeptide chain, which first polypeptide chain
comprises (i) a first domain comprising a binding region of a light chain variable domain
of a first immunoglobulin (VL1) specific for a first epitope, (ii) a second domain
comprising a binding region of a heavy chain variable domain of a second
immunoglobulin (VH2) specific for a second epitope and (iii) a third domain comprising
an Fc domain or portion thereof, which first and second domains are covalently linked
such that the first and second domains do not associate to form an epitope binding site;
and which second polypeptide chain comprises (i) a fourth domain comprising a binding
region of a light chain variable domain of the second immunoglobulin (VL2), (i) a fifth
domain comprising a binding region of a heavy chain variable domain of the first
immunoglobulin (VH1), and (iii) a sixth domain comprising at least one cysteine residue,
which fourth and fifth domains are covalently linked such that the fourth and fifth domains
do not associate to form an epitope binding site; and wherein the first polypeptide chain

and the second polypeptide chain of each diabody molecule are covalently linked, with the
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proviso that the covalent link is not a peptide bond; wherein the first domain and the fifth
domain of each diabody molecule associate to form a first binding site (VL1)(VH1) that
binds the first epitope; wherein the second domain and the fourth domain of each diabody
molecule associate to form a second binding site (VL2)(VH2) that binds the second
epitope.

[0019] In yet other embodiments, the present invention is directed to a covalent
tetrapecific diabody, which diabody is a dimer of diabody molecules, the first diabody
molecule comprising a first and a second polypeptide chain, which first polypeptide chain
comprises (i) a first domain comprising a binding region of a light chain variable domain
of a first immunoglobulin (VL1) specific for a first epitope, (ii) a second domain
comprising a binding region of a heavy chain variable domain of a second
immunoglobulin (VH2) specific for a second epitope and (iii) a third domain comprising
an Fc domain or portion thereof, which first and second domains are covalently linked
such that the first and second domains do not associate to form an epitope binding site;
and which second polypeptide chain comprises (i) a fourth domain comprising a binding
region of a light chain variable domain of the second immunoglobulin (VL2), (ii) a fifth
domain comprising a binding region of a heavy chain variable domain of the first
immunoglobulin (VH1), and (iii) a sixth domain comprising at least one cysteine residue,
which fourth and fifth domains are covalently linked such that the fourth and fifth domains
do not associate to form an epitope binding site; and wherein the first polypeptide chain
and the second polypeptide chain are covalently linked, with the proviso that the covalent
link is not a peptide bond; wherein the first domain and the fifth domain associate to form
a first binding site (VL1)(VH1) that binds the first epitope; wherein the second domain
and the fourth domain associate to form a second binding site (VL2)(VH?2) that binds the
second epitope; and the second diabody molecule comprising a first and a second
polypeptide chain, which first polypeptide chain comprises (i) a first domain comprising a
binding region of a light chain variable domain of a third immunoglobulin (VL3) specific
for a third epitope, (ii) a second domain comprising a binding region of a heavy chain
variable domain of a fourth immunoglobulin (VH4) specific for a fourth epitope and (iii) a
third domain comprising an Fc¢ domain or portion thereof, which first and second domains
are covalently linked such that the first and second domains do not associate to form an
epitope binding site; and which second polypeptide chain comprises (i) a fourth domain

comprising a binding region of a light chain variable domain of the fourth
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immunoglobulin (VL4), (ii) a fifth domain comprising a binding region of a heavy chain
variable domain of the third immunoglobulin (VH3), and (iii) a sixth domain comprising
at least one cysteine residue, which fourth and fifth domains are covalently linked such
that the fourth and fifth domains do not associate to form an epitope binding site; and
wherein the first polypeptide chain and the second polypeptide chain are covalently linked,
with the proviso that the covalent link is not a peptide bond; wherein the first domain and
the fifth domain associate to form a first binding site (VL3)(VH3) that binds the third
epitope; wherein the second domain and the fourth domain associate to form a second
binding site (VL4)(VH4) that binds the fourth epitope.

[0020] In certain aspects of the invention the first epitope, second epitope, and
where applicable, third epitope and fourth epitope can be the same. In other aspects, the
first epitope, second epitope, and where applicable, third epitope and fourth epitope can
each different from the other. In certain-aspects of the invention comprising a third
epitope binding domain, the first epitope and third epitope can be the same. In certain
aspects of the invention comprising a fourth epitope binding domain, the first epitope and
fourth epitope can be the same. In certain aspects of the invention comprising a third
epitope binding domain, the second epitope and third epitope can be the same. In certain
aspects of the invention comprising a fourth epitope binding domain, the second epitope
and fourth epitope can be the same. In preferred aspects of the invention, the first eptitope
and second epitope are different. In yet other aspects of the invention comprising a third
epitope binding domain and a fourth epitope binding domain, the third epitope and fourth
epitope can be different. It is to be understood that any combination of the foregoing is
encompassed in the present invention.

[0021] In particular aspects of the invention, the first domain and the fifth domain
of the diabody or diabody molecule can be derived from the same immunoglobulin. In
another aspect, the second domain and the fourth domain of the diabody or diabody
molecule can be derived from the same immunoglobulin. In yet another aspect, the first
domain and the fifth domain of the diabody or diabody molecule can be derived from a
different immunoglobulin. In yet another aspect, the second domain and the fourth
domain of the diabody or diabody molecule can be derived from a different
immunoglobulin. It is to be understood that any combination of the foregoing is

encompassed in the present invention.
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[0022] In certain aspects of the invention, the covalent linkage between the first
polypeptide chain and second polypeptide chain of the diabody or diabody molecule can
be via a disulfide bond between at least one cysteine residue on the first polypeptide chain
and at least one cysteine residue on the second polypeptide chain. The cysteine residues
on the first or second polypeptide chains that are responsible for disulfide bonding can be
found anywhere on the polypeptide chain including within the first, second, third, fourth,
fifth and sixth domains. In a specific embodiment the cysteine residue on the first
polypeptide chain is found in the first domain and the cysteine residue on the second
polypeptide chain is found in the fifth domain. The first, second, fourth and fifth domains
correspond to the variable regions responsible for binding. In preferred embodiments, the
cysteine residues responsible for the disulfide bonding between the first and second
polypeptide chains are located within the third and sixth domains, respectively. Ina
particular aspect of this embodiment, the third domain of the first polypeptide chain
comprises the C-terminal 6 amino acids of the human kappa light chain, FNRGEC (SEQ
ID NO: 23), which can be encoded by the amino acid sequence (SEQ ID NO: 17). In
another aspect of this embodiment, the sixth domain of the second polypeptide chain
comprises the C-terminal 6 amino acids of the human kappa light chain, FNRGEC (SEQ
ID NO: 23), which can be encoded by the amino acid sequence (SEQ ID NO: 17). In still
another aspect of this embodiment, the third domain of the first polypeptide chain
comprises the amino acid sequence VEPKSC (SEQ ID NO: 77), derived from the hinge
domain of a human IgG, and which can be encoded by the nucleotide sequence (SEQ ID
NO: 78). In another aspect of this embodiment, the sixth domain of the second
polypeptide chain comprises the amino acid sequence VEPKSC (SEQ ID NO: 77),
derived from the hinge domain of a human IgG, and which can be encoded by the
nucleotide sequence (SEQ ID NO: 78). In certain aspects of this embodiment, the third
domain of the first polypeptide chain comprises the C-terminal 6 amino acids of the
human kappa light éhain, FNRGEC (SEQ ID NO: 23); and the sixth domain of the second
polypeptide chain comprises the amino acid sequence VEPKSC (SEQ ID NO: 77). In
other aspects of this embodiment, the sixth domain of the second polypeptide chain
comprises the C-terminal 6 amino acids of the human kappa light chain, FNRGEC (SEQ
ID NO: 23); and the third domain of the first polypeptide chain comprises the amino acid
sequence VEPKSC (SEQ ID NO: 77). In yet other aspects of this embodiment, the third

