
COVALENT DIABODIES AND USES THEREOF [0001] This
Application claims the benefit of U.S. Patent
Applications Serial Nos. 61/019,051 (filed January 4,
2008) and 60/945,523 (filed June 21, 2007), both of
which applications are herein incorporated by
reference in thir entirety. 1. FIELD OF THE INVENTION
[0002] The present invention is directed to diabody
molecules 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
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 constructsinteract with each other to form
a bivalent molecule, the VL of one chain associating
with the VH of the other (reviewed in Marvin et 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. SeI. 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 et 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 et al. (1985)
"Hybrid Antibodies Can Target Sites For Attack By T
Cells, " Nature 314:628-63 1, and Holliger et al.
(1996) "Specific Killing Of Lymphoma Cells By
Cytotoxic T-CeIIs 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., Fcg receptors (FcgR), was also
found to activate the effector cell (Holliger et al.
(1996) "Specific Killing Of Lymphoma Cells By
Cytotoxic T-CeIIs Mediated By A Bispecific Diabody, "
Protein Eng. 9:299-305; Holliger et al. (1999)
"Carcinoembryonic Antigen (CEA)- Specific T-cell
Activation In Colon Carcinoma Induced By Anti-CD 3 x
Anti-CEA Bispecific Diabodies And B7x 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-FcgR 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 Fcg receptors,
members of the immunoglobulin gene superfamily of
proteins, are surface glycoproteins that can bind the
Fcg 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 Fcg receptor. Fcg receptors are
defined by their specificity for immunoglobulin
subtypes. Fcg receptors for IgG are referred to as
FcgR, for IgE as FceR, and for IgA as FcaR. Different
accessory cells bear Fcg 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. et al. (2001) "Stimulatory And Inhibitory
Signals Originating From The Macrophage Fcgamma
Receptors," Microbes and Infection, 3 : 131-139;
Billadeau D.D.- Aet al. (2002), "ITAMs 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," Anmi. Rev. Immunol.
19:275-90; Ravetch J.V. (1994) "Fc Receptors: Rubor
Redux, " Cell, 78(4): 553-60). The different Fcg
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 , 4th ed. 1999, Elsevier Science Ltd/Garland
Publishing, New York). [0007] Fcg Receptors [0008]
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 FcgRs, designated FcgRI(CD64),
FcgRII(CD32), and FcgRIII(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. [0009] FcgRII(CD32) [0010] FcgRII
proteins are 40 kDa integral membrane glycoproteins
which bind only the complexed IgG due to a low
affinity for monomeric Ig (106 M 1) . This receptor is
the most widely expressed FcgR, present on all
hematopoietic cells, including monocytes, macrophages,
B cells, NK cells, neutrophils, mast cells, and
platelets. FcgRII has only two immunoglobulin-like
regions in its immunoglobulin binding chain and hence
a much lower affinity for IgG than FcgRI. There are
three human FcgRII genes (FcgRII-A, FcgRII-B,
FcgRII-C), all of which bind IgG in aggregates or
immune complexes. [0011] Distinct differences within
the cytoplasmic domains of FcgRII-A and FcgRII-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. [0012] FcgRIII (CD16)[0013] Due to
heterogeneity within this class, the size of FcgRIII
ranges between 40 and 80 kDa in mouse and man. Two
human genes encode two transcripts, FcgRIIIA, an
integral membrane glycoprotein, and FcgRIIIB, a
glycosylphosphatidyl-inositol (GPI)-linked version.
One murine gene encodes an FcgRIII homologous to the
membrane spanning human FcgRIIIA. The FcgRIII shares
structural characteristics with each of the other two
FcgRs. Like FcgRII, FcgRIII binds IgG with low
affinity and contains the corresponding two
extracellular Ig-like domains. FcgRIIIA is expressed
in macrophages, mast cells and is the lone FcgR in NK
cells. The GPI-linked FcgRIIIB is currently known to
be expressed only in human neutrophils. [0014]
Signaling through FcgRs [0015] Both activating and
inhibitory signals are transduced through the FcgRs
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 FcgR-mediated cellular responses.
ITAMcontaining FcgR complexes include FcgRI, FcgRIIA,
FcgRIIIA, whereas ITIMcontaining complexes only
include FcgRIIB. [0016] Human neutrophils express the
FcgRIIA gene. FcgRIIA 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. [0017] The FcgRIIB gene is
expressed on B lymphocytes; its extracellular domain
is 96% identical to FcgRIIA and binds IgG complexes in
an indistinguishable manner. The presence of an ITIM
in the cytoplasmic domain of FcgRIIB defines this
inhibitory subclass of FcgR. Recently the molecular
basis of this inhibition was established. When
co-ligated along with an activating FcgR, the ITIM in
FcgRIIB becomes phosphorylated and attracts the SH2
domain of the inosital polyphosphate 5'- phosphatase
(SHIP), which hydrolyzes phosphoinositol messengers
released as aconsequence of ITAM-containing FcgR-
mediated tyrosine kinase activation, consequently
preventing the influx of intracellular Ca++. Thus
crosslinking of FcgRIIB dampens the activating
response to FcgR ligation and inhibits cellular
responsiveness. B cell activation, B cell
proliferation and antibody secretion is thus
aborted.TABLE 1. Receptors for the Fc Regions of
Immunoglobulin Isotypes3. SUMMARY OF THE INVENTION
[0018] 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. [0019] 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 (VLl) 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 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
(VHl), 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 (VLl)(VHl) 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. [0020] 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 (VLl) specific for a first epitope,
(ii) a second domain comprising a binding region of a
heavy chain variable domain of asecond 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
(VHl), 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 (VLl)(VHl) 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. [0021] In certain
aspects, the present invention is directed to diabody
molecule, which 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
first immunoglobulin (VLl) 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 (VHl), 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 (VLl)(VHl) 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. [0022] In certain embodiments, the
present invention is directed to a covalent bispecif c
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 (VLl) 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 (VHl), 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 (VLl)(VHl) 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. [0023]
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 (VLl) 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
(VHl), 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 (VLl)(VHl) 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 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 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. [0024] 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 caneach 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. [0025] 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. [0026] In
certain aspects of the invention, the covalent linkage
between the fist 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 sixthdomains,
respectively. In a 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:79), derived from the hinge
domain of a human IgG, and which can be encoded by the
nucleotide sequence (SEQ ID NO: 80). In another aspect
of this embodiment, the sixth domain of the second
polypeptide chain comprises the amino acid sequence
VEPKSC (SEQ ID NO:79), derived from the hinge domain
of a human IgG, and which can be encoded by the
nucleotide sequence (SEQ ID NO:80). 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 chain, FNRGEC (SEQ ID
NO:23); and the sixth domain of the second polypeptide
chain comprises the amino acid sequence VEPKSC (SEQ ID
NO:79). 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:79). In yet other aspects
of this embodiment, the third domain of the first
polypeptide chain comprises the Cterminal 6 amino
acids of the 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 kappalight
chain, FNRGEC (SEQ ID NO:23); and the third domain of
the first polypeptide chain comprises an Fc domain, or
portion thereof. [0027] 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 Cterminal 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. In a 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. [0028] In specific embodiments of
the invention described supra, the covalent diabody of
the invention encompasses dimers of diabody molecules,
wherein each diabody 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 thediabody
molecules forming the dimer, wherein said at least one
cysteine residue is located in the third domain of
each first polypeptide chain. [0029] 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 Cterminal to
the first domain. The third domain on the first
polypeptide chain can be Nterminal 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 Cterminal 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. [0030] 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 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 comprisinga binding region of a light chain
variable domain of a first immunoglobulin (VLl)
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
Nterminal 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 (VHl), 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 (VLl)(VHl) 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. [0031]
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 (VLl) 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
(VHl), and (iii) a sixth domain comprising at least
one cysteineresidue, 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 (VLl)(VHl) 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. [0032]
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 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 asthe 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. [0033] 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., IgGi, IgG , IgG
or IgG . In other aspects, the immunoglobulin from
which the light and heavy chains are derived is
humanized or chimerized. [0034] 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. [0035] 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 Fc receptor is a Fcg
receptor, and the Fcg receptor is a FcgRI, FcgRII or
FcgRIII receptor. In more preferred aspects, the
FcgRIII receptor is the FcgRIIIA (CD 16A) receptor or
the FcgRIIIB (CD 16B) receptor, and, more preferably,
the FcgRIII receptor is the FcgRIIIA (CD 16A)
receptor. In another preferred aspect, the FcgRII
receptor is the FcgRIIA (CD32A) receptor or the
FcgRIIB (CD32B) receptor, and more preferably the
FcgRIIB (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 specificembodiment 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.
[0036] 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.
[0037] 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 specificembodiments, the diabody molecule
of the invention binds two different antigens on the
same cell, for 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. [0038] 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.
[0039] 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 CD16A. [0040] 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. [0041] 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 theother 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. 3.1
DEFINITIONS [0042] 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). [0043] 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 ofimmunoglobulin
molecules, i.e., molecules that contain an antigen
binding site. Immunoglobulin molecules can be of any
type (e.g., IgG, IgE, IgM, IgD, IgA and IgY), class
(e.g., IgGi, IgG , IgG , IgG , IgAi and IgA ) or
subclass. [0044] As used herein, the terms
"immunospecif  cally binds," "immunospecif  cally
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.
[0045] As used herein, "immune complex" refers to a
structure which forms when at least one target
molecule and at least one heterologous Fcg
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.). [0046]
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-VL-CL-C and the structure of IgG heavy chains is
n-VH-Cm-H-CH2-CH3-c (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 withantigen 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 VL and VH domains have the structure n-FRl, CDRl,
FR2, CDR2, FR3, CDR3, FR4-C. . [0047] 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. Rabat'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. [0048] 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, CHl, 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 , 5th Ed. Public Health Service, NHl, MD
(1991), expressly incorporated herein by references.
The "EU index as in Kabat" refers to the numbering of
the human IgGl EU antibody. Examples of the amino acid
sequences containing human IgGl hinge, CH2 and CH3
domains are shown in FIGS. IA andlB as described,
infra. FIGS. IA and IB also set forth amino acid
sequences of the hinge, CH2 and CH3 domains of the
heavy chains of IgG2, IgG3 and IgG4. The amino acid
sequences of IgG2, IgG3 and IgG4 isotypes are aligned
with the IgGl sequence by placing the first and last
cysteine residues of the respective hingeregions,
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. [0049]
The "hinge region" or "hinge domain" is generally
defined as stretching from Glu216 to Pro230 of human
IgGl. An example of the amino acid sequence of the
human IgGl hinge region is shown in FIG. IA (amino
acid residues in FIG. IA are numbered according to the
Kabat system). Hinge regions of other IgG isotypes may
be aligned with the IgGl sequence by placing the first
and last cysteine residues forming inter-heavy chain
S-S binds in the same positions as shown in FIG. IA.
[0050] 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 IgGl is
shown in FIG. IB. 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. IB are numbered
according to the Kabat system). FIG. IB also provides
examples of the amino acid sequences of the Fc regions
of IgG isotypes IgG2, IgG3, and IgG4. [0051] 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. IB).
The CH3 domain of a human IgG Fc region usually
extends from amino acids 342 to 447 according to the
numbering system of Kabat (FIG. IB). The CH2 domain of
a human IgG Fc region (also referred to as "Cg2"
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. [0052] As used herein
the terms "FcgR binding protein," "FcgR antibody," and
"anti-FcgR antibody", are used interchangeably and
refer to a variety of immunoglobulin-like or
immunoglobulin-derived proteins. "FcgR binding
proteins" bind FcgR via an interaction with VL and/or
VH domains (as distinct from Fcg-mediated binding).
Examples of FcgR 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. 17:105-1 11), single chainantibodies
(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 VL
and/or VH domain or fragment thereof. In one aspect,
the FcgRIIIA 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
VL domain and a light chain constant domain and two
heavy chains comprising a VH domain and a heavy chain
hinge and constant domains. [0053] As used herein the
term "FcgR antagonists" and analogous terms refer to
protein and non-proteinacious substances, including
small molecules which antagonize at least one
biological activity of an FcgR, e.g., block signaling.
For example, the molecules of the invention block
signaling by blocking the binding of IgGs to an FcgR.
[0054] 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, etc. 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, etc.
Further, a derivative polypeptide or protein
derivative possesses a similar or identical function
as the polypeptide or protein from which it was
derived. [0055] As used herein, the term "derivative"
in the context of a nonproteinaceous 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 of a
hydroxyl, methyl, ethyl, carboxyl or amine group. An
organic molecule may also be esterified, alkylated
and/or phosphorylated.[0056] 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
heteromultimer. In specific aspects, "diabody
molecule" includes dimers or tetramers or said
polypeptide 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. [0057] 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. [0058] "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
[0059] 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.[0060] 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. [0061] 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
response in an animal. An epitope having antigenic
activity is a fragment of a polypeptide or protein to
which an antibody immunospecif  cally 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. [0062]
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. [0063] 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 singlestranded and
double-stranded portions, and may contain
triple-stranded portions, but preferably is
double-stranded DNA. [0064] 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 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. [0065] 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.
[0066] 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.
[0067] 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" doesnot 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., 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 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. [0068]
"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 dependent
cytotoxicity (CDC). Effector functions include both
those that operate after the binding of an antigen and
those that operate independent of antigen binding.
[0069] "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. [0070] 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.[0071] 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 FcgR. 4. BRIEF
DESCRIPTION OF THE DRAWINGS FIGS. 1 A-B AMINO ACID
SEQUENCE OF HUMAN IgG CHl, HINGE and Fc REGIONS [0072]
Figure 1 provides the amino acid sequences of human
IgGl, IgG2, IgG3 and IgG4 hinge (A) and Fc (B)
domains. (IgGl hinge domain (SEQ ID NO:1); IgG2 hinge
domain (SEQ ID NO:2); IgG3 hinge domain (SEQ ID NO:3);
IgG4 hinge domain (SEQ ID NO:4); IgGl Fc domain (SEQ
ID NO:5); IgG2 Fc domain (SEQ ID NO:6); IgG3 Fc domain
(SEQ ID NO:7); IgGl Fc domain (SEQ ID NO:8)). The
amino acid residues shown in FIGS. IA and IB are
numbered according to the numbering system of Kabat
EU. Isotype sequences are aligned with the IgGl
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 Figure IB, 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
[0073] 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 NOrIO)) - the VH
domain of Hu3G8 - and a C-terminal sequence (LGGC)-c;
construct (2) (SEQ ID NOrIl) comprised n-the VL domain
Hu3G8 - linker (GGGSGGGG (SEQ ID NOrIO)) - 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 NOrIO)) - the
VH domain of Hu3G8 - and a C-terminal sequence
(LGGC)-c; construct (4) (SEQ ID NO: 13) comprised
n-the VL domain Hu2B6 - linker (GGGSGGGG (SEQ ID
NOrIO)) - the VH domain of Hu2B6 - and a C-terminal
sequence (LGGC)-c. FIG. 3 SDS-PAGE ANALYSIS OF
AFFINITY PURIFIED DIABODIES [0074] 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 1 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 [0075] 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. FIG. 5 BINDING OF h2B6-h3G8 CBD TO
sCD32B AND sCD16A [0076] 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 [0077] The binding of h2B6-h3G8 CBD, h2B6 CMD
and h3G8 CMD to sCD16A, sCD32B, and sCD32A (negative
control) was assayed by SPR analysis. h3G8 scFv 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
at a concentration of 200 nM, over receptor surfaces
at a flow rate of 50 ml/min for 60 sec. FIGS. 7 A-C
BIACORE ANALYSIS OF DIABODY BINDING TO sCD16A and
SCD32B [0078] 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 tosCD16A; (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 [0079] 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 Fc
DOMAINS OF COVALENT BISPECIFIC DIABODIES [0080]
Representation of polypeptide constructs of 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 (5) (SEQ ID NO: 14)
comprised, n-VL domain Hu2B6 - a first linker
(GGGSGGGG (SEQ ID NOrIO)) - the VH domain of Hu3G8 - a
second linker (LGGC)- and a C-terminal Fc domain of
human IgGl-c; construct (6) (SEQ ID NO:15) comprised
n-the VL domain Hu3G8 - linker (GGGSGGGG (SEQ ID
NOrIO)) - the VH domain of Hu2B6 - and second linker
(LGGC)-and a C-terminal Fc domain of human IgG 1-c;
construct (7) (SEQ ID NO: 16) comprised n-the VL
domain Hu2B6 - a first linker (GGGSGGGG (SEQ ID
NOrIO)) - the VH domain of Hu3G8 - and a C-terminal
sequence (LGGCFNRGEC) (SEQ ID NO:17)-C; construct (8)
(SEQ ID NO:18) comprised n-the VL domain Hu3G8 -
linker (GGGSGGGG (SEQ ID NOrIO)) - the VH domain of
Hu2B6 - and second linker (LGGC)-and a C-terminal
hinge/Fc domain of human IgGl (with amino acid
substitution A215V)-C.FIG.10 BINDING OF DIABODY
MOLECULES COMPRISING Fc DOMAINS TO SCD32B AND sCD16A
[0081] 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 5, 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 Fc DOMAIN TO FORM A BIVALENT, COVALENT DIABODY
[0082] NH2 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. FIG.12 BINDING OF DIABODY
MOLECULES COMPRISING HINGE/Fc DOMAINS TO sCD32B AND
sCD16A [0083] 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 sCD16A.FIG. 13
SCHEMATIC DEPICTING THE INTERACTION OF POLYPEPTIDE
CHAINS TO FORM A TETRAMERIC DIABODY MOLECULE [0084] 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 [0085] 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 IgGl - the VL
domain Hu3G8 - linker (GGGSGGGG (SEQ ID NOrIO)) - the
VH domain of Hu2B6 - linker (GGGSGGGG (SEQ ID NOrIO))-
and a C-terminal LGGC sequence-c; construct (10) (SEQ
ID NO:20) comprised n-an Fc domain of human IgGl - the
VL domain Hu3G8 - linker (GGGSGGGG (SEQ ID NOrIO)) -
the VH domain of Hu2B6 - linker (GGGSGGGG (SEQ ID
NOrIO))- and a C-terminal LGGC sequence-c; construct (
11) (SEQ ID NO:21) comprised n-the VL domain Hu2B6
(G105C) - linker (GGGSGGGG (SEQ ID NOrIO)) - the VH
domain of Hu3G8 - and a C-terminal hinge/Fc domain of
human IgGl with amino acid substitution A215V-c;
construct (12) (SEQ ID NO:22) comprised n-the VL
domain Hu3G8 - linker (GGGSGGGG (SEQ ID NOrIO)) - 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
[0086] 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 IgGl 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 Fc DOMAINS AND ENGINEERED
INTERCHAIN DISULFIDE BONDS TO SCD32B AND sCD16A [0087]
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 POL YPROTEIN PRECURSOR OF DIABODY
MOLECULE AND SHCEMATIC REPRESENTATION OF POLYPEPTIDE
CHAINS CONTAINING LAMBDA LIGHT CHAIN AND/OR HINGE
DOMAINS [0088] 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:97) comprised, n-VL domain
3G8 - a first linker (GGGSGGGG (SEQ ID NOrIO)) - the
VH domain of 2.4G2VH - a second linker (LGGC)- furin
recognition site (RAKR (SEQ ID NO:95))-VL domain of
2.4G2- a third linker (GGGSGGG (SEQ ID NOrIO)-VH
domain of 3G8- and a C-terminal LGGC domain;
(nucleotide sequence encoding SEQ ID NO:97 is provided
in SEQ ID NO:98). Construct (14) (SEQ ID NO:99)
comprised, n-VL domain 3G8 - a first linker (GGGSGGGG
(SEQ ID NOrIO)) - the VH domain of 2.4G2VH - a second
linker(LGGC)- furin recognition site (RAKR (SEQ ID
NO:95))-FMD (Foot and Mouth Disease Virus Protease C3)
site-VL domain of 2.4G2- a third linker (GGGSGGG (SEQ
ID NOrIO)-VH domain of 3G8- and a C-terminal LGGC
domain; (nucleotide sequence encoding SEQ ID NO:99 is
provided in SEQ ID NOrIOO). Construct (15) (SEQ ID
NOrIOl) comprised, n-VL domain Hu2B6 - a linker
(GGGSGGGG (SEQ ID NOrIO)) - the VH domain of Hu3G8-and
a C-terminal FNRGEC (SEQ ID NO:23) domain; (nucleotide
sequence encoding SEQ ID NOrIOl is provided in SEQ ID
NO: 102). Construct (16) (SEQ ID NO:103) comprised,
n-VL domain Hu3G8 - a linker (GGGSGGGG (SEQ ID NOrIO))
- the VH domain of Hu2B6-and a C-terminal VEPKSC (SEQ
ID NO:79) domain; (nucleotide sequence encoding SEQ ID
NO: 103 is provided in SEQ ID NO: 104). FIG. 18
BINDING OF DIABODY MOLECULES DERIVED FROM A
POLYPROTEIN PRECURSOR MOLECULE TO mCD32B AND SCD16A
[0089] The binding of diabody molecules derived from
the polyprotein precursor molecule construct 13 (SEQ
ID NO:97) to murine CD32B (mCD32B) and soluble CD16A
(sCD16A) was assayed in a sandwich ELISA. mCD32B was
used as the target protein. The secondary probe was
biotin conjugated sCD16A. 



