
DUAL VARIABLE DOMAIN IMMUNOGLOBULINS AND USES THEREOF
Reference to Related Applications This application is
a non-provisional application claiming priority to
U.S. Provisional Application Ser. No. 61/130,776,
filed June 3, 2008 and U.S. Provisional Application
Ser. No. 61/1 32,95 1, filed June 24, 2008, the
contents of which are hereby incorporated by
reference. Field of the Invention The present
invention relates to multivalent and multispecific
binding proteins, methods of making, and specifically
to their uses in the, diagnosis, prevention and/or
treatment of acute and chronic inflammatory diseases,
cancer, and other diseases. Background of the
Invention Engineered proteins, such as multispecific
antibodies capable of binding two or more antigens are
known in the art. Such multispecific binding proteins
can be generated using cell fusion, chemical
conjugation, or recombinant DNA techniques. Bispecific
antibodies have been produced using quadroma
technology (see Milstein, C. and A.C. Cuello (1983)
Nature 305(5934):537-40) based on the somatic fusion
of two different hybridoma cell lines expressing
murine monoclonal antibodies (mAbs) with the desired
specificities of the bispecific antibody. Because of
the random pairing of two different immunoglobulin
(Ig) heavy and light chains within the resulting
hybrid-hybridoma (or quadroma) cell line, up to ten
different Ig species are generated, of which only one
is the functional bispecific antibody. The presence of
mis-paired by-products, and significantly reduced
production yields, means sophisticated purification
procedures are required. Bispecific antibodies can
also be produced by chemical conjugation of two
different mAbs (see Staerz, U.D., et al. (1985) Nature
314(6012): 628-31). This approach does not yield
homogeneous preparation. Other approaches have used
chemical conjugation of two different mAbs or smaller
antibody fragments (see Brennan, M., et al. (1985)
Science 229(4708): 81-3). Another method used to
produce bispecific antibodies is the coupling of two
parental antibodies with a hetero-bifunctional
crosslinker, but the resulting bispecific antibodies
suffer from significant molecular heterogeneity
because reaction of the crosslinker with the parental
antibodies is not site-directed. To obtain more
homogeneous preparations of bispecific antibodies two
different Fab fragments have been chemically
crosslinked at their hinge cysteine residues in
asite-directed manner (see Glennie, MJ., et al. (1987)
J. Immunol. 139(7): 2367-75). But this method results
in Fab'2 fragments, not full IgG molecule. A wide
variety of other recombinant bispecific antibody
formats have been developed (see Kriangkum, J., et al.
(2001) Biomol. Eng. 18(2): 31-40). Amongst them tandem
single-chain Fv molecules and diabodies, and various
derivatives thereof, are the most widely used.
Routinely, construction of these molecules starts from
two single-chain Fv (scFv) fragments that recognize
different antigens (see Economides, A.N., et al.
(2003) Nat. Med. 9(1): 47-52). Tandem scFv molecules
(taFv) represent a straightforward format simply
connecting the two scFv molecules with an additional
peptide linker. The two scFv fragments present in
these tandem scFv molecules form separate folding
entities. Various linkers can be used to connect the
two scFv fragments and linkers with a length of up to
63 residues (see Nakanishi, K., et al. (2001) Ann.
Rev. Immunol. 19: 423-74). Although the parental scFv
fragments can normally be expressed in soluble form in
bacteria, it is, however, often observed that tandem
scFv molecules form insoluble aggregates in bacteria.
Hence, refolding protocols or the use of mammalian
expression systems are routinely applied to produce
soluble tandem scFv molecules. In a recent study, in
vivo expression by transgenic rabbits and cattle of a
tandem scFv directed against CD28 and a
melanoma-associated proteoglycan was reported (see
Gracie, J.A., et al. (1999) J. Clin. Invest. 104(10):
1393-401). In this construct, the two scFv molecules
were connected by a CHl linker and serum
concentrations of up to 100 mg/L of the bispecific
antibody were found. Various strategies including
variations of the domain order or using middle linkers
with varying length or flexibility were employed to
allow soluble expression in bacteria. A few studies
have now reported expression of soluble tandem scFv
molecules in bacteria (see Leung, B.P., et al. (2000)
J. Immunol. 164(12): 6495-502; Ito, A., et al. (2003)
J. Immunol. 170(9): 4802-9; Kami, A., et al. (2002) J.
Neuroimmunol. 125(1-2): 134-40) using either a very
short Ala3 linker or long glycine/serine-rich linkers.
In another recent study, phage display of a tandem
scFv repertoire containing randomized middle linkers
with a length of 3 or 6 residues was employed to
enrich for those molecules that are produced in
soluble and active form in bacteria. This approach
resulted in the isolation of a tandem scFv molecule
with a 6 amino acid residue linker (see Arndt, M. and
J. Krauss (2003) Methods MoI. Biol. 207: 305-21). It
is unclear whether this linker sequence represents a
general solution to the soluble expression of tandem
scFv molecules. Nevertheless, this study demonstrated
that phage display of tandem scFv molecules in
combination with directed mutagenesis is a powerful
tool to enrich for these molecules, which can be
expressed in bacteria in an active form. Bispecific
diabodies (Db) utilize the diabody format for
expression. Diabodies are produced from scFv fragments
by reducing the length of the linker connecting the VH
and VLdomain to approximately 5 residues (see Peipp,
M. and T. Valerius (2002) Biochem. Soc. Trans. 30(4):
507-1 1). This reduction of linker size facilitates
dimerization of two polypeptide chains by crossover
pairing of the VH and VL domains. Bispecific diabodies
are produced by expressing, two polypeptide chains
with, either the structure VHA-VLB and VHB-VLA (VH-VL
configuration), or VLA-VHB and VLB-VHA (VL-VH
configuration) within the same cell. A large variety
of different bispecific diabodies have been produced
in the past and most of them are expressed in soluble
form in bacteria. However, a recent comparative study
demonstrates that the orientation of the variable
domains can influence expression and formation of
active binding sites (see Mack, M. et al.(1995) Proc.
Natl. Acad. Sci. U S A 92(15): 7021-5). Nevertheless,
soluble expression in bacteria represents an important
advantage over tandem scFv molecules. However, since
two different polypeptide chains are expressed within
a single cell inactive homodimers can be produced
together with active heterodimers. This necessitates
the implementation of additional purification steps in
order to obtain homogenous preparations of bispecific
diabodies. One approach to force the generation of
bispecific diabodies is the production of
knob-into-hole diabodies (see Holliger, P., T.
Prospero, and G. Winter (1993) Proc. Natl. Acad. Sci.
U S A 90(14): 6444-8.18). This approach was
demonstrated for a bispecific diabody directed against
HER2 and CD3. A large knob was introduced in the VH
domain by exchanging Val37 with Phe and Leu45 with Trp
and a complementary hole was produced in the VL domain
by mutating Phe98 to Met and Tyr87 to Ala, either in
the anti- HER2 or the anti-CD3 variable domains. By
using this approach the production of bispecific
diabodies could be increased from 72% by the parental
diabody to over 90% by the knob-into-hole diabody.
Importantly, production yields only slightly decrease
as a result of these mutations. However, a reduction
in antigen-binding activity was observed for several
constructs. Thus, this rather elaborate approach
requires the analysis of various constructs in order
to identify those mutations that produce heterodimeric
molecule with unaltered binding activity. In addition,
such approach requires mutational modification of the
immunoglobulin sequence at the constant region, thus
creating non-native and non-natural form of the
antibody sequence, which may result in increased
immunogenicity, poor in vivo stability, as well as
undesirable pharmacokinetics. Single-chain diabodies
(scDb) represent an alternative strategy for improving
the formation of bispecific diabody-like molecules
(see Holliger, P. and G. Winter (1997) Cancer Immunol.
Immunother. 45(3-4): 128-30; Wu, A.M., et al. (1996)
Immunotechnology 2(1): p. 21- 36). Bispecific
single-chain diabodies are produced by connecting the
two diabody-forming polypeptide chains with an
additional middle linker with a length of
approximately 15 amino acid residues. Consequently,
all molecules with a molecular weight corresponding to
monomeric single-chain diabodies (50-60 kDa) are
bispecific. Several studies have demonstrated that
bispecific single chain diabodies are expressed in
bacteria in soluble and active form with themajority
of purified molecules present as monomers (see
Holliger, P. and G. Winter (1997) Cancer Immunol.
Immunother. 45(3-4): 128-30; Wu, A.M., et al. (1996)
Immunotechnol. 2(1): 21-36; Pluckthun, A. and P. Pack
(1997) Immunotechnol. 3(2): 83-105; Ridgway, J.B., et
al. (1996) Protein Engin. 9(7): 617-21). Thus,
single-chain diabodies combine the advantages of
tandem scFvs (all monomers are bispecific) and
diabodies (soluble expression in bacteria). More
recently diabodies have been fused to Fc to generate
more Ig-like molecules, named di-diabodies (see Lu,
D., et al. (2004) J. Biol. Chem. 279(4): 2856-65). In
addition, multivalent antibody construct comprising
two Fab repeats in the heavy chain of an IgG and
capable of binding four antigen molecules has been
described (see WO 0177342A1, and Miller, K., et al.
(2003) J. Immunol. 170(9): 4854-61). There is a need
in the art for improved multivalent binding proteins
capable of binding two or more antigens. U.S. Patent
Application Serial No. 11/507,050 provides a novel
family of 



binding proteins capable of binding two or more
antigens with high affinity, which are called dual
variable domain immunoglobulins (DVD-Ig(tm)). The
present invention provides further novel binding
proteins capable of binding two or more antigens.
Summary of the Invention This invention pertains to
multivalent binding proteins capable of binding two or
more antigens. The present invention provides a novel
family of binding proteins capable of binding two or
more antigens with high affinity. In one embodiment
the invention provides a binding protein comprising a
polypeptide chain, wherein the polypeptide chain
comprises VDl-(Xl)n-VD2-C-(X2)n, wherein VDl is a
first variable domain, VD2 is a second variable
domain, C is a constant domain, Xl represents an amino
acid or polypeptide, X2 represents an Fc region and n
is 0 or 1. In an embodiment the VDl and VD2 in the
binding protein are heavy chain variable domains. In
another embodiment, the heavy chain variable domain is
selected from the group consisting of a murine heavy
chain variable domain, a human heavy chain variable
domain, a CDR grafted heavy chain variable domain, and
a humanized heavy chain variable domain. In yet
another, embodiment VDl and VD2 are capable of binding
the same antigen. In another embodiment VDl and VD2
are capable of binding different antigens. In still
another embodiment, C is a heavy chain constant
domain. For example, Xl is a linker with the proviso
that Xl is not CHl . For example, Xl is a linker
selected from the group consisting of AKTTPKLEEGEFSEAR
(SEQ ID NO: 1); AKTTPKLEEGEFSEARV (SEQ IDNO: 2);
AKTTPKLGG (SEQ IDNO: 3); SAKTTPKLGG (SEQ ID NO: 4);
SAKTTP (SEQ ID NO: 5); RADAAP (SEQ ID NO: 6);
RADAAPTVS (SEQID NO: 7); RADAAAAGGPGS (SEQ ID NO: 8);
RADAAAA(G4S)4 (SEQ ID NO: 9); SAKTTPKLEEGEFSEARV (SEQ
ID NO: 10); ADAAP (SEQ ID NO: 11); ADAAPTVSIFPP (SEQ
ID NO: 12); TVAAP (SEQ ID NO: 13); TVAAPSVFIFPP (SEQ
ID NO: 14); QPKAAP (SEQ ID NO: 15); QPKAAPSVTLFPP (SEQ
ID NO: 16); AKTTPP (SEQ ID NO: 17); AKTTPPSVTPLAP (SEQ
ID NO: 18); AKTTAP (SEQ ID NO: 19); AKTTAPSVYPLAP (SEQ
ID NO: 20); ASTKGP (SEQ ID NO: 21); ASTKGPSVFPLAP (SEQ
ID NO: 22), GGGGSGGGGSGGGGS (SEQ ID NO: 23);
GENKVEYAPALMALS (SEQ ID NO: 24); GPAKELTPLKEAKVS (SEQ
ID NO: 25); and GHEAAAVMQVQYPAS (SEQ ID NO: 26). In an
embodiment, X2 is an Fc region. In another embodiment,
X2 is a variant Fc region. In an embodiment the
binding protein disclosed herein comprises a
polypeptide chain, wherein the polypeptide chain
comprises VDl-(Xl)n-VD2-C-(X2)n, wherein VDl is a
first heavy chain variable domain, VD2 is a second
heavy chain variable domain, C is a heavy chain
constant domain, Xl is a linker with the proviso that
it is not CHl, and X2 is an Fc region. In an
embodiment, VDl and VD2 in the binding protein are
light chain variable domains. In an embodiment, the
light chain variable domain is selected from the group
consisting of a murine light chain variable domain, a
human light chain variable domain, a CDR grafted light
chain variable domain, and a humanized light chain
variable domain. In one embodiment VDl and VD2 are
capable of binding the same antigen. In another
embodiment VDl and VD2 are capable of binding
different antigens. In an embodiment, C is a light
chain constant domain. In another embodiment, Xl is a
linker with the proviso that Xl is not CLl . In an
embodiment, Xl is a linker selected from the group
consisting of AKTTPKLEEGEFSEAR (SEQ ID NO: 1);
AKTTPKLEEGEFSEARV (SEQ ID NO: 2); AKTTPKLGG (SEQ ID
NO: 3); SAKTTPKLGG (SEQ ID NO: 4); SAKTTP (SEQ ID NO:
5); RADAAP (SEQ ID NO: 6); RADAAPTVS (SEQ ID NO: 7);
RADAAAAGGPGS (SEQ ID NO: 8); RADAAAA(G4S)4 (SEQ ID NO:
9); SAKTTPKLEEGEFSEARV (SEQ ID NO: 10); ADAAP (SEQ ID
NO: 11); ADAAPTVSIFPP (SEQ ID NO: 12); TVAAP (SEQ ID
NO: 13); TVAAPSVFIFPP (SEQ ID NO: 14); QPKAAP (SEQ ID
NO: 15); QPKAAPSVTLFPP (SEQ ID NO: 16); AKTTPP (SEQ ID
NO: 17); AKTTPPSVTPLAP (SEQ ID NO: 18); AKTTAP (SEQ ID
NO: 19); AKTTAPSVYPLAP (SEQ ID NO: 20); ASTKGP (SEQ ID
NO: 21); ASTKGPSVFPLAP (SEQ ID NO: 22),
GGGGSGGGGSGGGGS (SEQ ID NO: 23); GENKVEYAPALMALS (SEQ
ID NO: 24); GPAKELTPLKEAKVS (SEQ ID NO: 25); and
GHEAAAVMQVQYPAS (SEQ ID NO: 26). In an embodiment, the
binding protein does not comprise X2. In an
embodiment, both the variable heavy and variable light
chain comprise the same linker. In another embodiment,
the variable heavy and variable light chain comprise
different linkers. In another embodiment, both the
variable heavy and variable light chain comprise a
short(about 6 amino acids) linker. In another
embodiment, both the variable heavy and variable light
chain comprise a long (greater than 6 amino acids)
linker. In another embodiment, the variable heavy
chain comprises a short linker and the variable light
chain comprises a long linker. In another embodiment,
the variable heavy chain comprises a long linker and
the variable light chain comprises a short linker. In
an embodiment the binding protein disclosed herein
comprises a polypeptide chain, wherein said
polypeptide chain comprises VDl-(Xl)n-VD2-C-(X2)n,
wherein VDl is a first light chain variable domain,
VD2 is a second light chain variable domain, C is a
light chain constant domain, Xl is a linker with the
proviso that it is not CHl, and X2 does not comprise
an Fc region. In another embodiment the invention
provides a binding protein comprising two polypeptide
chains, wherein said first polypeptide chain comprises
VDl-(Xl)n-VD2-C-(X2)n, wherein VDl is a first heavy
chain variable domain, VD2 is a second heavy chain
variable domain, C is a heavy chain constant domain,
Xl is a linker with the proviso that it is not CHl,
and X2 is an Fc region; and said second polypeptide
chain comprises VDl-(Xl)n-VD2-C-(X2)n, wherein VDl is
a first light chain variable domain, VD2 is a second
light chain variable domain, C is a light chain
constant domain, Xl is a linker with the proviso that
it is not CHl, and X2 does not comprise an Fc region.