domain of the first polypeptide chain comprises the C-terminal 6 amino acids of the
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human kappa light chain, FNRGEC (SEQ ID NO: 23); and the sixth domain of the second
polypeptide chain comprises a hinge domain. In other aspects of this embodiment, the
sixth domain of the second polypeptide chain comprises the C-terminal 6 amino acids of
the human kappa light chain, FNRGEC (SEQ ID NO: 23); and the third domain of the
first polypeptide chain comprises the hinge domain. In yet other aspects of this
embodiment, the third domain of the first polypeptide chain comprises the C-terminal 6
amino acids of the human kappa light chain, FNRGEC (SEQ ID NO: 23); and the sixth
domain of the first polypeptide chain comprises an Fc domain, or portion thereof. In still
other aspects of this embodiment, the sixth domain of the second polypeptide chain
comprises the C-terminal 6 amino acids of the human kappa light chain, FNRGEC (SEQ
ID NO: 23); and the third domain of the first polypeptide chain comprises an Fc¢ domain,
or portion thereof.

[0023] In other embodiments, the cysteine residues on the first or second
polypeptide that are responsible for the disulfide bonding can be located outside of the
first, second or third domains on the first polypeptide chain and outside of the fourth, fifth
and sixth domain on the second polypeptide chain. In particular, the cysteine residue on
the first polypeptide chain can be N-terminal to the first domain or can be C-terminal to
the first domain. The cysteine residue on the first polypeptide chain can be N-terminal to
the second domain or can be C-terminal to the second domain. The cysteine residue on
the first polypeptide chain can be N-terminal to the third domain or can be C-terminal to
the third domain. Further, the cysteine residue on the second polypeptide chain can be N-
terminal to the fourth domain or can be C-terminal to the fourth domain. The cysteine
residue on the second polypeptide chain can be N-terminal to the fifth domain or can be C-
terminal to the fifth domain. Accordingly, the cysteine residue on the second polypeptide
chain can be C-terminal to the sixth domain or can be N-terminal to the sixth domain. In a
particular aspect, disulfide bond can between at least two cysteine residues on the first
polypeptide chain and at least two cysteine residues on the second polypeptide chain. Ina
particular aspect, wherein the third domain and sixth domain do not comprise an Fc
domain, or portion thereof, the cysteine residue can be at the C-terminus of the first
polypeptide chain and at the C-terminus of the second polypeptide chain. It is to be
understood that any combination of the foregoing is encompassed in the present invention.
[0024] In specific embodiments of the invention described supra, the covalent

diabody of the invention encompasses dimers of diabody molecules, wherein each diabody
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molecule comprises a first and second polypeptide chain. In certain aspects of this
embodiment the diabody molecules can be covalently linked to form the dimer, with the
proviso that the covalent linkage is not a peptide bond. In preferred aspects of this
embodiment, the covalent linkage is a disulfide bond between at least one cysteine residue
on the first polypeptide chain of each of the diabody molecules of the dimer. In yet more
preferred aspects of this invention, the covalent linkage is a disulfide bond between at least
one cysteine residue on the first polypeptide chain of each of the diabody molecules
forming the dimer, wherein said at least one cysteine residue is located in the third domain
of each first polypeptide chain.

[0025] In certain aspects of the invention, the first domain on the first polypeptide
chain can be N-terminal to the second domain or can be C-terminal to the second domain.
The first domain on the first polypeptide chain can be N-terminal to the third domain or
can be C-terminal to the third domain. The second domain on the first polypeptide chain
can be N-terminal to the first domain or can be C-terminal to the first domain. Further, the
second domain on the first polypeptide chain can be N-terminal to the third domain or can
be C-terminal to the third domain. Accordingly, the third domain on the first polypeptide
chain can be N-terminal to the first domain or can be C-terminal to the first domain. The
third domain on the first polypeptide chain can be N-terminal to the second domain or can
be C-terminal to the second domain. With respect to the second polypeptide chain, the
fourth domain can be N-terminal to the fifth domain or can be C-terminal to the fifth
domain. The fourth domain can be N-terminal to the sixth domain or can be C-terminal to
the sixth domain. The fifth domain on the second polypeptide chain can be N-terminal to
the fourth domain or can be C-terminal to the fourth domain. The fifth domain on the
second polypeptide chain can be N-terminal to the sixth domain or can be C-terminal to
the sixth domain. Accordingly the sixth domain on the second polypeptide chain can be
N-terminal to the fourth domain or can be C-terminal to the fourth domain. The sixth
domain on the second polypeptide chain can be N-terminal to the fifth domain or can be
C-terminal to the fifth domain. It is to be understood that any combination of the
foregoing is encompassed in the present invention.

[0026] In certain embodiments, first domain and second domain can be located C-
terminal to the third domain on the first polypeptide chain; or the first domain and second
domain can be located N-terminal to the third domain on the first polypeptide chain. With

respect to the second polypeptide chain, the fourth domain and fifth domain can be located
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C-terminal to the sixth domain, or the fourth domain and fifth domain can be located N-
terminal to the sixth domain. In certain aspects of this embodiment, the present invention
is directed to a covalent bispecific diabody, which diabody is a dimer of diabody
molecules, each diabody molecule comprising a first and a second polypeptide chain,
which first polypeptide chain comprises (i) a first domain comprising a binding region of a
light chain variable domain of a first immunoglobulin (VL1) specific for a first epitope,
(ii) a second domain comprising a binding region of a heavy chain variable domain of a
second immunoglobulin (VH2) specific for a second epitope and (iii) a third domain
comprising an Fc domain or portion thereof, which first and second domains are
covalently linked such that the first and second domains do not associate to form an
epitope binding site and wherein the third domain is located N-terminal to both the first
domain and second domain; and which second polypeptide chain comprises (i) a fourth
domain comprising a binding region of a light chain variable domain of the second
immunoglobulin (VL2), (ii) a fifth domain comprising a binding region of a heavy chain
variable domain of the first immunoglobulin (VH1), and (iii) a sixth domain comprising at
least one cysteine residue, which fourth and fifth domains are covalently linked such that
the fourth and fifth domains do not associate to form an epitope binding site; and wherein
the first polypeptide chain and the second polypeptide chain of each diabody molecule are
covalently linked, with the proviso that the covalent link is not a peptide bond; wherein the
first domain and the fifth domain of each diabody molecule associate to form a first
binding site (VL1)(VH1) that binds the first epitope; wherein the second domain and the
fourth domain of each diabody molecule associate to form a second binding site
(VL2)(VH2) that binds the second epitope.