FIG.19 BINDING OF DIABODY MOLECULES COMPRISING LAMBDA
CHAIN AND/OR HINGE DOMAINS TO sCD32B AND SCD16A [0090]
The binding of diabody molecules comprising domains
derived from the C-terminus of the human lambda light
chain and/or the hinge domain of IgG to sCD32B and
sCD16A was assayed and compared to the diabody
comprising constructs 1 and 2 (FIG. 5) in a sandwich
ELISA. Diabodies assayed were produced by the
recombinant expression system expressing constructs 15
and 16 (SEQ ID NO: 101 and SEQ ID NO: 103,
respectively). sCD32B was used as the target protein.
The secondary probe was HRP conjugated sCD16A. Bars
with small boxes represent the construct 15/16
combination while bars with large boxes represent
construct 1/2 combination.FIG. 20 SCHEMATIC
REPRESENTATION OF 2B6/4420 DART BOUND TO CD32B LOCATED
AT THE SURFACE OF A CELL AND A FLUORESCEIN-CONJUGATED
MOLECULE [0091] The diagram shows the flexibility of
the "universal adaptor" antifluorescein arm of the
DART as well as the possibility of substituting other
specificities for the 2B6 arm. V-regions are shown as
boxes, GGGSGGGG linkers are shown as lines, the
disulfide bond is shown connecting the two chains. The
constituents of one chain are shown in blue while the
other is colored pink. N, amino terminus; C, carboxy
terminus; FL, fluorescein, VL, light chain variabile
region; VH, heavy chain variable region. FIG.21
(PANELS A AND B) THE 2B6/4420 DART BINDS SPECIFICALLY
TO FLUORESCEIN-CONJUGATED MOLECULES AND CAN
SIMULTANEOUSLY BIND CD32B. [0092] (A) 2B6/4420 or
2B6/3G8 were bound to ELISA plates coated with FITC-S
Protein. Binding and function of the 2B6 arm were
detected by engagement of soluble CD32B, followed by
an antibody specific for CD32B and a secondary
detecting antibody conjugated to HRP. (B) 2B6/4420 or
2B6/3G8 were bound to ELISA plates coated with HuIgG
or FITC-HuIgG (fluorescein-conjugated). Binding was
detected by engagement with a polyclonal serum
specific for 2B6 Fv followed by an HRPconjugated
secondary antibody. FIG. 22 (PANELS A AND B)
ACTIVATION OF PURIFIED B CELLS USING ANTI-HUMAN CD79B
ANTIBODIES. [0093] Purified B cells were activated
using increasing concentrations of antihuman CD79b
antibodies FITC-conjugated, CB3.1-FITC (A) or
CB3.2-FITC (B) and 50mg/ml of F(ab') fragment of GAM
IgG Fc specific(x-axis). B cells were activate in the
presence of PBS (white bars) or 5mg/ml of either
aFITCaCD32BDART (black bars) or aCD16aCD32BDART (grey
bars). The reactions were performed in triplicate and
standard deviations were calculated. FIG. 23 (PANELS A
AND B) ACTIVATION OF PURIFIED B CELLS [0094] Purified
B cells from a second healthy donor were activated as
described in FIG. 22, Panel B. The proliferation index
was measured in cells activated in the presence of the
anti CD79b antibody FITC-conjugated CB3.2-FITC (A) and
compared tothe proliferation index of cells activated
in the presence of the unlabeled CB3.2 antibody (B).
FIG. 24 (Upper and Lower Panels) IN VIVO MOUSE B CELL
DEPLETION IN HCD16A/B TRANSGENIC MICE USING MGD261
[0095] mCD32-/- hCD16A+ C57B1/6, mCD32-/- hCD32B+
C57B1/6 and mCD32-/- hCD16A+ hCD32B+ C57B1/6 mice from
MacroGenics breeding colony were injected IV at days
0, 3, 7, 10, 14 and 17 with MGD261 (10, 3, 1 or
0.3mg/kg), or an irrelevant antibody (hE16 10mg/kg).
Blood was collected at days -19 (pre-bleed), 4, 11,
18, 25 and 32 for FACS analysis. Animal health and
activity was recorded three times a week. Upper Panel:
h2B6-3G8 and WNV mAb; Lower Panel: h2B6-3G8 -hCD16A or
-hCD32B mice and WNV mAb -hCD16A or - hCD32B mice.
FIG. 25 IN VIVO MOUSE B CELL DEPLETION IN HCD16A/B
TRANSGENIC MICE USING 2.4G2-3G8 DB [0096] mCD16-/-,
mCD16-/- hCD16A+ C57B1/6, mCD16-/- hCD16B+ and
mCD16-/- hCD16A+ hCD16B+ mice from MacroGenics
breeding colony were injected IP at days 0, 2, 4, 7,
9, 11, 14, 16 and 18 with 2.4G2-3G8 DB (75ug/mouse),
or PBS. Blood was collected at days -10 (pre-bleed),
4, 11 and 18 for FACS analysis. Animal health and
activity was recorded three times a week. FIG. 26
DEMONSTRATION OF ANTI-TUMOR ACTIVITY OF MGD261 USING
AN INTRAVENOUS (IV) MODEL OF THE HUMAN TUMOR CELL LINE
RAJI. [0097] Twelve-twenty week old mCD16-/-, hCD16A+,
RAGl-/- C57B1/6 mice from MacroGenics breeding colony
were injected IV at day 0 with 5xlO6 Raji cells. At
Days 6, 9, 13, 16, 20, 23, 27 and 30 mice were also
treated intraperitoneously (IP) with 250, 25 or 2.5ug
MGD261 or with PBS (negative control). Mice were then
observed daily and body weight was recorded twice a
week. Mice developing hind leg paralysis were
sacrificed. FIG. 27 DART EXPRESSION IN A NON-MAMMALIAN
HOST [0098] BL21DE3 cells (Novagen) were transformed
with the pET25b(+) T7-lac+ 3G8/3G8 plasmid and an
amp-resistant colony was used to seed broth culture.
When theculture reached 0.5 OD600 units, 0.5mM IPTG
was added to induce expression. The culture was grown
at 300C for 2 hours and the cell-free medium was
collected. FIG. 28 DART ELISA [0099] h3G8-h3G8 DART
binding ELISA were conducted using 96-well Maxisorp
plates. After reaction, the plate was washed with
PBS-T three times and developed with 80 ml/well of TMB
substrate. After 5 minutes incubation, the reaction
was stopped by 40 ml/well of 1% H SO . The OD450 nm
was read using a 96-well plate reader and SOFTmax
software. The read out was plotted using GraphPadPrism
3.03 software. FIG. 29 DART-INDUCED HUMAN B-CELL DEATH
[00100] Human PBMC were incubated overnight with the
indicated molecules. Apoptosis was assayed by FACS
analysis as the percentage of PI+Annexin-V+ population
of B cells (CD20+ cells) on the total FSC/SSC ungated
population. FIG. 30 8B5-CB3.1 DART CONSTRUCTS [00101]
Multiple 8B5-CB3 .1DART constructs were produced to
illustrate the present invention. The construct 5 and
6, or 6 and 7, or 8 and 9, or 9and 10, encoded
expression plasmids were co-transfected into HEK-293
cells to express 8B5-CB3.1 DART with or without anti
flag tag using Lipofectamine 2000 (Invitrogen). The
conditioned medium was harvested in every three days
for three times. The conditioned medium was then
purified using CD32B affinity column. FIG. 31
8B5-CB3.1 DART ELISA [00102] 8B5-CB3 .1 DART/ch8B5
competition ELISA were conducted using 96- well
Maxisorp plates. After reaction, the plate was washed
with PBS-T three times and developed with 80 ml/well
of TMB substrate. After 5 minutes incubation, the
reaction was stopped by 40 ml/well of 1% H SO . The
OD450 nm was read using a 96-well plate reader and
SOFTmax software. The read out was plotted using
GraphPadPrism 3.03 software.FIG. 32 SCHEMATIC
ILLUSTRATION OF TETRAVALENT DART STRUCTURE [00103]
Illustrates the general structure of a DART species
produced through the assembly of four polypeptide
chains. The four antigen-binding domains of the
Ig-like DART are shown as striped and dark grey
ellipses. FIG. 33 Ig-LIKE TETRAVALENT DART 



[00104] Provides a schematic of the epitope binding
sites of an Ig-like tetravalent DART. FIG. 34
mCD32-hCD16A BINDING ELISA [00105] Provides the
results of ELISAs that demonstrate that the Ig-like
tetravalent DART species of Example 6.10 binds antigen
with greater affinity than control (ch-mCD32 mAb)
antibody or other DART species. FIG. 35 SCHEMATIC
ILLUSTRATION OF Ig DART MOLECEULES [00106] Provides a
schematic of Ig DART molecules. Specificity is
indicated by shading, pattern or white colored
regions, constant regions are shown in black, and
disulfide bonds are indicated by dotted black lines.
The N-termini of all protein chains are oriented
toward the top of the figure, while the C-termini of
all protein chains are oriented toward the bottom of
the Figure. Illustations A-E are bispecific and
Illustations F-J are trispecific. Illustations A and E
are tetravalent. Illustations B, C, F, I, and J are
hexavalent. Illustations D, G, and H are octavalent.
Refer to Figures 1, 2, 9, 14 and 17 and to Section 3.1
for detailed descriptions of the individual domains.
5. DESCRIPTION OF THE PREFERRED EMBODIMENTS [00107]
Each polypeptide chain of the diabody molecule
comprises a VL domain and a VH domain, which are
covalently linked such that the domains are
constrained from self assembly. Interaction of two of
the polypeptide chains will produce two VLVH pairings,
forming two eptipoe binding sites, i.e., a bivalent
molecule. Neither the VH or VL domain is constrained
to any position within the polypeptide chain, i.e.,
restricted to the amino (N) or carboxy (C) teminus,
nor are the domains restricted in their relative
positions to one another, i.e., the VL domain may be
N-terminal to the VH domain and vice-versa. The only
restriction is that a complimentary polypeptide
chainbe available in order to form functional diabody.
Where the VL and VH domains are derived from the same
antibody, the two complimentary polypeptide chains may
be identical. For example, where the binding domains
are derived from an antibody specific for epitope A
(i.e., the binding domain is formed from a VLA-VH A
interaction), each polypeptide will comprise a VHA and
a VLA. Homodimerization of two polypeptide chains of
the antibody will result in the formation two VLA-VH A
binding sites, resulting in a bivalent monospecific
antibody. Where the VL and VH domains are derived from
antibodies specific for different antigens, formation
of a functional bispecific diabody requires the
interaction of two different polypeptide chains, i.e.,
formation of a heterodimer. For example, for a
bispecific diabody, one polypeptide chain will
comprise a VLA and a VLB; homodimerization of said
chain will result in the formation of two VLA-VH B
binding sites, either of no binding or of
unpredictable binding. In contrast, where two
differing polypeptide chains are free to interact,
e.g., in a recombinant expression system, one
comprising a VLA and a VHB and the other comprising a
VLB and a VHA, two differing binding sites will form:
VLA-VH A and VLB-VH B. For all diabody polypeptide
chain pairs, the possibly of misalignment or
mis-binding of the two chains is a possibility, i.e.,
interaction of VL-VL or VH-VH domains; however,
purification of functional diabodies is easily managed
based on the immunospecificity of the properly
dimerized binding site using any affinity based method
known in the are or exemplified herein, e.g., affinity
chromatography. [00108] In other embodiments, one or
more of the polypeptide chains of the diabody
comprises an Fc domain. Fc domains in the polypeptide
chains of the diabody molecules preferentially
dimerize, resulting in the formation of a diabody
molecule that exhibits immunoglobulin-like properties,
e.g., Fc-FcgR interactions. Fc comprising diabodies
may be dimers, e.g., comprised of two polypeptide
chains, each comprising a VH domain, a VL domain and
an Fc domain. Dimerization of said polypeptide chains
results in a bivalent diabody comprising an Fc domain,
albeit with a structure distinct from that of an
unmodified bivalent antibody (FIG.ll). Such diabody
molecules will exhibit altered phenotypes relative to
a wild-type immunoglobulin, e.g., altered serum
half-life, binding properties, etc. In other
embodiments, diabody molecules comprising Fc domains
may be tetramers. Such tertramers comprise two
'heavier' polypeptide chains, i.e. a polypeptide chain
comprising a VL, aVH and an Fc domain, and two'
lighter' polypeptide chains, i.e., polypeptide chain
comprising a VL and a VH. Said lighter and heavier
chains interact to form a monomer, and said monomers
interact via their unpaired Fc domains to form an
Ig-like molecule. Such an Ig-like diabody is
tetravalent and may be monospecific, bispecif c or
tetraspecif c . [00109] The at least two binding sites
of the diabody molecule can recognize the same or
different epitopes. Different epitopes can be from the
same antigen or epitopes from different antigens. In
one embodiment, the epitopes are from different cells.
In another embodiment, the epitopes are cell surface
antigens on the same cell or virus. The epitopes
binding sites can recognize any antigen 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 or T-cell, a
phagocytotic cell, a natural killer (NK) cell or a
dendritic cell. [00110] Each domain of the polypeptide
chain of the diabody, i.e., the VL, VH and FC domain
may be separated by a peptide linker. The peptide
linker may be 0, 1, 2, 3, 4, 5, 6, 7, 8, or 9. amino
acids. In certain embodiments the amino acid linker
sequence is GGGSGGGG (SEQ ID NO: 10) encoded by the
nucleic acid sequence (SEQ ID NO:76). [00111] In
certain embodiments, each polypeptide chain of the
diabody molecule is engineered to comprise at least
one cysteine residue that will interact with a
counterpart at least one cysteine residue on a second
polypeptide chain of the invention to form an
inter-chain disulfide bond. Said interchain disulfide
bonds serve to stabilize the diabody molecule,
improving expression and recovery in recombinant
systems, resulting in a stable and consistent
formulation as well as improving the stability of the
isolated and/or purified product in vivo. Said at
least one cysteine residue may be introduced as a
single amino acid or as part of larger amino-acid
sequence, e.g. hinge domain, in any portion of the
polypeptide chain. In a specific embodiment, said at
least one cysteine residue is engineered to occur at
the C-terminus of the polypeptide chain. In some
embodiments, said at least one cysteine residue in
introduced into the polypeptide chain within the amino
acid sequence LGGC. In a specific embodiment, the
C-terminus of the polypeptide chain comprising the
diabody molecule of the invention comprises the amino
acid sequence LGGC. In another embodiment, said at
least onecysteine residue is introduced into the
polypeptide within an amino acid sequence comprising a
hinge domain, e.g. SEQ ID NO:1 or SEQ ID NO:4. In a
specific embodiment, the C-terminus of a polypeptide
chain of the diabody molecule of the invention
comprises the amino acid sequence of an IgG hinge
domain, e.g. SEQ ID NO:1. In another embodiment, the
C-terminus of a polypeptide chain of a diabody
molecule of the invention comprises the amino acid
sequence VEPKSC (SEQ ID NO:79), which can be encoded
by nucleotide sequence (SEQ ID NO:80). In other
embodiments, said at least one cysteine residue in
introduced into the polypeptide chain within the amino
acid sequence LGGCFNRGEC (SEQ ID NO:17), which can be
encoded by the nucleotide sequence (SEQ ID NO:78). In
a specific embodiment, the Cterminus of a polypeptide
chain comprising the diabody of the invention
comprises the amino acid sequence LGGCFNRGEC (SEQ ID
NO: 17), which can be encoded by the nucleotide
sequence (SEQ ID NO:78). In yet other embodiments,
said at least one cysteine residue in introduced into
the polypeptide chain within the amino acid sequence
FNRGEC (SEQ ID NO:23), which can be encoded by the
nucleotide sequence (SEQ ID NO:77). In a specific
embodiment, the C-terminus of a polypeptide chain
comprising the diabody of the invention comprises the
amino acid sequence FNRGEC (SEQ ID NO:23), which can
be encoded by the nucleotide sequence (SEQ ID NO:77). 



[00112] In certain embodiments, the diabody molecule
comprises at least two polypeptide chains, each of
which comprise the amino acid sequence LGGC and are
covalently linked by a disulfide bond between the
cysteine residues in said LGGC sequences. In another
specific embodiment, the diabody molecule comprises at
least two polypeptide chains, one of which comprises
the sequence FNRGEC (SEQ ID NO:23) while the other
comprises a hinge domain (containing at least one
cysteine residue), wherein said at least two
polypeptide chains are covalently linked by a
disulfide bond between the cysteine residue in FNRGEC
(SEQ ID NO:23) and a cysteine residue in the hinge
domain. In particular aspects, the cysteine residue
responsible for the disulfide bond located in the
hinge domain is Cys-128 (as numbered according to
Kabat EU; located in the hinge domain of an
unmodified, intact IgG heavy chain) and the
counterpart cysteine residue in SEQ ID NO:23 is
Cys-214 (as numbered according to Kabat EU; located at
the C-terminus of an unmodified, intact IgG light
chain) (Elkabetz et al. (2005) "Cysteines In CHl
Underlie Retention Of Unassembled Ig Heavy Chains, "J
. Biol. Chem. 280:14402-14412; hereby incorporated by
reference herein in its entirety). In yet other
embodiments, the at least one cysteine residue is
engineered to occur at the N-terminus of the amino
acid chain. In still other embodiments, the at least
one cysteine residue is engineered to occur in the
linker portion of the polypeptide chain of the diabody
molecule. In further embodiments, the VH or VL domain
is engineered to comprise at least one amino acid
modification relative to the parental VH or VL domain
such that said amino acid modification comprises a
substitution of a parental amino acid with cysteine.
[00113] The invention encompasses diabody molecules
comprising an Fc domain or portion thereof (e.g. a CH2
domain, or CH3 domain). The Fc domain or portion
thereof may be derived from any immunoglobulin isotype
or allotype including, but not limited to, IgA, IgD,
IgG, IgE and IgM. In preferred embodiments, the Fc
domain (or portion thereof) is derived from IgG. In
specific embodiments, the IgG isotype is IgGl, IgG2,
IgG3 or IgG4 or an allotype thereof. In one
embodiment, the diabody molecule comprises an Fc
domain, which Fc domain comprises a CH2 domain and CH3
domain independently selected from any immunoglobulin
isotype (i.e. an Fc domain comprising the CH2 domain
derived from IgG and the CH3 domain derived form IgE,
or the CH2 domain derived from IgGl and the CH3 domain
derived from IgG2, etc.). Said Fc domain may be
engineered into a polypeptide chain comprising the
diabody molecule of the invention in any position
relative to other domains or portions of said
polypeptide chain (e.g. , the Fc domain, or portion
thereof, may be c-terminal to both the VL and VH
domains of the polypeptide of the chain; may be
n-terminal to both the VL and VH domains; or may be
N-terminal to one domain and c-terminal to another
(i.e., between two domains of the polypeptide chain)).
[00114] The present invention also encompasses
molecules comprising a hinge domain. The hinge domain
be derived from any immunoglobulin isotype or allotype
including IgA, IgD, IgG, IgE and IgM. In preferred
embodiments, the hinge domain is derived from IgG,
wherein the IgG isotype is IgGl, IgG2, IgG3 or IgG4,
or an allotpye thereof. Said hinge domain may be
engineered into a polypeptide chain comprising the
diabody molecule together with an Fc domain such that
the diabody molecule comprises a hinge-Fc domain. In
certain embodiments, the hinge and Fc domain are
independently selected from any immunoglobulin isotype
known in the art or exemplified herein. Inother
embodiments the hinge and Fc domain are separated by
at least one other domain of the polypeptide chain,
e.g., the VL domain. The hinge domain, or optionally
the hinge-Fc domain, may be engineered in to a
polypeptide of the invention in any position relative
to other domains or portions of said polypeptide
chain. In certain embodiments, a polypeptide chain of
the invention comprises a hinge domain, which hinge
domain is at the C-terminus of the polypeptide chain,
wherein said polypeptide chain does not comprise an Fc
domain. In yet other embodiments, a polypeptide chain
of the invention comprises a hinge-Fc domain, which
hinge-Fc domain is at the C-terminus of the
polypeptide chain. In further embodiments, a
polypeptide chain of the invention comprises a
hinge-Fc domain, which hinge-Fc domain is at the
N-terminus of the polypeptide chain. [00115] As
discussed above, the invention encompasses multimers
of polypeptide chains, each of which polypeptide
chains comprise a VH and VL domain. In certain
aspects, the polypeptide chains in said multimers
further comprise an Fc domain. Dimerization of the Fc
domains leads to formation of a diabody molecule that
exhibits immunoglobulin- like functionality, i.e., Fc
mediated function (e.g., Fc-FcgR interaction,
complement binding, etc.). In certain embodiments, the
VL and VH domains comprising each polypeptide chain
have the same specificity, and said diabody molecule
is bivalent and monospecific. In other embodiments,
the VL and VH domains comprising each polypeptide
chain have differing specificity and the diabody is
bivalent and bispecific. [00116] In yet other
embodiments, diabody molecules of the invention
encompass tetramers of polypeptide chains, each of
which polypeptide chain comprises a VH and VL domain.
In certain embodiments, two polypeptide chains of the
tetramer further comprise an Fc domain. The tetramer
is therefore comprised of two 'heavier' polypeptide
chains, each comprising a VL, VH and Fc domain, and
two 'lighter' polypeptide chains, comprising a VL and
VH domain. Interaction of a heavier and lighter chain
into a bivalent monomer coupled with dimerization of
said monomers via the Fc domains of the heavier chains
will lead to formation of a tetravalent
immunoglobulin-like molecule (exemplified in Example
6.2 and Example 6.3). In certain aspects the monomers
are the same, and the tetravalent diabody molecule is
monospecific or bispecific. In other aspects the
monomers are different, and the tetra valent molecule
is bispecific or tetraspecific.[00117] Formation of a
tetraspecif c diabody molecule as described supra
requires the interaction of four differing polypeptide
chains. Such interactions are difficult to achieve
with efficiency within a single cell recombinant
production system, due to the many variants of
potential chain mispairings. One solution to increase
the probability of mispairings, is to engineer
"knobs-into-holes" type mutations into the desired
polypeptide chain pairs. Such mutations favor
heterodimerization over homodimerization. For example,
with respect to Fc-Fc-interactions, an amino acid
substitution (preferably a substitution with an amino
acid comprising a bulky side group forming a 'knob',
e.g., tryptophan) can be introduced into the CH2 or
CH3 domain such that steric interference will prevent
interaction with a similarly mutated domain and will
obligate the mutated domain to pair with a domain into
which a complementary, or accommodating mutation has
been engineered, i.e., 'the hole' {e.g., a
substitution with glycine). Such sets of mutations can
be engineered into any pair of polypeptides comprising
the diabody molecule, and further, engineered into any
portion of the polypeptides chains of said pair.
Methods of protein engineering to favor
heterodimerization over homodimerization are well
known in the art, in particular with respect to the
engineering of immunoglobulin-like molecules, and are
encompassed herein (see e.g., Ridgway a/. (1996)
"'Knobs-Into-Holes' Engineering Of Antibody CHS
Domains For Heavy Chain Heterodimerization, " Protein
Engr. 9:617-621, Atwell et al. (1997) "Stable
Heterodimers From Remodeling The Domain Interface OfA
Homodimer Using A Phage Display Library, " J . MoI.
Biol. 270: 26-35, and Xie et al. (2005) "A New Format
Of Bispecific Antibody: Highly Efficient
Heterodimerization, Expression And Tumor Cell Lysis, "
J . Immunol. Methods 296:95-101; each of which is
hereby incorporated herein by reference in its
entirety). [00118] The invention also encompasses
diabody molecules comprising variant Fc or variant
hinge-Fc domains (or portion thereof), which variant
Fc domain comprises at least one amino acid
modification {e.g. substitution, insertion deletion)
relative to a comparable wild-type Fc domain or
hinge-Fc domain (or portion thereof). Molecules 