In a particular embodiment, the Dual Variable Domain
(DVD) binding protein comprises four polypeptide
chains wherein the first two polypeptide chains
comprises VDl-(Xl)n-VD2-C-(X2)n, respectively wherein
VDl is a first heavy chain variable domain, VD2 is a
second heavy chain variable domain, C is a heavy chain
constant domain, Xl is a linker with the proviso that
it is not CHl , and X2 is an Fc region; and the second
two polypeptide chain comprises VDl-(Xl)n-VD2-C-(X2)n
respectively, wherein VDl is a first light chain
variable domain, VD2 is a second light chain variable
domain, C is a light chain constant domain, Xl is a
linker with the proviso that it is not CHl, and X2
does not comprise an Fc region. Such a Dual Variable
Domain (DVD) protein has four antigen binding sites.
In another embodiment the binding proteins disclosed
herein are capable of binding one or more targets. In
an embodiment, the target is selected from the group
consisting of cytokines, cell surface proteins,
enzymes and receptors. In another embodiment, the
binding protein is capable of modulating a biological
function of one or more targets. In another
embodiment, the binding protein is capable of
neutralizing one or more targets. The binding protein
of the invention is capable of binding cytokines
selected from the group consisting of lymphokines,
monokines, polypeptide hormones, receptors, or tumor
markers. For example, the DVD-Ig of the invention is
capable of binding two or more of the following:
Amyloid beta (Abeta) (seq. 1), Abeta (seq. 2), Abeta
(seq. 3), Tumor Necrosis Factor alpha (TNF-a),
interleukin l b (IL- l b), Insulin-like Growth Factor
1 (IGF 1), Insulin-like Growth Factor 2 (IGF2),
Interleukin 18 (IL- 18),Interleukin 6 (IL-6), Receptor
for Advanced Glycation Endproducts (RAGE), Nerve
Growth Factor (NGF), Epidermal Growth Factor Receptor
(EGFR) (seq. 1), EGFR (seq. T), CD-20, and Repulsive
Guidance Molecule (RGMA) (see also Table 2). In a
specific embodiment the binding protein is capable of
binding pairs of targets selected from the group
consisting of Abeta (seq. 1) and Abeta (seq. 3); TNF-a
and Abeta (seq. 2); IL-l b and Abeta (seq. 2); Abeta
(seq. 1) and Abeta (seq. 2); IGFl ,2 and Abeta (seq.
2); Abeta (seq. 2) and IL-1 8; IL-6 and Abeta (seq.
2); TNF-aand Abeta (seq.3); IL-l b and Abeta (seq. 3);
Abeta (seq. 1) and Abeta (seq. 3); IGFl, 2 and Abeta
(seq. 3); Abeta (seq. 3) and IL-1 8; IL-6 and Abeta
(seq. 3); TNF-aand Abeta (seq. 1); IL-l b and Abeta
(seq. 1); IGF1,2 and Abeta (seq. 1); Abeta (seq. 1)
and IL-1 8; IL-6 and Abeta (seq. 1); Abeta (seq. 1)
and RAGE; NGF and IL-18; NGF and IL-l b; NGF and IL-6;
TNF-a and EGFR (seq. 2); TNF-aand RAGE; CD-20 and EGFR
(seq. 1); CD-20 and EGFR (seq. 2); RGMA and TNF-a (see
Examples 2.1 to 2.27). In an embodiment, the binding
protein capable of binding Abeta (seq. 1) and Abeta
(seq. 3) comprises a DVD heavy chain amino acid
sequence selected from the group consisting of SEQ ID
NO. 62 and SEQ ID NO. 64; and a DVD light chain amino
acid sequence selected from the group consisting of
SEQ ID NO. 63 and SEQ ID NO. 65. In an embodiment, the
binding protein capable of binding Abeta (seq. 1) and
Abeta (seq. 3) comprises a DVD heavy chain amino acid
sequence of SEQ ID NO. 62 and a DVD light chain amino
acid sequence of SEQ ID NO: 63. In another embodiment,
the binding protein capable of binding Abeta (seq. 1)
and Abeta (seq. 3) has a reverse orientation and
comprises a DVD heavy chain amino acid sequence of SEQ
ID NO. 64 and a DVD light chain amino acid sequence of
SEQ ID NO: 65. In an embodiment, the binding protein
capable of binding TNF-aand Abeta (seq. 2) 



comprises a DVD heavy chain amino acid sequence
selected from the group consisting of SEQ ID NO. 66
and SEQ ID NO. 68; and a DVD light chain amino acid
sequence selected from the group consisting of SEQ ID
NO. 67 and SEQ ID NO. 69. In an embodiment, the
binding protein capable of binding TNF-a and Abeta
(seq. 2) comprises a DVD heavy chain amino acid
sequence of SEQ ID NO. 66 and a DVD light chain amino
acid sequence of SEQ ID NO: 67. In another embodiment,
the binding protein capable of binding TNF-aand Abeta
(seq. 2) has a reverse orientation and comprises a DVD
heavy chain amino acid sequence of SEQ ID NO. 68 and a
DVD light chain amino acid sequence of SEQ ID NO: 69.
In an embodiment, the binding protein capable of
binding IL-l b and Abeta (seq. 2) comprises a DVD
heavy chain amino acid sequence selected from the
group consisting of SEQ ID NO. 70 and SEQ ID NO. 72;
and a DVD light chain amino acid sequence selected
from the group consisting of SEQ ID NO. 7 1 and SEQ ID
NO. 73. In an embodiment, the binding protein capable
of binding IL-l b and Abeta (seq. 2) comprises a DVD
heavy chain amino acid sequenceof SEQ ID NO. 70 and a
DVD light chain amino acid sequence of SEQ ID NO: 7 1.
In another embodiment, the binding protein capable of
binding IL-I b and Abeta (seq. 2) has a reverse
orientation and comprises a DVD heavy chain amino acid
sequence of SEQ ID NO. 72 and a DVD light chain amino
acid sequence of SEQ ID NO: 73. In an embodiment, the
binding protein capable of binding Abeta (seq. 1) and
Abeta (seq. 2) comprises a DVD heavy chain amino acid
sequence selected from the group consisting of SEQ ID
NO. 74 and SEQ ID NO. 76; and a DVD light chain amino
acid sequence selected from the group consisting of
SEQ ID NO. 75 and SEQ ID NO. 77. In an embodiment, the
binding protein capable of binding Abeta (seq. 1) and
Abeta (seq. 2) comprises a DVD heavy chain amino acid
sequence of SEQ ID NO. 74 and a DVD light chain amino
acid sequence of SEQ ID NO: 75. In another embodiment,
the binding protein capable of binding Abeta (seq. 1)
and Abeta (seq. 2) has a reverse orientation and
comprises a DVD heavy chain amino acid sequence of SEQ
ID NO. 76 and a DVD light chain amino acid sequence of
SEQ ID NO: 77. In an embodiment, the binding protein
capable of binding IGF 1,2 and Abeta (seq. 2)
comprises a DVD heavy chain amino acid sequence
selected from the group consisting of SEQ ID NO. 78
and SEQ ID NO. 80; and a DVD light chain amino acid
sequence selected from the group consisting of SEQ ID
NO. 79 and SEQ ID NO. 8 1. In an embodiment, the
binding protein capable of binding IGF1,2 and Abeta
(seq. 2) comprises a DVD heavy chain amino acid
sequence of SEQ ID NO. 78 and a DVD light chain amino
acid sequence of SEQ ID NO: 79. In another embodiment,
the binding protein capable of binding IGF 1,2 and
Abeta (seq. 2) has a reverse orientation and comprises
a DVD heavy chain amino acid sequence of SEQ ID NO. 80
and a DVD light chain amino acid sequence of SEQ ID
NO: 8 1. In an embodiment, the binding protein capable
of binding Abeta (seq. 2) and IL- 18 comprises a DVD
heavy chain amino acid sequence selected from the
group consisting of SEQ ID NO. 82 and SEQ ID NO. 84;
and a DVD light chain amino acid sequence selected
from the group consisting of SEQ ID NO. 83 and SEQ ID
NO. 85. In an embodiment, the binding protein capable
of binding Abeta (seq. 2) and IL- 18 comprises a DVD
heavy chain amino acid sequence of SEQ ID NO. 82 and a
DVD light chain amino acid sequence of SEQ ID NO: 83.
In another embodiment, the binding protein capable of
binding Abeta (seq. 2) and IL- 18 has a reverse
orientation and comprises a DVD heavy chain amino acid
sequence of SEQ ID NO. 84 and a DVD light chain amino
acid sequence of SEQ ID NO: 85. In an embodiment, the
binding protein capable of binding IL-6 and Abeta
(seq. 2) comprises a DVD heavy chain amino acid
sequence selected from the group consisting of SEQ ID
NO. 86 and SEQ ID NO. 88; and a DVD light chain amino
acid sequence selected from the groupconsisting of SEQ
ID NO. 87 and SEQ ID NO. 89. In an embodiment, the
binding protein capable of binding IL-6 and Abeta
(seq. 2) comprises a DVD heavy chain amino acid
sequence of SEQ ID NO. 86 and a DVD light chain amino
acid sequence of SEQ ID NO: 87. In another embodiment,
the binding protein capable of binding IL-6 and Abeta
(seq. 2) has a reverse orientation and comprises a DVD
heavy chain amino acid sequence of SEQ ID NO. 88 and a
DVD light chain amino acid sequence of SEQ ID NO: 89.
In an embodiment, the binding protein capable of
binding TNF-aand Abeta (seq.3) comprises a DVD heavy
chain amino acid sequence selected from the group
consisting of SEQ ID NO. 90 and SEQ ID NO. 92; and a
DVD light chain amino acid sequence selected from the
group consisting of SEQ ID NO. 9 1 and SEQ ID NO. 93.
In an embodiment, the binding protein capable of
binding TNF-a and Abeta (seq.3) comprises a DVD heavy
chain amino acid sequence of SEQ ID NO. 90 and a DVD
light chain amino acid sequence of SEQ ID NO: 9 1. In
another embodiment, the binding protein capable of
binding TNF-aand Abeta (seq.3) has a reverse
orientation and comprises a DVD heavy chain amino acid
sequence of SEQ ID NO. 92 and a DVD light chain amino
acid sequence of SEQ ID NO: 93. In an embodiment, the
binding protein capable of binding IL- l b and Abeta
(seq. 3) comprises a DVD heavy chain amino acid
sequence selected from the group consisting of SEQ ID
NO. 94 and SEQ ID NO. 96; and a DVD light chain amino
acid sequence selected from the group consisting of
SEQ ID NO. 95 and SEQ ID NO. 97. In an embodiment, the
binding protein capable of binding IL- l b and Abeta
(seq. 3) comprises a DVD heavy chain amino acid
sequence of SEQ ID NO. 94 and a DVD light chain amino
acid sequence of SEQ ID NO: 95. In another embodiment,
the binding protein capable of binding IL-I b and
Abeta (seq. 3) has a reverse orientation and comprises
a DVD heavy chain amino acid sequence of SEQ ID NO. 96
and a DVD light chain amino acid sequence of SEQ ID
NO: 97. In an embodiment, the binding protein capable
of binding Abeta (seq. 1) and Abeta (seq. 3) comprises
a DVD heavy chain amino acid sequence selected from
the group consisting of SEQ ID NO. 98 and SEQ ID NO.
100; and a DVD light chain amino acid sequence
selected from the group consisting of SEQ ID NO. 99
and SEQ ID NO. 101. In an embodiment, the binding
protein capable of binding Abeta (seq. 1) and Abeta
(seq. 3) comprises a DVD heavy chain amino acid
sequence of SEQ ID NO. 98 and a DVD light chain amino
acid sequence of SEQ ID NO: 99. In another embodiment,
the binding protein capable of binding Abeta (seq. 1)
and Abeta (seq. 3) has a reverse orientation and
comprises a DVD heavy chain amino acid sequence of SEQ
ID NO. 100 and a DVD light chain amino acid sequence
of SEQ ID NO: 101 .In an embodiment, the binding
protein capable of binding IGF1,2 and Abeta (seq. 3)
comprises a DVD heavy chain amino acid sequence
selected from the group consisting of SEQ ID NO. 102
and SEQ ID NO. 104; and a DVD light chain amino acid
sequence selected from the group consisting of SEQ
IDNO. 103 and SEQ IDNO. 105. In an embodiment, the
binding protein capable of binding IGF1,2 and Abeta
(seq. 3) comprises a DVD heavy chain amino acid
sequence of SEQ ID NO. 102 and a DVD light chain amino
acid sequence of SEQ ID NO: 103. In another
embodiment, the binding protein capable of binding IGF
1,2 and Abeta (seq. 3) has a reverse orientation and
comprises a DVD heavy chain amino acid sequence of SEQ
ID NO. 104 and a DVD light chain amino acid sequence
of SEQ ID NO: 105. In an embodiment, the binding
protein capable of binding Abeta (seq. 3) and IL-18
comprises a DVD heavy chain amino acid sequence
selected from the group consisting of SEQ ID NO. 106
and SEQ ID NO. 108; and a DVD light chain amino acid
sequence selected from the group consisting of SEQ ID
NO. 107 and SEQ ID NO. 109. In an embodiment, the
binding protein capable of binding Abeta (seq. 3) and
IL-18 comprises a DVD heavy chain amino acid sequence
of SEQ ID NO. 106 and a DVD light chain amino acid
sequence of SEQ ID NO: 107. In another embodiment, the
binding protein capable of binding Abeta (seq. 3) and
IL-1 8 has a reverse orientation and comprises a DVD
heavy chain amino acid sequence of SEQ ID NO. 108 and
a DVD light chain amino acid sequence of SEQ ID NO:
109. In an embodiment, the binding protein capable of
binding IL-6 and Abeta (seq. 3) comprises a DVD heavy
chain amino acid sequence selected from the group
consisting of SEQ ID NO. 110 and SEQ ID NO. 112; and a
DVD light chain amino acid sequence selected from the
group consisting of SEQ ID NO. 111 and SEQ ID NO. 113.
In an embodiment, the binding protein capable of
binding IL-6 and Abeta (seq. 3) comprises a DVD heavy
chain amino acid sequence of SEQ ID NO. 110 and a DVD
light chain amino acid sequence of SEQ ID NO: 111. In
another embodiment, the binding protein capable of
binding IL-6 and Abeta (seq. 3) has a reverse
orientation and comprises a DVD heavy chain amino acid
sequence of SEQ ID NO. 112 and a DVD light chain amino
acid sequence of SEQ ID NO: 113. In an embodiment, the
binding protein capable of binding TNF-aand Abeta
(seq. 1) comprises a DVD heavy chain amino acid
sequence selected from the group consisting of SEQ ID
NO. 114 and SEQ ID NO. 116; and a DVD light chain
amino acid sequence selected from the group consisting
of SEQ ID NO. 115 and SEQ ID NO. 117. In an
embodiment, the binding protein capable of binding
TNF-aand Abeta (seq. 1) comprises a DVD heavy chain
amino acid sequence of SEQ ID NO. 114 and a DVD light
chain amino acid sequence of SEQ ID NO: 115. 