[0027] In yet another embodiment, the present invention is directed to a covalent
tetrapecific diabody, which diabody is a dimer of diabody molecules, the first diabody
molecule comprising a first and a second polypeptide chain, which first polypeptide chain
comprises (i) a first domain comprising a binding region of a light chain variable domain
of a first immunoglobulin (VL1) specific for a first epitope, (ii) a second domain
comprising a binding region of a heavy chain variable domain of a second
immunoglobulin (VH2) specific for a second epitope and (iii) a third domain comprising
an Fc domain or portion thereof, which first and second domains are covalently linked
such that the first and second domains do not associate to form an epitope binding site and

wherein the third domain is located N-terminal to both the first domain and second
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domain; and which second polypeptide chain comprises (i) a fourth domain comprising a
binding region of a light chain variable domain of the second immunoglobulin (VL2), (ii)
a fifth domain comprising a binding region of a heavy chain variable domain of the first
immunoglobulin (VH1), and (iii) a sixth domain comprising at least one cysteine residue,
which fourth and fifth domains are covalently linked such that the fourth and fifth domains
do not associate to form an epitope binding site; and wherein the first polypeptide chain
and the second polypeptide chain are covalently linked, with the proviso that the covalent
link is not a peptide bond; wherein the first domain and the fifth domain associate to form
a first binding site (VL1)(VH1) that binds the first epitope; wherein the second domain
and the fourth domain associate to form a second binding site (VL2)(VH2) that binds the
second epitope; and the second diabody molecule comprises a first and a second
polypeptide chain, which first polypeptide chain comprises (i) a first domain comprising a
binding region of a light chain variable domain of a third immunoglobulin (VL3) specific
for a third epitope, (ii) a second domain comprising a binding region of a heavy chain
variable domain of a fourth immunoglobulin (VH4) specific for a fourth epitope and (iii) a
third domain comprising an Fc domain or portion thereof, which first and second domains
are covalently linked such that the first and second domains do not associate to form an
epitope binding site and wherein the third domain is located N-terminal to both the first
domain and second domain; and which second polypeptide chain comprises (i) a fourth
domain comprising a binding region of a light chain variable domain of the fourth
immunoglobulin (VL4), (ii) a fifth domain comprising a binding region of a heavy chain
variable domain of the third immunoglobulin (VH3), and (iii) a sixth domain comprising
at least one cysteine residue, which fourth and fifth domains are covalently linked such
that the fourth and fifth domains do not associate to form an epitope binding site; and
wherein the first polypeptide chain and the second polypeptide chain are covalently linked,
with the proviso that the covalent link is not a peptide bond; wherein the first domain and
the fifth domain associate to form a first binding site (VL3)(VH3) that binds the third
epitope; wherein the second domain and the fourth domain associate to form a second
binding site (VL4)(VH4) that binds the fourth epitope.

[0028] As discussed above, the domains on the individual polypeptide chains are
covalently linked. In specific aspects, the covalent link between the first and second
domain, first and third domain, second and third domain, fourth and fifth domain, fourth

and sixth domain, and/or fifth and sixth domain can be a peptide bond. In particular, the
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first and second domains, and the fourth and fifth domains can be separated by the third
domain and sixth domain, respectively, or by additional amino acid residues, so long as
the first and second, and fourth and fifth domains do not associate to form a binding site.
The number of amino acid residues can be 0, 1, 2, 3, 4, 5, 6, 7, 8 or 9 amino acid residues.
In one preferred aspect, the number of amino acid residues between the domains is 8.
[0029] In certain aspects of the invention, the domains of the first and second
polypeptid chain comprising an Fc domain, i.e., optionally, the third and sixth domains,
respectively, can further comprise a hinge domain such that the domain comprises a hinge-
Fc region. In alternative embodiments, the first polypeptide chain or the second
polypeptide chain can comprise a hinge domain without also comprising an Fc domain.
The heavy chains, light chains, hinge regions, Fc domains, and/or hinge-Fc domains for
use in the invention can be derived from any immunoglobulin type including IgA, IgD,
IgE, IgG or IgM. In a preferred aspect, the immunoglobulin type is IgG, or any subtype
thereof, i.e., IgGy, 1gGa, IgGs or IgGy. In other aspects, the immunoglobulin from which
the light and heavy chains are derived is humanized or chimerized.

[0030] Further, the first epitope and second epitopes, and, where applicable, third
epitope and fourth epitope, to which the diabody or diabody molecule binds can be
different epitopes from the same antigen or can be different epitopes from different
antigens. The antigens can be any molecule to which an antibody can be generated. For
example, proteins, nucleic acids, bacterial toxins, cell surface markers, autoimmune
markers, viral proteins, drugs, etc. In particular aspects, at least one epitope binding site
of the diabody is specific for an antigen on a particular cell, such as a B-cell, a T-cell, a
phagocytic cell, a natural killer (NK) cell or a dendritic cell.

[0031] In certain aspects of the present embodiment, at least one epitope binding
site of the diabody or diabody molecule is specific for a Fc receptor, which Fc receptor can
be an activating Fc receptor or an inhibitory Fc receptor. In particular aspects, the Fe
receptor is a Fcy receptor, and the Fey receptor is a FeyRI, FeyRII or FeyRIII receptor. In
more preferred aspects, the FeyRIII receptor is the FeyRIIIA (CD16A) receptor or the
FcyRIIIB (CD16B) receptor, and, more preferably, the FeyRIII receptor is the FeyRIIIA
(CD16A) receptor. In another preferred aspect, the FeyRII receptor is the FcyRIIA
(CD32A) receptor or the FcyRIIB (CD32B) receptor, and more preferably the FcyRIIB
(CD32B) receptor. In a particularly preferred aspect, one binding site of the diabody is
specific for CD32B and the other binding site is specific for CD16A. In a specific
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embodiment of the invention, at least one epitope binding site of the diabody or diabody
molecule is specific for an activating Fc receptor and at least one other site is specific for
an inhibitory Fc receptor. In certain aspects of this embodiment the activating Fc receptor
is CD32A and the inhibitory Fc receptor is CD32B. In other aspects of this embodiment
the activating Fc receptor is BCR and the inhibitory Fc receptor is CD32B. In still other
aspects of this embodiment, the activating Fc receptor is IgERI and the inhibitory Fc
receptor is CD32B.

[0032] In cases where one epitope binding site is specific for CD16A, the VL and
VH domains can be the same as or similar to the VL and VH domains of the mouse
antibody 3G8, the sequence of which has been cloned and is set forth herein. In other
cases where one epitope binding site is specific for CD32A, the VL and VH domains can
be the same as or similar to the VL and VH domains of the mouse antibody IV.3. In yet
other cases where one epitope binding site is specific for CD32B, the VL and VH domains
can be the same as or similar to the VL and VH domains of the mouse antibody 2B6, the
sequence of which has been cloned and is set forth herein. It is to be understood that any
of the VL or VH domains of the 3G8, 2B6 and IV.3 antibodies can be used in any
combination. The present invention is also directed to a bispecific diabody or diabody
molecule wherein the first epitope is specific for CD32B, and the second epitope is
specific for CD16A.

[0033] In other aspects, an epitope binding site can be specific for a pathogenic
antigen. As used herein, a pathogenic antigen is an antigen involved in a specific
pathogenic disease, including cancer, infection and autoimmune disease. Thus, the
pathogenic antigen can be a tumor antigen, a bacterial antigen, a viral antigen, or an
autoimmune antigen. Exemplary pathogenic antigens include, but are not limited to
lipopolysaccharide, viral antigens selected from the group consisting of viral antigens
from human immunodeficiency virus, Adenovirus, Respiratory Syncitial Virus, West Nile
Virus (e.g., E16 and/or E53 antigens) and hepatitis virus, nucleic acids (DNA and RNA)
and collagen. Preferably, the pathogenic antigen is a neutralizing antigen. In a preferred
aspect, where one epitope binding site is specific for CD16A or CD32A, the other epitope
binding site is specific for a pathogenic antigen excluding autoimmune antigens. In yet
another preferred aspect, where one epitope binding site is specific for CD32B, the other
epitope binding site is specific for any pathogenic antigen. In specific embodiments, the

diabody molecule of the invention binds two different antigens on the same cell, for
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example, one antigen binding site is specific for an activating Fc receptor while the other
is specific for an inhibitory Fc receptor. In other embodiments, the diabody molecule
binds two distinct viral neutralizing epitopes, for example, but not limited to, E16 and E53
of West Nile Virus.