comprising variant Fc domains or hinge-Fc domains (or
portion thereof) {e.g. , antibodies) normally have
altered phenotypes relative to molecules comprising
wild-type Fc domains or hinge-Fc domains or portions
thereof. The variant phenotype may be expressed as
altered serum half-life, altered stability, altered
susceptibility to cellularenzymes or altered effector
function as assayed in an NK dependent or macrophage
dependent assay. Fc domain variants identified as
altering effector function are disclosed in
International Application WO04/063351, U.S. Patent
Application Publications 2005/0037000 and
2005/0064514, U.S. Provisional Applications
60/626,510, filed November 10, 2004, 60/636,663, filed
December 15, 2004, and 60/781,564, filed March 10,
2006, and U.S. Patent Applications 11/271, 140, filed
November 10, 2005, and 11/305,787, filed December 15,
2005, concurrent applications of the Inventors, each
of which is incorporated by reference in its entirety.
[00119] The bispecific diabodies of the invention can
simultaneously bind two separate and distinct
epitopes. In certain embodiments the epitopes are from
the same antigen. In other embodiments, the epitopes
are from different antigens. In preferred embodiments,
at least one epitope binding site is specific for a
determinant expressed on an immune effector cell (e.g.
CD3, CD16, CD32, CD64, etc.) which are expressed on T
lymphocytes, natural killer (NK) cells or other
mononuclear cells. In one embodiment, the diabody
molecule binds to the effector cell determinant and
also activates said effector cell. In this regard,
diabody molecules of the invention may exhibit Ig-like
functionality independent of whether they further
comprise an Fc domain (e.g., as assayed in any
effector function assay known in the art or
exemplified herein (e.g. , ADCC assay). In certain
embodiments the bispecific diabody of the invention
binds both a cancer antigen on a tumor cell and an
effector cell determinant while activating said cell.
In alternative embodiments, the bispecific diabody or
diabody molecule of the invention may inhibit
activation of a target, e.g. , effector, cell by
simultaneously binding, and thus linking, an
activating and inhibitory receptor on the same cell
(e.g. , bind both CD32A and CD32B, BCR and CD32B, or
IgERI and CD32B) as described supra (see, Background
Section). In a further aspect of this embodiment, the
bispecific diabody may exhibit anti-viral properties
by simultaneously binding two neutralizing epitopes on
a virus (e.g., RSV epitopes; WNV epitopes such as E16
and E53). [00120] In certain embodiments, bispecific
diabody molecules of the invention offer unique
opportunities to target specific cell types. For
example, the bispecific diabody or diabody molecule
can be engineered to comprise a combination of epitope
binding sites that recognize a set of antigens unique
to a target cell or tissue type. Additionally, where
either or both of the individual antigens is/are
fairly commonseparately in other tissue and/or cell
types, low affinity biding domains can be used to
construct the diabody or diabody molecule. Such low
affinity binding domains will be unable to bind to the
individual epitope or antigen with sufficient avidity
for therapeutic purposes. However, where both epitopes
or antigens are present on a single target cell or
tissue, the avidity of the diabody or diabody molecule
for the cell or tissue, relative to a cell or tissue
expressing only one of the antigens, will be increased
such that said cell or tissue can be effectively
targeted by the invention. Such a bispecific molecule
can exhibit enhanced binding to one or both of its
target antigens on cells expressing both of said
antigens relative to a monospecific diabody or an
antibody with a specificity to only one of the
antigens. [00121] Preferably, the binding properties
of the diabodies of the invention are characterized by
in vitro functional assays for determining binding
activity and/or one or more FcgR mediator effector
cell functions (mediated via Fc-FcgR interactions or
by the immunospecific binding of a diabody molecule to
an FcgR) (See Section 5.4.2 and 5.4.3). The affinities
and binding properties of the molecules, e.g.,
diabodies, of the invention for an FcgR can be
determined using in vitro assays (biochemical or
immunological based assays) known in the art for
determining binding domain-antigen or Fc-FcgR
interactions, i.e., specific binding of an antigen to
a binding domain or specific binding of an Fc region
to an FcgR, respectively, including but not limited to
ELISA assay, surface plasmon resonance assay,
immunoprecipitation assays (See Section 5.4.2). In
most preferred embodiments, the molecules of the
invention have similar binding properties in in vivo
models (such as those described and disclosed herein)
as those in in vitro based assays. However, the
present invention does not exclude molecules of the
invention that do not exhibit the desired phenotype in
in vitro based assays but do exhibit the desired
phenotype in vivo. [00122] In some embodiments,
molecules of the invention are engineered to comprise
an altered glycosylation pattern or an altered
glycoform relative to the comparable portion of the
template molecule. Engineered glycoforms may be useful
for a variety of purposes, including, but not limited
to, enhancing effector function. Engineered glycoforms
may be generated by any method known to one skilled in
the art, for example by using engineered or variant
expression strains, by co-expression with one or more
enzymes, for example, DI
N-acetylglucosaminyltransferase III (GnTIl 1),
byexpressing a diabody of the invention in various
organisms or cell lines from various organisms, or by
modifying carbohydrate(s) after the diabody has been
expressed and purified. Methods for generating
engineered glycoforms are known in the art, and
include but are not limited to those described in
Umana et al. (1999) "Engineered Glycoforms Of An
Antineuroblastoma IgGl With Optimized
Antibody-Dependent Cellular Cytotoxic Activity, " Nat.
Biotechnol 17:176-180; Davies et al. (2001)
"Expression OfGnTIII In A Recombinant Anti-CD20 CHO
Production Cell Line: Expression Of Antibodies With
Altered Glycoforms Leads To An Increase In Adcc
Through Higher Affinity For Fc Gamma RIII, "
Biotechnol Bioeng 74:288-294; Shields et al. (2002)
"Lack OfFucose On Human IgGl N-Linked Oligosaccharide
Improves Binding To Human Fcgamma RIII And
Antibody-Dependent Cellular Toxicity, " J Biol Chem
277:26733-26740; Shinkawa et al. (2003) "The Absence
OfFucose But Not The Presence Of Galactose Or
Bisecting N-Acetylglucosamine Of Human IgGl Complex-
Type Oligosaccharides Shows The Critical Role Of
Enhancing Antibody-Dependent Cellular Cytotoxicity, "
J Biol Chem 278:3466-3473) US 6,602,684; USSN
10/277,370; USSN 10/1 13,929; PCT WO 00/61 739Al; PCT
WO 01/292246A1; PCT WO 02/31 1140Al; PCT WO
02/30954A1; Potillegent(tm) technology (Biowa, Inc.
Princeton, NJ); GlycoMAb(tm) glycosylation engineering
technology (GLYCART biotechnology AG, Zurich,
Switzerland); each of which is incorporated herein by
reference in its entirety. See, e.g., WO 00061739;
EA01229125; US 200301 15614; Okazaki et al. (2004)
"Fucose Depletion From Human IgGl Oligosaccharide
Enhances Binding Enthalpy And Association Rate Between
IgGl And FcGammaRIIIA, " JMB, 336: 1239- 49 each of
which is incorporated herein by reference in its
entirety. [00123] The invention further encompasses
incorporation of unnatural amino acids to generate the
diabodies of the invention. Such methods are known to
those skilled in the art such as those using the
natural biosynthetic machinery to allow incorporation
of unnatural amino acids into proteins, see, e.g.,
Wang et al. (2002) "Expanding The Genetic Code, "
Chem. Comm. 1: 1-1 1; Wang et al. (2001) "Expanding
The Genetic Code Of Escherichia coli, " Science, 292:
498-500; van Hest et al. (2001) "Protein-Based
Materials, Toward A New Level Of Structural Control, "
Chem. Comm. 19: 1897-1904, each of which is
incorporated herein by reference in its entirety.
Alternative strategies focus on the enzymes
responsible for the biosynthesis of aminoacyl-tRNA,
see, e.g., Tang et al. (2001) "Biosynthesis OfA Highly
Stable Coiled-Coil Protein Containing
Hexafluoroleucine In An Engineered Bacterial Host, " J
. Am. Chem. Soc. 123(44): 11089-1 1090; Kiick et al.
(2001) "Identification Of An Expanded Set Of
Translationally Active Methionine Analogues In
Escherichia coli, " FEBS Lett. 502(1- 2):25-30; each
of which is incorporated herein by reference in its
entirety. [00124] In some embodiments, the invention
encompasses methods of modifying a VL, VH or Fc domain
of a molecule of the invention by adding or deleting a



glycosylation site. Methods for modifying the
carbohydrate of proteins are well known in the art and
encompassed within the invention, see, e.g., U.S.
Patent No. 6,218,149; EP 0 359 096 Bl; U.S.
Publication No. US 2002/0028486; WO 03/035835; U.S.
Publication No. 2003/01 15614; U.S. Patent No.
6,218,149; U.S. Patent No. 6,472,51 1; all of which
are incorporated herein by reference in their
entirety. 5.1 DIABODY BINDING DOMAINS [00125] The
diabodies of the present invention comprise antigen
binding domains generally derived from immunoglobulins
or antibodies. The antibodies from which the binding
domains used in the methods of the invention are
derived may be from any animal origin including birds
and mammals {e.g. , human, non-human primate, murine,
donkey, sheep, rabbit, goat, guinea pig, camel, horse,
or chicken). Preferably, the antibodies are human or
humanized monoclonal antibodies. As used herein,
"human" antibodies include antibodies having the amino
acid sequence of a human immunoglobulin and include
antibodies isolated from human immunoglobulin
libraries or libraries of synthetic human
immunoglobulin coding sequences or from mice that
express antibodies from human genes. [00126] The
invention contemplates the use of any antibodies known
in the art for the treatment and/or prevention of
cancer, autoimmune disease, inflammatory disease or
infectious disease as source of binding domains for
the diabodies of the invention. Nonlimiting examples
of known cancer antibodies are provided in section
5.7.1 as well as other antibodies specific for the
listed target antigens and antibodies against the
cancer antigens listed in section 5.6.1; nonlimiting
examples of known antibodies for the treatment and/or
prevention of autoimmune disease and inflammatory
disease are provided in section 5.7.2. as well as
antibodies against the listed target antigens and
antibodies against the antigens listed in section
5.6.2; in other embodiments antibodiesagainst epitopes
associated with infectious diseases as listed in
Section 5.6.3 can be used. In certain embodiments, the
antibodies comprise a variant Fc region comprising one
or more amino acid modifications, which have been
identified by the methods of the invention to have a
conferred effector function and/or enhanced affinity
for FcgRIIB and a decreased affinity for FcgRIIIA
relative to a comparable molecule comprising a wild
type Fc region. A non-limiting example of the
antibodies that are used for the treatment or
prevention of inflammatory disorders which can be
engineered according to the invention is presented in
Table 9, and a non-limiting example of the antibodies
that are used for the treatment or prevention of
autoimmune disorder is presented in Table 10. [00127]
For some uses, including in vivo use of antibodies in
humans and in vitro detection assays, it may be
preferable to use diabodies with variable domains
derived from human, chimeric or humanized antibodies.
Variable domains from completely human antibodies are
particularly desirable for therapeutic treatment of
human subjects. Human antibodies can be made by a
variety of methods known in the art including phage
display methods described above using antibody
libraries derived from human immunoglobulin sequences.
See also U.S. Patent Nos. 4,444,887 and 4,716,1 11;
and International Publication Nos. WO 98/46645, WO
98/50433, WO 98/24893, WO 98/16654, WO 96/34096, WO
96/33735, and WO 91/10741; each of which is
incorporated herein by reference in its entirety.
[00128] A humanized antibody is an antibody, a variant
or a fragment thereof which is capable of binding to a
predetermined antigen and which comprises a framework
region having substantially the amino acid sequence of
a human immunoglobulin and a CDR having substantially
the amino acid sequence of a non-human immunoglobulin.
A humanized antibody may comprise substantially all of
at least one, and typically two, variable domains in
which all or substantially all of the CDR regions
correspond to those of a non-human immunoglobulin
(i.e., donor antibody) and all or substantially all of
the framework regions are those of a human
immunoglobulin consensus sequence. [00129] The
framework and CDR regions of a humanized antibody need
not correspond precisely to the parental sequences,
e.g. , the donor CDR or the consensus framework may be
mutagenized by substitution, insertion or deletion of
at least one residue so that the CDR or framework
residue at that site does not correspond to eitherthe
consensus or the donor antibody. Such mutations,
however, are preferably not extensive. Usually, at
least 75% of the humanized antibody residues will
correspond to those of the parental framework region
(FR) and CDR sequences, more often 90%, and most
preferably greater than 95%. Humanized antibodies can
be produced using variety of techniques known in the
art, including but not limited to, CDR-grafting
(European Patent No. EP 239,400; International
Publication No. WO 91/09967; and U.S. Patent Nos.
5,225,539, 5,530,101, and 5,585,089), veneering or
resurfacing (European Patent Nos. EP 592,106 and EP
519,596; Padlan (1991) "A Possible Procedure For
Reducing The Immunogenicity Of Antibody Variable
Domains While Preserving Their Ligand- Binding
Properties, " Molecular Immunology 28(4/5):489-498;
Studnicka et al. (1994) "Human-Engineered Monoclonal
Antibodies Retain Full Specific Binding Activity By
Preserving Non-CDR Complementarity-Modulating
Residues, " Protein Engineering 7(6):805-814; and
Roguska et al. (1994) "Humanization Of Murine
Monoclonal Antibodies Through Variable Domain
Resurfacing, " Proc Natl Acad Sci USA 91:969-973),
chain shuffling (U.S. Patent No. 5,565,332), and
techniques disclosed in, e.g., U.S. Patent Nos.
6,407,213, 5,766,886, 5,585,089, International
Publication No. WO 9317105, Tan et al. (2002)
"'Superhumanized' Antibodies: Reduction Of Immunogenic
Potential By Complementarity-Determining Region
Grafting With Human Germline Sequences: Application To
An Anti-CD28, " J . Immunol. 169:1 119-25, Caldas et
al. (2000) "Design And Synthesis Of Germline-Based
Hemi-Humanized Single-Chain Fv Against The CD18
Surface Antigen, " Protein Eng. 13:353-60, Morea et
al. (2000) "Antibody Modeling: Implications For
Engineering And Design, " Methods 20:267-79, Baca et
al. (1997) "Antibody Humanization Using Monovalent
Phage Display, " J . Biol. Chem. 272:10678-84, Roguska
et al. (1996) "A Comparison Of Two Murine Monoclonal
Antibodies Humanized By CDR-Grafting And Variable
Domain Resurfacing, " Protein Eng. 9:895-904, Couto et
al. (1995) "Designing Human Consensus Antibodies With
Minimal Positional Templates, " Cancer Res. 55 (23
Supp):5973s-5977s, Couto et al. (1995) "Anti-BA46
Monoclonal Antibody Mc3: Humanization Using A Novel
Positional Consensus And In Vivo And In Vitro
Characterization, " Cancer Res. 55:1717-22, Sandhu
(1994) "A Rapid Procedure For The Humanization Of
Monoclonal Antibodies, " Gene 150:409-10, Pedersen et
al. (1994) "Comparison Of Surface Accessible Residues
In Human And Murine Immunoglobulin Fv Domains.
Implication For Humanization OfMurine Antibodies, " J
. MoL Biol. 235:959-973, Jones et al. (1986)
"Replacing The Complementarity-Determining Regions In
A Human Antibody With Those From A Mouse, " Nature 321
:522-525, Riechmann et al. (1988) "Reshaping Human
Antibodies For Therapy, "Nature 332:323-327, and
Presta (1992) "Antibody Engineering, " Cure. Op.
Biotech. 3(4):394-398. Often, framework residues in
the framework regions will be substituted with the
corresponding residue from the CDR donor antibody to
alter, preferably improve, antigen binding. These
framework substitutions are identified by methods well
known in the art, e.g., by modeling of the
interactions of the CDR and framework residues to
identify framework residues important for antigen
binding and sequence comparison to identify unusual
framework residues at particular positions. (See,
e.g., Queen et al, U.S. Patent No. 5,585,089; U.S.
Publication Nos. 2004/0049014 and 2003/0229208; U.S.
Patent Nos. 6,350,861; 6,180,370; 5,693,762;
5,693,761; 5,585,089; and 5,530,101 and Riechmann et
al. (1988) "Reshaping Human Antibodies For Therapy,
"Nature 332:323-327, all of which are incorporated
herein by reference in their entireties.). [00130] In
a most preferred embodiment, the humanized binding
domain specifically binds to the same epitope as the
donor murine antibody. It will be 