In another embodiment, the binding protein capable of
binding TNF-aand Abeta (seq. 1) has areverse
orientation and comprises a DVD heavy chain amino acid
sequence of SEQ ID NO. 116 and a DVD light chain amino
acid sequence of SEQ ID NO: 117. In an embodiment, the
binding protein capable of binding IL- l b and Abeta
(seq. 1) comprises a DVD heavy chain amino acid
sequence selected from the group consisting of SEQ ID
NO. 118 and SEQ ID NO. 120; and a DVD light chain
amino acid sequence selected from the group consisting
of SEQ ID NO. 119 and SEQ ID NO. 121 . In an
embodiment, the binding protein capable of binding
IL-I b and Abeta (seq. 1) comprises a DVD heavy chain
amino acid sequence of SEQ ID NO. 118 and a DVD light
chain amino acid sequence of SEQ ID NO: 119. In
another embodiment, the binding protein capable of
binding IL-I b and Abeta (seq. 1) has a reverse
orientation and comprises a DVD heavy chain amino acid
sequence of SEQ ID NO. 120 and a DVD light chain amino
acid sequence of SEQ ID NO: 121. In an embodiment, the
binding protein capable of binding IGF 1,2 and Abeta
(seq. 1) comprises a DVD heavy chain amino acid
sequence selected from the group consisting of SEQ ID
NO. 122 and SEQ ID NO. 124; and a DVD light chain
amino acid sequence selected from the group consisting
of SEQ ID NO. 123 and SEQ ID NO. 125. In an
embodiment, the binding protein capable of binding IGF
1,2 and Abeta (seq. 1) comprises a DVD heavy chain
amino acid sequence of SEQ ID NO. 122 and a DVD light
chain amino acid sequence of SEQ ID NO: 123. In
another embodiment, the binding protein capable of
binding IGF1,2 and Abeta (seq. 1) has a reverse
orientation and comprises a DVD heavy chain amino acid
sequence of SEQ ID NO. 124 and a DVD light chain amino
acid sequence of SEQ ID NO: 125. In an embodiment, the
binding protein capable of binding Abeta (seq. 1) and
IL-18 comprises a DVD heavy chain amino acid sequence
selected from the group consisting of SEQ ID NO. 126
and SEQ ID NO. 128; and a DVD light chain amino acid
sequence selected from the group consisting of SEQ ID
NO. 127 and SEQ ID NO. 129. In an embodiment, the
binding protein capable of binding Abeta (seq. 1) and
IL-18 comprises a DVD heavy chain amino acid sequence
of SEQ ID NO. 126 and a DVD light chain amino acid
sequence of SEQ ID NO: 127. In another embodiment, the
binding protein capable of binding Abeta (seq. 1) and
IL-1 8 has a reverse orientation and comprises a DVD
heavy chain amino acid sequence of SEQ ID NO. 128 and
a DVD light chain amino acid sequence of SEQ ID NO:
129. In an embodiment, the binding protein capable of
binding IL-6 and Abeta (seq. 1) comprises a DVD heavy
chain amino acid sequence selected from the group
consisting of SEQ ID NO. 130 and SEQ ID NO. 132; and a
DVD light chain amino acid sequence selected from the
group consisting of SEQ IDNO. 131 and SEQ IDNO. 133.
In an embodiment, the binding protein capable of
binding IL-6 and Abeta (seq. 1) comprises a DVD heavy
chain amino acidsequence of SEQ ID NO. 130 and a DVD
light chain amino acid sequence of SEQ ID NO: 131. In
another embodiment, the binding protein capable of
binding IL-6 and Abeta (seq. 1) has a reverse
orientation and comprises a DVD heavy chain amino acid
sequence of SEQ ID NO. 132 and a DVD light chain amino
acid sequence of SEQ ID NO: 133. In an embodiment, the
binding protein capable of binding Abeta (seq. 1) and
RAGE comprises a DVD heavy chain amino acid sequence
selected from the group consisting of SEQ ID NO. 134
and SEQ ID NO. 136; and a DVD light chain amino acid
sequence selected from the group consisting of SEQ ID
NO. 135 and SEQ ID NO. 137. In an embodiment, the
binding protein capable of binding Abeta (seq. 1) and
RAGE comprises a DVD heavy chain amino acid sequence
of SEQ ID NO. 134 and a DVD light chain amino acid
sequence of SEQ ID NO: 135. In another embodiment, the
binding protein capable of binding Abeta (seq. 1) and
RAGE has a reverse orientation and comprises a DVD
heavy chain amino acid sequence of SEQ ID NO. 136 and
a DVD light chain amino acid sequence of SEQ ID NO:
137. In an embodiment, the binding protein capable of
binding NGF and IL- 18 comprises a DVD heavy chain
amino acid sequence selected from the group consisting
of SEQ ID NO. 138 and SEQ ID NO. 140; and a DVD light
chain amino acid sequence selected from the group
consisting of SEQ ID NO. 139 and SEQ ID NO. 141. In an
embodiment, the binding protein capable of binding NGF
and IL- 18 comprises a DVD heavy chain amino acid
sequence of SEQ ID NO. 138 and a DVD light chain amino
acid sequence of SEQ ID NO: 139. In another
embodiment, the binding protein capable of binding NGF
and IL-1 8 has a reverse orientation and comprises a
DVD heavy chain amino acid sequence of SEQ ID NO. 140
and a DVD light chain amino acid sequence of SEQ IDNO:
141. In an embodiment, the binding protein capable of
binding NGF and IL- l b comprises a DVD heavy chain
amino acid sequence selected from the group consisting
of SEQ ID NO. 142 and SEQ ID NO. 144; and a DVD light
chain amino acid sequence selected from the group
consisting of SEQ ID NO. 143 and SEQ ID NO. 145. In an
embodiment, the binding protein capable of binding NGF
and IL-I b comprises a DVD heavy chain amino acid
sequence of SEQ ID NO. 142 and a DVD light chain amino
acid sequence of SEQ ID NO: 143. In another
embodiment, the binding protein capable of binding NGF
and IL-I b has a reverse orientation and comprises a
DVD heavy chain amino acid sequence of SEQ ID NO. 144
and a DVD light chain amino acid sequence of SEQ ID
NO: 145. In an embodiment, the binding protein capable
of binding NGF and IL-6 comprises a DVD heavy chain
amino acid sequence selected from the group consisting
of SEQ ID NO. 146 and SEQ ID NO. 148; and a DVD light
chain amino acid sequence selected from the
groupconsisting of SEQ ID NO. 147 and SEQ ID NO. 149.
In an embodiment, the binding protein capable of
binding NGF and IL-6 comprises a DVD heavy chain amino
acid sequence of SEQ ID NO. 146 and a DVD light chain
amino acid sequence of SEQ ID NO: 147. In another
embodiment, the binding protein capable of binding NGF
and IL-6 has a reverse orientation and comprises a DVD
heavy chain amino acid sequence of SEQ ID NO. 148 and
a DVD light chain amino acid sequence of SEQ ID NO:
149. In an embodiment, the binding protein capable of
binding TNF-aand EGFR (seq. 2) comprises a DVD heavy
chain amino acid sequence selected from the group
consisting of SEQ ID NO. 150 and SEQ ID NO. 152; and a
DVD light chain amino acid sequence selected from the
group consisting of SEQ ID NO. 151 and SEQ ID NO. 153.
In an embodiment, the binding protein capable of
binding TNF-aand EGFR (seq. 2) comprises a DVD heavy
chain amino acid sequence of SEQ ID NO. 150 and a DVD
light chain amino acid sequence of SEQ ID NO: 151. In
another embodiment, the binding protein capable of
binding TNF-aand EGFR (seq. 2) has a reverse
orientation and comprises a DVD heavy chain amino acid
sequence of SEQ ID NO. 152 and a DVD light chain amino
acid sequence of SEQ ID NO: 153. In an embodiment, the
binding protein capable of binding TNF-aand RAGE
comprises a DVD heavy chain amino acid sequence
selected from the group consisting of SEQ ID NO. 154
and SEQ ID NO. 156; and a DVD light chain amino acid
sequence selected from the group consisting of SEQ ID
NO. 155 and SEQ ID NO. 157. In an embodiment, the
binding protein capable of binding TNF-a and RAGE
comprises a DVD heavy chain amino acid sequence of SEQ
ID NO. 154 and a DVD light chain amino acid sequence
of SEQ ID NO: 155. In another embodiment, the binding
protein capable of binding TNF-aand RAGE has a reverse
orientation and comprises a DVD heavy chain amino acid
sequence of SEQ ID NO. 156 and a DVD light chain amino
acid sequence of SEQ ID NO: 157. In an embodiment, the
binding protein capable of binding CD-20 and EGFR
(seq. 1) comprises a DVD heavy chain amino acid
sequence selected from the group consisting of SEQ ID
NO. 158 and SEQ ID NO. 160; and a DVD light chain
amino acid sequence selected from the group consisting
of SEQ ID NO. 159 and SEQ ID NO. 161. In an
embodiment, the binding protein capable of binding
CD-20 and EGFR (seq. 1) comprises a DVD heavy chain
amino acid sequence of SEQ ID NO. 158 and a DVD light
chain amino acid sequence of SEQ ID NO: 159. In
another embodiment, the binding protein capable of
binding CD-20 and EGFR (seq. 1) has a reverse
orientation and comprises a DVD heavy chain amino acid
sequence of SEQ ID NO. 160 and a DVD light chain amino
acid sequence of SEQ ID NO: 161 .In an embodiment, the
binding protein capable of binding CD-20 and EGFR
(seq. 2) comprises a DVD heavy chain amino acid
sequence selected from the group consisting of SEQ ID
NO. 162 and SEQ ID NO. 164; and a DVD light chain
amino acid sequence selected from the group consisting
of SEQ ID NO. 163 and SEQ ID NO. 164. In an
embodiment, the binding protein capable of binding
CD-20 and EGFR (seq. 2) comprises a DVD heavy chain
amino acid sequence of SEQ ID NO. 162 and a DVD light
chain amino acid sequence of SEQ ID NO: 163. In
another embodiment, the binding protein capable of
binding CD-20 and EGFR (seq. 2) has a reverse
orientation and comprises a DVD heavy chain amino acid
sequence of SEQ ID NO. 164 and a DVD light chain amino
acid sequence of SEQ ID NO: 165. In an embodiment, the
binding protein capable of binding RGMA and TNF-a
comprises a DVD heavy chain amino acid sequence
selected from the group consisting of SEQ ID NO. 166
and SEQ ID NO. 168; and a DVD light chain amino acid
sequence selected from the group 



consisting of SEQ ID NO. 167 and SEQ ID NO. 169. In an
embodiment, the binding protein capable of binding
RGMA and TNF-a comprises a DVD heavy chain amino acid
sequence of SEQ ID NO. 166 and a DVD light chain amino
acid sequence of SEQ ID NO: 167. In another
embodiment, the binding protein capable of binding
RGMA and TNF-ahas a reverse orientation and comprises
a DVD heavy chain amino acid sequence of SEQ ID NO.
168 and a DVD light chain amino acid sequence of SEQ
ID NO: 169. In another embodiment the invention
provides a binding protein comprising a polypeptide
chain, wherein said polypeptide chain comprises
VDl-(Xl)n-VD2-C-(X2)n, wherein; VDl is a first heavy
chain variable domain obtained from a first parent
antibody or antigen binding portion thereof; VD2 is a
second heavy chain variable domain obtained from a
second parent antibody or antigen binding portion
thereof; C is a heavy chain constant domain; (Xl )n is
a linker with the proviso that it is not CHl, wherein
said (Xl)n is either present or absent; and (X2)n is
an Fc region, wherein said (X2)n is either present or
absent. In an embodiment, the Fc region is absent from
the binding protein. In another embodiment, the
invention provides a binding protein comprising a
polypeptide chain, wherein said polypeptide chain
comprises VDl-(Xl)n-VD2-C-(X2)n, wherein, VDl is a
first light chain variable domain obtained from a
first parent antibody or antigen binding portion
thereof; VD2 is a second light chain variable domain
obtained from a second parent antibody or antigen
binding portion thereof; C is a light chain constant
domain; (Xl )n is a linker with the proviso that it is
not CHl, wherein said (Xl )n is either present or
absent; and (X2)n does not comprise an Fc region,
wherein said (X2)n is either present or absent. In an
embodiment, (X2)n is absent from the binding
protein.In another embodiment the binding protein of
the invention comprises first and second polypeptide
chains, wherein said first polypeptide chain comprises
a first VDl-(Xl)n-VD2-C- (X2)n, wherein VDl is a first
heavy chain variable domain obtained from a first
parent antibody or antigen binding portion thereof;
VD2 is a second heavy chain variable domain obtained
from a second parent antibody or antigen binding
portion thereof; C is a heavy chain constant domain;
(Xl)n is a linker with the proviso that it is not CHl,
wherein said (Xl)n is either present or absent; and
(X2)n is an Fc region, wherein said (X2)n is either
present or absent; and wherein said second polypeptide
chain comprises a second VDl-(Xl)n-VD2-C-(X2)n,
wherein VDl is a first light chain variable domain
obtained from a first parent antibody or antigen
binding portion thereof; VD2 is a second light chain
variable domain obtained from a second parent antibody
or antigen binding portion thereof; C is a light chain
constant domain; (Xl )n is a linker with the proviso
that it is not CHl, wherein said (Xl )n is either
present or absent; and (X2)n does not comprise an Fc
region, wherein said (X2)n is either present or
absent. In another embodiment, the binding protein
comprises two first polypeptide chains and two second
polypeptide chains. In yet another embodiment, (X2)n
is absent from the second polypeptide. In still
another embodiment, the Fc region, if present in the
first polypeptide is selected from the group
consisting of native sequence Fc region and a variant
sequence Fc region. In still another embodiment, the
Fc region is selected from the group consisting of an
Fc region from an IgGl, IgG2, IgG3, IgG4, IgA, IgM,
IgE, and IgD. In another embodiment the binding
protein of the invention is a DVD-Ig capable of
binding two antigens comprising four polypeptide
chains, wherein, first and third polypeptide chains
comprise VDl-(Xl)n-VD2-C-(X2)n, wherein,VDl is a first
heavy chain variable domain obtained from a first
parent antibody or antigen binding portion thereof;
VD2 is a second heavy chain variable domain obtained
from a second parent antibody or antigen binding
portion thereof; C is a heavy chain constant domain;
(Xl)n is a linker with the proviso that it is not CHl,
wherein said (Xl )n is either present or absent; and
(X2)n is an Fc region, wherein said (X2)n is either
present or absent; and wherein second and fourth
polypeptide chains comprise VDl-(Xl)n-VD2- C-(X2)n,
wherein VDl is a first light chain variable domain
obtained from a first parent antibody or antigen
binding portion thereof; VD2 is a second light chain
variable domain obtained from a second parent antibody
or antigen binding portion thereof; C is a light chain
constant domain; (Xl)n is a linker with the proviso
that it is not CHl, wherein said (Xl)n is either
present or absent; and (X2)n does not comprise an Fc
region, wherein said (X2)n is either present or
absent. The invention provides a method of making a
DVD-Ig binding protein by preselecting the parent
antibodies. In an embodiment, the method of making a
Dual Variable Domain Immunoglobulin capable of binding
two antigens comprising the steps of a) obtaining a
firstparent antibody or antigen binding portion
thereof, capable of binding a first antigen; b)
obtaining a second parent antibody or antigen binding
portion thereof, capable of binding a second antigen;
c) constructing first and third polypeptide chains
comprising VDl-(Xl)n-VD2-C-(X2)n, wherein, VDl is a
first heavy chain variable domain obtained from said
first parent antibody or antigen binding portion
thereof; VD2 is a second heavy chain variable domain
obtained from said second parent antibody or antigen
binding portion thereof; C is a heavy chain constant
domain; (Xl)n is a linker with the proviso that it is
not CHl, wherein said (Xl )n is either present or
absent; and (X2)n is an Fc region, wherein said (X2)n
is either present or absent; d) constructing second
and fourth polypeptide chains comprising
VDl-(Xl)n-VD2-C-(X2)n, wherein, VDl is a first light
chain variable domain obtained from said first parent
antibody or antigen binding portion thereof; VD2 is a
second light chain variable domain obtained from said
second parent antibody or antigen binding thereof; C
is a light chain constant domain; (Xl)n is a linker
with the proviso that it is not CHl, wherein said
(Xl)n is either present or absent; and (X2)n does not
comprise an Fc region, wherein said (X2)n is either
present or absent; e) expressing said first, second,
third and fourth polypeptide chains; such that a Dual
Variable Domain Immunoglobulin capable of binding said
first and said second antigen is generated. In still
another embodiment, the invention provides a method of
generating a Dual Variable Domain Immunoglobulin
capable of binding two antigens with desired
properties comprising the steps of a) obtaining a
first parent antibody or antigen binding portion
thereof, capable of binding a first antigen and
possessing at least one desired property exhibited by
the Dual Variable Domain Immunoglobulin; b) obtaining
a second parent antibody or antigen binding portion
thereof, capable of binding a second antigen and
possessing at least one desired property exhibited by
the Dual Variable Domain Immunoglobulin; c)
constructing first and third polypeptide chains
comprising VDl-(Xl)n-VD2-C-(X2)n, wherein; VDl is a
first heavy chain variable domain obtained from said
first parent antibody or antigen binding portion
thereof; VD2 is a second heavy chain variable domain
obtained from said second parent antibody or antigen
binding portion thereof; C is a heavy chain constant
domain; (Xl)n is a linker with the proviso that it is
not CHl, wherein said (Xl)n is either present or
absent; and (X2)n is an Fc region, wherein said (X2)n
is either present or absent; d) constructing second
and fourth polypeptide chains comprising
VDl-(Xl)n-VD2-C-(X2)n, wherein; VDl is a first light
chain variable domain obtained from said first parent
antibody or antigen binding portion thereof; VD2 is a
second light chain variable domain obtained from said
second parent antibody or antigen binding portion
thereof; C is a light chain constant domain; (Xl)n is
a linker with the proviso that it is not CHl, wherein
said (Xl)n is either present or absent; and (X2)n does
not comprise an Fc region, wherein said (X2)n is
either present or absent; e) expressing said first,
second, third and fourth polypeptidechains; such that
a Dual Variable Domain Immunoglobulin capable of
binding said first and said second antigen with
desired properties is generated. In one embodiment,
the VDI of the first and second polypeptide chains
disclosed herein are obtained from the same parent
antibody or antigen binding portion thereof. In
another embodiment, the VDI of the first and second
polypeptide chains disclosed herein are obtained from
different parent antibodies or antigen binding
portions thereof. In another embodiment, the VD2 of
the first and second polypeptide chains disclosed
herein are obtained from the same parent antibody or
antigen binding portion thereof. In another
embodiment, the VD2 of the first and second
polypeptide chains disclosed herein are obtained from
different parent antibodies or antigen binding
portions thereof. In one embodiment the first parent
antibody or antigen binding portion thereof, and the
second parent antibody or antigen binding portion
thereof, are the same antibody. In another embodiment
the first parent antibody or antigen binding portion
thereof, and the second parent antibody or antigen
binding portion thereof, are different antibodies. In
one embodiment the first parent antibody or antigen
binding portion thereof, binds a first antigen and the
second parent antibody or antigen binding portion
thereof, binds a second antigen. In a particular
embodiment, the first and second antigens are the same
antigen. In another embodiment, the parent antibodies
bind different epitopes on the same antigen. In
another embodiment the first and second antigens are
different antigens. In another embodiment, the first
parent antibody or antigen binding portion thereof,
binds the first antigen with a potency different from
the potency with which the second parent antibody or
antigen binding portion 



thereof, binds the second antigen. In yet another
embodiment, the first parent antibody or antigen
binding portion thereof, binds the first antigen with
an affinity different from the affinity with which the
second parent antibody or antigen binding portion
thereof, binds the second antigen. In another
embodiment the first parent antibody or antigen
binding portion thereof, and the second parent
antibody or antigen binding portion thereof, are
selected from the group consisting of, human antibody,
CDR grafted antibody, and humanized antibody. In an
embodiment, the antigen binding portions are selected
from the group consisting of a Fab fragment, a F(ab')2
fragment, a bivalent fragment comprising two Fab
fragments linked by a disulfide bridge at the hinge
region; a Fd fragment consisting of the VH and CHl
domains; a Fv fragment consisting of the VL and VH
domains of a single arm of an antibody, a dAb
fragment, an isolated complementarity determining
region (CDR), a single chain antibody, and
diabodies.In another embodiment the binding protein of
the invention possesses at least one desired property
exhibited by the first parent antibody or antigen
binding portion thereof, or the second parent antibody
or antigen binding portion thereof. Alternatively, the
first parent antibody or antigen binding portion
thereof and the second parent antibody or antigen
binding portion thereof possess at least one desired
property exhibited by the Dual Variable Domain
Immunoglobulin. In an embodiment, the desired property
is selected from one or more antibody parameters. In
another embodiment, the antibody parameters are
selected from the group consisting of antigen
specificity, affinity to antigen, potency, biological
function, epitope recognition, stability, solubility,
production efficiency, immunogenicity,
pharmacokinetics, bioavailability, tissue cross
reactivity, and orthologous antigen binding.In an
embodiment the binding protein is multivalent. In
another embodiment, the binding protein is
multispecific. The multivalent and or multispecific
binding proteins described herein have desirable
properties particularly from a therapeutic standpoint.