[0034] In yet another embodiment of the present invention, the diabodies of the
invention can be used to treat a variety of diseases and disorders. Accordingly, the present
invention is directed to a method for treating a disease or disorder comprising
administering to a patient in need thereof an effective amount of a covalent diabody or
diabody molecule of the invention in which at least one binding site is specific for a
pathogenic antigen, such as an antigen expressed on the surface of a cancer cell or on the
surface of a bacterium or virion and at least one other binding site is specific for a Fc
receptor, e.g., CD16A.

[0035] In yet another embodiment, the invention is directed to a method for
treating a disease or disorder comprising administering to a patient in need thereof an
effective amount of a diabody or diabody molecule of the invention, in which at least one
binding site is specific for CD32B and at least one other binding site is specific for
CDI16A.

[0036] In yet another embodiment, the invention is directed to a method for
inducing immune tolerance to a pathogenic antigen comprising administering to a patient
in need there an effective amount of a covalent diabody or dovalent diabody molecule of
the invention, in which at least one binding site is specific for CD32B and at least one
other binding site is specific for said pathogenic antigen. In aspects of this embodiment,
the pathogenic antigen can be an allergen or another molecule to which immune tolerance
is desired, such as a protein expressed on transplanted tissue.

[0037] In yet another embodiment, the present invention is directed to a method
for detoxification comprising administering to a patient in need thereof an effective
amount of a covalent diabody or diabody molecule of the invention, in which at least one
binding site is specific for a cell surface marker and at least one other binding site is
specific for a toxin. In particular aspects, the diabody of the invention administered is one
where one binding site is specific for a cell surface marker such as an Fc and the other
binding site is specific for a bacterial toxin or for a drug. In one aspect, the cell surface

marker is not found on red blood cells.
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3.1 DEFINITIONS
[0038] Unless otherwise defined, all terms of art, notations and other scientific
terms or terminology used herein are intended to have the meanings commonly understood
by those of skill in the art to which this invention pertains. In some cases, terms with
commonly understood meanings are defined herein for clarity and/or for ready reference,
and the inclusion of such definitions herein should not necessarily be construed to
represent a substantial difference over what is generally understood in the art. The
practice of the present invention will employ, unless otherwise indicated, conventional
techniques of molecular biology (including recombinant techniques), microbiology, cell
biology, biochemistry, nucleic acid chemistry, and immunology, which are within the skill
of the art. Such techniques are explained fully in the literature, such as, Current Protocols
in Immunology (J. E. Coligan et al., eds., 1999, including supplements through 2001);
Current Protocols in Molecular Biology (F. M. Ausubel et al., eds., 1987, including
supplements through 2001); Molecular Cloning: A Laboratory Manual, third edition
(Sambrook and Russel, 2001); PCR: The Polymerase Chain Reaction, (Mullis et al., eds.,
1994); The Immunoassay Handbook (D. Wild, ed., Stockton Press NY, 1994);
Bioconjugate Techniques (Greg T. Hermanson, ed., Academic Press, 1996); Methods of
Immunological Analysis (R. Masseyeff, W. H. Albert, and N. A. Staines, eds., Weinheim:
VCH Verlags gesellschaft mbH, 1993), Harlow and Lane Using Antibodies: A Laboratory
Manual Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1999; and
Beaucage et al. eds., Current Protocols in Nucleic Acid Chemistry John Wiley & Sons,
Inc., New York, 2000).
[0039] As used herein, the terms “antibody” and “antibodies” refer to monoclonal
antibodies, multispecific antibodies, human antibodies, humanized antibodies, synthetic
antibodies, chimeric antibodies, polyclonal antibodies, camelized antibodies, single-chain
Fvs (scFv), single chain antibodies, Fab fragments, F(ab”) fragments, disulfide-linked
bispecific Fvs (sdFv), intrabodies, and anti-idiotypic (anti-Id) antibodies (including, e.g.,
anti-Id and anti-anti-Id antibodies to antibodies of the invention), and epitope-binding
fragments of any of the above. In particular, antibodies include immunoglobulin
molecules and immunologically active fragments of immunoglobulin molecules, i.e.,
molecules that contain an antigen binding site. Immunoglobulin molecules can be of any
type (e.g., 1gG, IgE, IgM, IgD, IgA and IgY), class (e.g., IgG1, 1gGa. 1gGs, [gGa, [gA; and
IgA,) or subclass.
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[0040] As used herein, the terms “immunospecifically binds,”

b1 b IN1Y

“immunospecifically recognizes,” “specifically binds,” “specifically recognizes” and
analogous terms refer to molecules that specifically bind to an antigen (e.g., eptiope or
immune complex) and do not specifically bind to another molecule. A molecule that
specifically binds to an antigen may bind to other peptides or polypeptides with lower
affinity as determined by, e.g., immunoassays, BIAcore, or other assays known in the art.
Preferably, molecules that specifically bind an antigen do not cross-react with other
proteins. Molecules that specifically bind an antigen can be identified, for example, by
immunoassays, BIAcore, or other techniques known to those of skill in the art.

[0041] As used herein, “immune complex” refers to a structure which forms when
at least one target molecule and at least one heterologous Fcy region-containing
polypeptide bind to one another forming a larger molecular weight complex. Examples of
immune complexes are antigen-antibody complexes which can be either soluble or
particulate (e.g., an antigen/antibody complex on a cell surface.).

% L

[0042] As used herein, the terms “heavy chain,” “light chain,” “variable region,”
“framework region,” “constant domain,” and the like, have their ordinary meaning in the
immunology art and refer to domains in naturally occurring immunoglobulins and the
corresponding domains of synthetic (e.g., recombinant) binding proteins (e.g., humanized
antibodies, single chain antibodies, chimeric antibodies, etc.). The basic structural unit of
naturally occurring immunoglobulins (e.g., IgG) is a tetramer having two light chains and
two heavy chains, usually expressed as a glycoprotein of about 150,000 Da. The amino-
terminal (“N”) portion of each chain includes a variable region of about 100 to 110 or
more amino acids primarily responsible for antigen recognition. The carboxy-terminal
(“C™) portion of each chain defines a constant region, with light chains having a single
constant domain and heavy chains usually having three constant domains and a hinge
region. Thus, the structure of the light chains of an IgG molecule is n-V-Cy.-c and the
structure of IgG heavy chains is n-Vy-Cp-H-Cp-Cz-¢ (where H is the hinge region).
The variable regions of an IgG molecule consist of the complementarity determining
regions (CDRs), which contain the residues in contact with antigen and non-CDR
segments, referred to as framework segments, which in general maintain the structure and
determine the positioning of the CDR loops (although certain framework residues may
also contact antigen). Thus, the V| and V};domains have the structure n-FR1, CDR1,

FR2, CDR2, FR3, CDR3, FR4-c. .
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[0043] When referring to binding proteins or antibodies (as broadly defined
herein), the assignment of amino acids to each domain is in accordance with the
definitions of Kabat, Sequences of Proteins of Immunological Interest (National Institutes
of Health, Bethesda, Md., 1987 and 1991). Amino acids from the variable regions of the
mature heavy and light chains of immunoglobulins are designated by the position of an
amino acid in the chain. Kabat described numerous amino acid sequences for antibodies,
identified an amino acid consensus sequence for each subgroup, and assigned a residue
number to each amino acid. Kabat’s numbering scheme is extendible to antibodies not
included in his compendium by aligning the antibody in question with one of the
consensus sequences in Kabat by reference to conserved amino acids. This method for
assigning residue numbers has become standard in the field and readily identifies amino
acids at equivalent positions in different antibodies, including chimeric or humanized
variants. For example, an amino acid at position 50 of a human antibody light chain
occupies the equivalent position to an amino acid at position 50 of a mouse antibody light
chain.