appreciated by one skilled in the art that the
invention encompasses CDR grafting of antibodies in
general. Thus, the donor and acceptor antibodies may
be derived from animals of the same species and even
same antibody class or sub-class. More usually,
however, the donor and acceptor antibodies are derived
from animals of different species. Typically the donor
antibody is a non-human antibody, such as a rodent
mAb, and the acceptor antibody is a human antibody.
[00131] In some embodiments, at least one CDR from the
donor antibody is grafted onto the human antibody. In
other embodiments, at least two and preferably all
three CDRs of each of the heavy and/or light chain
variable regions are grafted onto the human antibody.
The CDRs may comprise the Kabat CDRs, the structural
loop CDRs or a combination thereof. In some
embodiments, the invention encompasses a humanized
FcgRIIB antibody comprising at least one CDR grafted
heavy chain and at least one CDR-grafted light chain.
[00132] The diabodies used in the methods of the
invention include derivatives that are modified, i.e.,
by the covalent attachment of any type of molecule to
the diabody.For example, but not by way of limitation,
the diabody derivatives include diabodies that have
been modified, e.g. , by glycosylation, acetylation,
pegylation, phosphorylation, amidation, derivatization
by known protecting/blocking groups, proteolytic
cleavage, linkage to a cellular ligand or other
protein, etc. Any of numerous chemical modifications
may be carried out by known techniques, including, but
not limited to, specific chemical cleavage,
acetylation, formylation, metabolic synthesis of
tunicamycin, etc. Additionally, the derivative may
contain one or more non-classical amino acids. [00133]
A chimeric antibody is a molecule in which different
portions of the antibody are derived from different
immunoglobulin molecules such as antibodies having a
variable region derived from a non-human antibody and
a human immunoglobulin constant region. Methods for
producing chimeric antibodies are known in the art.
See e.g., Morrison (1985) "Transfectomas Provide Novel
Chimeric Antibodies, " Science 229:1202-1207; Oi et
al. (1986) "Chimeric Antibodies, " BioTechniques
4:214-221; Gillies et al. (1989) "High-Level
Expression Of Chimeric Antibodies Using Adapted cDNA
Variable Region Cassettes, " . Immunol. Methods
125:191-202; and U.S. Patent Nos. 6,31 1,415,
5,807,715, 4,816,567, and 4,816,397, which are
incorporated herein by reference in their entirety.
[00134] Often, framework residues in the framework
regions will be substituted with the corresponding
residue from the CDR donor antibody to alter,
preferably improve, antigen binding. These framework
substitutions are identified by methods well known in
the art, e.g., by modeling of the interactions of the
CDR and framework residues to identify framework
residues important for antigen binding and sequence
comparison to identify unusual framework residues at
particular positions. (See, e.g., U.S. Patent No.
5,585,089; and Riechmann et al. (1988) "Reshaping
Human Antibodies For Therapy, "Nature 332:323-327,
which are incorporated herein by reference in their
entireties.) [00135] Monoclonal antibodies from which
binding domains of the diabodies of the invention can
be prepared using a wide variety of techniques known
in the art including the use of hybridoma,
recombinant, and phage display technologies, or a
combination thereof. For example, monoclonal
antibodies can be produced using hybridoma techniques
including those known in the art and taught, for
example, in Harlow et al, Antibodies: A Laboratory
Manual, (Cold Spring Harbor Laboratory Press,2nd ed.
1988); Hammerling, et ah, in: Monoclonal Antibodies
and T-CeIl Hvbridomas pp. 563-681 (Elsevier, N.Y.,
1981) (both of which are incorporated by reference in
their entireties). The term "monoclonal antibody" as
used herein is not limited to antibodies produced
through hybridoma technology. The term "monoclonal
antibody" refers to an antibody that is derived from a
single clone, including any eukaryotic, prokaryotic,
or phage clone, and not the method by which it is
produced. [00136] Methods for producing and screening
for specific antibodies using hybridoma technology are
routine and well known in the art. In a non-limiting
example, mice can be immunized with an antigen of
interest or a cell expressing such an antigen. Once an
immune response is detected, e.g., antibodies specific
for the antigen are detected in the mouse serum, the
mouse spleen is harvested and splenocytes isolated.
The splenocytes are then fused by well known
techniques to any suitable myeloma cells. Hybridomas
are selected and cloned by limiting dilution. The
hybridoma clones are then assayed by methods known in
the art for cells that secrete antibodies capable of
binding the antigen. Ascites fluid, which generally
contains high levels of antibodies, can be generated
by inoculating mice intraperitoneally with positive
hybridoma clones. Antigens of interest include, but
are not limited to, antigens associated with the
cancers provided in section 5.8.1, antigens associated
with the autoimmune diseases and inflammatory diseases
provided in section 5.8.2, antigens associated with
the infectious diseases provided in section 5.8.3, and
the toxins provided in section 5.8.4. [00137]
Antibodies can also be generated using various phage
display methods known in the art. In phage display
methods, functional antibody domains are displayed on
the surface of phage particles which carry the
polynucleotide sequences encoding them. In a
particular embodiment, such phage can be utilized to
display antigen binding domains, such as Fab and Fv or
disulfide-bond stabilized Fv, expressed from a
repertoire or combinatorial antibody library {e.g.,
human or murine). Phage expressing an antigen binding
domain that binds the antigen of interest can be
selected or identified with antigen, e.g., using
labeled antigen or antigen bound or captured to a
solid surface or bead. Phage used in these methods are
typically filamentous phage, including fd and Ml 3.
The antigen binding domains are expressed as a
recombinantly fused protein to either the phage gene
III or gene VIII protein. Examples of phage display
methods that can be used to make the immunoglobulins,
or fragments thereof, of the present inventioninclude
those disclosed in Brinkmann et al. (1995) "Phage
Display OfDisulfide- Stabilized Fv Fragments, " J .
Immunol. Methods, 182:41-50; Ames et al. (1995)
"Conversion Of Murine Fabs Isolated From A
Combinatorial Phage Display Library To Full Length
Immunoglobulins, " J . Immunol. Methods, 184:177-186;
Kettleborough et al. (1994) "Isolation Of Tumor
Cell-Specific Single-Chain Fv From Immunized Mice
Using Phage-Antibody Libraries And The Re-Construction
Of Whole Antibodies From These Antibody Fragments, "
Eur. J . Immunol, 24:952-958; Persic et al. (1997) "An
Integrated Vector System For The Eukaryotic Expression
Of Antibodies Or Their Fragments After Selection From
Phage Display Libraries, " Gene, 187:9-18; Burton et
al. (1994) "Human Antibodies From Combinatorial
Libraries, " Advances in Immunology, 57:191-280; PCT
Application No. PCT/GB9 1/0 1134; PCT Publications WO
90/02809; WO 91/10737; WO 92/01047; WO 92/18619; WO
93/1 1236; WO 95/15982; WO 95/20401; and U.S. Patent
Nos. 5,698,426; 5,223,409; 5,403,484; 5,580,717;
5,427,908; 5,750,753; 5,821,047; 5,571,698; 5,427,908;
5,516,637; 5,780,225; 5,658,727; 5,733,743 and
5,969,108; each of which is incorporated herein by
reference in its entirety. [00138] Phage display
technology can be used to increase the affinity of an
antibody for its antigen. This technique would be
useful in obtaining high affinity antibodies. The
technology, referred to as affinity maturation,
employs mutagenesis or CDR walking and re-selection
using the cognate antigen to identify antibodies that
bind with higher affinity to the antigen when compared
with the initial or parental antibody (See,
e.g.,Glaser et al. (1992) "Dissection Of The Combining
Site In A Humanized Anti- Tac Antibody, " J .
Immunology 149:2607-2614). Mutagenizing entire codons
rather than single nucleotides results in a
semi-randomized repertoire of amino acid mutations.
Libraries can be constructed consisting of a pool of
variant clones each of which differs by a single amino
acid alteration in a single CDR and which contain
variants representing each possible amino acid
substitution for each CDR residue. Mutants with
increased binding affinity for the antigen can be
screened by contacting the immobilized 



mutants with labeled antigen. Any screening method
known in the art can be used to identify mutant
antibodies with increased avidity to the antigen
{e.g., ELISA) (See Wu et al. (1998) "Stepwise In Vitro
Affinity Maturation Of Vitaxin, An Alphav
Beta3-Specific Humanized mAb, " Proc Natl. Acad Sci.
USA 95:6037-6042; Yelton et al. (1995) "Affinity
Maturation Of The Br96 Anti-Carcinoma Antibody By
Codon-BasedMutagenesis, " J . Immunology
155:1994-2004). CDR walking which randomizes the light
chain is also possible (See Schier et al. (1996)
"Isolation Of Picomolar Affinity Anti-C-ErbB-2
Single-Chain Fv By Molecular Evolution Of The
Complementarity Determining Regions In The Center Of
The Antibody Binding Site, " J. MoI. Bio.
263:551-567). [00139] The present invention also
encompasses the use of binding domains comprising the
amino acid sequence of any of the binding domains
described herein or known in the art with mutations
{e.g., one or more amino acid substitutions) in the
framework or CDR regions. Preferably, mutations in
these binding domains maintain or enhance the avidity
and/or affinity of the binding domains for FcgRIIB to
which they immunospecifically bind. Standard
techniques known to those skilled in the art {e.g.,
immunoassays) can be used to assay the affinity of an
antibody for a particular antigen. [00140] Standard
techniques known to those skilled in the art can be
used to introduce mutations in the nucleotide sequence
encoding an antibody, or fragment thereof, including,
e.g., site-directed mutagenesis and PCR-mediated
mutagenesis, which results in amino acid
substitutions. Preferably, the derivatives include
less than 15 amino acid substitutions, less than 10
amino acid substitutions, less than 5 amino acid
substitutions, less than 4 amino acid substitutions,
less than 3 amino acid substitutions, or less than 2
amino acid substitutions relative to the original
antibody or fragment thereof. In a preferred
embodiment, the derivatives have conservative amino
acid substitutions made at one or more predicted
non-essential amino acid residues. 5.1.1 DIABODIES
COMPRISING EPTIOPE BINDING SITES WHICH
IMMUNOSPECIFICALLY BIND FcgRIIB [00141] In a
particular embodiment, at least one of the binding
domains of the diabodies of the invention agonizes at
least one activity of FcgRIIB. In one embodiment of
the invention, said activity is inhibition of B cell
receptor-mediated signaling. In another embodiment,
the binding domain inhibits activation of B cells, B
cell proliferation, antibody production, intracellular
calcium influx of B cells, cell cycle progression, or
activity of one or more downstream signaling molecules
in the FcgRIIB signal transduction pathway. In yet
another embodiment, the binding domain enhances
phosphorylation of FcgRIIB or SHIP recruitment. In a
further embodiment of the invention, the binding
domain inhibits MAP kinase activity or Akt recruitment
in the Bcell receptor-mediated signaling pathway. In
another embodiment, the binding domain agonizes
FcgRIIB-mediated inhibition of FceRI signaling. In a
particular embodiment, said binding domain inhibits
FceRI-induced mast cell activation, calcium
mobilization, degranulation, cytokine production, or
serotonin release. In another embodiment, the binding
domains of the invention stimulate phosphorylation of
FcgRIIB, stimulate recruitment of SHIP, stimulate SHIP
phosphorylation and its association with She, or
inhibit activation of MAP kinase family members (e.g.,
Erkl, Erk2, JNK, p38, etc.). In yet another
embodiment, the binding domains of the invention
enhance tyrosine phosphorylation of p62dok and its
association with SHIP and rasGAP. In another
embodiment, the binding domains of the invention
inhibit FcgR-mediated phagocytosis in monocytes or
macrophages. [00142] In another embodiment, the
binding domains antagonize at least one activity of
FcgRIIB. In one embodiment, said activity is
activation of B cell receptormediated signaling. In a
particular embodiment, the binding domains enhance B
cell activity, B cell proliferation, antibody
production, intracellular calcium influx, or activity
of one or more downstream signaling molecules in the
FcgRIIB signal transduction pathway. In yet another
particular embodiment, the binding domains decrease
phosphorylation of FcgRIIB or SHIP recruitment. In a
further embodiment of the invention, the binding
domains enhance MAP kinase activity or Akt recruitment
in the B cell receptor mediated signaling pathway. In
another embodiment, the binding domains antagonize
FcgRIIB-mediated inhibition of FceRI signaling. In a
particular embodiment, the binding domains enhance
FceRI-induced mast cell activation, calcium
mobilization, degranulation, cytokine production, or
serotonin release. In another embodiment, the binding
domains inhibit phosphorylation of FcgRIIB, inhibit
recruitment of SHIP, inhibit SHIP phosphorylation and
its association with She, enhance activation of MAP
kinase family members (e.g., Erkl, Erk2, JNK, p38,
etc.). In yet another embodiment, the binding domains
inhibit tyrosine phosphorylation of p62dok and its
association with SHIP and rasGAP. In another
embodiment, the binding domains enhance FcgRmediated
phagocytosis in monocytes or macrophages. In another
embodiment, the binding domains prevent phagocytosis,
clearance of opsonized particles by splenic
macrophages.[00143] In other embodiments, at least one
of the binding domains can be used to target the
diabodies of the invention to cells that express
FcgRIIB. [00144] In one particular embodiment, one of
the binding domains is derived from a mouse monoclonal
antibody produced by clone 2B6 or 3H7, having ATCC
accession numbers PTA-4591 and PTA-4592, respectively.
Hybridomas producing antibodies 2B6 and 3H7 have been
deposited with the American Type Culture Collection
(10801 University Blvd., Manassas, VA. 201 10-2209) on
August 13, 2002 under the provisions of the Budapest
Treaty on the International Recognition of the Deposit
of Microorganisms for the Purposes of Patent
Procedures, and assigned accession numbers PTA-4591
(for hybridoma producing 2B6) and PTA-4592 (for
hybridoma producing 3H7), respectively, and are
incorporated herein by reference. In a preferred
embodiment, the binding domains are human or have been
humanized, preferably are derived from a humanized
version of the antibody produced by clone 3H7 or 2B6.
[00145] The invention also encompasses diabodies with
binding domains from other antibodies, that
specifically bind FcgRIIB, preferably human FcgRIIB,
more preferably native human FcgRIIB, that are derived
from clones including but not limited to 1D5, 2El,
2H9, 2Dl 1, and 1F2 having ATCC Accession numbers,
PTA-5958, PTA- 5961, PTA-5962, PTA-5960, and PTA-5959,
respectively. Hybridomas producing the
above-identified clones were deposited under the
provisions of the Budapest Treaty with the American
Type Culture Collection (10801 University Blvd.,
Manassas, VA. 201 10- 2209) on May 7, 2004, and are
incorporated herein by reference. In preferred
embodiments, the binding domains from the antibodies
described above are humanized. [00146] In a specific
embodiment, the binding domains used in the diabodies
of the present invention are from an antibody or an
antigen-binding fragment thereof (e.g. , comprising
one or more complementarity determining regions
(CDRs), preferably all 6 CDRs) of the antibody
produced by clone 2B6, 3H7, 1D5, 2El, 2H9, 2Dl 1, or
1F2. In another embodiment, the binding domain binds
to the same epitope as the mouse monoclonal antibody
produced from clone 2B6, 3H7, 1D5, 2El, 2H9, 2Dl 1, or
1F2, respectively and/or competes with the mouse
monoclonal antibody produced from clone 2B6, 3H7, 1D5,
2El, 2H9, 2Dl 1, or 1F2 as determined, e.g., in an
ELISA assay or other appropriate competitive
immunoassay, and also binds FcgRIIB with a greater
affinity than the binding domain binds FcgRIIA.[00147]
The present invention also encompasses diabodies with
binding domains comprising an amino acid sequence of a
variable heavy chain and/or variable light chain that
is at least 45%, at least 50%, at least 55%, at least
60%, at least 65%, at least 70%, at least 75%, at
least 80%, at least 85%, at least 90%, at least 95%,
or at least 99% identical to the amino acid sequence
of the variable heavy chain and/or light chain of the
mouse monoclonal antibody produced by clone 2B6, 3H7,
1D5, 2El, 2H9, 2Dl 1, or 1F2. The present invention
further encompasses diabodies with binding domains
that specifically 



bind FcgRIIB with greater affinity than said antibody
or fragment thereof binds FcgRIIA, and that comprise
an amino acid sequence of one or more CDRs that is at
least 45%, at least 50%, at least 55%, at least 60%,
at least 65%, at least 70%, at least 75%, at least
80%, at least 85%, at least 90%, at least 95%, or at
least 99% identical to the amino acid sequence of one
or more CDRs of the mouse monoclonal antibody produced
by clone 2B6, 3H7, 1D5, 2El, 2H9, 2Dl 1, or 1F2. The
determination of percent identity of two amino acid
sequences can be determined by any method known to one
skilled in the art, including BLAST protein searches.
[00148] The present invention also encompasses the use
of diabodies containing binding domains that
specifically bind FcgRIIB with greater affinity than
binding domain binds FcgRIIA, which are encoded by a
nucleotide sequence that hybridizes to the nucleotide
sequence of the mouse monoclonal antibody produced by
clone 2B6, 3H7, 1D5, 2El, 2H9, 2Dl 1, or 1F2 under
stringent conditions. In a preferred embodiment, the
binding domain specifically binds FcgRIIB with greater
affinity than FcgRIIA, and comprises a variable light
chain and/or variable heavy chain encoded by a
nucleotide sequence that hybridizes under stringent
conditions to the nucleotide sequence of the variable
light chain and/or variable heavy chain of the mouse
monoclonal antibody produced by clone 2B6, 3H7, 1D5,
2El, 2H9, 2Dl 1, or 1F2 under stringent conditions. In
another preferred embodiment, the binding domains
specifically bind FcgRIIB with greater affinity than
FcgRIIA, and comprise one or more CDRs encoded by a
nucleotide sequence that hybridizes under stringent
conditions to the nucleotide sequence of one or more
CDRs of the mouse monoclonal antibody produced by
clone 2B6, 3H7, 1D5, 2El, 2H9, 2Dl 1, or 1F2.
Stringent hybridization conditions include, but are
not limited to, hybridization to filter-bound DNA in
6X sodium chloride/sodium citrate (SSC) at about 45C
followed by one or more washes in 0.2X SSC/0.1% SDS at
about 50-650C, highlystringent conditions such as
hybridization to filter-bound DNA in 6X SSC at about
45C followed by one or more washes in 0.1X SSC/0.2%
SDS at about 600C, or any other stringent
hybridization conditions known to those skilled in the
art (see, for example, Ausubel, F.M. et al, eds. 1989
Current Protocols in Molecular Biology , vol. 1, Green
Publishing Associates, Inc. and John Wiley and Sons,
Inc., NY at pages 6.3.1 to 6.3.6 and 2.10.3,
incorporated herein by reference). [00149] The present
invention also encompasses the use of binding domains
comprising the amino acid sequence of any of the
binding domains described above with mutations {e.g.,
one or more amino acid substitutions) in the framework
or CDR regions. Preferably, mutations in these binding
domains maintain or enhance the avidity and/or
affinity of the binding domains for FcgRIIB to which
they immunospecifically bind. Standard techniques
known to those skilled in the art {e.g., immunoassays)
can be used to assay the affinity of an antibody for a
particular antigen. [00150] Standard techniques known
to those skilled in the art can be used to introduce
mutations in the nucleotide sequence encoding an
antibody, or fragment thereof, including, e.g.,
site-directed mutagenesis and PCR-mediated
mutagenesis, which results in amino acid
substitutions. Preferably, the derivatives include
less than 15 amino acid substitutions, less than 10
amino acid substitutions, less than 5 amino acid
substitutions, less than 4 amino acid substitutions,
less than 3 amino acid substitutions, or less than 2
amino acid substitutions relative to the original
antibody or fragment thereof. In a preferred
embodiment, the derivatives have conservative amino
acid substitutions made at one or more predicted
non-essential amino acid residues. [00151] In
preferred embodiments, the binding domains are derived
from humanized antibodies. A humanized FcgRIIB
specific antibody may comprise substantially all of at
least one, and typically two, variable domains in
which all or substantially all of the CDR regions
correspond to those of a non-human immunoglobulin
(i.e., donor antibody) and all or substantially all of
the framework regions are those of a human
immunoglobulin consensus sequence. [00152] The
diabodies of present invention comprise humanized
variable domains specific for FcgRIIB in which one or
more regions of one or more CDRs of the heavy and/or
light chain variable regions of a human antibody (the
recipient antibody) have been substituted by analogous
parts of one or more CDRs of a donor
monoclonalantibody which specifically binds FcgRIIB,
with a greater affinity than FcgRIIA, e.g., a
monoclonal antibody produced by clone 2B6, 3H7, 1D5,
2El, 2H9, 2Dl 1, or 1F2. In other embodiments, the
humanized antibodies bind to the same epitope as 2B6,
3H7, 1D5, 2El, 2H9, 2Dl 1, or 1F2, respectively.
[00153] In a preferred embodiment, the CDR regions of
the humanized FcgRIIB binding domain are derived from
a murine antibody specific for FcgRIIB. In some
embodiments, the humanized antibodies described herein
comprise alterations, including but not limited to
amino acid deletions, insertions, modifications, of
the acceptor antibody, i.e., human, heavy and/or light
chain variable domain framework regions that are
necessary for retaining binding specificity of the
donor monoclonal antibody. In some embodiments, the
framework regions of the humanized antibodies
described herein does not necessarily consist of the
precise amino acid sequence of the framework region of
a natural occurring human antibody variable region,
but contains various alterations, including but not
limited to amino acid deletions, insertions,
modifications that alter the property of the humanized
antibody, for example, improve the binding properties
of a humanized antibody region that is specific for
the same target as the murine FcgRIIB specific
antibody. In most preferred embodiments, a minimal
number of alterations are made to the framework region
in order to avoid large-scale introductions of
non-human framework residues and to ensure minimal
immunogenicity of the humanized antibody in humans.
The donor monoclonal antibody is preferably a
monoclonal antibody produced by clones 2B6, 3H7, 1D5,
2El, 2H9, 2Dl 1, or 1F2. [00154] In a specific
embodiment, the binding domain encompasses variable
domains of a CDR-grafted antibody which specifically
binds FcgRIIB with a greater affinity than said
antibody binds FcgRIIA, wherein the CDR-grafted
antibody comprises a heavy chain variable region
domain comprising framework residues of the recipient
antibody and residues from the donor monoclonal
antibody, which specifically binds FcgRIIB with a
greater affinity than said antibody binds FcgRIIA,
e.g. , monoclonal antibody produced from clones 2B6,
3H7, 1D5, 2El, 2H9, 2Dl 1, or 1F2. In another specific
embodiment, the diabodies of the invention comprise
variable domains from a CDR-grafted antibody which
specifically binds FcgRIIB with a greater affinity
than said antibody binds FcgRIIA, wherein the
CDR-grafted antibody comprises a light chain variable
region domain comprising framework residues of the
recipient antibody andresidues from the donor
monoclonal antibody, which specifically binds FcgRIIB
with a greater affinity than said antibody binds
FcgRIIA, e.g., monoclonal antibody produced from
clones 2B6, 3H7, 1D5, 2El, 2H9, 2Dl 1, or 1F2. [00155]
The humanized anti- FcgRIIB variable domains used in
the invention may have a heavy chain variable region
comprising the amino acid sequence of CDRl (SEQ ID
NO:24 or SEQ ID NO:25) and/or CDR2 (SEQ ID NO:26 or
SEQ ID NO:27) and/or CDR3 (SEQ ID NO:28 or SEQ ID
NO:29) and/or a light chain variable region comprising
the amino acid sequence of CDRl (SEQ ID NO:32 or SEQ
ID NO:33) and/or a CDR2 (SEQ ID NO:34, SEQ ID NO:35,
SEQ ID NO:36, or SEQ ID NO:37) and/or CDR3 (SEQ ID
NO:38 or SEQ ID NO:39). [00156] In one specific
embodiment, the diabody comprises variable domains
from a humanized 2B6 antibody, wherein the VH region
consists of the FR segments from the human germline VH
segment VHl-1 8 (Matsuda et al. (1998) "The Complete
Nucleotide Sequence Of The Human Immunoglobulin Heavy
Chain Variable Region Locus, " J . Exp. Med.
188:2151-2162) and JH6 (Ravetch et al. (1981)
"Structure Of The Human Immunoglobulin Mu Locus:
Characterization Of Embryonic And Rearranged J And D
Genes, " Cell 27(3 Pt. 2): 583-91), and one or more
CDR regions of the 2B6 VH, 