For instance, the multivalent and or multispecific
binding protein may (1) be internalized (and/or
catabolized) faster than a bivalent antibody by a cell
expressing an antigen to which the antibodies bind;
(2) be an agonist antibody; and/or (3) induce cell
death and/or apoptosis of a cell expressing an antigen
which the multivalent antibody is capable of binding
to. The "parent antibody" which provides at least one
antigen binding specificity of the multivalent and or
multispecific binding proteins may be one which is
internalized (and/or catabolized) by a cell expressing
an antigen to which the antibody binds; and/or may be
an agonist, cell deathinducing, and/or
apoptosis-inducing antibody, and the multivalent and
or multispecific binding protein as described herein
may display improvement(s) in one or more of these
properties. Moreover, the parent antibody may lack any
one or more of these properties, but may be endowed
with them when constructed as a multivalent binding
protein as described herein. In another embodiment the
binding protein of the invention has an on rate
constant (Kon) to one or more targets selected from
the group consisting of: at least about 102M 1S1 ; at
least about 103M S1; at least about 104M S1; at least
about 105M S1 ; and at least about 106M S4 , as
measured by surface plasmon resonance. In an
embodiment, the binding protein of the invention has
an on rate constant (Kon) to one or more targets
between 102M4 S4 and 103M4 S4 ; between 103M4 S4 and
104M4 S4 ; between 104M4 S4 and 105M4 S4 ; or between
105M4 S4 and 106M4 S4 , as measured by surface plasmon
resonance. In another embodiment the binding protein
has an off rate constant (Koff) for one or more
targets selected from the group consisting of: at most
about 10 3S1; at most about 10 4S1; at most about 10
5S1; and at most about 10 6S1, as measured by surface
plasmon resonance. In an embodiment, the binding
protein of the invention has an off rate constant
(Koff) to one or moretargets of 10 3S1 to 10 4S1 ; of
10 4S1 to 10 5S1 ; or of 10 5S1 to 10 6S1, as measured
by surface plasmon resonance. In another embodiment
the binding protein has a dissociation constant (KD)
to one or more targets selected from the group
consisting of: at most about 10 7 M; at most about 10
8 M; at most about 10 9 M; at most about 10 10 M; at
most about 10 11 M; at most about 10 12 M; and at most
10 13M. In an embodiment, the binding protein of the
invention has a dissociation constant (KD) to its
targets of 10 7 M to 10 8 M; of 10 8 M to 10 9 M; of
10 9 M to 10 10 M; of 10 10 to 10 11 M; of 10 11 M tO
10 12 M; or of 10 12 to M 10 13 M. In another
embodiment, the binding protein described herein is a
conjugate further comprising an agent selected from
the group consisting of an immunoadhesion molecule, an
imaging agent, a therapeutic agent, and a cytotoxic
agent. In an embodiment, the imaging agent is selected
from the group consisting of a radiolabel, an enzyme,
a fluorescent label, a luminescent label, a
bioluminescent label, a magnetic label, and biotin. In
another embodiment, the imaging agent is a radiolabel
selected from the group consisting of: 3H 14C, 35S,
90Y, 99Tc, 111In, 1251, 131I, 177Lu, 166Ho, and 153Sm.
In yet another embodiment, the therapeutic or
cytotoxic agent is selected from the group consisting
of an anti-metabolite, an alkylating agent, an
antibiotic, a growth factor, a cytokine, an
anti-angiogenic agent, an anti-mitotic agent, an
anthracycline, toxin, and an apoptotic agent. In
another embodiment, the binding protein described
herein is a crystallized binding protein and exists as
a crystal. In an embodiment, the crystal is a
carrier-free pharmaceutical controlled release
crystal. In yet another embodiment, the crystallized
binding protein has a greater half life in vivo than
the soluble counterpart of said binding protein. In
still another embodiment, the crystallized binding
protein retains biological activity. In another
embodiment, the binding protein described herein is
glycosylated. For example, the glycosylation is a
human glycosylation pattern. One aspect of the
invention pertains to an isolated nucleic acid
encoding any one of the binding proteins disclosed
herein. A further embodiment provides a vector
comprising the isolated nucleic acid disclosed herein
wherein said vector is selected from the group
consisting of pcDNA; pTT (Durocher et al., Nucleic
Acids Research 2002, VoI 30, No.2); pTT3 (pTT with
additional multiple cloning site; pEFBOS (Mizushima,
S. andNagata, S., (1990) Nucleic acids Research VoI
18, No. 17); pBV; pJV; pcDNA3.1 TOPO, pEF6 TOPO and
pBJ. In an embodiment, the vector is a vector
disclosed in US Patent Application Serial No.
61/021,282.In another aspect a host cell is
transformed with the vector disclosed herein. In an
embodiment, the host cell is a prokaryotic cell. In
another embodiment, the host cell is E.Coli. In a
related embodiment the host cell is a eukaryotic cell.
In another embodiment, the eukaryotic cell is selected
from the group consisting of protist cell, animal
cell, plant cell and fungal cell. In yet another
embodiment, the host cell is a mammalian cell
including, but not limited to, CHO, COS; NSO, SP2,
PER.C6 or a fungal cell such as Saccharomyces
cerevisiae; or an insect cell such as Sf9. In an
embodiment, two or more DVD-Igs, e.g., with different
specificities, are produced in a single recombinant
host cell. For example, the expression of a mixture of
antibodies has been called Oligoclonics(tm),(Merus
B.V., The Netherlands) U.S. Patent Nos. 7,262,028;
7,429,486. Another aspect of the invention provides a
method of producing a binding protein disclosed herein
comprising culturing any one of the host cells also
disclosed herein in a culture medium under conditions
sufficient to produce the binding protein. In an
embodiment, 50%-75% of the binding protein produced by
this method is a dual specific tetravalent binding
protein. In a particular embodiment, 75%-90% of the
binding protein produced by this method is a dual
specific tetravalent binding protein. In a particular
embodiment, 90%-95% of the binding protein produced is
a dual specific tetravalent binding protein. One
embodiment provides a composition for the release of a
binding protein wherein the composition comprises a
formulation that in turn comprises a crystallized
binding protein, as disclosed herein, and an
ingredient, and at least one polymeric carrier. For
example, the polymeric carrier is a polymer selected
from one or more of the group consisting of: poly
(acrylic acid), poly (cyanoacrylates), poly (amino
acids), poly (anhydrides), poly (depsipeptide), poly
(esters), poly (lactic acid), poly (lactic-co-glycolic
acid) or PLGA, poly (b-hydroxybutryate), poly
(caprolactone), poly (dioxanone); poly (ethylene
glycol), poly ((hydroxypropyl) methacrylamide, poly
[(organo)phosphazene], poly (ortho esters), poly
(vinyl alcohol), poly (vinylpyrrolidone), maleic
anhydride- alkyl vinyl ether copolymers, pluronic
polyols, albumin, alginate, cellulose and cellulose
derivatives, collagen, fibrin, gelatin, hyaluronic
acid, oligosaccharides, glycaminoglycans, sulfated
polysaccharides, blends and copolymers thereof. For
example, the ingredient is selected from the group
consisting of albumin, sucrose, trehalose, lactitol,
gelatin, hydroxypropyl- b- cyclodextrin,
methoxypolyethylene glycol and polyethylene glycol.
Another embodiment provides a method for treating a
mammal comprising the step of administering to the
mammal an effective amount of the composition
disclosed herein. The invention also provides a
pharmaceutical composition comprising a binding
protein, as disclosed herein and a pharmaceutically
acceptable carrier. In a further embodiment
thepharmaceutical composition comprises at least one
additional therapeutic agent for treating a disorder.