[0044] As used herein, the term “heavy chain” is used to define the heavy chain of
an IgG antibody. In an intact, native IgG, the heavy chain comprises the immunoglobulin
domains VH, CH1, hinge, CH2 and CH3. Throughout the present specification, the
numbering of the residues in an IgG heavy chain is that of the EU index as in Kabat et al.,

Sequences of Proteins of Immunological Interest, 5" Ed. Public Health Service, NH1, MD

(1991), expressly incorporated herein by references. The “EU index as in Kabat” refers to
the numbering of the human IgG1 EU antibody. Examples of the amino acid sequences
containing human IgG1 hinge, CH2 and CH3 domains are shown in FIGS. 1A and1B as
described, infra. FIGS. 1A and 1B also set forth amino acid sequences of the hinge, CH2
and CH3 domains of the heavy chains of 1gG2, 1gG3 and IgG4. The amino acid
sequences of IgG2, IgG3 and IgG4 isotypes are aligned with the IgG1 sequence by placing
the first and last cysteine residues of the respective hinge regions, which form the inter-
heavy chain S-S bonds, in the same positions. For the IgG2 and IgG3 hinge region, not all
residues are numbered by the EU index.

[0045] The “hinge region” or “hinge domain™ is generally defined as stretching
from Glu216 to Pro230 of human IgG1l. An example of the amino acid sequence of the
human IgG1 hinge region is shown in FIG. 1A (amino acid residues in FIG. 1A are

numbered according to the Kabat system). Hinge regions of other 1gG isotypes may be .
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aligned with the IgG1 sequence by placing the first and last cysteine residues forming
inter-heavy chain S-S binds in the same positions as shown in FIG. 1A.

[0046] As used herein, the term “Fc region,” “Fc domain” or analogous terms are
used to define a C-terminal region of an IgG heavy chain. An example of the amino acid
sequence containing the human IgG1 is shown in FIG. 1B. Although boundaries may
vary slightly, as numbered according to the Kabat system, the Fc domain extends from
amino acid 231 to amino acid 447 (amino acid residues in FIG. 1B are numbered
according to the Kabat system). FIG. 1B also provides examples of the amino acid
sequences of the Fc regions of IgG isotypes IgG2, IgG3, and [gG4.

[0047] The Fc region of an IgG comprises two constant domains, CH2 and CH3.
The CH2 domain of a human IgG Fc region usually extends from amino acids 231 to
amino acid 341 according to the numbering system of Kabat (FIG. 1B). The CH3 domain
of a human IgG Fec region usually extends from amino acids 342 to 447 according to the
numbering system of Kabat (FIG. 1B). The CH2 domain of a human IgG Fc region (also
referred to as “Cy2” domain) is unique in that it is not closely paired with another domain.
Rather, two N-linked branched carbohydrate chains are interposed between the two CH2
domains of an intact native IgG.

[0048] As used herein the terms “FcyR binding protein,” “FcyR antibody,” and
“anti-FcyR antibody”, are used interchangeably and refer to a variety of immunoglobulin-
like or immunoglobulin-derived proteins. “FcyR binding proteins” bind FcyR via an
interaction with V| and/or Vi domains (as distinct from Fcy-mediated binding). Examples
of FcyR binding proteins include fully human, polyclonal, chimeric and humanized
antibodies (e.g., comprising 2 heavy and 2 light chains), fragments thereof (e.g., Fab, Fab’,
F(ab’),, and Fv fragments), bifunctional or multifunctional antibodies (see, e.g.,
Lanzavecchia et al. (1987) “The Use Of Hybrid Hybridomas To Target Human Cytotoxic
T Lymphocytes,” Eur. J. Immunol. 17:105-111), single chain antibodies (see, e.g., Bird et
al. (1988) “Single-Chain Antigen-Binding Proteins,” Science 242:423-26), fusion proteins
(e.g., phage display fusion proteins), “minibodies” (see, e.g., U.S. Patent No. 5,837,821)
and other antigen binding proteins comprising a V| and/or Vy domain or fragment thereof.
In one aspect, the FcyRIIIA binding protein is a “tetrameric antibody” i.e., having
generally the structure of a naturally occurring IgG and comprising variable and constant

domains, i.e., two light chains comprising a Vi domain and a light chain constant domain
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and two heavy chains comprising a Vy domain and a heavy chain hinge and constant
domains.

[0049] As used herein the term “FcyR antagonists” and analogous terms refer to
protein and non-proteinacious substances, including small molecules which antagonize at
least one biological activity of an FcyR, e.g., block signaling. For example, the molecules
of the invention block signaling by blocking the binding of IgGs to an FeyR.

[0050] As used herein, the term “derivative” in the context of polypeptides or
proteins refers to a polypeptide or protein that comprises an amino acid sequence which
has been altered by the introduction of amino acid residue substitutions, deletions or
additions. The term “derivative” as used herein also refers to a polypeptide or protein
which has been modified, i.e, by the covalent attachment of any type of molecule to the
polypeptide or protein. For example, but not by way of limitation, an antibody may be
modified, e.g., by glycosylation, acetylation, pegylation, phosphorylation, amidation,
derivatization by known protecting/blocking groups, proteolytic cleavage, linkage to a
cellular an antigen or other protein, efc. A derivative polypeptide or protein may be
produced by chemical modifications using techniques known to those of skill in the art,
including, but not limited to specific chemical cleavage, acetylation, formylation,
metabolic synthesis of tunicamycin, efc. Further, a derivative polypeptide or protein
derivative possesses a similar or identical function as the polypeptide or protein from
which it was derived.

[0051] As used herein, the term “derivative” in the context of a non-proteinaceous
derivative refers to a second organic or inorganic molecule that is formed based upon the
structure of a first organic or inorganic molecule. A derivative of an organic molecule
includes, but is not limited to, a molecule modified, e.g., by the addition or deletion ofa
hydroxyl, methyl, ethyl, carboxyl or amine group. An organic molecule may also be
esterified, alkylated and/or phosphorylated.

[0052] As used herein, the term “diabody molecule” refers to a complex of two or
more polypeptide chains or proteins, each comprising at least one VL and one VH domain
or fragment thereof, wherein both domains are comprised within a single polypeptide
chain. In certain embodiments “diabody molecule” includes molecules comprising an Fc
or a hinge-Fc domain. Said polypeptide chains in the complex may be the same or
different, i.e., the diabody molecule may be a homo-multimer or a hetero-multimer. In

specific aspects, “diabody molecule” includes dimers or tetramers or said polypeptide
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chains containing both a VL and VH domain. The individual polypeptide chains
comprising the multimeric proteins may be covalently joined to at least one other peptide
of the multimer by interchain disulfide bonds.

[0053] As used herein, the terms “disorder” and “disease” are used
interchangeably to refer to a condition in a subject. In particular, the term *“autoimmune
disease” is used interchangeably with the term “autoimmune disorder” to refer to a
condition in a subject characterized by cellular, tissue and/or organ injury caused by an
immunologic reaction of the subject to its own cells, tissues and/or organs. The term
“inflammatory disease” is used interchangeably with the term “inflammatory disorder” to
refer to a condition in a subject characterized by inflammation, preferably chronic
inflammation. Autoimmune disorders may or may not be associated with inflammation.
Moreover, inflammation may or may not be caused by an autoimmune disorder. Thus,
certain disorders may be characterized as both autoimmune and inflammatory disorders.
[0054] “Identical polypeptide chains™ as used herein also refers to polypeptide
chains having almost identical amino acid sequence, for example, including chains having
one or more amino acid differences, preferably conservative amino acid substitutions, such
that the activity of the two polypeptide chains is not significantly different

[0055] As used herein, the term “cancer” refers to a neoplasm or tumor resulting
from abnormal uncontrolled growth of cells. As used herein, cancer explicitly includes,
leukemias and lymphomas. In some embodiments, cancer refers to a benign tumor, which
has remained localized. In other embodiments, cancer refers to a malignant tumor, which
has invaded and destroyed neighboring body structures and spread to distant sites. In
some embodiments, the cancer is associated with a specific cancer antigen.