having the amino acid sequence of SED ID NO:24, SEQ ID
NO:26, or SEQ ID NO:28. In one embodiment, the 2B6 VH
has the amino acid sequence of SEQ ID NO: 40. In
another embodiment the 2B6 VH domain has the amino
acid sequence of Hu2B6VH, SEQ ID NO:87, and can be
encoded by the nucleotide sequence of SEQ ID NO:88. In
another specific embodiment, the diabody further
comprises a VL region, which consists of the FR
segments of the human germline VL segment VK-A26
(Lautner-Rieske et al. (1992) "The Human
Immunoglobulin Kappa Locus. Characterization Of The
Duplicated A Regions, " Eur. J . Immunol.
22:1023-1029) and JK4 (Hieter et al. (1982) "Evolution
Of Human Immunoglobulin Kappa J Region Genes, " J .
Biol. Chem. 257:1516-22), and one or more CDR regions
of 2B6VL, having the amino acid sequence of SEQ ID
NO:32, SEQ ID NO:34, SEQ ID NO:35, SEQ ID NO:36, and
SEQ ID NO:38. In one embodiment, the 2B6 VL has the
amino acid sequence of SEQ ID NO:41; SEQ ID NO:42, or
SEQ ID NO:43. In a specific embodiment, the 2B6 VL has
the amino acid sequence of Hu2B6VL, SEQ ID NO:89, and
can be encoded by the nucleotide sequence provided in
SEQ ID NO:90.[00157] In another specific embodiment,
the diabody has variable domains from a humanized 3H7
antibody, wherein the VH region consists of the FR
segments from a human germline VH segment and the CDR
regions of the 3H7 VH, having the amino acid sequence
of SED ID NO. 37. In another specific embodiment, the
humanized 3H7 antibody further comprises a VL regions,
which consists of the FR segments of a human germline
VL segment and the CDR regions of 3H7VL, having the
amino acid sequence ofSEQ ID NO:44. [00158] In
particular, binding domains immunospecifically bind to
extracellular domains of native human FcgRIIB, and
comprise (or alternatively, consist of) CDR sequences
of 2B6, 3H7, 1D5, 2El, 2H9, 2Dl 1, or 1F2, in any of
the following combinations: a VH CDRl and a VL CDRl; a
VH CDRl and a VL CDR2; a VH CDRl and a VL CDR3; a VH
CDR2 and a VL CDRl; VH CDR2 and VL CDR2; a VH CDR2 and
a VL CDR3; a VH CDR3 and a VH CDRl; a VH CDR3 and a VL
CDR2; a VH CDR3 and a VL CDR3; a VHl CDRl, a VH CDR2
and a VL CDRl; a VH CDRl, a VH CDR2 and a VL CDR2; a
VH CDRl , a VH CDR2 and a VL CDR3; a VH CDR2, a VH
CDR3 and a VL CDRl, a VH CDR2, a VH CDR3 and a VL
CDR2; a VH CDR2, a VH CDR2 and a VL CDR3; a VH CDRl ,
a VL CDRl and a VL CDR2; a VH CDRl , a VL CDRl and a
VL CDR3; a VH CDR2, a VL CDRl and a VL CDR2; a VH
CDR2, a VL CDRl and a VL CDR3; a VH CDR3, a VL CDRl
and a VL CDR2; a VH CDR3, a VL CDRl and a VL CDR3; a
VH CDRl, a VH CDR2, a VH CDR3 and a VL CDRl; a VH
CDRl, a VH CDR2, a VH CDR3 and a VL CDR2; a VH CDRl, a
VH CDR2, a VH CDR3 and a VL CDR3; a VH CDRl, a VH
CDR2, a VL CDRl and a VL CDR2; a VH CDRl, a VH CDR2, a
VL CDRl and a VL CDR3; a VH CDRl, a VH CDR3, a VL CDRl
and a VL CDR2; a VH CDRl, a VH CDR3, a VL CDRl and a
VL CDR3; a VH CDR2, a VH CDR3, a VL CDRl and a VL
CDR2; a VH CDR2, a VH CDR3, a VL CDRl and a VL CDR3; a
VH CDR2, a VH CDR3, a VL CDR2 and a VL CDR3; a VH
CDRl, a VH CDR2, a VH CDR3, a VL CDRl and a VL CDR2; a
VH CDRl, a VH CDR2, a VH CDR3, a VL CDRl and a VL
CDR3; a VH CDRl, a VH CDR2, a VL CDRl, a VL CDR2, and
a VL CDR3; a VH CDRl, a VH CDR3, a VL CDRl, a VL CDR2,
and a VL CDR3; a VH CDR2, a VH CDR3, a VL CDRl, a VL
CDR2, and a VL CDR3; or any combination thereof of the
VH CDRs and VL CDRs disclosed herein.[00159]
Antibodies for deriving binding domains to be included
in the diabodies of the invention may be further
characterized by epitope mapping, so that antibodies
may be selected that have the greatest specificity for
FcgRIIB compared to FcgRIIA. Epitope mapping methods
of antibodies are well known in the art and
encompassed within the methods of the invention. In
certain embodiments fusion proteins comprising one or
more regions of FcgRIIB may be used in mapping the
epitope of an antibody of the invention. In a specific
embodiment, the fusion protein contains the amino acid
sequence of a region of an FcgRIIB fused to the Fc
portion of human IgG2. Each fusion protein may further
comprise amino acid substitutions and/or replacements
of certain regions of the receptor with the
corresponding region from a homolog receptor, e.g.,
FcgRIIA, as shown in Table 2 below. pMGX125 and
pMGX132 contain the IgG binding site of the FcgRIIB
receptor, the former with the C-terminus of FcgRIIB
and the latter with the C-terminus of FcgRIIA and can
be used to differentiate C-terminus binding. The
others have FcgRIIA substitutions in the IgG binding
site and either the FcgllA or FcgllB N-terminus. These
molecules can help determine the part of the receptor
molecule where the antibodies bind. Table 2. List of
the fusion proteins that may be used to investigate
the epitope of the monoclonal anti-FcgRIIB antibodies.
Residues 172 to 180 belong to the IgG binding site of
FcgRIIA and B. The specific amino acids from FcgRIIA
sequence are in bold.[00160] The fusion proteins may
be used in any biochemical assay for determination of
binding to an anti-FcgRIIB antibody of the invention,
e.g., an ELISA. In other embodiments, further
confirmation of the epitope specificity may be done by
using peptides with specific residues replaced with
those from the FcgRIIA sequence. [00161] The
antibodies can be characterized using assays for
identifying the function of the antibodies of the
invention, particularly the activity to modulate
FcgRIIB signaling. For example, characterization
assays of the invention can measure phosphorylation of
tyrosine residues in the ITIM motif of FcgRIIB, or
measure the inhibition of B cell receptor-generated
calcium mobilization. The characterization assays of
the invention can be cell-based or cell-free assays.
[00162] It has been well established in the art that
in mast cells coaggregation of FcgRIIB with the high
affinity IgE receptor, FceRI, leads to inhibition of
antigen-induced degranulation, calcium mobilization,
and cytokine production (Metcalfe D.D. et al. (1997)
"Mast Cells, " Physiol. Rev. 77:1033-1079; Long E.O.
(1999) "Regulation Of Immune Responses Through
Inhibitory Receptors, " Annu. Rev. Immunol. 17:
875-904). The molecular details of this signaling
pathway have been recently elucidated (Ott V. L.
(2002) "Downstream Of Kinase, p62(dok), Is A Mediator
Of FcgammaIIB Inhibition Of Fc Epsilon RI Signaling, "
J . Immunol. 162(9):4430-4439). Once coaggregated with
FceRI, FcgRIIB is rapidly phosphorylated on tyrosine
in its ITIM motif, and then recruits Src Homology-2
containing inositol-5-phosphatase (SHIP), an SH2
domain-containing inosital polyphosphate
5-phosphatase, which is in turn phosphorylated and
associates with She and p62dok (p62dok is the
prototype of a family of adaptor molecules, which
includes signaling domains such as an aminoterminal
pleckstrin homology domain (PH domain), a PTB domain,
and a carboxy terminal region containing PXXP motifs
and numerous phosphorylation sites (Carpino et al.
(1997) "p62(dok): A Constitutively
Tyrosine-Phosphorylated, GAP-Associated Protein In
Chronic Myelogenous Leukemia Progenitor Cells," Cell,
88: 197-204; Yamanshi et al. (1997) "Identification Of
The AbIAnd rasGAP-Associated 62 kDa Protein As A
Docking Protein, Dok, " Cell, 88:205-21 1). [00163]
The anti-FcgRIIB antibodies for use in the invention
may likewise be characterized for ability to modulate
one or more IgE mediated responses. Preferably, cells
lines co-expressing the high affinity receptor for IgE
and the low affinity receptorfor FcgRIIB will be used
in characterizing the anti-FcgRIIB antibodies in
modulating IgE mediated responses. In a specific
embodiment, cells from a rat basophilic leukemia cell
line (RBL-H23; Barsumian E.L. et al. (1981)
"IgE-Induced Histamine Release From Rat Basophilic
Leukemia Cell Lines: Isolation Of Releasing And
Nonreleasing Clones, " Eur. J . Immunol. 11:3 17-323,
which is incorporated herein by reference in its
entirety) transfected with full length human FcgRIIB
will be used. RBL-2H3 is a well characterized rat cell
line that has been used extensively to study the
signaling mechanisms following IgE-mediated cell
activation. When expressed in RBL-2H3 cells and
coaggregated with FceRI, FcgRIIB inhibits
FceRI-induced calcium mobilization, degranulation, and
cytokine production (Malbec et al. (1998) "Fc Epsilon
Receptor IAssociated 



Lyn-Dependent Phosphorylation OfFc Gamma Receptor HB
During Negative Regulation Of Mast Cell Activation, "
J . Immunol. 160:1647-1658; Daeron et al. (1995)
"Regulation Of High-Affinity IgE Receptor-Mediated
Mast Cell Activation By Murine Low-Affinity IgG
Receptors, " J . Clin. Invest. 95:577; Ott V. L.
(2002) "Downstream Of Kinase, p62(dok), Is A Mediator
Of FcgammaIIB Inhibition OfFc Epsilon RI Signaling, "
J . Immunol. 162(9):4430-4439). [00164] Antibodies for
use in the invention may also be characterized for
inhibition of FceRI induced mast cell activation. For
example, cells from a rat basophilic leukemia cell
line (RBL-H23; Barsumian E.L. et al. (1981)
"IgE-Induced Histamine Release From Rat Basophilic
Leukemia Cell Lines: Isolation Of Releasing And
Nonreleasing Clones, " Eur. J . Immunol. 11:31 7-323)
that have been transfected with FcgRIIB are sensitized
with IgE and stimulated either with F(ab') fragments
of rabbit anti-mouse IgG, to aggregate FceRI alone, or
with whole rabbit anti-mouse IgG to coaggregate
FcgRIIB and FceRI. In this system, indirect modulation
of down stream signaling molecules can be assayed upon
addition of antibodies of the invention to the
sensitized and stimulated cells. For example, tyrosine
phosphorylation of FcgRIIB and recruitment and
phosphorylation of SHIP, activation of MAP kinase
family members, including but not limited to Erkl,
Erk2, JNK, or p38; and tyrosine phosphorylation of
p62dok and its association with SHIP and RasGAP can be
assayed. [00165] One exemplary assay for determining
the inhibition of FceRI induced mast cell activation
by the antibodies of the invention can comprise of the
following: transfecting RBL-H23 cells with human
FcgRIIB; sensitizing the RBL-H23 cells withIgE;
stimulating RBL-H23 cells with either F(ab')2 of
rabbit anti-mouse IgG (to aggregate FceRI alone and
elicit FceRI-mediated signaling, as a control), or
stimulating RBL-H23 cells with whole rabbit anti-mouse
IgG to (to coaggregate FcgRIIB and FceRI, resulting in
inhibition of FceRI-mediated signaling). Cells that
have been stimulated with whole rabbit anti-mouse IgG
antibodies can be further pre-incubated with the
antibodies of the invention. Measuring FceRI-dependent
activity of cells that have been pre-incubated with
the antibodies of the invention and cells that have
not been preincubated with the antibodies of the
invention, and comparing levels of FceRI-dependent
activity in these cells, would indicate a modulation
of FceRI-dependent activity by the antibodies of the
invention. [00166] The exemplary assay described above
can be for example, used to identify antibodies that
block ligand (IgG) binding to FcgRIIB receptor and
antagonize FcgRIIBmediated inhibition of FceRI
signaling by preventing coaggregating of FcgRIIB and
FceRI. This assay likewise identifies antibodies that
enhance coaggregation of FcgRIIB and FceRI and agonize
FcgRIIB-mediated inhibition of FceRI signaling by
promoting coaggregating of FcgRIIB and FceRI. [00167]
In some embodiments, the anti-FcgRIIB diabodies,
comprising the epitope binding domains of anti-FcgRIIB
antibodies identified described herein or known in the
art, of the invention are characterized for their
ability to modulate an IgE mediated response by
monitoring and/or measuring degranulation of mast
cells or basophils, preferably in a cell-based assay.
Preferably, mast cells or basophils for use in such
assays have been engineered to contain human FcgRIIB
using standard recombinant methods known to one
skilled in the art. In a specific embodiment the
anti-FcgRIIB antibodies of the invention are
characterized for their ability to modulate an IgE
mediated response in a cell-based b-hexosaminidase
(enzyme contained in the granules) release assay
b-hexosaminidase release from mast cells and basophils
is a primary event in acute allergic and inflammatory
condition (Aketani et al. (2001) "Correlation Between
Cytosolic Calcium Concentration And Degranulation In
RBL-2H3 Cells In The Presence Of Various
Concentrations Of Antigen-Specific IgEs, " Immunol.
Lett. 75: 185- 189; Aketani et al. (2000) "A Screening
Method For Antigen-Specific IgE Using Mast Cells Based
On Intracellular Calcium Signaling, " Anal. Chem. 72:
2653-2658). Release of other inflammatory mediators
including but not limited to serotonin and
histaminemay be assayed to measure an IgE mediated
response in accordance with the methods of the
invention. Although not intending to be bound by a
particular mechanism of action, release of granules
such as those containing b-hexosaminidase from mast
cells and basophils is an intracellular calcium
concentration dependent process that is initiated by
the cross-linking of FcgRIs with multivalent antigen.
[00168] The ability to study human mast cells has been
limited by the absence of suitable long term human
mast cell cultures. Recently two novel stem cell
factor dependent human mast cell lines, designated LAD
1 and LAD2, were established from bone marrow
aspirates from a patient with mast cell
sarcoma/leukemia (Kirshenbaum et al. (2003)
"Characterization Of Novel Stem Cell Factor Responsive
Human Mast Cell Lines LAD 1 And 2 Established From A
Patient With Mast Cell Sarcoma/Leukemia; Activation
Following Aggregation OfFcRI Or FcgRI, " Leukemia
research, 27:677-82, which is incorporated herein by
reference in its entirety.). Both cell lines have been
described to express FceRI and several human mast cell
markers. LAD 1 and 2 cells can be used for assessing
the effect of the antibodies of the invention on IgE
mediated responses. In a specific embodiment,
cell-based b-hexosaminidase release assays such as
those described supra may be used in LAD cells to
determine any modulation of the IgEmediated response
by the anti-FcgRIIB antibodies of the invention. In an
exemplary assay, human mast cells, e.g. , LAD 1, are
primed with chimeric human IgE antinitrophenol (NP)
and challenged with BSA-NP, the polyvalent antigen,
and cell degranulation is monitored by measuring the
b-hexosaminidase released in the supernatant
(Kirshenbaum et al. (2003) "Characterization Of Novel
Stem Cell Factor Responsive Human Mast Cell Lines LAD
I And 2 Established From A Patient With Mast Cell
Sarcoma/Leukemia; Activation Following Aggregation
OfFcRI Or FcgRI, " Leukemia research, 27:677-82, which
is incorporated herein by reference in its entirety.).
[00169] In some embodiments, if human mast cells have
a low expression of endogenous FcgRIIB, as determined
using standard methods known in the art, e.g., FACS
staining, it may be difficult to monitor and/or detect
differences in the activation of the inhibitory
pathway mediated by the anti-FcgRIIB diabodies of the
invention. The invention thus encompasses alternative
methods, whereby the FcgRIIB expression may be
upregulated using cytokines and particular growth
conditions. FcgRIIB has been described to be highly
up-regulated in human monocyte cell lines, e.g., THPl
and U937,(Tridandapani et al. (2002) "Regulated
Expression And Inhibitory Function Of Fcgamma RIIB In
Human Monocytic Cells, " J . Biol. Chem., 277(7):
5082-5089) and in primary human monocytes (Pricop et
al. (2001) "Differential Modulation Of Stimulatory And
Inhibitory Fc Gamma Receptors On Human Monocytes By
ThI And Th2 Cytokines, " J . of Immunol, 166: 531-537)
by IL4. Differentiation of U937 cells with dibutyryl
cyclic AMP has been described to increase expression
of FcgRII (Cameron et al. (2002) "Differentiation Of
The Human Monocyte Cell Line, U937, With Dibutyryl
CyclicAMP Induces The Expression Of The Inhibitory Fc
Receptor, FcgammaRIIB, " Immunology Letters 83,
171-179). Thus the endogenous FcgRIIB expression in
human mast cells for use in the methods of the
invention may be up-regulated using cytokines, e.g.,
IL-4, IL- 13, in order to enhance sensitivity of
detection. [00170] The anti-FcgRIIB diabodies can also
be assayed for inhibition of B-cell receptor
(BCR)-mediated signaling. BCR-mediated signaling can
include at least one or more down stream biological
responses, such as activation and proliferation of B
cells, antibody production, etc. Coaggregation of
FcgRIIB and BCR leads to inhibition of cell cycle
progression and cellular survival. Further,
coaggregation of FcgRIIB and BCR leads to inhibition
of BCR-mediated signaling. [00171] Specifically,
BCR-mediated signaling comprises at least one or more
of the following: modulation of down stream signaling
molecules (e.g., phosphorylation state of FcgRIIB,
SHIP recruitment, localization of Btk and/or PLCg, MAP
kinase 



activity, recruitment of Akt (anti-apoptotic signal),
calcium mobilization, cell cycle progression, and cell
proliferation. [00172] Although numerous effector
functions of FcgRIIB-mediated inhibition of BCR
signaling are mediated through SHIP, recently it has
been demonstrated that lipopolysaccharide
(LPS)-activated B cells from SHIP deficient mice
exhibit significant FcgRIIB-mediated inhibition of
calcium mobilization, Ins(l,4,5)P 3 production, and
Erk and Akt phosphorylation (Brauweiler et al. (2001)
"Partially Distinct Molecular Mechanisms Mediate
Inhibitory FcgammaRIIB Signaling In Resting And
Activated B Cells, " Journal of Immunology, 167(1):
204-21 1). Accordingly, ex vivo B cells from SHIP
deficient mice can be used to characterize the
antibodies of the invention. One exemplary assay for
determining FcgRIIB-mediated inhibition of BCR
signaling by the antibodies of the invention can
comprise the following: isolating splenic B cells
fromSHIP deficient mice, activating said cells with
lipopolysachharide, and stimulating said cells with
either F(ab') 2 anti-IgM to aggregate BCR or with
anti-IgM to coaagregate BCR with FcgRIIB. Cells that
have been stimulated with intact anti-IgM to
coaggregate BCR with FcgRIIB can be further
pre-incubated with the antibodies of the invention.
FcgRIIB-dependent activity of cells can be measured by
standard techniques known in the art. Comparing the
level of FcgRIIB-dependent activity in cells that have
been preincubated with the antibodies and cells that
have not been pre-incubated, and comparing the levels
would indicate a modulation of FcgRIIB-dependent
activity by the antibodies. [00173] Measuring
FcgRIIB-dependent activity can include, for example,
measuring intracellular calcium mobilization by flow
cytometry, measuring phosphorylation of Akt and/or
Erk, measuring BCR-mediated accumulation of
PI(3,4,5)P3, or measuring FcgRIIB-mediated
proliferation B cells. [00174] The assays can be used,
for example, to identify diabodies or anti- FcgRIIB
antibodies for use in the invention that modulate
FcgRIIB-mediated inhibition of BCR signaling by
blocking the ligand (IgG) binding site to FcgRIIB
receptor and antagonizing FcgRIIB-mediated inhibition
of BCR signaling by preventing coaggregation of
FcgRIIB and BCR. The assays can also be used to
identify antibodies that enhance coaggregation of
FcgRIIB and BCR and agonize FcgRIIB-mediated
inhibition of BCR signaling. [00175] The anti-FcgRIIB
antibodies can also be assayed for FcgRII-mediated
signaling in human monocytes/macrophages.
Coaggregation of FcgRIIB with a receptor bearing the
immunoreceptor tyrosine-based activation motif (ITAM)
acts to downregulate FcgR-mediated phagocytosis using
SHIP as its effector (Tridandapani et al. (2002)
"Regulated Expression And Inhibitory Function Of
Fcgamma RIIB In Human Monocytic Cells, " J . Biol.
Chem., 277(7): 5082-5089). Coaggregation of FcgRIIA
with FcgRIIB results in rapid phosphorylation of the
tyrosine residue on FcgRIIB ' s ITIM motif, leading to
an enhancement in phosphorylation of SHIP, association
of SHIP with She, and phosphorylation of proteins
having the molecular weight of 120 and 60-65 kDa. In
addition, coaggregation of FcgRIIA with FcgRIIB
results in down-regulation of phosphorylation of Akt,
which is a serine-threonine kinase that is involved in
cellular regulation and serves to suppress
apoptosis.[00176] The anti-FcgRIIB diabodies can also
be assayed for inhibition of FcgRmediated phagocytosis
in human monocytes/macrophages. For example, cells
from a human monocytic cell line, THP-I can be
stimulated either with Fab fragments of mouse
monoclonal antibody IV.3 against FcgRII and goat
anti-mouse antibody (to aggregate FcgRIIA alone), or
with whole IV.3 mouse monoclonal antibody and goat
anti-mouse antibody (to coaggregate FcgRIIA and
FcgRIIB). In this system, modulation of down stream
signaling molecules, such as tyrosine phosphorylation
of FcgRIIB, phosphorylation of SHIP, association of
SHIP with She, phosphorylation of Akt, and
phosphorylation of proteins having the molecular
weight of 120 and 60-65 kDa can be assayed upon
addition of molecules of the invention to the
stimulated cells. In addition, FcgRIIB-dependent
phagocytic efficiency of the monocyte cell line can be
directly measured in the presence and absence of the
antibodies of the invention. [00177] Another exemplary
assay for determining inhibition of FcgR-mediated
phagocytosis in human monocytes/macrophages by the
antibodies of the invention can comprise the
following: stimulating THP-I cells with either Fab of
IV.3 mouse anti- FcgRII antibody and goat anti-mouse
antibody (to aggregate FcgRIIA alone and elicit
FcgRIIA-mediated signaling); or with mouse anti-FcgRII
antibody and goat anti-mouse antibody (to coaggregate
FcgRIIA and FcgRIIB and inhibiting FcgRIIA-mediated
signaling. Cells that have been stimulated with mouse
anti-FcgRII antibody and goat anti-mouse antibody can
be further pre-incubated with the molecules of the
invention. Measuring FcgRIIA-dependent activity of
stimulated cells that have been pre-incubated with
molecules of the invention and cells that have not
been pre-incubated with the antibodies of the
invention and comparing levels of FcgRIIA-dependent
activity in these cells would indicate a modulation of
FcgRIIA-dependent activity by the antibodies of the
invention. [00178] The exemplary assay described can
be used for example, to identify binding domains that
block ligand binding of FcgRIIB receptor and
antagonize FcgRIIBmediated inhibition of FcgRIIA
signaling by preventing coaggregation of FcgRIIB and
FcgRIIA. This assay likewise identifies binding
domains that enhance coaggregation of FcgRIIB and
FcgRIIA and agonize FcgRIIB-mediated inhibition of
FcgRIIA signaling. [00179] The FcgRIIB binding domains
of interest can be assayed while comprised I
antibodies by measuring the ability of THP-I cells to
phagocytose fluoresceinated IgGopsonized sheep red
blood cells (SRBC) by methods previously described
(Tridandapani et al. (2000) "The Adapter Protein LAT
Enhances Fcgamma Receptor-Mediated Signal Transduction
In Myeloid Cells, " J . Biol. Chem. 275: 20480-7). For
example, an exemplary assay for measuring phagocytosis
comprises of: treating THP-I cells with the antibodies
of the invention or with a control antibody that does
not bind to FcgRII, comparing the activity levels of
said cells, wherein a difference in the activities of
the cells {e.g., rosetting activity (the number of
THP-I cells binding IgG-coated SRBC), adherence
activity (the total number of SRBC bound to THP-I
cells), and phagocytic rate) would indicate a
modulation of FcgRIIA-dependent activity by the
antibodies of the invention. This assay can be used to
identify, for example, antibodies that block ligand
binding of FcgRIIB receptor and antagonize
FcgRIIB-mediated inhibition of phagocytosis. This
assay can also identify antibodies that enhance
FcgRIIB-mediated inhibition of FcgRIIA signaling.
[00180] In a preferred embodiment, the binding domains
modulate FcgRIIBdependent activity in human
monocytes/macrophages in at least one or more of the
following ways: modulation of downstream signaling
molecules {e.g., modulation of phosphorylation state
of FcgRIIB, modulation of SHIP phosphorylation,
modulation of SHIP and She association, modulation of
phosphorylation of Akt, modulation of phosphorylation
of additional proteins around 120 and 60-65 kDa) and
modulation of phagocytosis. 5.1.2 CD16A BINDING
DOMAINS [00181] The following section discusses CD16A
binding proteins which can be used as sources for
light and heavy chain variable regions for covalent
diabody production. In the present invention CD16A
binding proteins includes molecules comprising VL and
VH domains of anti-CD 16A antibodies, which VH and VL
domains are used in the production of the diabodies of
the present invention. [00182] A variety of CD16A
binding proteins may be used in connection with the
present invention. Suitable CD16A binding proteins
include human or humanized monoclonal antibodies as
well as CD16A binding antibody fragments (e.g., scFv
or single chain antibodies, Fab fragments, minibodies)
and another antibody-like proteins that bind to CD16A
via an interaction with a light chain variable region
domain, a heavy 