For example, the additional agent is selected from the
group consisting of: a therapeutic 



agent, an imaging agent, a cytotoxic agent, an
angiogenesis inhibitor (including but not limited to
an anti-VEGF antibody or a VEGF-trap), a kinase
inhibitor (including but not limited to a KDR and a
TIE-2 inhibitor), a co-stimulation molecule blocker
(including but not limited to anti-B7.1, anti-B7.2,
CTLA4-Ig, anti-CD20), an adhesion molecule blocker
(including but not limited to an anti-LFA-1 antibody,
an anti-E/L selectin antibody, a small molecule
inhibitor), an anti-cytokine antibody or functional
fragment thereof (including but not limited to an
anti-IL-18, an anti-TNF, and an anti-IL-6/cytokine
receptor antibody), methotrexate, cyclosporin,
rapamycin, FK506, a detectable label or reporter, a
TNF antagonist, an antirheumatic, a muscle relaxant, a
narcotic, a non-steroid anti-inflammatory drug
(NSAID), an analgesic, an anesthetic, a sedative, a
local anesthetic, a neuromuscular blocker, an
antimicrobial, an antipsoriatic, a corticosteriod, an
anabolic steroid, an erythropoietin, an immunization,
an immunoglobulin, an immunosuppressive, a growth
hormone, a hormone replacement drug, a
radiopharmaceutical, an antidepressant, an
antipsychotic, a stimulant, an asthma medication, a
beta agonist, an inhaled steroid, an epinephrine or
analog, a cytokine, and a cytokine antagonist. In
another aspect, the invention provides a method for
treating a human subject suffering from a disorder in
which the target, or targets, capable of being bound
by the binding protein disclosed herein is
detrimental, comprising administering to the human
subject a binding protein disclosed herein such that
the activity of the target, or targets in the human
subject is inhibited and one of more symptoms is
alleviated or treatment is achieved. For example, the
disorder is selected from the group comprising
arthritis, osteoarthritis, juvenile chronic arthritis,
septic arthritis, Lyme arthritis, psoriatic arthritis,
reactive arthritis, spondyloarthropathy, systemic
lupus erythematosus, Crohn's disease, ulcerative
colitis, inflammatory bowel disease, insulin dependent
diabetes mellitus, thyroiditis, asthma, allergic
diseases, psoriasis, dermatitis scleroderma, graft
versus host disease, organ transplant rejection, acute
or chronic immune disease associated with organ
transplantation, sarcoidosis, atherosclerosis,
disseminated intravascular coagulation, Kawasaki's
disease, Grave's disease, nephrotic syndrome, chronic
fatigue syndrome, Wegener's granulomatosis,
Henoch-Schoenlein purpurea, microscopic vasculitis of
the kidneys, chronic active hepatitis, uveitis, septic
shock, toxic shock syndrome, sepsis syndrome,
cachexia, infectious diseases, parasitic diseases,
acquired immunodeficiency syndrome, acute transverse
myelitis, Huntington's chorea, Parkinson's disease,
Alzheimer's disease, stroke, primary biliary
cirrhosis, hemolytic anemia, malignancies, heart
failure, myocardial infarction, Addison's disease,
sporadic polyglandular deficiency type I and
polyglandular deficiency type II, Schmidt's syndrome,
adult (acute) respiratory distress syndrome, alopecia,
alopecia areata, seronegative arthopathy, arthropathy,
Reiter's disease, psoriatic arthropathy, ulcerative
colitic arthropathy,enteropathic synovitis, chlamydia,
yersinia and salmonella associated arthropathy,
spondyloarthopathy, atheromatous
disease/arteriosclerosis, atopic allergy, autoimmune
bullous disease, pemphigus vulgaris, pemphigus
foliaceus, pemphigoid, linear IgA disease, autoimmune
haemolytic anaemia, Coombs positive haemolytic
anaemia, acquired pernicious anaemia, juvenile
pernicious anaemia, myalgic encephalitis/Royal Free
Disease, chronic mucocutaneous candidiasis, giant cell
arteritis, primary sclerosing hepatitis, cryptogenic
autoimmune hepatitis, Acquired Immunodeficiency
Disease Syndrome, Acquired Immunodeficiency Related
Diseases, Hepatitis B, Hepatitis C, common varied
immunodeficiency (common variable
hypogammaglobulinemia), dilated cardiomyopathy, female
infertility, ovarian failure, premature ovarian
failure, fibrotic lung disease, cryptogenic fibrosing
alveolitis, post-inflammatory interstitial lung
disease, interstitial pneumonitis, connective tissue
disease associated interstitial lung disease, mixed
connective tissue disease associated lung disease,
systemic sclerosis associated interstitial lung
disease, rheumatoid arthritis associated interstitial
lung disease, systemic lupus erythematosus associated
lung disease, dermatomyositis/polymyositis associated
lung disease, Sjogren's disease associated lung
disease, ankylosing spondylitis associated lung
disease, vasculitic diffuse lung disease,
haemosiderosis associated lung disease, drug-induced
interstitial lung disease, fibrosis, radiation
fibrosis, bronchiolitis obliterans, chronic
eosinophilic pneumonia, lymphocytic infiltrative lung
disease, postinfectious interstitial lung disease,
gouty arthritis, autoimmune hepatitis, type-1
autoimmune hepatitis (classical autoimmune or lupoid
hepatitis), type-2 autoimmune hepatitis (anti-LKM
antibody hepatitis), autoimmune mediated
hypoglycaemia, type B insulin resistance with
acanthosis nigricans, hypoparathyroidism, acute immune
disease associated with organ transplantation, chronic
immune disease associated with organ transplantation,
osteoarthrosis, primary sclerosing cholangitis,
psoriasis type 1, psoriasis type 2, idiopathic
leucopaenia, autoimmune neutropaenia, renal disease
NOS, glomerulonephritides, microscopic vasulitis of
the kidneys, lyme disease, discoid lupus
erythematosus, male infertility idiopathic or NOS,
sperm autoimmunity, multiple sclerosis (all subtypes),
sympathetic ophthalmia, pulmonary hypertension
secondary to connective tissue disease, Goodpasture's
syndrome, pulmonary manifestation of polyarteritis
nodosa, acute rheumatic fever, rheumatoid spondylitis,
Still's disease, systemic sclerosis, Sj drgren's
syndrome, Takayasu's disease/arteritis, autoimmune
thrombocytopaenia, idiopathic thrombocytopaenia,
autoimmune thyroid disease, hyperthyroidism, goitrous
autoimmune hypothyroidism (Hashimoto's disease),
atrophic autoimmune hypothyroidism, primary myxoedema,
phacogenic uveitis, primary vasculitis, vitiligo acute
liver disease, chronic liver diseases, alcoholic
cirrhosis, alcohol-induced liver injury,
choleosatatis, idiosyncratic liver disease,
Drug-Induced hepatitis, Non-alcoholic Steatohepatitis,
allergy and asthma, group B streptococci (GBS)
infection, mental disorders (e.g., depression and
schizophrenia), Th2 Type and ThI Type mediated
diseases, acute ??and chronic pain (different forms of
pain), and cancers such as lung, breast, stomach,
bladder, colon, pancreas, ovarian, prostate and rectal
cancer and hematopoietic malignancies (leukemia and
lymphoma), Abetalipoprotemia, Acrocyanosis, acute and
chronic parasitic or infectious processes, acute
leukemia, acute lymphoblastic leukemia (ALL), acute
myeloid leukemia (AML), acute or chronic bacterial
infection, acute pancreatitis, acute renal failure,
adenocarcinomas, aerial ectopic beats, AIDS dementia
complex, alcohol-induced hepatitis, allergic
conjunctivitis, allergic contact dermatitis, allergic
rhinitis, allograft rejection, alpha-1- antitrypsin
deficiency, amyotrophic lateral sclerosis, anemia,
angina pectoris, anterior horn cell degeneration, anti
cd3 therapy, antiphospholipid syndrome, anti-receptor
hypersensitivity reactions, aortic and peripheral
aneuryisms, aortic dissection, arterial hypertension,
arteriosclerosis, arteriovenous fistula, ataxia,
atrial fibrillation (sustained or paroxysmal), atrial
flutter, atrioventricular block, B cell lymphoma, bone
graft rejection, bone marrow transplant (BMT)
rejection, bundle branch block, Burkitt's lymphoma,
Burns, cardiac arrhythmias, cardiac stun syndrome,
cardiac tumors, cardiomyopathy, cardiopulmonary bypass
inflammation response, cartilage transplant rejection,
cerebellar cortical degenerations, cerebellar
disorders, chaotic or multifocal atrial tachycardia,
chemotherapy associated disorders, chronic myelocytic
leukemia (CML), chronic alcoholism, chronic
inflammatory pathologies, chronic lymphocytic leukemia
(CLL), chronic obstructive pulmonary disease (COPD),
chronic salicylate intoxication, colorectal carcinoma,
congestive heart failure, conjunctivitis, contact
dermatitis, cor pulmonale, coronary artery disease,
Creutzfeldt-Jakob disease, culture negative sepsis,
cystic fibrosis, cytokine therapy associated
disorders, Dementia pugilistica, demyelinating
diseases, dengue hemorrhagic fever, dermatitis,
dermatologic conditions, diabetes, diabetes mellitus,
diabetic ateriosclerotic disease, Diffuse Lewy body
disease, dilated congestive cardiomyopathy, disorders
of the basal ganglia, Down's Syndrome in middle age,
drug- induced movement disorders induced by drugs
which block CNS dopamine receptors, drug sensitivity,
eczema, encephalomyelitis, endocarditis,
endocrinopathy, epiglottitis, epstein-barr virus
infection, erythromelalgia, extrapyramidal and
cerebellar disorders, familial hematophagocytic
lymphohistiocytosis, fetal thymus implant rejection,
Friedreich's ataxia, functional peripheral arterial
disorders, fungal sepsis, gas gangrene, gastric ulcer,
glomerular nephritis, graft rejection of any organ or
tissue, gram negative sepsis, gram positive sepsis,
granulomas due to intracellular organisms, hairy cell
leukemia, Hallerrorden-Spatz disease, hashimoto's
thyroiditis, hay fever, heart transplant rejection,
hemachromatosis, hemodialysis, hemolytic uremic
syndrome/thrombolytic thrombocytopenic purpura,
hemorrhage, hepatitis (A), His bundle arrythmias, HIV
infection/HIV neuropathy, Hodgkin's disease,
hyperkinetic movement disorders, hypersensitity
reactions, hypersensitivity pneumonitis, hypertension,
hypokinetic movement disorders,
hypothalamic-pituitary-adrenal axis evaluation,
idiopathic Addison's disease, idiopathic pulmonary
fibrosis, antibody mediated cytotoxicity,
Asthenia,infantile spinal muscular atrophy,
inflammation of the aorta, influenza a, ionizing
radiation exposure, iridocyclitis/uveitis/optic
neuritis, ischemia- reperfusion injury, ischemic
stroke, juvenile rheumatoid arthritis, juvenile spinal
muscular atrophy, Kaposi's sarcoma, kidney transplant
rejection, legionella, leishmaniasis, leprosy, lesions
of the corticospinal system, lipedema, liver
transplant rejection, lymphedema, malaria, malignamt
Lymphoma, malignant histiocytosis, malignant melanoma,
meningitis, meningococcemia, metabolic/idiopathic
diseases, 



migraine headache, mitochondrial multi.system
disorder, mixed connective tissue disease, monoclonal
gammopathy, multiple myeloma, multiple systems
degenerations (Mencel Dejerine- Thomas Shi-Drager and
Machado-Joseph), myasthenia gravis, mycobacterium
avium intracellulare, mycobacterium tuberculosis,
myelodyplastic syndrome, myocardial infarction,
myocardial ischemic disorders, nasopharyngeal
carcinoma, neonatal chronic lung disease, nephritis,
nephrosis, neurodegenerative diseases, neurogenic I
muscular atrophies, neutropenic fever, non- hodgkins
lymphoma, occlusion of the abdominal aorta and its
branches, occlusive arterial disorders, okt3 therapy,
orchitis/epidydimitis, orchitis/vasectomy reversal
procedures, organomegaly, osteoporosis, pancreas
transplant rejection, pancreatic carcinoma,
paraneoplastic syndrome/hypercalcemia of malignancy,
parathyroid transplant rejection, pelvic inflammatory
disease, perennial rhinitis, pericardial disease,
peripheral arteriosclerotic disease, peripheral
vascular disorders, peritonitis, pernicious anemia,
Pneumocystis carinii pneumonia, pneumonia, POEMS
syndrome (polyneuropathy, organomegaly,
endocrinopathy, monoclonal gammopathy, and skin
changes syndrome), post perfusion syndrome, post pump
syndrome, post-MI cardiotomy syndrome, preeclampsia,
Progressive supranucleo Palsy, primary pulmonary
hypertension, radiation therapy, Raynaud's phenomenon
and disease, Raynoud's disease, Refsum's disease,
regular narrow QRS tachycardia, renovascular
hypertension, reperfusion injury, restrictive
cardiomyopathy, sarcomas, scleroderma, senile chorea,
Senile Dementia of Lewy body type, seronegative
arthropathies, shock, sickle cell anemia, skin
allograft rejection, skin changes syndrome, small
bowel transplant rejection, solid tumors, specific
arrythmias, spinal ataxia, spinocerebellar
degenerations, streptococcal myositis, structural
lesions of the cerebellum, Subacute sclerosing
panencephalitis, Syncope, syphilis of the
cardiovascular system, systemic anaphalaxis, systemic
inflammatory response syndrome, systemic onset
juvenile rheumatoid arthritis, T-cell or FAB ALL,
Telangiectasia, thromboangitis obliterans,
thrombocytopenia, toxicity, transplants,
trauma/hemorrhage, type III hypersensitivity
reactions, type IV hypersensitivity, unstable angina,
uremia, urosepsis, urticaria, valvular heart diseases,
varicose veins, vasculitis, venous diseases, venous
thrombosis, ventricular fibrillation, viral and fungal
infections, vital encephalitis/aseptic meningitis,
vital-associated hemaphagocytic syndrome, Wernicke-
Korsakoff syndrome, Wilson's disease, xenograft
rejection of any organ or tissue.In an embodiment,
diseases that can be treated or diagnosed with the
compositions and methods of the invention include, but
are not limited to, primary and metastatic cancers,
including carcinomas of breast, colon, rectum, lung,
oropharynx, hypopharynx, esophagus, stomach, pancreas,
liver, gallbladder and bile ducts, small intestine,
urinary tract (including kidney, bladder and
urothelium), female genital tract (including cervix,
uterus, and ovaries as well as choriocarcinoma and
gestational trophoblastic disease), male genital tract
(including prostate, seminal vesicles, testes and germ
cell tumors), endocrine glands (including the thyroid,
adrenal, and pituitary glands), and skin, as well as
hemangiomas, melanomas, sarcomas (including those
arising from bone and soft tissues as well as Kaposi's
sarcoma), tumors of the brain, nerves, eyes, and
meninges (including astrocytomas, gliomas,
glioblastomas, retinoblastomas, neuromas,
neuroblastomas, Schwannomas, and meningiomas), solid
tumors arising from hematopoietic malignancies such as
leukemias, and lymphomas (both Hodgkin's and non-
Hodgkin's lymphomas). The DVD-Igs of the invention may
also treat one or more of the following diseases:
Acute coronary syndromes, Acute Idiopathic
Polyneuritis, Acute Inflammatory Demyelinating
Polyradiculoneuropathy, Acute ischemia, Adult Still's
Disease, Alopecia areata, Anaphylaxis,
Anti-Phospholipid Antibody Syndrome, Aplastic anemia,
Arteriosclerosis, Atopic eczema, Atopic dermatitis,
Autoimmune dermatitis, Autoimmune disorder associated
with Streptococcus infection, autoimmune enteropathy,
Autoimmune hearingloss, Autoimmune Lymphoproliferative
Syndrome (ALPS), Autoimmune myocarditis, autoimmune
thrombocytopenia (AITP), autoimmune premature ovarian
failure, Blepharitis, Bronchiectasis, Bullous
pemphigoid, Cardiovascular Disease, Catastrophic
Antiphospholipid Syndrome, Celiac Disease, Cervical
Spondylosis, Chronic ischemia, Cicatricial pemphigoid,
Clinically isolated Syndrome (CIS) with Risk for
Multiple Sclerosis, Conjunctivitis, Childhood Onset
Psychiatric Disorder, Chronic obstructive pulmonary
disease (COPD), Dacryocystitis, dermatomyositis,
Diabetic retinopathy, Diabetes mellitus, Disk
herniation, Disk prolaps, Drug induced immune
hemolytic anemia, Endocarditis, Endometriosis,
endophthalmitis, Episcleritis, Erythema multiforme,
erythema multiforme major, Gestational pemphigoid,
Guillain-Barre Syndrome (GBS), Hay Fever, Hughes
Syndrome , Idiopathic Parkinson's Disease, idiopathic
interstitial pneumonia, IgE-mediated Allergy, Immune
hemolytic anemia, Inclusion Body Myositis, Infectious
ocular inflammatory disease, Inflammatory
demyelinating disease, Inflammatory heart disease,
Inflammatory kidney disease, IPF/UIP, Iritis,
Keratitis, Keratojuntivitis sicca, Kussmaul disease or
Kussmaul-Meier Disease, Landry's Paralysis,
Langerhan's Cell Histiocytosis, Livedo reticularis,
Macular Degeneration, malignancies, Microscopic
Polyangiitis, Morbus Bechterev, Motor NeuronDisorders,
Mucous membrane pemphigoid, Multiple Organ failure,
Myasthenia Gravis, Myelodysplastic Syndrome,
Myocarditis, Nerve Root Disorders, Neuropathy, Non-A
Non-B Hepatitis, Optic Neuritis, Osteolysis, Ovarian
cancer, Pauciarticular JRA, peripheral artery
occlusive disease (PAOD), peripheral vascular disease
(PVD), peripheral artery disease (PAD), Phlebitis,
Polyarteritis nodosa (or periarteritis nodosa),
Polychondritis, Polymyalgia Rheumatica, Poliosis,
Polyarticular JRA, Polyendocrine Deficiency Syndrome,
Polymyositis, polymyalgia rheumatica (PMR), Post-Pump
Syndrome, primary Parkinsonism, prostate and rectal
cancer and hematopoietic malignancies (leukemia and
lymphoma), Prostatitis, Pure red cell aplasia, Primary
Adrenal Insufficiency, Recurrent Neuromyelitis Optica,
Restenosis, Rheumatic heart disease, SAPHO (synovitis,
acne, pustulosis, hyperostosis, and osteitis),
Scleroderma, Secondary Amyloidosis, Shock lung,
Scleritis, Sciatica, Secondary Adrenal Insufficiency,
Silicone associated connective tissue disease,
Sneddon-Wilkinson Dermatosis, spondilitis ankylosans,
Stevens-Johnson Syndrome (SJS), Systemic inflammatory
response syndrome, Temporal arteritis, toxoplasmic
retinitis, toxic epidermal necrolysis, Transverse
myelitis, TRAPS (Tumor Necrosis Factor Receptor, Type
1 allergic reaction, Type II Diabetes, Urticaria,
Usual interstitial pneumonia (UIP), Vasculitis, Vernal
conjunctivitis, viral retinitis, Vogt-Koyanagi-Harada
syndrome (VKH syndrome), Wet macular degeneration,
Wound healing, yersinia, and salmonella associated
arthropathy. In an embodiment, the antibodies of the
invention or antigen-binding portions thereof, are
used to treat cancer or in the prevention of
metastases from the tumors described herein either
when used alone or in combination with radiotherapy
and/or other chemotherapeutic agents. In another
aspect the invention provides a method of treating a
patient suffering from a disorder comprising the step
of administering any one of the binding proteins
disclosed herein before, concurrent, or after the
administration of a second agent, as discussed herein.