[0056] As used herein, the term “immunomodulatory agent” and variations thereof
refer to an agent that modulates a host’s immune system. In certain embodiments, an
immunomodulatory agent is an immunosuppressant agent. In certain other embodiments,
an immunomodulatory agent is an immunostimulatory agent. Immunomodatory agents
include, but are not limited to, small molecules, peptides, polypeptides, fusion proteins,
antibodies, inorganic molecules, mimetic agents, and organic molecules.

[0057] As used herein. the term “epitope” refers to a fragment of a polypeptide or
protein or a non-protein molecule having antigenic or immunogenic activity in an animal,
preferably in a mammal, and most preferably in a human. An epitope having

immunogenic activity is a fragment of a polypeptide or protein that elicits an antibody
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response in an animal. An epitope having antigenic activity is a fragment of a polypeptide
or protein to which an antibody immunospecifically binds as determined by any method
well-known to one of skill in the art, for example by immunoassays. Antigenic epitopes
need not necessarily be immunogenic.

[0058] As used herein, the term “fragment” refers to a peptide or polypeptide
comprising an amino acid sequence of at least 5 contiguous amino acid residues, at least
10 contiguous amino acid residues, at least 15 contiguous amino acid residues, at least 20
contiguous amino acid residues, at least 25 contiguous amino acid residues, at least 40
contiguous amino acid residues, at least 50 contiguous amino acid residues, at least 60
contiguous amino residues, at least 70 contiguous amino acid residues, at least contiguous
80 amino acid residues, at least contiguous 90 amino acid residues, at least contiguous 100
amino acid residues, at least contiguous 125 amino acid residues, at least 150 contiguous
amino acid residues, at least contiguous 175 amino acid residues, at least contiguous 200
amino acid residues, or at least contiguous 250 amino acid residues of the amino acid
sequence of another polypeptide. In a specific embodiment, a fragment of a polypeptide
retains at least one function of the polypeptide.

[0059] As used herein, the terms “nucleic acids” and “nucleotide sequences”
include DNA molecules (e.g., cDNA or genomic DNA), RNA molecules (e.g., mRNA),
combinations of DNA and RNA molecules or hybrid DNA/RNA molecules, and analogs
of DNA or RNA molecules. Such analogs can be generated using, for example, nucleotide
analogs, which include, but are not limited to, inosine or tritylated bases. Such analogs
can also comprise DNA or RNA molecules comprising modified backbones that lend
beneficial attributes to the molecules such as, for example, nuclease resistance or an
increased ability to cross cellular membranes. The nucleic acids or nucleotide sequences
can be single-stranded, double-stranded, may contain both single-stranded and double-
stranded portions, and may contain triple-stranded portions, but preferably is
double-stranded DNA.

[0060] As used herein, a “therapeutically effective amount” refers to that amount
of the therapeutic agent sufficient to treat or manage a disease or disorder. A
therapeutically effective amount may refer to the amount of therapeutic agent sufficient to
delay or minimize the onset of disease, e.g., delay or minimize the spread of cancer. A
therapeutically effective amount may also refer to the amount of the therapeutic agent that

provides a therapeutic benefit in the treatment or management of a disease. Further, a
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therapeutically effective amount with respect to a therapeutic agent of the invention means
the amount of therapeutic agent alone, or in combination with other therapies, that
provides a therapeutic benefit in the treatment or management of a disease.

[0061] As used herein, the terms “prophylactic agent” and “prophylactic agents”
refer to any agent(s) which can be used in the prevention of a disorder, or prevention of
recurrence or spread of a disorder. A prophylactically effective amount may refer to the
amount of prophylactic agent sufficient to prevent the recurrence or spread of
hyperproliferative disease, particularly cancer, or the occurrence of such in a patient,
including but not limited to those predisposed to hyperproliferative disease, for example
those genetically predisposed to cancer or previously exposed to carcinogens. A
prophylactically effective amount may also refer to the amount of the prophylactic agent
that provides a prophylactic benefit in the prevention of disease. Further, a
prophylactically effective amount with respect to a prophylactic agent of the invention
means that amount of prophylactic agent alone, or in combination with other agents, that
provides a prophylactic benefit in the prevention of disease.

[0062] As used herein, the terms “prevent”, “preventing” and “prevention” refer to
the prevention of the recurrence or onset of one or more symptoms of a disorder in a
subject as result of the administration of a prophylactic or therapeutic agent.

[0063] As used herein, the term “in combination” refers to the use of more than
one prophylactic and/or therapeutic agents. The use of the term “in combination” does not
restrict the order in which prophylactic and/or therapeutic agents are administered to a
subject with a disorder. A first prophylactic or therapeutic agent can be administered prior
to (e.g., S minutes, 15 minutes, 30 minutes, 45 minutes, 1 hour, 2 hours, 4 hours, 6 hours,
12 hours, 24 hours, 48 hours, 72 hours, 96 hours, 1 week, 2 weeks, 3 weeks, 4 weeks, 5
weeks, 6 weeks, 8 weeks, or 12 weeks before), concomitantly with, or subsequent to (e.g.,
5 minutes, 15 minutes, 30 minutes, 45 minutes, 1 hour, 2 hours, 4 hours, 6 hours, 12 hours,
24 hours, 48 hours, 72 hours, 96 hours, 1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6
weeks, 8 weeks, or 12 weeks after) the administration of a second prophylactic or
therapeutic agent to a subject with a disorder.

[0064] "Effector function" as used herein is meant a biochemical event that results
from the interaction of an antibody Fc region with an Fc receptor or an antigen. Effector
functions include but are not limited to antibody dependent cell mediated cytotoxicity

(ADCC). antibody dependent cell mediated phagocytosis (ADCP), and complement
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dependent cytotoxicity (CDC). Effector functions include both those that operate after the
binding of an antigen and those that operate independent of antigen binding.

[0065] “Effector cell" as used herein is meant a cell of the immune system that
expresses one or more Fc receptors and mediates one or more effector functions. Effector
cells include but are not limited to monocytes, macrophages, neutrophils, dendritic cells,
eosinophils, mast cells, platelets, B cells, large granular lymphocytes, Langerhans' cells,
natural killer (NK) cells, and may be from any organism including but not limited to
humans, mice, rats, rabbits, and monkeys.

[0066] As used herein, the term “specifically binds an immune complex” and
analogous terms refer to molecules that specifically bind to an immune complex and do
not specifically bind to another molecule. A molecule that specifically binds to an
immune complex may bind to other peptides or polypeptides with lower affinity as
determined by, e.g., immunoassays, BIAcore, or other assays known in the art. Preferably,
molecules that specifically bind an immune complex do not cross-react with other
proteins. Molecules that specifically bind an immune complex can be identified, for
example, by immunoassays, BIAcore, or other techniques known to those of skill in the
art.

[0067] A “stable fusion protein” as used herein refers to a fusion protein that
undergoes minimal to no detectable level of degradation during production and/or storage
as assessed using common biochemical and functional assays known to one skilled in the
art, and can be stored for an extended period of time with no loss in biological activity,

e.g., binding to FcyR.