chain variable region domain, or both.[00183] In some
embodiments, the CD16A binding protein for use
according to the invention comprises a VL and/or VH
domain that has one or more CDRs with sequences
derived from a non-human anti-CD 16A antibody, such as
a mouse anti- CD16A antibody, and one or more
framework regions with derived from framework
sequences of one or more human immunoglobulins. A
number of non-human anti- CD16A monoclonal antibodies,
from which CDR and other sequences may be obtained,
are known (see, e.g., Tamm et al. (1996) "The Binding
Epitopes Of Human CDl 6 (Fc gamma RIII) Monoclonal
Antibodies. Implications For Ligand Binding, " J. Imm.
157:1576-81; Fleit et al. (1989) p.159; LEUKOCYTE
TYPING II: HUMAN MYELOID AND HEMATOPOIETIC CELLS,
Reinherz et al, eds. New York: Springer-Verlag;
(1986); LEUCOCYTE TYPING III: WHITE CELL
DIFFERENTIATION ANTIGENS McMichael A J, ed., Oxford:
Oxford University Press, 1986); LEUKOCYTE TYPING IV:
WHITE CELL DIFFERENTIATION ANTIGENS, Kapp et al., eds.
Oxford Univ. Press, Oxford; LEUKOCYTE TYPING V: WHITE
CELL DIFFERENTIATION ANTIGENS, Schlossman et al., eds.
Oxford Univ. Press, Oxford; LEUKOCYTE TYPING VI: WHITE
CELL DIFFERENTIATION ANTIGENS, Kishimoto, ed. Taylor &
Francis. In addition, as shown in the Examples, new
CD16A binding proteins that recognize human CD16A
expressed on cells can be obtained using well known
methods for production and selection of monoclonal
antibodies or related binding proteins (e.g.,
hybridoma technology, phage display, and the like).
See, for example, O'Connell et al. (2002) "Phage
Versus Phagemid Libraries For Generation Of Human
Monoclonal Antibodies, " J . MoI. Biol. 321:49-56;
Hoogenboom et al. (2000) "Natural And Designer Binding
Sites Made By Phage Display Technology, " Imm. Today 2
1:371078; Rrebs et al. (2001) "High-Throughput
Generation And Engineering Of Recombinant Human
Antibodies, " J . Imm. Methods 254:67-84; and other
references cited herein. Monoclonal antibodies from a
non-human species can be chimerized or humanized using
techniques using techniques of antibody humanization
known in the art. [00184] Alternatively, fully human
antibodies against CD16A can be produced using
transgenic animals having elements of a human immune
system (see, e.g., U.S. Pat. Nos. 5,569,825 and
5,545,806), using human peripheral blood cells (Casali
et al. (1986) "Human Monoclonals From Antigen-Specific
Selection OfB Lymphocytes And Transformation By EBV, "
Science 234:476-479), by screening a DNA library
fromhuman B cells according to the general protocol
outlined by Huse et al. (1989) "Generation OfA Large
Combinatorial Library Of The Immunoglobulin Repertoire
In Phage Lambda, " Science 246:1275-1281, and by other
methods. [00185] In a preferred embodiment, the
binding donor is from the 3G8 antibody or a humanized
version thereof, e.g., such as those disclosed in U.S.
patent application publication 2004/0010124, which is
incorporated by reference herein in its entirety. It
is contemplated that, for some purposes, it may be
advantageous to use CD16A binding proteins that bind
the CD16A receptor at the same epitope bound by 3G8,
or at least sufficiently close to this epitope to
block binding by 3G8. Methods for epitope mapping and
competitive binding experiments to identify binding
proteins with the desired binding properties are well
known to those skilled in the art of experimental
immunology. See, for example, Harlow and Lane, cited
supra; Stahli et al. (1983) "Distinction Of Epitopes
By Monoclonal Antibodies, " Methods in Enzymology
92:242- 253; Kirkland et al. (1986) "Analysis Of The
Fine Specificity And Cross-Reactivity Of Monoclonal
Anti-Lipid A Antibodies, " J . Immunol. 137:3614-3619;
Morel et al. (1988) "Monoclonal Antibodies To Bovine
Serum Albumin: Affinity And Specificity
Determinations, " Molec. Immunol. 25:7-15; Cheung et
al. (1990) "Epitope-Specific Antibody Response To The
Surface Antigen Of Duck Hepatitis B Virus In Infected
Ducks, " Virology 176:546-552; and Moldenhauer et al.
(1990) "Identity OfHML-I Antigen On Intestinal
Intraepithelial T Cells And OfB-ly7 Antigen On Hairy
Cell Leukaemia, " Scand. J . Immunol. 32:77-82. For
instance, it is possible to determine if two
antibodies bind to the same site by using one of the
antibodies to capture the antigen on an ELISA plate
and then measuring the ability of the second antibody
to bind to the captured antigen. Epitope comparison
can also be achieved by labeling a first antibody,
directly or indirectly, with an enzyme, radionuclide
or fluorophore, and measuring the ability of an
unlabeled second antibody to inhibit the binding of
the first antibody to the antigen on cells, in
solution, or on a solid phase. [00186] It is also
possible to measure the ability of antibodies to block
the binding of the CD16A receptor to immune complexes
formed on ELISA plates. Such immune complexes are
formed by first coating the plate with an antigen such
as fluorescein, then applying a specific
anti-fluorescein antibody to the plate. This immune
complex then serves as the ligand for soluble Fc
receptors such as sFcRIIIa. Alternatively a
solubleimmune complex may be formed and labeled,
directly or indirectly, with an enzyme radionuclide or
fluorophore. The ability of antibodies to inhibit the
binding of these labeled immune complexes to Fc
receptors on cells, in solution or on a solid phase
can then be measured. [00187] CD16A binding proteins
of the invention may or may not comprise a human
immunoglobulin Fc region. Fc regions are not present,
for example, in scFv binding proteins. Fc regions are
present, for example, in human or humanized tetrameric
monoclonal IgG antibodies. As described supra, in some
embodiments of the present invention, the CD16A
binding protein includes an Fc region that has an
altered effector function, e.g., reduced affinity for
an effector ligand such as an Fc receptor or Cl
component of complement compared to the unaltered Fc
region {e.g., Fc of naturally occurring IgGl,
proteins). In one embodiment the Fc region is not
glycosylated at the Fc region amino acid corresponding
to position 297. Such antibodies lack Fc effector
function. [00188] Thus, the CD16A binding protein may
not exhibit Fc-mediated binding to an effector ligand
such as an Fc receptor or the C1 component of
complement due to the absence of the Fc domain in the
binding protein while, in other cases, the lack of
binding or effector function is due to an alteration
in the constant region of the antibody. 5.1.2.1 CD16A
Binding Proteins Comprising CDR Sequences Similar to a
mAb 3G8 CDR Sequences. [00189] CD16A binding proteins
that can be used in the practice of the invention
include proteins comprising a CDR sequence derived
from {i.e., having a sequence the same as or similar
to) the CDRs of the mouse monoclonal antibody 3G8.
Complementary cDNAs encoding the heavy chain and light
chain variable regions of the mouse 3G8 monoclonal
antibody, including the CDR encoding sequences, were
cloned and sequenced as described. The nucleic acid
and protein sequences of 3G8 are provided below. Using
the mouse variable region and CDR sequences, a large
number of chimeric and humanized monoclonal
antibodies, comprising complementary determining
regions derived from 3G8 CDRs were produced and their
properties analyzed. To identify humanized antibodies
that bind CD16A with high affinity and have other
desirable properties, antibody heavy chains comprising
a VH region with CDRs derived from 3G8 were produced
and combined (by coexpression) with antibody light
chainscomprising a VL region with CDRs derived from
3G8 to produce a tetrameric antibody for analysis.
Properties of the resulting tetrameric antibodies were
determined as described below. As described below,
CD16A binding proteins comprising 3G8 CDRs, such as
the humanized antibody proteins described herein, may
be used according to the invention. 5.1.2.1.1 VH
Region [00190] In one aspect, the CD16A binding
protein of the invention may comprise a heavy chain
variable domain in which at least one CDR (and usually
three CDRS) have the sequence of a CDR (and more
typically all three CDRS) of the mouse monoclonal
antibody 3G8 heavy chain and for which the remaining
portions of the binding protein 



are substantially human (derived from and
substantially similar to, the heavy chain variable
region of a human antibody or antibodies). [00191] In
an aspect, the invention provides a humanized 3G8
antibody or antibody fragment containing CDRs derived
from the 3G8 antibody in a substantially human
framework, but in which at least one of the CDRs of
the heavy chain variable domain differs in sequence
from the corresponding mouse antibody 3G8 heavy chain
CDR. For example, in one embodiment, the CDR(S)
differs from the 3G8 CDR sequence at least by having
one or more CDR substitutions shown known in the art
to affect binding of 3G8 to CD16A, as known in the art
or as disclosed in Tables 3 and 4AH. Suitable CD16
binding proteins may comprise 0, 1, 2, 3, or 4, or
more of these substitutions (and often have from 1 to
4 of these substitutions) and optionally can have
additional substitutions as well. Table 3. VH Domain
SubstitutionsTable 4A. VH Sequences Derived from 3G8
VHMETHOD OF PATTERNING A SUBSTRATE CROSS REFERENCE TO
RELATED APPLICATION This application claims priority
to U.S. Provisional Patent Application Serial No.
60/947,527 filed July 2, 2007, the entire contents of
which is incorporated by reference herein. FIELD This
disclosure is related to the preparation of a pattern,
and more particularly a metallized pattern, onto a
substrate. BACKGROUND Formation of small scale
features is an ever moving target for the advancement
of manufacturing processes. Conductive features of
articles are no different and can also require small
scale patterning that provides a conductive trace.
Electroless deposition is a plating method that is
used for the fabrication of micro-scale features. The
chemistry and process of electroless deposition has
been established for quite some time, and is generally
commercially available. SUMMARY Disclosed is a method
of patterning a substrate that includes the steps of
applying an organic composition having an ionizable
substituent in a predetermined pattern onto a
substrate; and performing ion-exchange between the
ionizable substituent and an ionic species. Disclosed
is a method of generating a metal pattern onto a
substrate that includes the steps of applying a
organic composition that includes zinc diacrylates in
a predetermined pattern onto a substrate, polymerizing
the organic composition with UV radiation, rinsing the
polymerized organic composition with deionized water
at least 55 degrees C, performing ion-exchange between
the polymerized organic composition and a bath
containing a silversalt, rinsing the ion-exchanged
polymerized organic composition in deionized water,
and performing electroless copper plating upon the
ion-exchanged polymerized organic composition.
Disclosed is a method of patterning a substrate that
includes applying an organic composition having an
ionizable substituent in a predetermined pattern onto
a substrate; rinsing the patterned substrate;
performing ion-exchange between the ionizable
substituent and an ionic species; rinsing the
ion-exchanged substrate; performing electroless
deposition on the ion-exchanged substrate; and rinsing
the substrate. Disclosed is a method of patterning a
substrate that includes applying a radiation curable
organic composition to a substrate; curing at least a
portion of the organic composition; removing the
uncured portion to form a pattern of a cured organic
composition; and performing ion-exchange to replace
the ionizable substituent with an ionic species. An
article that includes a substrate; a patterned organic
composition; and a patterned metallic coating, wherein
the patterned organic composition is covered with the
patterned metallic coating forming an overall feature,
and wherein the overall feature has a width that is at
least about 1 mm wide and at least 20 nm high. Also
disclosed are such articles wherein the metallic
coating has a thickness of at least about 1A. BRIEF
DESCRIPTION OF THE DRAWINGS Figure 1 illustrates an
exemplary method as disclosed herein. Figure 2
illustrates an exemplary method as disclosed herein.
Figure 3 illustrates an exemplary method as disclosed
herein. Figure 4 illustrates a substrate after a
method disclosed herein has been performed thereon.
Figure 5 illustrates an exemplary method as disclosed
herein. Figures 6a, and 6b illustrate portions of the
exemplary method described in Example 1. Figure 7a and
7b illustrate the result of the exemplary method
described in Example 2.Figure 8 illustrates the result
of the exemplary method described in Example 3.
Figures 9a, 9b, 9c, and 9d illustrate portions of the
exemplary method described in Example 4. Figures 10a,
and 10b illustrate portions of the exemplary method
described in Example 5. DETAILED DESCRIPTION It is to
be understood that embodiments beyond what are
mentioned here are contemplated and may be made
without departing from the scope or spirit of the
present disclosure. The following detailed
description, therefore, is not to be taken in a
limiting sense. All scientific and technical terms
used herein have meanings commonly used in the art
unless otherwise specified. The definitions provided
herein are to facilitate understanding of certain
terms used frequently herein and are not meant to
limit the scope of the present disclosure. Unless
otherwise indicated, all numbers expressing feature
sizes, amounts, and physical properties used in the
specification and claims are to be understood as being
modified in all instances by the term "about."
Accordingly, unless indicated to the contrary, the
numerical parameters set forth in the foregoing
specification and attached claims are approximations
that can vary depending upon the desired properties
sought to be obtained by those skilled in the art
utilizing the teachings disclosed herein. The
recitation of numerical ranges by endpoints includes
all numbers subsumed within that range (e.g. 1 to 5
includes 1, 1.5, 2, 2.75, 3, 3.80, 4, and 5) and any
range within that range. As used in this specification
and the appended claims, the singular forms "a", "an",
and "the" encompass embodiments having plural
referents, unless the content clearly dictates
otherwise. As used in this specification and the
appended claims, the term "or" is generally employed
in its sense including "and/or" unless the content
clearly dictates otherwise.Disclosed herein is a
method of patterning a substrate. Patterning a
substrate generally refers to a coating on a surface
which does not have a constant thickness. In one
embodiment, patterning a substrate can generally refer
to a pattern of thinner and thicker regions. In one
embodiment patterning a substrate generally refers to
coating only selected regions of a substrate with a
material. The selected regions can exhibit a regular
or repeating geometric arrangement on the substrate, a
random arrangement on the substrate, or an arrangement
that is neither random nor repeating but is a specific
design which includes or lacks symmetry or repeating
shapes. A patterned substrate may have material on
only one region of the substrate surface, or it may
exist on more than one region of a substrate surface,
but a patterned substrate does not have material on
all regions of the substrate surface. The substrate
that is utilized in a method as disclosed herein or
part of an article that is disclosed herein can be
prepared from any suitable material. A substrate for
use in a method disclosed herein can be flexible or
rigid. In some embodiments, the substrate can be made
of metal. Examples of metal materials that can be
included in substrates include, but are not limited
to, indium, and lead. The substrate can also be
prepared from a polymer material or more than one
polymer material. Examples of polymer materials that
can be included in substrates include, but 



are not limited to, thermoplastic polymers. Examples
of thermoplastic polymers include, but are not limited
to, polyolefms, polyacrylates, polyamides,
polycarbonates, polysulfones, polyethersulfones, and
polyesters. Further examples of thermoplastic polymers
include polyethylene, polypropylene, polystyrene,
poly(methylmethacrylate), polycarbonate of bisphenol
A, poly(vinyl chloride), poly(ethylene terephthalate)
(PET), poly(ethylene naphthalate (PEN), and
poly(vinylidene fluoride). The substrate can also be
prepared from a glass material, glass-ceramics,
ceramics, semiconductors, or combinations thereof.
Examples of useful glasses include, but are not
limited to, silicates, germanates, phosphates, and
chalcogenides. Glass-ceramics that include a
crystallized microstructure can also be useful as
substrate materials. Glassceramics offer the ease of
glass-formability, together with high strength and
toughness. Substrates can also include ceramics.
Examples of useful ceramics include oxides,nitrides,
borides, and carbides. Substrates can also include
semiconductors. Examples of useful semiconductors
include, but are not limited to, Group IV elements,
binary compounds of Group II and Group VI elements,
binary compounds of Group III and Group V elements,
and their various alloys. Substrates can also be
prepared from more than one class of materials,
including, but not limited to those discussed above.
For example, substrates can include a semiconductor
crystal with a coating of a glass or ceramic material.
The particular type of substrate utilized can be
chosen based at least in part on a number of factors,
including but not limited to, the patterning method
that will be utilized, the final application of the
article that is being produced, or combinations
thereof. FIG. 1 illustrates an exemplary method of
patterning a substrate that includes a step of
applying an organic composition having an ionizable
substituent in a predetermined pattern onto a
substrate 100, and a subsequent step of performing
ion-exchange between the ionizable substituent and an
ionic species 105. The step of applying an organic
composition having an ionizable substituent in a
predetermined pattern onto a substrate, 100, can be
accomplished using any technique known to one of skill
in the art for applying a composition onto a substrate
in a predetermined pattern. The step of applying an
organic composition having an ionizable substituent in
a predetermined pattern onto a substrate is also
referred to herein as applying a composition in a
predetermined pattern onto a substrate. One of skill
in the art, having read this specification, will be
aware of various techniques that can be utilized in
this step. Exemplary techniques for creating a pattern
on a substrate include, but are not limited to, die
coating, stamping, micro-replication, jet printing
(such as ink jet printing), scribing, screen printing,
adhering, flexography, embossing, thermal transfer,
laser induced thermal imaging (LITI),
photolithography, photo-patterning, and molding. In an
embodiment, a step of applying a composition in a
predetermined pattern onto a substrate includes
stamping, ink jet printing, micro-flexographic
printing, micro-replication, laser induced thermal
imaging, and molding.In one example, the step of
applying a composition in a predetermined pattern onto
a substrate does not involve any subtractive process
being performed on the substrate. For example, in
exemplary embodiments, a step of applying a
composition in a predetermined pattern does not
include etching or the application of a full layer
followed by patterning of the full layer to remove a
portion of the layer. In an example, the step of
applying a composition in a predetermined pattern onto
a substrate 100 includes more than one step. An
example of a multi step process to create a pattern of
a composition on a substrate is illustrated in FIG. 2.
The first step in this exemplary process includes
applying a radiation curable organic composition to a
substrate without a pattern 101, curing at least a
portion of the organic composition 102, and then
removing the uncured portion to form a pattern of a
cured organic composition 103. Such methods of
applying a composition in a predetermined pattern can
be advantageously utilized with organic compositions
that are curable via the application of ultraviolet
(UV) radiation. In such an embodiment, the step of
applying a radiation curable organic composition 101
can be accomplished by any method known to one of
skill in the art, including, but not limited to
coating methods, such as spin coating, knife coating,
bar coating, gravure coating, dip coating, spray
coating or die coating. The step of curing at least a
portion of the organic composition 102 can be
accomplished using a radiation blocking material which
will allow only portions of the organic composition to
cure. The portions can be allowed to cure by removing
the radiation blocking material in those areas or
affecting the radiation blocking material so that it
does allow the organic composition to cure. In one
embodiment, the step of curing at least a portion of
the organic composition can be accomplished by
utilizing a radiation blocking material that is absent
in the areas where the pattern will ultimately exist.
The step of removing the uncured portion to form the
pattern of cured organic composition 103 can be
accomplished by rinsing the substrate in an
appropriate solvent. The portions of the organic
composition that are cured will be crosslinked, and
thereby insoluble in the solvent, whereas the portions
of the organic composition that are not cured will not
be crosslinked, and will therefore be soluble in the
solvent.Applying a composition in a predetermined
pattern onto a substrate using techniques such as
those discussed above, and others, can be accomplished
as is known to those of skill in the art, having read
this specification. As discussed above, a first step
in a method disclosed herein includes applying an
organic composition in a predetermined pattern onto a
substrate. In one embodiment, organic compositions
that are utilized herein are radiation curable organic
compositions. Radiation curable organic compositions
include those that are cured, or crosslinked via
radiation of any kind, including thermal radiation, UV
radiation, and electron beam (ebeam) radiation. An
exemplary radiation curable organic composition can
include an organic composition that is cured with UV
radiation. In an example, an organic composition that
can be utilized herein need not be radiation curable.
An organic composition that can be utilized herein
generally includes at least one polymer precursor that
includes an ionizable substituent. Where the organic
compositions are radiation curable organic
compositions, the composition generally includes at
least one polymer precursor that includes an ionizable
substituent and at least one photoinitiator.
Compositions that can be utilized herein can also
include one or more polymer precursors that do not
include an ionizable substituent. Some organic
compositions that are utilized herein generally
include at least one polymer precursor that includes
an ionizable substituent; and at least one polymer
precursor that does not include an ionizable
substituent. Some radiation curable organic
compositions that are utilized herein generally
include at least one polymer precursor that includes
an ionizable substituent; at least one polymer
precursor that does not include an ionizable
substituent; and at least one photoinitiator. Organic
compositions that can be utilized herein can also
include more than one polymer precursor that includes
an ionizable substituent. In compositions having more
than one polymer precursor that includes an ionizable
substituent, the at least two polymer precursors can
include a different polymer precursor portion, a
different ionizable substituent, or a different
polymer precursor portion and a different ionizable
substituent. In embodiments where the organic
composition is a radiation curable organic
composition, the polymer precursors can include any
kind of polymer precursors that can be cured bythe
application of radiation when included in a radiation
curable organic composition. Polymer precursors that
can be cured by the application of radiation include
those that are partially cured by the application of
radiation. Organic compositions that need not be
radiation curable can include polymer precursors that
will not dissolve in the subsequent processing steps
which the substrate and the patterned organic
composition are subjected to. 