In a particular embodiment the second agent is
selected from the group consisting of budenoside,
epidermal growth factor, corticosteroids, cyclosporin,
sulfasalazine, aminosalicylates, 6- mercaptopurine,
azathioprine, metronidazole, lipoxygenase inhibitors,
mesalamine, olsalazine, balsalazide, antioxidants,
thromboxane inhibitors, IL-I receptor antagonists,
anti-IL-l b mAbs, anti-IL-6 or IL-6 receptor mAbs,
growth factors, elastase inhibitors,
pyridinyl-imidazole compounds, antibodies or agonists
of TNF, LT, IL-I, IL-2, IL-6, IL-7, IL-8, IL-12,
IL-13, IL-15, IL-16, IL-18, IL-23, EMAP-II, GM-CSF,
FGF, and PDGF, antibodies of CD2, CD3, CD4, CD8,
CD-19, CD25, CD28, CD30, CD40, CD45, CD69, CD90 or
their ligands, methotrexate, cyclosporin, FK506,
rapamycin, mycophenolate mofetil, leflunomide, NSAIDs,
ibuprofen, corticosteroids, prednisolone,
phosphodiesterase inhibitors, adeneosine agonists,
antithrombotic agents, complement inhibitors,
adrenergic agents, IRAK, NIK, IKK, p38, MAP kinase
inhibitors,IL- l b converting enzyme inhibitors,
TNFaconverting enzyme inhibitors, T-cell signalling
inhibitors, metalloproteinase inhibitors,
sulfasalazine, azathioprine, 6-mercaptopurines,
angiotensin converting enzyme inhibitors, soluble
cytokine receptors, soluble p55 TNF receptor, soluble
p75 TNF receptor, sIL-lRI, sIL-lRII, sIL-6R,
antiinflammatory cytokines, IL-4, IL-IO, IL- 11, IL-
13 and TGFb. In a particular embodiment the
pharmaceutical compositions disclosed herein are
administered to the patient by at least one mode
selected from parenteral, subcutaneous, intramuscular,
intravenous, intrarticular, intrabronchial,
intraabdominal, intracapsular, intracartilaginous,
intracavitary, intracelial, intracerebellar,
intracerebroventricular, intracolic, intracervical,
intragastric, intrahepatic, intramyocardial,
intraosteal, intrapelvic, intrapericardiac,
intraperitoneal, intrapleural, intraprostatic,
intrapulmonary, intrarectal, intrarenal, intraretinal,
intraspinal, intrasynovial, intrathoracic,
intrauterine, intravesical, bolus, vaginal, rectal,
buccal, sublingual, intranasal, and transdermal. One
aspect of the invention provides at least one
anti-idiotype antibody to at least one binding protein
of the present invention. The anti-idiotype antibody
includes any protein or 



peptide containing molecule that comprises at least a
portion of an immunoglobulin molecule such as, but not
limited to, at least one complementarily determining
region (CDR) of a heavy or light chain or a ligand
binding portion thereof, a heavy chain or light chain
variable region, a heavy chain or light chain constant
region, a framework region, or any portion thereof,
that can be incorporated into a binding protein of the
present invention. Brief Description of the Drawings
Figure IA is a schematic representation of Dual
Variable Domain (DVD)-Ig constructs and shows the
strategy for generation of a DVD-Ig from two parent
antibodies; Figure IB, is a schematic representation
of constructs DVDl-Ig, DVD2-Ig, and two chimeric
mono-specific antibodies from hybridoma clones 2D13.E3
(anti-IL-l a) and 13F5.G5 (anti- IL-I b). Detailed
Description of the Invention This invention pertains
to multivalent and/or multispecific binding proteins
capable of binding two or more antigens. Specifically,
the invention relates to dual variable domain
immunoglobulins (DVD-Ig), and pharmaceutical
compositions thereof, as well as nucleic acids,
recombinant expression vectors and host cells for
making such DVD-Igs. Methods of using the DVD-Igs of
the invention to detect specific antigens, either in
vitro or in vivo are also encompassed by the
invention.Unless otherwise defined herein, scientific
and technical terms used in connection with the
present invention shall have the meanings that are
commonly understood by those of ordinary skill in the
art. The meaning and scope of the terms should be
clear, however, in the event of any latent ambiguity,
definitions provided herein take precedent over any
dictionary or extrinsic definition. Further, unless
otherwise required by context, singular terms shall
include pluralities and plural terms shall include the
singular. In this application, the use of "or" means
"and/or" unless stated otherwise. Furthermore, the use
of the term "including", as well as other forms, such
as "includes" and "included", is not limiting. Also,
terms such as "element" or "component" encompass both
elements and components comprising one unit and
elements and components that comprise more than one
subunit unless specifically stated otherwise.
Generally, nomenclatures used in connection with, and
techniques of, cell and tissue culture, molecular
biology, immunology, microbiology, genetics and
protein and nucleic acid chemistry and hybridization
described herein are those well known and commonly
used in the art. The methods and techniques of the
present invention are generally performed according to
conventional methods well known in the art and as
described in various general and more specific
references that are cited and discussed throughout the
present specification unless otherwise indicated.
Enzymatic reactions and purification techniques are
performed according to manufacturer's specifications,
as commonly accomplished in the art or as described
herein. The nomenclatures used in connection with, and
the laboratory procedures and techniques of,
analytical chemistry, synthetic organic chemistry, and
medicinal and pharmaceutical chemistry described
herein are those well known and commonly used in the
art. Standard techniques are used for chemical
syntheses, chemical analyses, pharmaceutical
preparation, formulation, and delivery, and treatment
of patients. That the present invention may be more
readily understood, select terms are defined below.
The term "polypeptide" as used herein, refers to any
polymeric chain of amino acids. The terms "peptide"
and "protein" are used interchangeably with the term
polypeptide and also refer to a polymeric chain of
amino acids. The term "polypeptide" encompasses native
or artificial proteins, protein fragments and
polypeptide analogs of a protein sequence. A
polypeptide may be monomelic or polymeric. Use of
"polypeptide" herein is intended to encompass
polypeptide and fragments and variants (including
fragments of variants) thereof, unless otherwise
contradicted by context. For an antigenic polypeptide,
a fragment of polypeptide optionally contains at least
one contiguous or nonlinear epitope of polypeptide.
The precise boundaries of the at least one epitope
fragment can be confirmed using ordinary skill in the
art. The fragment comprises at least about 5
contiguous amino acids, such as at least about 10
contiguous amino acids, at least about 15contiguous
amino acids, or at least about 20 contiguous amino
acids. A variant of polypeptide is as described
herein. The term "isolated protein" or "isolated
polypeptide" is a protein or polypeptide that by
virtue of its origin or source of derivation is not
associated with naturally associated components that
accompany it in its native state; is substantially
free of other proteins from the same species; is
expressed by a cell from a different species; or does
not occur in nature. Thus, a polypeptide that is
chemically synthesized or synthesized in a cellular
system different from the cell from which it naturally
originates will be "isolated" from its naturally
associated components. A protein may also be rendered
substantially free of naturally associated components
by isolation, using protein purification techniques
well known in the art. The term "recovering" as used
herein, refers to the process of rendering a chemical
species such as a polypeptide substantially free of
naturally associated components by isolation, e.g.,
using protein purification techniques well known in
the art. "Biological activity" as used herein, refers
to any one or more inherent biological properties of a
molecule (whether present naturally as found in vivo,
or provided or enabled by recombinant means).
Biological properties include but are not limited to
binding receptor; induction of cell proliferation,
inhibiting cell growth, inductions of other cytokines,
induction of apoptosis, and enzymatic activity.
Biological activity also includes activity of an Ig
molecule. The terms "specific binding" or
"specifically binding", as used herein, in reference
to the interaction of an antibody, a protein, or a
peptide with a second chemical species, mean that the
interaction is dependent upon the presence of a
particular structure (e.g., an antigenic determinant
or epitope) on the chemical species; for example, an
antibody recognizes and binds to a specific protein
structure rather than to proteins generally. If an
antibody is specific for epitope "A", the presence of
a molecule containing epitope A (or free, unlabeled
A), in a reaction containing labeled "A" and the
antibody, will reduce the amount of labeled A bound to
the antibody. The term "antibody", as used herein,
broadly refers to any immunoglobulin (Ig) molecule
comprised of four polypeptide chains, two heavy (H)
chains and two light (L) chains, or any functional
fragment, mutant, variant, or derivation thereof,
which retains the essential epitope binding features
of an Ig molecule. Such mutant, variant, or derivative
antibody formats are known in the art. Nonlimiting
embodiments of which are discussed below. In a
full-length antibody, each heavy chain is comprised of
a heavy chain variable region (abbreviated herein as
HCVR or VH) and a heavy chain constant region. The
heavy chain constant region is comprised of three
domains, CHl, CH2 and CH3. Each light chain
iscomprised of a light chain variable region
(abbreviated herein as LCVR or VL) and a light chain
constant region. The light chain constant region is
comprised of one domain, CL. The VH and VL regions can
be further subdivided into regions of
hypervariability, termed complementarity determining
regions (CDR), interspersed with regions that are more
conserved, termed framework regions (FR). Each VH and
VL is composed of three CDRs and four FRs, arranged
from aminoterminus to carboxy-terminus in the
following order: FRl, CDRl, FR2, CDR2, FR3, CDR3, FR4.
Immunoglobulin molecules can be of any type (e.g.,
IgG, IgE, IgM, IgD, IgA and IgY), class (e.g., IgG 1,
IgG2, IgG 3, IgG4, IgAl and IgA2) or subclass. The
term "Fc region" is used to define the C-terminal
region of an immunoglobulin heavy chain, which may be
generated by papain digestion of an intact antibody.
The Fc region may be a native sequence Fc region or a
variant Fc region. The Fc region of an immunoglobulin
generally comprises two constant domains, a CH2 domain
and a CH3 domain, and optionally comprises a CH4
domain. Replacements of amino acid residues in the Fc
portion to alter antibody effector function are known
in the art (Winter, et al. US Patent Nos 5,648,260 and
5,624,82 1). The Fc portion of an antibody mediates
several important effector functions e.g.,cytokine
induction, ADCC, phagocytosis, complement dependent
cytotoxicity (CDC) and half-life/ clearance rate of
antibody and antigen-antibody complexes. In some cases
these effector functions are desirable for therapeutic
antibody but in other cases might be unnecessary or
even deleterious, depending on the therapeutic
objectives. Certain human IgG isotypes, particularly
IgGl and IgG3, mediate ADCC and CDC via binding to
FcgRs and complement CIq, respectively. Neonatal Fc
receptors (FcRn) are the critical components
determining the circulating half-life of antibodies.
In still another embodiment at least one amino acid
residue is replaced in the constant region of the
antibody, for example the Fc region of the antibody,
such that effector functions of the antibody are
altered. The dimerization of two identical heavy
chains of an immunoglobulin is mediated by the
dimerization of CH3 domains and is stabilized by the
disulfide bonds within the hinge region (Huber et al.
Nature; 264: 415-20; Thies et al 1999 J MoI Biol; 293:
67-79.). Mutation of cysteine residues within the
hinge regions to prevent heavy chain-heavy chain
disulfide bonds will 



destabilize dimeration of CH3 domains. Residues
responsible for CH3 dimerization have been identified
(DaIFAcqua 1998 Biochemistry 37: 9266-73.). Therefore,
it is possible to generate a monovalent half-Ig.
Interestingly, these monovalent half Ig molecules have
been found in nature for both IgG and IgA subclasses
(Seligman 1978 Ann Immunol 129: 855-70;Biewenga et al
1983 Clin Exp Immunol 51: 395-400). The stoichiometry
of FcRn: Ig Fc region has been determined to be 2:1
(West et al .2000 Biochemistry 39: 9698-708), and half
Fc is sufficient for mediating FcRn binding (Kim et al
1994 Eur J Immunol; 24: 542-548.). Mutations to
disrupt the dimerization of CH3 domain may not have
greater adverse effect on its FcRn binding as the
residues important for CH3 dimerization are located on
the inner interface of CH3 b sheetstructure, whereas
the region responsible for FcRn binding is located on
the outside interface of CH2-CH3 domains. However the
half Ig molecule may have certain advantage in tissue
penetration due to its smaller size than that of a
regular antibody. In one embodiment at least one amino
acid residue is replaced in the constant region of the
binding protein of the invention, for example the Fc
region, such that the dimerization of the heavy chains
is disrupted, resulting in half DVD Ig molecules. The
anti-inflammatory activity of IgG is dependent on
sialylation of the N-linked glycan of the IgG Fc
fragment. The precise glycan requirements for
anti-inflammatory activity has been determined, such
that an appropriate IgGl Fc fragment can be created,
thereby generating a fully recombinant, sialylated
IgGl Fc with greatly enhanced potency (Anthony, R.M.,
et al. (2008) Science 320:373-376). The term
"antigen-binding portion" of an antibody (or simply
"antibody portion"), as used herein, refers to one or
more fragments of an antibody that retain the ability
to specifically bind to an antigen. It has been shown
that the antigen-binding function of an antibody can
be performed by fragments of a full-length antibody.
Such antibody embodiments may also be bispecific, dual
specific, or multi-specific formats; specifically
binding to two or more different antigens. Examples of
binding fragments encompassed within the term
"antigen-binding portion" of an antibody include (i) a
Fab fragment, a monovalent fragment consisting of the
VL, VH, CL and CHl domains; (ii) a F(ab')2 f g nt, a
bivalent fragment comprising two Fab fragments linked
by a disulfide bridge at the hinge region; (iii) a Fd
fragment consisting of the VH and CHl domains; (iv) a
Fv fragment consisting of the VL and VH domains of a
single arm of an antibody, (v) a dAb fragment (Ward et
al, (1989) Nature 341:544-546, Winter et al., PCT
publication WO 90/05144 Al herein incorporated by
reference), which comprises a single variable domain;
and (vi) an isolated complementarity determining
region (CDR). Furthermore, although the two domains of
the Fv fragment, VL and VH, are coded for by separate
genes, they can be joined, using recombinant methods,
by a synthetic linker that enables them to be made as
a single protein chain in which the VL and VH regions
pair to form monovalent molecules (known as single
chain Fv (scFv); see e.g., Bird et al. (1988) Science
A Al -Al ; and Huston et al. (1988) Proc. Natl. Acad.
Sci. USA 85:5879-5883). Such single chain antibodies
are also intended to be encompassed within the term
"antigen-binding portion" of an antibody. Other forms
of single chain antibodies, such as diabodies are also
encompassed. Diabodies are bivalent, bispecific
antibodies in which VH and VL domains are expressed on
a single polypeptide chain, but using a linker that is
too short to allow for pairing between the two domains
on the same chain, thereby forcing the domains to pair
with complementary domains of another chain and
creating two antigen binding sites (see e.g.,
Holliger, P., et al. (1993) Proc. Natl. Acad. Sci. USA
90:6444-6448; Poljak, RJ., et al. (1994) Structure 2:1
121-1 123). Such antibody binding portions are known
in the art (Kontermann and Dubel eds., Antibody
Engineering (2001) Springer-Verlag. New York. 790
pp.(ISBN 3-540-41354-5). In addition single chain
antibodies also include "linear antibodies" comprising
a pair of tandem Fv segments (VH-CHl-VH-CHl) which,
together with complementary light chain polypeptides,
form a pair of antigen binding regions (Zapata et al.
Protein Eng. 8(10):1057-1062 (1995); and US Patent No.
5,641,870). The term "multivalent binding protein" is
used throughout this specification to denote a binding
protein comprising two or more antigen binding sites.
In an embodiment, the multivalent binding protein is
engineered to have the three or more antigen binding
sites, and is generally not a naturally occurring
antibody. The term "multispecific binding protein"
refers to a binding protein capable of binding two or
more related or unrelated targets. Dual variable
domain (DVD) binding proteins of the invention
comprise two or more antigen binding sites and are
tetravalent or multivalent binding proteins. DVDs may
be monospecific, i.e., capable of binding one antigen
or multispecific, i.e. capable of binding two or more
antigens. DVD binding proteins comprising two heavy
chain DVD polypeptides and two light chain DVD
polypeptides are referred to as DVD-Ig. Each half of a
DVD-Ig comprises a heavy chain DVD polypeptide, and a
light chain DVD polypeptide, and two antigen binding
sites. Each binding site comprises a heavy chain
variable domain and a light chain variable domain with
a total of 6 CDRs involved in antigen binding per
antigen binding site. The term "bispecific antibody",
as used herein, refers to full-length antibodies that
are generated by quadroma technology (see Milstein, C.
and A.C. Cuello, Nature, 1983. 305(5934): p. 537-40),
by chemical conjugation of two different monoclonal
antibodies (see Staerz, U.D., et al., Nature, 1985.