4. BRIEF DESCRIPTION OF THE DRAWINGS

FIGS.1 A-B AMINO ACID SEQUENCE OF HUMAN IgG CH1, HINGE and Fe
REGIONS

[0068] Figure 1 provides the amino acid sequences of human IgG1, 1gG2, IgG3
and IgG4 hinge (A) and Fc (B) domains. (IgG1 hinge domain (SEQ ID NO: 1); [gG2
hinge domain (SEQ ID NO: 2); IgG3 hinge domain (SEQ ID NO: 3); I[gG4 hinge domain
(SEQ ID NO: 4); IgG1 Fc domain (SEQ ID NO: 5); [gG2 Fc domain (SEQ ID NO: 6);
IgG3 Fc domain (SEQ ID NO: 7); IgG1 Fc domain (SEQ ID NO: 8)). The amino acid
residues shown in FIGS. 1A and 1B are numbered according to the numbering system of

Kabat EU. Isotype sequences are aligned with the IgG1 sequence by placing the first and

-27 -



WO 2012/018687 PCT/US2011/045922

last cysteine residues of the respective hinge regions, which form the inter-heavy chain S-
S bonds, in the same positions. For Figure 1B, residues in the CH2 domain are indicated

by +, while residues in the CH3 domain are indicated by ~.

FIG.2 SCHEMATIC REPRESENTATION OF POLYPEPTIDE CHAINS
OF COVALENT BIFUNCTIONAL DIABODIES
[0069] Polypeptides of a covalent, bifunctional diabody consist of an antibody VL

and an antibody VH domain separated by a short peptide linker. The 8 amino acid residue
linker prevents self assembly of a single polypeptide chain into scFv constructs, and,
instead, interactions between the VL and VH domains of differing polypeptide chains
predominate. 4 constructs were created (each construct is described from the amino
terminus (“n”), left side of the construct, to the carboxy terminus (“c”), right side of
figure): construct (1) (SEQ ID NO: 9) comprised, n-the VL domain Hu2B6 - linker
(GGGSGGGG (SEQ ID NO: 10)) - the VH domain of Hu3G8 - and a C-terminal
sequence (LGGC)-c; construct (2) (SEQ ID NO: 11) comprised n-the VL domain Hu3G8
- linker (GGGSGGGG (SEQ ID NO: 10)) - the VH domain of Hu2B6 - and a C-terminal
sequence (LGGC)-c; construct (3) (SEQ ID NO: 12) comprised n-the VL domain Hu3G8
- linker (GGGSGGGG (SEQ ID NO: 10)) - the VH domain of Hu3G8 - and a C-terminal
sequence (LGGC)-¢; construct (4) (SEQ ID NO: 13) comprised n-the VL domain Hu2B6
- linker (GGGSGGGG (SEQ ID NO: 10)) - the VH domain of Hu2B6 - and a C-terminal
sequence (LGGC)-c.

FIG.3 SDS-PAGE ANALYSIS OF AFFINITY PURIFIED DIABODIES
[0070] Affinity purified diabodies were subjected to SDS-PAGE analysis under
reducing (lanes 1-3) or non-reducing (lanes 4-6) conditions. Approximate molecular

weights of the standard (in between lanes 3 and 4) are indicated. Lanes I and 4, h3G8

CMD; Lanes 2 and 5, h2B6 CMD; and Lanes 3 and 6, h2B6-h3G8 CBD.

FIGS. 4 A-B SEC ANALYSIS OF AFFINITY PURIFIED DIABODIES

[0071] Affinity purified diabodies were subjected to SEC analysis. (A) Elution
profile of known standards: full-length IgG (~150 kDa), Fab fragment of IgG (~50 kDa),
and scFv (~30 kDa); (B) Elution profile of h2b6 CMD, h3G8 CMD, and h2B6-h3G8
CBD.
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FIG. 5 BINDING OF h2B6-h3G8 CBD TO sCD32B AND sCD16A

[0072] The binding of h2B6-h3G8 CBD to sCD32B and sCD16A was assayed in a
sandwich ELISA. sCD32B was used as the target protein. The secondary probe was HRP
conjugated sCD16A. h3G8 CMD, which binds CD16A, was used as control.

FIGS. 6 A-C BIACORE ANALYSIS OF DIABODY BINDING TO sCD16A,
sCD32B AND sCD32B

[0073] The binding of h2B6-h3G8 CBD, h2B6 CMD and h3G8 CMD to sCD16A,
sCD32B, and sCD32A (negative control) was assayed by SPR analysis. h3G8 sckFv was
also tested as a control. (A) Binding to sCD16; (B) Binding to sCD32B and (C) Binding to
sCD32A. Diabodies were injected at a concentration of 100 NM, and scFv ata

concentration of 200 nM, over receptor surfaces at a flow rate of 50 mi/min for 60 sec.

FIGS. 7 A-C BIACORE ANALYSIS OF DIABODY BINDING TO sCD16A and
sCD32B

[0074] The binding of h2B6-h3G8 CBD, h2B6 CMD and h3G8 CMD to sCD16A,
and sCD32B was assayed by SPR analysis. h3G8 scFv was also tested as a control. (A)
Binding of to h3G8 CMD sCD16A; (B) Binding of h2B6-h3G8 CBD to sCD16A; (C)
Binding of h3G8 scFv to sCD16A; (D) Binding of h2B6 CMD to sCD32B; and (E)
Binding of h2B6-h3G8 CBD to sCD32B. Diabodies were injected at concentrations of

6.25-200 nM over receptor surfaces at a flow rate of 70 ml/min for 180 sec.

FIG. 8 SCHEMATIC DEPICTING THE INTERACTION OF
POLYPEPTIDE CHAINS COMPRISING VL AND VH DOMAINS
TO FORM A COVALENT BISPECIFIC DIABODY MOLECULE

[0075] NH; and COOH represent the amino-terminus and carboxy terminus,
respectively of each polypeptide chain. S represents the C-terminal cysteine residue on
each polypeptide chain. VL and VH indicate the variable light domain and variable heavy
domain, respectively. Dotted and dashed lines are to distinguish between the two
polypeptide chains and, in particular, represent the linker portions of said chains. h2B6 Fv

and h3G8 Fv indicate an epitope binding site specific for CD32B and CD16, respectively.

FIG.9 SCHEMATIC REPRESENTATION OF POLYPEPTIDE CHAINS
CONTAINING Fe DOMAINS OF COVALENT BISPECIFIC
DIABODIES

[0076] Representation of polypeptide constructs of the diabody molecules of the

invention (each construct is described from the amino terminus (“n”), left side of the
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construct, to the carboxy terminus (“c”), right side of figure). Construct (5) (SEQ ID NO:
14) comprised, n-VL domain Hu2B6 - a first linker (GGGSGGGG (SEQ ID NO: 10)) -
the VH domain of Hu3GS8 - a second linker (LGGC)- and a C-terminal Fc domain of
human IgG1-c; construct (6) (SEQ ID NO: 15) comprised n-the VL domain Hu3GS8 -
linker (GGGSGGGG (SEQ ID NO: 10)) - the VH domain of Hu2B6 - and second linker
(LGGC)-and a C-terminal Fc domain of human IgG1-c; construct (7) (SEQ ID NO: 16)
comprised n-the VL domain Hu2B6 - a first linker (GGGSGGGG (SEQ ID NO: 10)) - the
VH domain of Hu3GS8 - and a C-terminal sequence (LGGCFNRGEC) (SEQ ID NO: 17)-
¢; construct (8) (SEQ ID NO: 18) comprised n-the VL domain Hu3G8 - linker
(GGGSGGGG (SEQ ID NO: 10)) - the VH domain of Hu2B6 - and second linker
(LGGC)-and a C-terminal hinge/Fc domain of human IgG1 (with amino acid substitution
A215V)-c.