Exemplary polymer precursors (those that can include
an ionizable substituent, and those that do not
include an ionizable substituent) that can be used in
radiation curable organic compositions include, but
are not limited to UV curable compositions. In an
embodiment, the radiation curable organic compositions
can include materials such as acrylates,
methacrylates, epoxies, olefins and combinations
thereof. In one embodiment, acrylate polymer
precursors are utilized in a radiation curable organic
composition. Exemplary polymer precursors (those that
can include an ionizable substituent, and those that
do not include an ionizable substituent) that can be
used in organic compositions that are not necessarily
radiation curable include, but are not limited to UV
curable compositions. In an embodiment, the radiation
curable organic compositions can include materials
such as acrylates, methacrylates, epoxies, olefins and
combinations thereof. Polymer precursors can include
monomers, oligomers, or combinations of both monomers
and oligomers. At least one monomer and at least one
oligomer can be utilized in an organic composition
that can be utilized herein. In one example, monomers
can be utilized to enhance the solubility of
oligomers, if an oligomer(s) is included in an organic
composition. In compositions that include at least one
monomer and at least one oligomer, the composition can
be solidified to initiate polymerization of the
composition. At least one polymer precursor in an
organic composition utilized herein includes at least
one ionizable substituent. An ionizable substituent is
a portion of the compound that can take part in an ion
exchange process. The portion of the polymer precursor
that takes part in an ion exchange process generally
includes a cation or an anion, or a portion that can
be made to be cationic or anionic. Examples of cations
include, but are not limited to H+, Zn+2 . Examples of
ionizable substituents include, but are not limited
to, carboxylic acids, phosphonic acids, and acrylic
acids. As utilized herein, carboxylic acid
ionizablesubstituents include -COOH groups, -COOZnOOC-
groups, -COOMOOC- groups, where M refers to a metal
ion having a positive 2 charge. In a polymer precursor
that includes a -COOZnOOC- group, the Zn has a +2
charge, and can take part in an ion exchange process.
Generally, the ionizable substituent does not include
or is not a material that can function as a catalyst
for electroless deposition. Many materials that can
function as catalysts for electroless deposition are
relatively expensive. The methods disclosed herein
offer an advantage in processing costs because the
relatively expensive electroless deposition catalysts
are only attached to the substrate where the final
material will be deposited via the electroless
deposition process. This is economically advantageous
when compared with a process that coats the entirety
of a surface with a composition that contains the
catalyst then removes a large portion of it and wastes
the catalyst. Examples of particular polymer
precursors that include an ionizable substituent that
can be utilized in organic compositions include, but
are not limited to, metallic acrylate oligomers such
as zinc diacrylate, which is commercially available
from Sartomer Inc. (Exton PA) under the tradename
CN2404. The metallic acrylate oligomer CN2400,
available from Sartomer (Exton PA) can also be
utilized. Examples of particular polymer precursors
that do not include an ionizable substituent that can
be utilized in radiation curable organic compositions
include, but are not limited to, any monomer or
oligomer that will not phase separate. Exemplary
polymer precursors that do not include an ionizable
substituent include, but are not limited to urethane
acrylates, hyperbranched oliogomers, polyester
acrylate oligomers. One embodiment includes a
combination of a polyester and a urethane. Other
specific polymer precursors that can be utilized
include, but are not limited to pentaerythritol
triacrylate, commercially available from Sartomer,
Inc. (Exton PA) as SR444, 1,6 hexanediol diacrylate,
commercially available from Sartomer, Inc. (Exton PA)
as SR238, and a urethane acrylate oligomer available
from Cognis (Cincinnati, OH). These two exemplary
precursors are advantageously utilized in compositions
where CN2404 and/or CN2400 are utilized to enhance the
solubility of the metallic acrylates.Generally, the
polymer precursor or precursors can be chosen based at
least in part on the substrate that is being
patterned. Polymer precursors that form an organic
composition that ultimately has a desired adherence to
the particular substrate may be advantageous in
providing a final article that has desirable
properties. The polymer precursor(s) can also be
chosen based at least in part on the final application
for which the article is to be used, in such a
situation, the polymer precursor can be chosen at
least in part based on desired characteristics in the
final article. Organic compositions that can be
utilized in methods disclosed herein can be solid or
liquid. The form of the organic composition can be
dictated at least in part based on the materials that
are used to make up the composition, the particular
technique that will be used to pattern the composition
onto the substrate, other processing steps, additional
optional processing steps, or some combination
thereof. In an example where the organic composition
is a liquid, the liquid organic composition can be
solidified in order to make the organic composition
adhere to the substrate. In an example, the liquid
organic composition can be solidified by evaporating
the solvent. The amount of polymer precursor with an
ionizable substituent can depend at least in part on
the molecular weight of the compounds utilized, and
the functionality of the compounds utilized. Organic
compositions that can be utilized herein can have 100
percent by weight of a polymer precursor with an
ionizable substituent. Organic compositions that can
be utilized herein generally have not greater than 30
percent by weight of a polymer precursor with an
ionizable substituent. Organic compositions that can
be utilized herein can also generally have not greater
than 20 percent by weight of a polymer precursor with
an ionizable substituent. Organic compositions that
also contain polymer precursors that do not have an
ionizable substituent can generally have more (by
weight) polymer precursor with no ionizable
substituent than polymer precursor with an ionizable
substituent. An organic composition that contains
polymer precursor with an ionizable substituent and
polymer precursor without an ionizable substituent can
generally have at least twice as much (by weight) of
the polymer precursor without an ionizable substituent
as the polymer precursor with the ionizable
substituent. An organic composition that contains
polymer precursor with anionizable substituent and
polymer precursor without an ionizable substituent can
generally have about four times as much (by weight) of
the polymer precursor without an ionizable substituent
as the polymer precursor with the ionizable
substituent. An organic composition that is a
radiation curable organic composition also includes at
least one photoinitiator. A photoinitiator is a
compound that, under absorption of light, undergoes a
photoreaction, producing reactive species. The e
species are capable of initiating the polymerization
of the polymorizablo constituents within a radiation
curable organic composition. Photoinitiators that are
generally used by those of skill in the art can be
used in radiation curable organic compositions
utilized in methods disclosed herein. Examples of
photoinitiators that can be used herein include, but
are not limited to, those available commercially from
Ciba Geigy under the trade designations DARACUR 1173,
DAROCUR 4265, IRGACURE 651, IRGACURE 1800, IRGACURE
369, IRGACURE 1700, and IRGACURE 907, IRGACURE 819;
phosphine oxide derivatives include LUCIRIN TPO, which
is 2,4,6-trimethylbenzoy diphenyl phosphine oxide,
available from BASF (Charlotte, NC); and members of
the commercially available Esacure line of products,
such as Esacure One 75, available from Sartomer (Exton
PA). More than one photoinitiator can also be utilized
in a radiation curable organic composition. A
radiation curable organic composition generally
contains at least one photoinitiator at a
concentration of about 0.1 to 10 weight percent. A
radiation curable organic composition can also
generally contain at least one photoinitiator at a
concentration of about 0.1 to 5 weight percent.
Organic compositions described herein can also contain
one or more other useful components that, as will be
appreciated by those of skill in the art, can be
useful in such 



compositions. Examples of such additives include, but
are not limited to surfactants, pigments, fillers,
polymerization inhibitors, antioxidants, and
anti-static agents. Such components, if included can
be included in amounts known to be effective. Organic
compositions described herein can also contain one or
more solvents. The particular solvents and the
quantities thereof can be dependent at least in part
on the particular type of application technique, the
substrate which the composition is being applied to,
and combinations thereof. The amount of solvent, and
desired characteristicsof the organic compositions
would be known to one of skill in the art, having read
this specification, based on the particular patterning
technique that is to be employed. If an organic
composition is to be applied to a substrate using ink
jet printing high boiling point solvents may be
advantageously utilized. For example, DGMEA
(diethylene glycol monoethyl ether acetate), a high
boiling point solvent may be utilized in an organic
composition. If an organic composition is to be
applied to a substrate using a stamping technique,
methyl ethyl ketone (MEK), isopropanol, or
combinations thereof may advantageously be utilized.
It may also be advantageous to utilize a mixture of
one or more solvents. For example, a mixture of
toluene and isopropanol can provide good coating
performance based on the drying characteristics of the
toluene and an ability to dissipate a static charge
because of the isopropanol. Other application
techniques may also have particular solvents or types
of solvents that may provide advantageous properties
when utilized. One of skill in the art would be aware
of the techniques, as well as the types of solvents
that could provide advantageous results with those
techniques. The amount of solvent or solvents to be
utilized in an organic composition (if they are to be
utilized at all) can depend at least in part on the
type of application technique that is to be utilized,
the substrate which the composition is to be applied
to, or some combination thereof. In an example where
the viscosity of an organic composition is important,
a polymer precursor, such as a diacrylate can
advantageously be used to decrease the viscosity of
the organic composition. A polymer precursor, such as
diacrylate, can also advantageously be utilized in an
organic composition in order to control shrinkage of
the patterned composition, and/or the final patterned
structures after electroless deposition. Similarly,
use of surface functionalized silica can be added to
the organic composition in order to reduce shrinkage
of the patterned composition, and/or the final
patterned structures after electroless deposition.
Organic compositions that include longer chain
acrylates, for example, can also increase the
flexibility and mechanical properties of the patterned
composition, and/or the final patterned structures
after electroless deposition. An exemplary radiation
curable organic composition that can be utilized in a
method as described herein can include an oligomer
that includes an ionizable substituent, one ormore
monomers, and a photoinitiator. Another exemplary
radiation curable organic composition that can be
utilized in a method as described herein can include
an oligomer that includes an ionizable substituent,
two monomers, and a photoinitiator. In such a
composition, the monomer, or monomers can be chosen to
enhance the solubility of the oligomer, which can
often be difficult to dissolve. Referring again to
FIG. 1, after the organic composition is applied to
the substrate, the next step in the method is to
perform an ion exchange between the ionizable
substituent and an ionic species 105. Generally, the
purpose of the ion exchange step is to replace the
ionizable substituent with the ionic species, which is
a material that is capable of catalyzing electroless
deposition. One of skill in the art, having read this
specification, is aware of techniques for carrying out
ion-exchange processes. Generally, ion-exchange takes
place by replacing one ion for another ion. Generally,
in methods disclosed herein, the ion-exchange is a
cation exchange. More specifically, the ionizable
substituent in the polymer precursor is replaced with
another ion, which is capable of catalyzing
electroless deposition. The ion-exchange step can take
place via immersing the patterned substrate in a
solution containing an ionic species under conditions
which will cause the ionic species to replace the
ionizable substituent. In one example, the solution
that contains the ionic species can be warm. In one
example, the solution that contains the ionic species
can be at least about 50 C. In one example, the
solution that contains the ionic species is generally
from about 50 C to about 55 C. Generally, the
conditions include, but are not limited to, the
concentration of the ionic species in the solution,
the temperature of the solution, other components or
lack thereof in the solution, and the solvent in the
solution. These, as well as other conditions can also
be chosen in order to affect the speed of the process,
the efficacy of the process, and other parameters. One
of skill in the art, having read this specification,
would know how to determine the appropriate parameters
necessary to carry out the ion-exchange step.
Generally, the ionic species is one that is suitable
to catalyze electroless deposition, or can be made to
be suitable to catalyze electroless deposition.
Examples of suitable ionic species include, but are
not limited to palladium (Pd+2), platinum (Pt+2),
rhodium (Rh+2),silver (Ag+2 or Ag+ 1), gold (Au+ 1),
copper (Cu+2), nickel (Ni+2), cobalt (Co+2), iron
(Fe+2), and tin (Sn+2) . In an example , suitable
ionic species include, but are not limited to copper,
silver, nickel, gold, platinum, and palladium. When
silver (Ag+ 1) is utilized as the ionic species, the
ion-exchange solution can be silver(I)nitrate (AgNOs).
The ionic species can also be reduced in order to
create a patterned coating of the species on the
substrate. FIG. 3 illustrates an exemplary method
disclosed herein, this figure illustrates that after
the ion exchange process has been performed 105, the
substrate can then be exposed to an electroless
deposition process 110 to replace the ionic species
with another metal ion, such as copper, nickel,
silver, gold, palladium, platinum, or alloys. FIG. 4
illustrates the substrate 200 after the exemplary
method illustrated in FIG. 3 has been performed
thereon. As seen there, the substrate 200 has
patterned organic composition 220 on a first surface
205 (as opposed to a second surface 210) thereon, and
the patterned organic composition 220 is covered, via
electroless deposition with the deposit metal coating
225. The term "electroless deposition" refers to a
process for the autocatalytic plating of metals. It
typically involves the use of an electroless plating
solution that contains a soluble form of the deposit
metal together with a reducing agent. The soluble form
of the deposit metal is usually an ionic species or a
metal complex (i.e., a metal species coordinated to
one or more ligands). Generally, electroless
deposition does not include the application of
electrical current to a work piece that is being
coated. The volume by Mallory and Hajdu describes the
process in detail (Electroless Plating-Fundamentals
and Applications, Ed. G. O. Mallory and J . B. Hajdu,
William Andrew Publishing, Norwich (1990)). Once the
substrate is ion-exchanged to include the ionic
species, it is immersed in an appropriate plating
bath. The ionic species, also referred to as the
catalyst catalyzes the deposition of the deposit metal
from the plating solution. Once started, plating
proceeds by the continued reduction of the solution
metal source, catalyzed by its own metal surface,
hence the term "autocatalytic." Metallic deposits that
can be formed using electroless deposition include
copper, nickel, gold, silver, palladium, rhodium,
ruthenium, tin, cobalt, zinc, as well as alloys of
these metals with each other or with phosphorous or
boron, as well as compounds of these metals with each
other or with phosphorous or boron. In one example,
the metallic depositmetal includes copper, silver,
gold, platinum, palladium, or some combination
thereof. The deposit metal and the ionic species can
be the same or different. The reduction of the ionic
species can also be carried out separate from the
catalytic growth of the deposit metal. Such processes
may provide an advantage that they can occur at a
faster rate, allowing for processing advantages. The
ionic species can be reduced by photo-reduction,
chemical reduction, heat reduction, or e-beam
reduction. In an example where chemical reduction is
utilized, suitable reducing agents include, but are
not limited to, formaldehyde, hydrazine, aminoboranes,
and hypophosphite. FIG. 5 illustrates another
exemplary embodiment of a method disclosed herein.
This method includes optional rinse steps. The first
rinse step 120 can occur after the organic 



composition is patterned onto the substrate. It is
thought, but not relied upon that the first rinse step
120 can function to remove organic composition that is
not cured, not adhered to the substrate, not within
the desired pattern, or some combination thereof. The
first rinse step 120 may also function to remove
non-tightly bound ions that could interfere with later
steps in the method. This first rinse step 120 can
generally be carried out with a solvent, for example
in a solvent bath. In one example, the first rinse
step 120 can be carried out with deionized (DI) water.
The DI water can be warm, in one example, the DI water
is at least about 50 C. In another example, the DI
water is at least about 55 C. In another example, the
DI water is at least about 57 C. The first rinse step
120 can also be carried out with an organic solvent,
such as methyl ethyl ketone (MEK), or isopropyl
alcohol (IPA). The first rinse step 120 can generally
be carried out for at least about 5 minutes. In one
example, the first rinse step 120 can generally be
carried out for at least about 7 minutes. Generally,
the rinse step 120 can be carried out with or without
agitation of the rinse solution or the substrate
within the rinse solution. In some embodiments, the
first rinse step 120 may be performed first as a base
rinse using aqueous base solution followed by rinsing
with deionized (DI) water. In some embodiments, rinse
step 120 can be performed as a 30 second rinse using a
3% aqueous solution of ammonia hydroxide followed by a
rinse in DI water. In still other embodiments, aqueous
sodium hydroxide can be used in the rinse step 120,
typically at a concentration of 0.2 to 10 wt%,
followed by rinsing with deionized (DI) water.As seen
in FIG. 5, exemplary methods can also include an
optional second rinse step 130, that can occur after
the ion-exchange is performed 105. It is thought, but
not relied upon that the second rinse step 130 can
function to remove non-ionically bound ionizable
substituents from the substrate. This second rinse
step 130 can generally be carried out with a solvent,
for example in a solvent bath. In one example, the
second rinse step 130 can be carried out with
deionized (DI) water. The DI water can generally be
room temperature, in one example, the DI water is
about 25 C. The second rinse step 130 can generally be
carried out for at least about 5 minutes. In one
example, the second rinse step 130 can generally be
carried out for at least about 7 minutes. Generally,
the second rinse step 130 can be carried out with or
without agitation of the rinse solution or the
substrate within the rinse solution. Also as seen in
FIG. 5, exemplary methods can also include an optional
third rinse step 140, that can occur after the
electroless deposition is performed 110. It is
thought, but not relied upon that the third rinse step
140 can function to remove electroless deposition
chemicals that may remain on the substrate. This third
rinse step 140 can generally be carried out with a
solvent, for example in a solvent bath. In one
example, the third rinse step 140 can be carried out
with deionized (DI) water. The DI water can generally
be room temperature, in one example, the DI water is
about 25 C. The third rinse step 140 can generally be
carried out for at least about 5 minutes. In one
example, the third rinse step 140 can generally be
carried out for at least about 7 minutes. Generally,
the third rinse step 140 can be carried out with or
without agitation of the rinse solution or the
substrate within the rinse solution. Also disclosed is
a method of patterning a substrate that includes
applying a radiation curable organic composition to a
substrate without a pattern, curing at least a portion
of the organic composition, removing the uncured
portion to form a pattern of a cured organic
composition, and then performing ion-exchange to
replace the ionizable substituent with an ionic
species. Also disclosed is a method of patterning a
substrate that includes the steps of applying an
organic composition having an ionizable substituent in
a predetermined pattern onto a substrate; rinsing the
patterned substrate; performing ion-exchange between
the ionizablesubstituent and an ionic species; rinsing
the ion-exchanged substrate; performing electroless
deposition on the ion-exchanged substrate; and rinsing
the substrate. Also disclosed herein are articles that
are formed using the methods described herein.
Exemplary articles that can be fabricated using the
disclosed methods generally have patterned organic
composition features that are covered with patterned
metallic features. In an embodiment, the patterned
organic composition features covered with the
patterned metallic features, i.e. the metallic
coating, are referred to the overall features.
Generally, the patterned organic composition features
and the patterned metallic features, i.e the overall
features can be of any size. In an embodiment, the
size of the overall features includes both the height
of the patterned organic composition feature and the
height of the patterned metallic features. Given this,
the size of the overall features can be about 1
micrometer (mm) or larger in width, and about 20
nanometers (nm) or larger in height. In such an
article, the size of the patterned organic composition
features can be about 1 mm or larger in width and
about 20 nm or larger in height. Generally, the depth
of the patterned metallic features on the patterned
organic composition is about 1 angstrom (A) or
greater. One of skill in the art will understand that
a thicker layer of patterned metallic material can be
obtained by plating the material for a longer period
of time Articles described and formed herein can have
grids of metallic material, and such articles can be
used for example, for electromagnetic interference
(EMI) shielding. Exemplary articles described and
formed herein can have traces of metallic material,
and such articles can be used for example, for touch
screens, for sensor applications, for circuits, to
make reflective indicia, or to create fluid flow
devices (where the patterned metallic features can be
hydrophilic and the non-patterned portions are
hydrophobic). Exemplary articles described and formed
herein can have repeating dots or islands of metallic
material, and such articles can be used for example,
to create shielding effects. The articles include
patterns of metallic coatings that can be used to
conduct an electric current. Articles that are
described and formed herein can advantageously have
the substrate, the organic composition, the metallic
material, or some combination thereof matched so that
thermal expansion properties of the overall article
are similar. Example 1An organic composition having an
ionizable substituent was prepared by mixing 40 parts
by weight of pentaerythritol triacrylate, commercially
available as SR444 from Sartomer Company, Inc. of
Exton, PA; 40 parts by weight of 1,6 hexanediol
diacrylate, commercially available as SR238 from
Sartomer; and 20 parts by weight of metallic acrylate
oligomer, commercially available as CN2404 from
Sartomer. To this was added one to two weight percent
of ethyl 2,4,6-trimethylbenzoylphenylphosphinate
photoinitiator, commercially available as TPO-L from
BASF of Florham Park, NJ. The organic composition was
diluted to the level of a 30 percent by weight solids
solution of methyl ethyl ketone (MEK), and then spread
with a notch bar onto a flat, non-porous surface. The
MEK was allowed to evaporate, resulting in an
approximately 20 micron thick coating of the organic
composition on the flat surface. This coating was then
used to ink the raised surfaces of a rubber hand stamp
(seen in FIG. 6a). The inked stamp was pressed against
a substrate made from 2 mil (50 mm) thick polyester
film, commercially available as Scotchpar P56 from 3M
Company of St. Paul, MN. In this way, the ionizable
organic composition was applied in a predetermined
pattern to the substrate. Then the organic composition
was solidified by subjecting it to UV radiation by
passing it through a Fusion UV Curing system model
MC-6RQN, which was fitted with an H-bulb providing 30
w/inch, and commercially available from Fusion UV
Systems Corp., Rockville, Md. This resulted in a
polyester film substrate with a transparent, hard
acrylate pattern on it. The patterned substrate was
then rinsed in deionized water (18 megohms) at 57C for
5 minutes to prepare the surface of the pattern for
the next step (the oil bath that the container of
deionized water was in was at 57 C, or the specified
temperature). An ionexchange was then performed by
bathing the patterned substrate in a 5 wt% solution of
silver(I) nitrate in deionized water at 57C for 5
minutes. After the ion-exchange bath, excess exchange
solution was removed by rinsing the ion-exchanged
patterned substrate 