314(6012): p. 628-31), or by knob-into-hole or similar
approaches which introduces mutations in the Fc region
(see Holliger, P., T. Prospero, and G. Winter, Proc
Natl Acad Sci U S A, 1993. 90(14): p. 6444-8.18),
resulting in multiple different immunoglobulin species
of which only one is the functional bispecific
antibody. By molecular function, a bispecific antibody
binds one antigen (or epitope) on one of its two
binding arms (one pair of HC/LC), and binds a
different antigen (or epitope) on its second arm (a
different pair of HC/LC). By this definition, a
bispecific antibody has two distinct antigen binding
arms (in both specificity and CDR sequences), and is
monovalent for each antigen it binds to. The term
"dual-specific antibody", as used herein, refers to
full-length antibodies that can bind two different
antigens (or epitopes) in each of its two binding arms
(a pair of HC/LC) (see PCT publication WO 02/02773).
Accordingly a dual-specific binding protein has two
identical antigen binding arms, with identical
specificity and identical CDR sequences, and is
bivalent for each antigen it binds to.A "functional
antigen binding site" of a binding protein is one that
is capable of binding a target antigen. The antigen
binding affinity of the antigen binding site is not
necessarily as strong as the parent antibody from
which the antigen binding site is derived, but the
ability to bind antigen must be measurable using any
one of a variety of methods known for evaluating
antibody binding to an antigen. Moreover, the antigen
binding affinity of each of the antigen binding sites
of a multivalent antibody herein need not be
quantitatively the same. The term "cytokine" is a
generic term for proteins released by one cell
population, which act on another cell population as
intercellular mediators. Examples of such cytokines
are lymphokines, monokines, and traditional
polypeptide hormones. Included among the cytokines are
growth hormone such as human growth hormone,
N-methionyl human growth hormone, and bovine growth
hormone; parathyroid hormone; thyroxine; insulin;
proinsulin; relaxin; prorelaxin; glycoprotein hormones
such as follicle stimulating hormone (FSH), thyroid
stimulating hormone (TSH), and luteinizing hormone
(LH); hepatic growth factor; fibroblast growth factor;
prolactin; placental lactogen; tumor necrosis
factor-alpha and - beta; mullerian-inhibiting
substance; mouse gonadotropin-associated peptide;
inhibin; activin; vascular endothelial growth factor;
integrin; thrombopoietin (TPO); nerve growth factors
such as NGF-alpha; platelet-growth factor; placental
growth factor, transforming growth factors (TGFs) such
as TGF- alpha and TGF-beta; insulin-like growth
factor-1 and -11; erythropoietin (EPO); osteoinductive
factors; interferons such as interferon-alpha, -beta
and -gamma colony stimulating factors (CSFs) such as
macrophage -CSF (M-CSF); granulocyte macrophage-CSF
(GM-CSF); and granulocyte-CSF (G-CSF); interleukins
(ILs) such as IL-I, IL-2, IL-3, IL-4, IL-5, IL-6,
IL-7, IL-8, IL-9, IL-IO, IL-1 1, IL-12, IL-13, IL- 15,
IL-18, IL-21, IL-22, IL-23, IL-33; a tumor necrosis
factor such as TNF-alpha or TNF-beta; and other
polypeptide factors including LIF and kit ligand (KL).
As used herein, the term cytokine includes proteins
from natural sources or from recombinant cell culture
and biologically active equivalents of the native
sequence cytokines. The term "linker" is used to
denote polypeptides comprising two or more amino acid
residues joined by peptide bonds and are used to link
one or more antigen binding portions. Such linker
polypeptides are well known in the art (see e.g.,
Holliger, P., et al. (1993) Proc. Natl. Acad. ScL USA
90:6444-6448; Poljak, RJ., et al. (1994) Structure 2:1
121-1 123). Exemplary linkers include, but are not
limited to, AKTTPKLEEGEFSEAR (SEQ ID NO: 1);
AKTTPKLEEGEFSEARV (SEQ ID NO: 2); AKTTPKLGG (SEQ ID
NO: 3); SAKTTPKLGG (SEQ ID NO: 4); SAKTTP (SEQ ID NO:
5); RADAAP (SEQ ID NO: 6); RADAAPTVS (SEQ ID NO: 7);
RADAAAAGGPGS (SEQ ID NO: 8); RADAAAA(G 4S)4 (SEQ ID
NO: 9); SAKTTPKLEEGEFSEARV (SEQ ID NO: 10); ADAAP (SEQ
ID NO: 11); ADAAPTVSIFPP (SEQ ID NO: 12); TVAAP (SEQ
ID NO: 13); TVAAPSVFIFPP (SEQ ID NO: 14); QPKAAP(SEQ
ID NO: 15); QPKAAPSVTLFPP (SEQ ID NO: 16); AKTTPP (SEQ
ID NO: 17); 



AKTTPPSVTPLAP (SEQ ID NO: 18); AKTTAP (SEQ ID NO: 19);
AKTTAPSVYPLAP (SEQ ID NO: 20); ASTKGP (SEQ ID NO: 21);
ASTKGPSVFPLAP (SEQ ID NO: 22), GGGGSGGGGSGGGGS (SEQ ID
NO: 23); GENKVEYAPALMALS (SEQ ID NO: 24);
GPAKELTPLKEAKVS (SEQ ID NO: 25); and GHEAAAVMQVQYPAS
(SEQ ID NO: 26). An "immunoglobulin constant domain"
refers to a heavy or light chain constant domain.
Human IgG heavy chain and light chain constant domain
amino acid sequences are known in the art. The term
"monoclonal antibody" or "mAb" as used herein refers
to an antibody obtained from a population of
substantially homogeneous antibodies, i.e., the
individual antibodies comprising the population are
identical except for possible naturally occurring
mutations that may be present in minor amounts.
Monoclonal antibodies are highly specific, being
directed against a single antigen. Furthermore, in
contrast to polyclonal antibody preparations that
typically include different antibodies directed
against different determinants (epitopes), each mAb is
directed against a single determinant on the antigen.
The modifier "monoclonal" is not to be construed as
requiring production of the antibody by any particular
method. The term "human antibody", as used herein, is
intended to include antibodies having variable and
constant regions derived from human germline
immunoglobulin sequences. The human antibodies of the
invention may include amino acid residues not encoded
by human germline immunoglobulin sequences (e.g.,
mutations introduced by random or site-specific
mutagenesis in vitro or by somatic mutation in vivo),
for example in the CDRs and in particular CDR3.
However, the term "human antibody", as used herein, is
not intended to include antibodies in which CDR
sequences derived from the germline of another
mammalian species, such as a mouse, have been grafted
onto human framework sequences. The term "recombinant
human antibody", as used herein, is intended to
include all human antibodies that are prepared,
expressed, created or isolated by recombinant means,
such as antibodies expressed using a recombinant
expression vector transfected into a host cell
(described further in Section II C, below), antibodies
isolated from a recombinant, combinatorial human
antibody library (Hoogenboom H.R. (1997) TIB Tech.
15:62-70; Azzazy H., and Highsmith W.E. (2002) Clin.
Biochem. 35 :425-445; Gavilondo J.V., and Larrick J.W.
(2002) BioTechniques 29:128-145; Hoogenboom H., and
Chames P. (2000) Immunology Today 21:371-378 ),
antibodies isolated from an animal (e.g., a mouse)
that is transgenic for human immunoglobulin genes
(see, Taylor, L. D., et al. (1992) Nucl. Acids Res.
20:6287-6295; Kellermann S-A. and Green L.L. (2002)
Current Opinion in Biotechnology 13:593-597; Little M.
et al. (2000)Immunology Today 2 1:364-370) or
antibodies prepared, expressed, created or isolated by
any other means that involves splicing of human
immunoglobulin gene sequences to other DNA sequences.
Such recombinant human antibodies have variable and
constant regions derived from human germline
immunoglobulin sequences. In certain embodiments,
however, such recombinant human antibodies are
subjected to in vitro mutagenesis (or, when an animal
transgenic for human Ig sequences is used, in vivo
somatic mutagenesis) and thus the amino acid sequences
of the VH and VL regions of the recombinant antibodies
are sequences that, while derived from and related to
human germline VH and VL sequences, may not naturally
exist within the human antibody germline repertoire in
vivo. An "affinity matured" antibody is an antibody
with one or more alterations in one or more CDRs
thereof which result an improvement in the affinity of
the antibody for antigen, compared to a parent
antibody which does not possess those alteration(s).
Exemplary affinity matured antibodies will have
nanomolar or even picomolar affinities for the target
antigen. Affinity matured antibodies are produced by
procedures known in the art. Marks et al.
BidlTechnology 10:779-783 (1992) describes affinity
maturation by VH and VL domain shuffling. Random
mutagenesis of CDR and/or framework residues is
described by: Barbas et al. Proc Nat. Acad. Sci, USA
91:3809-3813 (1994); Schier et al. Gene 169:147- 155
(1995); Yelton et al. J. Immunol. 155:1994-2004
(1995); Jackson et al., J. Immunol. 154(7):3310-9
(1995); Hawkins et al, J. MoI. BioL 226:889-896 (1992)
and selective mutation at selective mutagenesis
positions, contact or hypermutation positions with an
activity enhancing amino acid residue as described in
US patent US 6914128B1. The term "chimeric antibody"
refers to antibodies which comprise heavy and light
chain variable region sequences from one species and
constant region sequences from another species, such
as antibodies having murine heavy and light chain
variable regions linked to human constant regions. The
term "CDR-grafted antibody" refers to antibodies which
comprise heavy and light chain variable region
sequences from one species but in which the sequences
of one or more of the CDR regions of VH and/or VL are
replaced with CDR sequences of another species, such
as antibodies having murine heavy and light chain
variable regions in which one or more of the murine
CDRs (e.g., CDR3) has been replaced with human CDR
sequences. The term "humanized antibody" refers to
antibodies which comprise heavy and light chain
variable region sequences from a non-human species
(e.g., a mouse) but in which at least a portion of the
VH and/or VL sequence has been altered to be more
"human-like", i.e., more similar to human germline
variable sequences. One type of humanized antibody is
a CDR-grafted antibody,in which human CDR sequences
are introduced into non-human VH and VL sequences to
replace the corresponding nonhuman CDR sequences. Also
"humanized antibody"is an antibody or a variant,
derivative, analog or fragment thereof which
immunospecifically binds to an antigen of interest and
which comprises a framework (FR) region having
substantially the amino acid sequence of a human
antibody and a complementary determining region (CDR)
having substantially the amino acid sequence of a
non-human antibody. As used herein, the term
"substantially" in the context of a CDR refers to a
CDR having an amino acid sequence at least 80%, at
least 85%, at least 90%, at least 95%, at least 98% or
at least 99% identical to the amino acid sequence of a
non-human antibody CDR. A humanized antibody comprises
substantially all of at least one, and typically two,
variable domains (Fab, Fab', F(ab') 2, FabC, Fv) 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. In an embodiment, a
humanized antibody also comprises at least a portion
of an immunoglobulin constant region (Fc), typically
that of a human immunoglobulin. In some embodiments, a
humanized antibody contains both the light chain as
well as at least the variable domain of a heavy chain.
The antibody also may include the CHl, hinge, CH2,
CH3, and CH4 regions of the heavy chain. In some
embodiments, a humanized antibody only contains a
humanized light chain. In some embodiments, a
humanized antibody only contains a humanized heavy
chain. In specific embodiments, a humanized antibody
only contains a humanized variable domain of a light
chain and/or humanized heavy chain. The terms "Kabat
numbering", "Kabat definitions" and "Kabat labeling"
are used interchangeably herein. These terms, which
are recognized in the art, refer to a system of
numbering amino acid residues which are more variable
(i.e. hypervariable) than other amino acid residues in
the heavy and light chain variable regions of an
antibody, or an antigen binding portion thereof (Kabat
et al. (1971) Ann. NYAcad, ScL 190:382-391 and, Kabat,
E.A., et al. (1991) Sequences of Proteins of
Immunological Interest, Fifth Edition, U.S. Department
of Health and Human Services, NIH Publication No.
91-3242). For the heavy chain variable region, the
hypervariable region ranges from amino acid positions
31 to 35 for CDRl , amino acid positions 50 to 65 for
CDR2, and amino acid positions 95 to 102 for CDR3. For
the light chain variable region, the hypervariable
region ranges from amino acid positions 24 to 34 for
CDRl, amino acid positions 50 to 56 for CDR2, and
amino acid positions 89 to 97 for CDR3. As used
herein, the term "CDR" refers to the complementarity
determining region within antibody variable sequences.
There are three CDRs in each of the variable regions
of the heavy chain and the light chain, which are
designated CDRl, CDR2 and CDR3, for each of the
variable regions. The term "CDR set" as used herein
refers to a group of three CDRs that occur in a
singlevariable region capable of binding the antigen.
The exact boundaries of these CDRs have been defined
differently according to different systems. The system
described by Kabat (Kabat et al., Sequences of
Proteins of Immunological Interest (National
Institutes of Health, Bethesda, Md. (1987) and (1991))
not only provides an unambiguous residue numbering
system applicable to any variable region of an
antibody, but also provides precise residue boundaries
defining the three CDRs. These CDRs may be referred to
as Kabat CDRs. Chothia and coworkers (Chothia &Lesk,
J. MoI. Biol. 196:901-917 (1987) and Chothia et al.,
Nature 342:877-883 (1989)) found that certain sub-
portions within Kabat CDRs adopt nearly identical
peptide backbone conformations, despite having great
diversity at the level of amino acid sequence. These
sub-portions were designated as Ll, L2 and L3 or Hl,
H2 and H3 where the "L" and the "H" designates the
light chain and the heavy chains regions,
respectively. These regions may be referred to as
Chothia 



CDRs, which have boundaries that overlap with Kabat
CDRs. Other boundaries defining CDRs overlapping with
the Kabat CDRs have been described by Padlan (FASEB J.
9:133-139 (1995)) and MacCallum (J MoI Biol
262(5):732-45 (1996)). Still other CDR boundary
definitions may not strictly follow one of the herein
systems, but will nonetheless overlap with the Kabat
CDRs, although they may be shortened or lengthened in
light of prediction or experimental findings that
particular residues or groups of residues or even
entire CDRs do not significantly impact antigen
binding. The methods used herein may utilize CDRs
defined according to any of these systems, although
certain embodiments use Kabat or Chothia defined CDRs.
As used herein, the term "framework" or "framework
sequence" refers to the remaining sequences of a
variable region minus the CDRs. Because the exact
definition of a CDR sequence can be determined by
different systems, the meaning of a framework sequence
is subject to correspondingly different
interpretations. The six CDRs (CDR-Ll, -L2, and -L3 of
light chain and CDR-Hl, -H2, and -H3 of heavy chain)
also divide the framework regions on the light chain
and the heavy chain into four sub-regions (FRl, FR2,
FR3 and FR4) on each chain, in which CDRl is
positioned between FRl and FR2, CDR2 between FR2 and
FR3, and CDR3 between FR3 and FR4. Without specifying
the particular sub-regions as FRl, FR2, FR3 or FR4, a
framework region, as referred by others, represents
the combined FRs within the variable region of a
single, naturally occurring immunoglobulin chain. As
used herein, a FR represents one of the four
subregions, and FRs represents two or more of the four
sub- regions constituting a framework region. As used
herein, the term "germline antibody gene" or "gene
fragment" refers to an immunoglobulin sequence encoded
by non- lymphoid cells that have not undergone the
maturation process that leads to genetic rearrangement
and mutation for expression of a particular
immunoglobulin. (See, e.g., Shapiro et al., Crit. Rev.
Immunol. 22(3): 183-200 (2002); Marchalonis et al.,
Adv Exp Med Biol. 484:13-30 (2001)). One of the
advantages provided byvarious embodiments of the
present invention stems from the recognition that
germline antibody genes are more likely than mature
antibody genes to conserve essential amino acid
sequence structures characteristic of individuals in
the species, hence less likely to be recognized as
from a foreign source when used therapeutically in
that species. As used herein, the term "neutralizing"
refers to counteracting the biological activity of an
antigen when a binding protein specifically binds the
antigen. In an embodiment, the neutralizing binding
protein binds the cytokine and reduces its
biologically activity by at least about 20%, 40%, 60%,
80%, 85% or more. The term "activity" includes
activities such as the binding specificity and
affinity of a DVD-Ig for two or more antigens. The
term "epitope" includes any polypeptide determinant
capable of specific binding to an immunoglobulin or
T-cell receptor. In certain embodiments, epitope
determinants include chemically active surface
groupings of molecules such as amino acids, sugar side
chains, phosphoryl, or sulfonyl, and, in certain
embodiments, may have specific three dimensional
structural characteristics, and/or specific charge
characteristics. An epitope is a region of an antigen
that is bound by an antibody. In certain embodiments,
an antibody is said to specifically bind an antigen
when it recognizes its target antigen in a complex
mixture of proteins and/or macromolecules. Antibodies
are said to "bind to the same epitope" if the
antibodies cross-compete (one prevents the binding or
modulating effect of the other). In addition
structural definitions of epitopes (overlapping,
similar, identical) are informative, but functional
definitions are often more relevant as they encompass
structural (binding) and functional (modulation,
competition) parameters. The term "surface plasmon
resonance", as used herein, refers to an optical
phenomenon that allows for the analysis of real-time
biospecific interactions by detection of alterations
in protein concentrations within a biosensor matrix,
for example using the BIAcore(r) system (BIAcore
International AB, a GE Healthcare company, Uppsala,
Sweden and Piscataway, NJ). For further descriptions,
see Jdnsson, U., et al. (1993) Ann. Biol. Clin.