FI1G.10 BINDING OF DIABODY MOLECULES COMPRISING Fe
DOMAINS TO sCD32B AND sCD16A
[0077] The binding of diabody molecules comprising Fc domains to sCD32B and

sCD16A was assayed in a sandwich ELISA. Diabodies assayed were produced by 3
recombinant expression systems: cotransfection of pMGX669 and pMGX674, expressing
constructs 1 and 6, respectively; cotransfection of pMGX667 and pMGX676, expressing
constructs 2 and 3, respectively; and cotransfection of pMGX674 and pMGX676,
expressing constructs 5 and 6, respectively. sCD32B was used as the target protein. The

secondary probe was HRP conjugated sCD16A.

FIG. 11 SCHEMATIC DEPICTING THE INTERACTION OF TWO
POLYPEPTIDE CHAINS EACH COMPRISING AN Fe DOMAIN
TO FORM A BIVALENT, COVALENT DIABODY

[0078] NH; and COOH represent the amino-terminus and carboxy terminus,
respectively of each polypeptide chain. S represents the at least one disulfide bond
between a cysteine residue in the second linker sequence of each polypeptide chain. VL
and VH indicate the variable light domain and variable heavy domain, respectively.
Dotted and dashed lines are to distinguish between the two polypeptide chains and, in
particular, represent the first linker portions of said chains. CH2 and CH3 represent the
CH2 and CH3 constant domains of an Fc domain. h2B6 Fv and h3G8 Fv indicate an
epitope binding site specific for CD32B and CD16, respectively.
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FIG.12 BINDING OF DIABODY MOLECULES COMPRISING
HINGE/Fe DOMAINS TO sCD32B AND sCD16A
[0079] The binding of diabody molecules comprising Fc domains to sCD32B and

sCD16A was assayed in a sandwich ELISA. Diabodies assayed were produced by 4
recombinant expression systems: cotransfection of pMGX669 + pMGX674, expressing
constructs 1 and 6, respectively; cotransfection of pMGX669 + pMGX678, expressing
constructs 2 and 8, respectively; cotransfection of pMGX677 + pMGX674, expressing
constructs 7 and 6, respectively; and cotransfection of pMGX677 + pMGX678,
expressing constructs 7 and 8, respectively. sCD32B was used as the target protein. The

secondary probe was HRP conjugated sSCD16A.

FIG. 13 SCHEMATIC DEPICTING THE INTERACTION OF
POLYPEPTIDE CHAINS TO FORM A TETRAMERIC
DIABODY MOLECULE

[0080] NH, and COOH represent the amino-terminus and carboxy terminus,

respectively of each polypeptide chain. S represents the at least one disulfide bond
between a cysteine residue in the second linker sequence the Fc bearing, ‘heavier,’
polypeptide chain and a cysteine residue in the C-terminal sequence of the non-Fc bearing,
‘lighter,” polypeptide chain. VL and VH indicate the variable light domain and variable
heavy domain, respectively. Dotted and dashed lines are to distinguish between
polypeptide chains and, in particular, represent the first linker portions of said heavier
chains or the linker of said lighter chains. CH2 and CH3 represent the CH2 and CH3
constant domains of an Fc domain. h2B6 Fv and h3G8 Fv indicate an epitope binding site

specific for CD32B and CD16, respectively.

FIG. 14 SCHEMATIC REPRESENTATION OF POLYPEPTIDES
CHAINS CONTAINING Fc DOMAINS WHICH Form
COVALENT BISPECIFIC DIABODIES

[0081] Representation of polypeptide constructs which form the diabody
molecules of the invention (each construct is described from the amino terminus (“n”), left
side of the construct, to the carboxy terminus (“c”), right side of figure). Construct (9)
(SEQ ID NO: 19) comprised n-a Hinge/Fc domain of human IgG1 - the VL domain
Hu3GS8 - linker (GGGSGGGG (SEQ ID NO: 10)) - the VH domain of Hu2B6 - linker
(GGGSGGGG (SEQ ID NO: 10))- and a C-terminal LGGC sequence-c; construct (10)
(SEQ ID NO: 20) comprised n-an Fc¢ domain of human IgG1 - the VL domain Hu3G8 -
linker (GGGSGGGG (SEQ ID NO: 10)) - the VH domain of Hu2B6 - linker
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(GGGSGGGG (SEQ ID NO: 10))- and a C-terminal LGGC sequence-c; construct (11)
(SEQ ID NO: 21) comprised n-the VL domain Hu2B6 (G105C) - linker (GGGSGGGG
(SEQ ID NO: 10)) - the VH domain of Hu3G8 - and a C-terminal hinge/Fc domain of
human IgG1 with amino acid substitution A215V-c; construct (12) (SEQ ID NO: 22)
comprised n-the VL domain Hu3G8 - linker (GGGSGGGG (SEQ ID NO: 10)) - the VH
domain of Hu2B6 (G44C) - and a C-terminal FNRGEC (SEQ ID NO: 23) sequence-c.

FIG. 15 A-B SDS-PAGE AND WESTERN BLOT ANALYSIS OF AFFINITY
TETRAMERIC DIABODIES

[0082] Diabodies produced by recombinant expression systems cotransfected with
vectors expressing constructs 10 and 1, constructs 9 and 1, and constructs 11 and 12 were
subjected to SDS-PAGE analysis non-reducing conditions (A) and Western Blot analysis
using goat anti-human IgG1 H+L as the probe (B). Proteins in the SDS-PAGE gel were
visualized with Simply Blue Safestain (Invitrogen). For both panels A and B, diabody
molecules comprising constructs 10 and 1, constructs 9 and 1, and constructs 11 and 12A

are in lanes 1, 2 and 3, respectively.

FIG.16 BINDING OF DIABODY MOLECULES COMPRISING Fe¢
DOMAINS AND ENGINEERED INTERCHAIN DISULFIDE
BONDS TO sCD32B AND sCD16A

[0083] The binding of diabody molecules comprising Fc domains and engineered
disulfide bonds between the ‘lighter’ and ‘heavier’ polypeptide chains to sCD32B and
sCD16A was assayed in a sandwich ELISA. Diabodies assayed were produced by 3
recombinant expression systems: expressing constructs 1 and 10, expressing constructs 1
and 9, and expressing constructs 11 and 12, respectively. sCD32B was used as the target

protein. The secondary probe was HRP conjugated sCD16A. Binding of h3G8 was used

as control.

FIG. 17 SCHEMATIC REPRESENTATION OF POLYPROTEIN
PRECURSOR OF DIABODY MOLECULE AND SHCEMATIC
REPRESENTATION OF POLYPEPTIDE CHAINS
CONTAINING LAMBDA LIGHT CHAIN AND/OR HINGE
DOMAINS

[0084] Representation of polypeptide constructs which comprise the diabody

molecules of the invention (each construct is described from the amino terminus (*n”), left
side of the construct, to the carboxy terminus (“c”). right side of figure). Construct (13)

(SEQ ID NO: 95) comprised, n-VL domain 3G8 - a first linker (GGGSGGGG (SEQ ID
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NO: 10)) - the VH domain of 2.4G2VH - a second linker (LGGC)- furin recognition site
(RAKR (SEQ ID NO: 93))-VL domain of 2.4G2- a third linker (GGGSGGG (SEQ ID
NO: 10)-VH domain of 3G8- and a C-terminal LGGC domain; (nucleotide sequence
encoding SEQ ID NO: 95 is provided in SEQ ID NO: 96). Construct (14) (SEQ ID NO:
97) co