briefly in deionized water at room temperature.
Commercial electroless plating solution ingredients
were purchased from Toryon Technologies (Itasca IL) as
the products labeled m-copper 85 A, m-copper 85 B,
m-copper 85 D, and m-copper 85 G. The bath was mixed
by placing 330 g of DI water in a cleanglass beaker or
jar. Then, while stirring with a magnetic stir bar,
the components were added in the following order: 40
mL m-copper 85 B, 16 mL m-copper 85 A, 12 mL m- copper
85 D, and 0.8 mL m-copper 85 G. This was allowed to
stir for 30 minutes then 2 mL of 37 wt% formaldehyde
solution (VWR catalogue number JT2 106-4) was added
and the solution was mixed for another 15 minutes. To
use the solution, it was placed in a beaker inside a
stirred oil bath that was maintained at about 47 C and
the temperature of the solution was allowed to reach a
steady state before use. The rinsed ion-exchanged
patterned substrate was then placed in the electroless
copper plating bath described above for 15 minutes. At
the conclusion of this bath, the pattern on the
substrate had accumulated a strongly adherent layer of
metallic copper. FIG. 6b shows the substrate, half of
which was not placed into the electroless copper
planting bath (left side of FIG. 6b); and half of
which was placed into the electroless copper plating
bath (right side of FIG. 6b). The electrical
continuity of the patterned copper was tested with a
multimeter and found to be approximately 0.1 Ohms/cm.
Example 2 A composition was prepared as in Example 1
with the exception that the composition was made from
20 G SR-444, 20 g SR-238, 15 g CN-2404, and 2 g TPO-L.
A 20% by weight coating solution of that composition
was made by adding 80 wt% of a 70:30 (by weight)
toluene:isopropyl alcohol solution. A glass microscope
slide was dip coated in the coating solution with a
withdraw rate of 0.5 feet per minute leaving a dry
coating thickness of about 1 mm. A stamp was made by
solvent assisted embossing of Cyrel (DuPont ) plates.
This involved placing 3M(r) brightness enhancing film
(BEF, version with ~24 micron spacing between ridge
points) on a smooth, level surface with the prism
structure pointed up. MEK was squirted on the film,
filling the grooves and the Cryel plate was laid on
top and left for about 12 hours (over night). While
still laminated, the construction was passed through a
fusion UV curing system to cure the Cyrel. After the
Cryel plate was delaminated, the plate was further
cured under a black light for about 12 hours to ensure
full curing of the plate.The stamp was affixed to a
glass roll with double sided tape and rolled (rocked
once) across the coated glass slide to ink. Then the
inked stamp was pressed against (rocked once) on the
unprimed side of a 3M(r) Schotchpar(r) P56 PET 2 mil
film while the film was laying flat leaving a patch of
printed lines. The printed film was then passed
through the Fusion UV curing system to cure the
printed lines. The film was then soaked in DI water at
about 600C for about 5 minutes. Next, the film was
soaked in 5wt% silver nitrate (in water) at about 600C
for about 5 minutes. Then, the film was quickly rinsed
in room temperature DI water, followed by the film
being placed in a copper electroless plating bath (as
in Examples 1) for 20 minutes. After a final DI water
rinse and air drying the images seen in FIG. 7a and
FIG. 7b were taken under a microscope and are
representative of the sample area. There is about 24
mm between the centers of the lines, which indicates
that the width of the features is between about 1 and
10 mm. FIG. 7a is backlit, and FIG. 7b is top lit.
Example 3 A composition containing 5.0 grams DGMEA,
4.0 grams SR-444 (Sartomer, Exton PA), 4.0 grams
SR-238 (Sartomer, Exton PA), 1.8 grams CN-2404
(Sartomer, Exton PA), and 0.2 grams Lucerin(tm) TPO-L
(BASF, Charlotte NC) was prepared. The mixture was
found to have a viscosity of approximately 15
centipoise and a surface tension near 3 1 mN/m. The
composition was printed on a Dimatix DMP 283 1
(Dimatix, Santa Clara CA) inkjet printing unit to
create patterns of varying width lines. The substrate
was a 5 mil thick poly[ethylene napthalate] (PEN)
available from DuPont Teijin as Q65 (DuPont Teijin,
Hopewell VA). The printing platen was set to 60 C to
evaporate some of the solvent. The resulting patterned
acrylate was cured by passing it through a Fusion UV
Curing system model MC-6RQN fitted with an H-BuIb and
nitrogen purge. The resulting cured features were
found to have a height above the substrate between 200
and 500 nm. The patterned substrate was then rinsed in
deionized water (18 megohms) at 57C for 5 minutes to
prepare the surface for the pattern for the next step.
An ion-exchange was then performed by bathing the
patterned substrate in a 5 wt% solution of silver(I)
nitrate in deionized water at 57C for 5 minutes. After
the ion-exchange bath, excess exchangesolution was
removed by rinsing the ion-exchanged patterned
substrate briefly in deionized water at room
temperature. The rinsed ion-exchanged patterned
substrate was then placed in a conventional
electroless copper plating bath (as in Example 1) for
15 minutes. At the conclusion of this bath, the
pattern on the substrate had accumulated a strongly
adherent layer of metallic copper. An image of the
substrate with the metallic copper pattern can be seen
in FIG. 8. The adherence of the copper pattern was
tested by placing a piece of 3M(r) brand Scotch(r)
tape on the pattern and seeing if the copper would be
removed from the substrate onto the tape. The tape did
not remove any of the copper pattern. Example 4 A
composition containing 4.0 grams SR-444 (Sartomer,
Exton PA), 4.0 grams SR-238 (Sartomer, Exton PA), 1.8
grams CN-2404 (Sartomer, Exton PA), and 0.2 grams
Lucerin(tm) TPO-L (BASF, Charlotte NC) (composition
had a 20:20:10:1 ratio by weight of the respective
components) was prepared. The mixture was found to
have a viscosity of approximately 15 centipoise and a
surface tension near 3 1 mN/m. The composition was
printed on a Dimatix DMP 2831 (Dimatix, Santa Clara
CA) inkjet printing unit to create patterns of varying
width lines. The substrate was a 5 mil thick poly
[ethylene napthalate] (PEN) available from DuPont
Teijin as Q65 (DuPont Teijin, Hopewell VA). The
printing platen was at room temperature and the print
head was set to 70 C to lower the viscosity of the
solution for consistent inkjet printing. The resulting
patterned acrylate was cured by passing it through a
Fusion UV Curing system model MC-6RQN fitted with an
H-BuIb and nitrogen purge. The resulting cured
features were found to have a height above the
substrate between 1 and 2 mm. The patterned substrate
was then rinsed in deionized water (18 megohms) at 57C
for 5 minutes to prepare the surface for the pattern
for the next step. An ion-exchange was then performed
by bathing the patterned substrate in a 5 wt% solution
of silver(I) nitrate in deionized water at 57C for 5
minutes. After the ion-exchange bath, excess exchange
solution was removed by rinsing the ion-exchanged
patterned substrate briefly in deionized water at room
temperature.The rinsed ion-exchanged patterned
substrate was then placed in a conventional
electroless copper plating bath (as in Example 1) for
15 minutes. At the conclusion of this bath, the
pattern on the substrate had accumulated a strongly
adherent layer of metallic copper. An image of the
substrate with the metallic copper pattern can be seen
in FIG. 8. Example 5 A mold was made from 3M ESPE
Express(tm) Vinyl Polysiloxane Impression Material
(which is a two composition epoxy), a hydrophilic,
fast set material. The Impression Material was placed
on a substrate and a stamp (shown in FIG. 9) was
placed in the epoxy. After the material had set, the
mold was removed from the stamp. FIG. 9b shows the
mold that was formed using this process. A solvent
free organic composition made having a 20:20:10:1
ratio by weight of SR444 (Sartomer, Exton PA), SR238
(Sartomer, Exton PA), CN2404 (Sartomer, Exton PA), and
TPO-L (BASF, Charlotte NC) was applied via pipette to
the mold. The filled mold was then laminated between
two sheets of lOmil thick polyethylene terephthalate
(PET) film. A multilayer article having the following
structure was obtained: 10 mil PET/organic
composition/mold /10 mil PET. 



The laminate construction was then passed through a
Fusion UV Curing system model MC-6RQN (Fusion UV
Systems, Inc. Gaithersburg MD) which was fitted with
an H-BuIb. The composition was cured and the
construction was peeled apart. FIG. 9c shows the
molded material (adhered to one of the 10 mil PET
films) after delamination from the mold. Due to the
brittleness of the thick cured material some cracking
occurred when the construction was pulled apart. The
cured material on the PET film was then subjected to
electroless deposition. The substrate was first rinsed
in deionized water (18 megohms) at 57C for 5 minutes
to prepare the surface of the pattern for the next
step. An ion-exchange was then performed by bathing
the patterned substrate in a 5 wt% solution of
silver(I) nitrate in deionized water at 57C for 5
minutes. After the ion-exchange bath, excess exchange
solution was removed by rinsing the ion-exchanged
patterned substrate briefly in deionized water at room
temperature.The rinsed ion-exchanged patterned
substrate was then placed in a conventional
electroless copper plating bath (as in Example 1) for
45 minutes. At the conclusion of this bath, the
pattern on the substrate had accumulated a strongly
adherent layer of metallic copper. The plated molded
material can be seen in FIG. 9d. Note that the copper
plating is not present where the sample was not
immersed in the baths or the resin was uncured due to
the presence of air bubbles. Example 6 A photomask was
fashioned by taking an awl and poking holes in a clean
paint can lid in a grid pattern with approximately one
inch spacing as shown in FIG. 10a. This mask was
placed on top of a section of 3M Scotchpar(r) P56 2mil
thick PET film which had been coated with a
composition having a 20:20:10:1 ratio by weight of
SR444 (Sartomer, Exton PA), SR238 (Sartomer, Exton
PA), CN2404 (Sartomer, Exton PA), and TPO-L (BASF,
Charlotte NC). The composition was applied by hand
using a 2.5 mil Mayer rod which should have produced
an approximately 6 micron thick coating. The coated
film with photomask on top was passed through a Fusion
UV Curing system model MC-6RQN which was fitted with
an H-BuIb and nitrogen purge. The resulting partially
cured coated web was rinsed in methyl ethyl ketone
(MEK) to remove all uncured acrylate. A portion of the
patterned region of the film was then subjected to ion
exchange and electroless deposition. The substrate was
first rinsed in deionized water (18 megohms) at 57C
for 7 minutes to prepare the surface of the pattern
for the next step. An ion-exchange was then performed
by bathing the patterned substrate in a 5 wt% solution
of silver(I) nitrate in deionized water at 57C for 7
minutes. After the ion-exchange bath, excess exchange
solution was removed by rinsing the ion-exchanged
patterned substrate briefly in deionized water at room
temperature. The rinsed ion-exchanged patterned
substrate was then placed in a conventional
electroless copper plating bath (as in Example 1) for
75 minutes. At the conclusion of this bath, the
pattern on the substrate had accumulated a strongly
adherent layer of metallic copper. FIG. 10b shows an
image of the resulting plated dots. Note that the
"dots" actually havelobes as a result of the pulsed
nature of the H-bulb. Also, the cured region was much
larger than the hole in the mask as a result of the
diffraction of light. While the disclosure has been
particularly shown and described with reference to
various embodiments thereof, it will be understood by
those skilled in the art that various other changes in
the form and details may be made therein without
departing from the spirit and scope of the disclosure.
Thus, embodiments of a method of patterning a
substrate are disclosed. One skilled in the art will
appreciate that the present disclosure can be
practiced with embodiments other than those disclosed.
The disclosed embodiments are presented for purposes
of illustration and not limitation, and the present
disclosure is limited only by the claims that
follow.What is claimed is: 1. A method of patterning a
substrate, comprising: applying an organic composition
having an ionizable substituent in a predetermined
pattern onto a substrate; and performing ion-exchange
between the ionizable substituent and an ionic
species. 2. A method according to claim 1 wherein the
organic composition is a liquid and the method further
comprises solidifying the organic composition to make
it adhere to the substrate. 3. A method according to
claim 2 wherein the organic composition comprises a
solvent and the solidification comprises evaporating
the solvent. 4. A method according to claim 2 wherein
the organic composition comprises organic monomers,
organic oligomers or mixtures thereof, and the
solidification comprises initiating polymerization of
the organic composition. 5. A method according to
claim 4 wherein the polymerization is initiated with
radiation. 6. A method according to claim 1 further
comprising rinsing the patterned substrate prior to
performing the ion-exchange. 7. A method according to
claim 6 wherein the rinsing the patterned substrate
prior to performing the ion-exchange is done in
deionized water. 8. A method according to claim 6
wherein the deionized water is at a temperature above
55 degrees C. 9. A method according to claim 6 wherein
the rinsing the patterned substrate prior to
performing the ion-exchange is done in an aqueous base
followed by rinsing in deionized water.10. A method
according to claim 9 wherein the aqueous base is a
solution of ammonia hydroxide. 11. A method according
to claim 9 wherein the aqueous base is a solution of
sodium hydroxide. 12. A method according to claim 1
further comprising rinsing the patterned substrate
after performing the ion-exchange. 13. A method
according to claim 1 further comprising performing
electroless plating upon the ion-exchanged substrate.
14. A method according to claim 13 further comprising
reducing the ion-exchanged metal ions. 15. A method
according to claim 14 wherein the reducing of the
ion-exchanged metal ions is selected from the group
consisting of photoreduction, chemical reduction, heat
reduction, and e-beam reduction. 16. A method
according to claim 13 wherein the electroless plating
deposits a layer selected from the group consisting of
copper, silver, nickel, gold, platinum, and palladium.
17. A method according to claim 1 wherein the metal
salt is selected from the group consisting of copper,
silver, nickel, gold, platinum, and palladium. 18. A
method according to claim 1 wherein the metal salt is
silver. 19. A method according to claim 1 wherein the
organic composition comprises compounds selected from
the group consisting of acrylate monomers and
oligomers.20. A method according to claim 19 wherein
the organic composition comprises zinc diacrylates. 2
1. A method a according to claim 1 wherein the
applying an organic composition having an ionizable
substituent in a predetermined pattern is accomplished
by a method selected from the group consisting of
stamping, jet printing, scribing, photopatterning,
molding, thermal transfer, screen printing, and
adhering. 22. A method of generating a metal pattern
onto a substrate, comprising: applying a organic
composition comprising zinc diacrylates in a
predetermined pattern onto a substrate, polymerizing
the organic composition with UV radiation, rinsing the
polymerized organic composition with aqueous base
followed by rinsing in deionized water at a
temperature of at least 550C, 



performing ion-exchange between the polymerized
organic composition and a bath containing a silver
salt, rinsing the ion-exchanged polymerized organic
composition in deionized water, and performing
electroless copper plating upon the ion-exchanged
polymerized organic composition. 23. A method of
patterning a substrate comprising: applying an organic
composition having an ionizable substituent in a
predetermined pattern onto a substrate; rinsing the
patterned substrate; performing ion-exchange between
the ionizable substituent and an ionic species;
rinsing the ion-exchanged substrate; performing
electroless deposition on the ion-exchanged substrate;
and rinsing the substrate. 24. A method of patterning
a substrate comprising: applying a radiation curable
organic composition to a substrate;curing at least a
portion of the organic composition; removing the
uncured portion to form a pattern of a cured organic
composition; and performing ion-exchange to replace
the ionizable substituent with an ionic species. 25. A
method according to claim 24 wherein the organic
composition is a liquid and the method further
comprises solidifying the organic composition to make
it adhere to the substrate. 26. A method according to
claim 25 wherein the organic composition comprises a
solvent and the solidification comprises evaporating
the solvent. 27. A method according to claim 25
wherein the organic composition comprises organic
monomers, organic oligomers or mixtures thereof, and
the solidification comprises initiating polymerization
of the organic composition. 28. A method according to
claim 27 wherein the polymerization is initiated with
radiation. 29. A method according to claim 24 further
comprising rinsing the patterned substrate prior to
performing the ion-exchange. 30. A method according to
claim 29 wherein rinsing the patterned substrate prior
to performing the ion-exchange is done in deionized
water at a temperature above 55 degrees C. 31. A
method according to claim 29 wherein rinsing the
patterned substrate prior to performing the
ion-exchange is done in an aqueous base followed by
rinsing in deionized water. 32. A method according to
claim 31 wherein the aqueous base is a solution of
ammonia hydroxide.33. A method according to claim 3 1
wherein the aqueous base is a solution of sodium
hydroxide. 34. A method according to claim 24 further
comprising rinsing the patterned substrate after
performing the ion-exchange. 35. A method according to
claim 24 further comprising performing electroless
plating upon the ion-exchanged substrate. 36. A method
according to claim 35 further comprising reducing the
ion-exchanged metal ions. 37. A method according to
claim 36 wherein the reducing of the ion-exchanged
metal ions is selected from the group consisting of
photoreduction, chemical reduction, heat reduction,
and e-beam reduction. 38. A method according to claim
35 wherein the electroless plating deposits a layer
selected from the group consisting of copper, silver,
nickel, gold, platinum, and palladium. 39. A method
according to claim 2 1 wherein the metal salt is
selected from the group consisting of copper, silver,
nickel, gold, platinum, and palladium. 40. A method
according to claim 24 wherein the metal salt is
silver. 4 1. A method according to claim 24 wherein
the organic composition comprises compounds selected
from the group consisting of acrylate monomers and
oligomers. 42. A method according to claim 4 1 wherein
the organic composition comprises zinc diacrylates.
43. A method a according to claim 24 wherein the
applying a organic composition having an ionizable
substituent in a predetermined pattern is accomplished
by a methodselected from the group consisting of
stamping, jet printing, scribing, photopatterning,
molding, thermal transfer, screen printing, and
adhering. 44. An article comprising: a substrate; a
patterned organic composition; and a patterned
metallic coating, wherein the patterned organic
composition is covered with the patterned metallic
coating to form overall features, and wherein the
overall features have a width that is at least about 1
mm wide and at least 20 nm high. 45. The article
according to claim 44, wherein the patterned metallic
coating has a thickness of about 1A or greater. 46.
The article according to claim 44, wherein the
substrate comprises a polymer. 47. The article
according to claim 44, wherein the polymer comprises
polyolefms, polyacrylates, polyamides, polycarbonates,
polysulfones, polyethersulfones, and polyesters.
Further examples of thermoplastic polymers include
polyethylene, polypropylene, polystyrene,
polymethylmethacrylate), polycarbonate of bisphenol A,
poly(vinyl chloride), poly(ethylene terephthalate)
(PET), poly(ethylene naphthalate (PEN),
poly(vinylidene fluoride), or combinations thereof.
48. The article according to claim 44, wherein the
substrate comprises glass. 