5J_:19-26; Jdnsson, U., et al. (1991) Biotechniques
11:620-627; Johnsson, B., etal. (1995)/. MoI.
Recognit. 8:125-131; and Johnnson, B., etal. (1991)
Anal. Biochem. 198:268-277. The term "K0 n ", as used
herein, is intended to refer to the on rate constant
for association of a binding protein (e.g., an
antibody) to the antigen to form the, e.g.,
antibody/antigen complex as is known in the art. The
"Kon" also is known by the terms "association rate
constant", or "ka", as used interchangeably herein.
This value indicating the binding rate of an antibody
to its targetantigen or the rate of complex formation
between an antibody and antigen also is shown by the
equation below: Antibody ("Ab") + Antigen
("Ag")(r)Ab-Ag. The term "K^ff", as used herein, is
intended to refer to the off rate constant for
dissociation, or "dissociation rate constant", of a
binding protein (e.g., an antibody) from the, e.g.,
antibody/antigen complex as is known in the art. This
value indicates the dissociation rate of an antibody
from its target antigen or separation of Ab-Ag complex
over time into free antibody and antigen as shown by
the equation below: Ab + Ag<-Ab-Ag. The term "KD" , as
used herein, is intended to refer to the "equilibrium
dissociation constant", and refers to the value
obtained in a titration measurement at equilibrium, or
by dividing the dissociation rate constant (koff) by
the association rate constant (kon). The association
rate constant, the dissociation rate constant and the
equilibrium dissociation constant are used to
represent the binding affinity of an antibody to an
antigen. Methods for determining association and
dissociation rate constants are well known in the art.
Using fluorescence-based techniques offers high
sensitivity and the ability to examine samples in
physiological buffers at equilibrium. Other
experimental approaches and instruments such as a
BIAcore(r) (biomolecular interaction analysis) assay
can be used (e.g., instrument available from BIAcore
International AB, a GE Healthcare company, Uppsala,
Sweden). Additionally, a KinExA(r) (Kinetic Exclusion
Assay) assay, available from Sapidyne Instruments
(Boise, Idaho) can also be used. "Label" and
"detectable label" mean a moiety attached to a
specific binding partner, such as an antibody or an
analyte, e.g., to render the reaction between members
of a specific binding pair, such as an antibody and an
analyte, detectable, and the specific binding partner,
e.g., antibody or analyte, so labeled is referred to
as "detectably labeled." Thus, the term "labeled
binding protein" as used herein, refers to a protein
with a label incorporated that provides for the
identification of the binding protein. In an
embodiment, the label is a detectable marker that can
produce a signal that is detectable by visual or
instrumental means, e.g., incorporation of a
radiolabeled amino acid or attachment to a polypeptide
of biotinyl moieties that can be detected by marked
avidin (e.g., streptavidin containing a fluorescent
marker or enzymatic activity that can be detected by
optical or colorimetric methods). Examples of labels
for polypeptides include, but are not limited to, the
following: radioisotopes or radionuclides (e.g., 3H
14C 35S, 90Y, 99Tc, 111 In, 1251, 131 1, 177Lu, 166Ho,
or 153 Sm); chromogens, fluorescent labels (e.g.,
FITC, rhodamine, lanthanide phosphors), enzymatic
labels (e.g., horseradish peroxidase, luciferase,
alkalinephosphatase); chemiluminescent markers;
biotinyl groups; predetermined polypeptide epitopes
recognized by a secondary reporter (e.g., leucine
zipper pair sequences, binding sites for secondary
antibodies, metal binding domains, epitope tags); and
magnetic agents, such as gadolinium chelates.
Representative examples of labels commonly employed
for immunassays include moieties that produce light,
e.g., acridinium compounds, and moieties that produce
fluorescence, e.g., fluorescein. Other labels are
described herein. In this regard, the moiety itself
may not be detectably labeled but may become
detectable upon reaction with yet another moiety. Use
of "detectably labeled" is intended to encompass the
latter type of detectable labeling. The term
"conjugate" refers to a binding protein, such as an
antibody, chemically linked to a second chemical
moiety, such as a therapeutic or cytotoxic agent. The
term "agent" is used herein to denote a chemical
compound, a mixture of chemical compounds, a
biological macromolecule, or an extract made from
biological materials. In an embodiment, the
therapeutic or cytotoxic agents include, but are not
limited to, pertussis toxin, taxol, cytochalasin B,
gramicidin D, ethidium bromide, emetine, mitomycin,
etoposide, tenoposide, vincristine, vinblastine,
colchicin, doxorubicin, daunorubicin, dihydroxy
anthracin dione, mitoxantrone, mithramycin,
actinomycin D, 1-dehydrotestosterone, glucocorticoids,
procaine, tetracaine, lidocaine, propranolol, and
puromycin and analogs or homologs thereof. When
employed in the context of an immunoassay, the
conjugate antibody may be a detectably labeled
antibody used as the detection antibody. The terms
"crystal" and "crystallized" as used herein, refer to
a binding protein (e.g., an antibody), or antigen
binding portion thereof, that exists in the form of a
crystal. Crystals are one form of the solid state of
matter, which is distinct from other forms such as the
amorphous solid state or the liquid crystalline state.
Crystals are composed of regular, repeating,
threedimensional 



arrays of atoms, ions, molecules (e.g., proteins such
as antibodies), or molecular assemblies (e.g.,
antigen/antibody complexes). These three-dimensional
arrays are arranged according to specific mathematical
relationships that are well-understood in the field.
The fundamental unit, or building block, that is
repeated in a crystal is called the asymmetric unit.
Repetition of the asymmetric unit in an arrangement
that conforms to a given, well-defined
crystallographic symmetry provides the "unit cell" of
the crystal. Repetition of the unit cell by regular
translations in all three dimensions provides the
crystal. See Giege, R. and Ducruix, A. Barrett,
Crystallization of Nucleic Acids and Proteins, a
Practical Approach, 2nd ea., pp. 20 1- 16, Oxford
University Press, New York, New York, (1999)." The
term "polynucleotide" means a polymeric form of two or
more nucleotides, either ribonucleotides or
deoxvnucleotides or a modified form of either type of
nucleotide. The term includes single and double
stranded forms of DNA.The term "isolated
polynucleotide" shall mean a polynucleotide (e.g., of
genomic, cDNA, or synthetic origin, or some
combination thereof) that, by virtue of its origin ,
the "isolated polynucleotide" is not associated with
all or a portion of a polynucleotide with which the
"isolated polynucleotide" is found in nature; is
operably linked to a polynucleotide that it is not
linked to in nature; or does not occur in nature as
part of a larger sequence. The term "vector", is
intended to refer to a nucleic acid molecule capable
of transporting another nucleic acid to which it has
been linked. One type of vector is a "plasmid", which
refers to a circular double stranded DNA loop into
which additional DNA segments may be ligated. Another
type of vector is a viral vector, wherein additional
DNA segments may be ligated into the viral genome.
Certain vectors are capable of autonomous replication
in a host cell into which they are introduced (e.g.,
bacterial vectors having a bacterial origin of
replication and episomal mammalian vectors). Other
vectors (e.g., non-episomal mammalian vectors) can be
integrated into the genome of a host cell upon
introduction into the host cell, and thereby are
replicated along with the host genome. Moreover,
certain vectors are capable of directing the
expression of genes to which they are operatively
linked. Such vectors are referred to herein as
"recombinant expression vectors" (or simply,
"expression vectors"). In general, expression vectors
of utility in recombinant DNA techniques are often in
the form of plasmids. In the present specification,
"plasmid" and "vector" may be used interchangeably as
the plasmid is the most commonly used form of vector.
However, the invention is intended to include such
other forms of expression vectors, such as viral
vectors (e.g., replication defective retroviruses,
adenoviruses and adenoassociated viruses), which serve
equivalent functions. The term "operably linked"
refers to a juxtaposition wherein the components
described are in a relationship permitting them to
function in their intended manner. A control sequence
"operably linked" to a coding sequence is ligated in
such a way that expression of the coding sequence is
achieved under conditions compatible with the control
sequences. "Operably linked" sequences include both
expression control sequences that are contiguous with
the gene of interest and expression control sequences
that act in trans or at a distance to control the gene
of interest. The term "expression control sequence" as
used herein refers to polynucleotide sequences which
are necessary to effect the expression and processing
of coding sequences to which they are ligated.
Expression control sequences include appropriate
transcription initiation, termination, promoter and
enhancer sequences; efficient RNA processing signals
such as splicing and polyadenylation signals;
sequences that stabilize cytoplasmic mRNA; sequences
that enhance translation efficiency (i.e., Kozak
consensus sequence); sequences that enhance protein
stability; and when desired, sequences that enhance
protein secretion. The nature of such control
sequences differs depending upon the host organism; in
prokaryotes, such control sequences generallyinclude
promoter, ribosomal binding site, and transcription
termination sequence; in eukaryotes, generally, such
control sequences include promoters and transcription
termination sequence. The term "control sequences" is
intended to include components whose presence is
essential for expression and processing, and can also
include additional components whose presence is
advantageous, for example, leader sequences and fusion
partner sequences. "Transformation", refers to any
process by which exogenous DNA enters a host cell.
Transformation may occur under natural or artificial
conditions using various methods well known in the
art. Transformation may rely on any known method for
the insertion of foreign nucleic acid sequences into a
prokaryotic or eukaryotic host cell. The method is
selected based on the host cell being transformed and
may include, but is not limited to, viral infection,
electroporation, lipofection, and particle
bombardment. Such "transformed" cells include stably
transformed cells in which the inserted DNA is capable
of replication either as an autonomously replicating
plasmid or as part of the host chromosome. They also
include cells which transiently express the inserted
DNA or RNA for limited periods of time. The term
"recombinant host cell" (or simply "host cell"), is
intended to refer to a cell into which exogenous DNA
has been introduced. In an embodiment, the host cell
comprises two more more (e.g., multiple) nucleic acids
encoding antibodies, such as the host cells described
in US Patent No. 7,262,028, for example. It should be
understood that such terms are intended to refer not
only to the particular subject cell, but to the
progeny of such a cell. Because certain modifications
may occur in succeeding generations due to either
mutation or environmental influences, such progeny may
not, in fact, be identical to the parent cell, but are
still included within the scope of the term "host
cell" as used herein. In an embodiment, host cells
include prokaryotic and eukaryotic cells selected from
any of the Kingdoms of life. In another embodiment,
eukaryotic cells include protist, fungal, plant and
animal cells. In another embodiment, host cells
include but are not limited to the prokaryotic cell
line E.Coli; mammalian cell lines CHO, HEK 293, COS,
NSO, SP2 and PER.C6; the insect cell line Sf9; and the
fungal cell Saccharomyces cerevisiae. Standard
techniques may be used for recombinant DNA,
oligonucleotide synthesis, and tissue culture and
transformation (e.g., electroporation, lipofection).
Enzymatic reactions and purification techniques may be
performed according to manufacturer's specifications
or as commonly accomplished in the art or as described
herein. The foregoing techniques and procedures may be
generally performed according to conventional methods
well known in the art and as described in various
general and more specific references that are cited
and discussed throughout the present specification.
See e.g., Sambrook et al. Molecular Cloning: A
LaboratoryManual (2d ed., Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y. (1989)),
which is incorporated herein by reference for any
purpose. "Transgenic organism", as known in the art,
refers to an organism having cells that contain a
transgene, wherein the transgene introduced into the
organism (or an ancestor of the organism) expresses a
polypeptide not naturally expressed in the organism. A
"transgene" is a DNA construct, which is stably and
operably integrated into the genome of a cell from
which a transgenic organism develops, directing the
expression of an encoded gene product in one or more
cell types or tissues of the transgenic organism. The
term "regulate"and "modulate" are used
interchangeably, and, as used herein, refers to a
change or an alteration in the activity of a molecule
of interest (e.g., the biological activity of a
cytokine). Modulation may be an increase or a decrease
in the magnitude of a certain activity or function of
the molecule of interest. Exemplary activities and
functions of a molecule include, but are not limited
to, binding characteristics, enzymatic activity, cell
receptor activation, and signal transduction.
Correspondingly, the term "modulator" is a compound
capable of changing or altering an activity or
function of a molecule of interest (e.g., the
biological activity of a cytokine). For example, a
modulator may cause an increase or decrease in the
magnitude of a certain activity or function of a
molecule compared to the magnitude of the activity or
function observed in the absence of the modulator. In
certain embodiments, a modulator is an inhibitor,
which decreases the magnitude of at least one activity
or function of a molecule. Exemplary inhibitors
include, but are not limited to, proteins, peptides,
antibodies, peptibodies, carbohydrates or small
organic molecules. Peptibodies are described, e.g., in
WO01/83525. The term "agonist", refers to a modulator
that, when contacted with a molecule of interest,
causes an increase in the magnitude of a certain
activity or function of the molecule compared to the
magnitude of the activity or function observed in the
absence of the agonist. Particular agonists of
interest may include, but are not limited to,
polypeptides, nucleic acids, carbohydrates, or any
other molecules that bind to the antigen. The term
"antagonist" or "inhibitor", refer to a modulator
that, when contacted with a molecule of interest
causes a decrease in the magnitude of a certain
activity or function of the molecule compared to the
magnitude of the activity or function observed in the
absence of the antagonist. Particular antagonists of
interest include those that block or modulate the
biological or immunological activity of of the
antigen. Antagonists and inhibitors of antigens may
include, butare not limited to, proteins, nucleic
acids, carbohydrates, or any other molecules, which
bind to 



the antigen. As used herein, the term "effective
amount" refers to the amount of a therapy which is
sufficient to reduce or ameliorate the severity and/or
duration of a disorder or one or more symptoms
thereof, prevent the advancement of a disorder, cause
regression of a disorder, prevent the recurrence,
development, onset or progression of one or more
symptoms associated with a disorder, detect a
disorder, or enhance or improve the prophylactic or
therapeutic effect(s) of another therapy (e.g.,
prophylactic or therapeutic agent). "Patient" and
"subject" may be used interchangeably herein to refer
to an animal, such as a mammal, including a primate
(for example, a human, a monkey, and a chimpanzee), a
nonprimate (for example, a cow, a pig, a camel, a
llama, a horse, a goat, a rabbit, a sheep, a hamster,
a guinea pig, a cat, a dog, a rat, a mouse, a whale),
a bird (e.g., a duck or a goose), and a shark.
Preferably, the patient or subject is a human, such as
a human being treated or assessed for a disease,
disorder or condition, a human at risk for a disease,
disorder or condition, a human having a disease,
disorder or condition, and/or human being treated for
a disease, disorder or condition. The term "sample",
as used herein, is used in its broadest sense. A
"biological sample", as used herein, includes, but is
not limited to, any quantity of a substance from a
living thing or formerly living thing. Such living
things include, but are not limited to, humans, mice,
rats, monkeys, dogs, rabbits and other animals. Such
substances include, but are not limited to, blood,
(e.g., whole blood), plasma, serum, urine, amniotic
fluid, synovial fluid, endothelial cells, leukocytes,
monocytes, other cells, organs, tissues, bone marrow,
lymph nodes and spleen. "Component," "components," and
"at least one component," refer generally to a capture
antibody, a detection or conjugate antibody, a
control, a calibrator, a series of calibrators, a
sensitivity panel, a container, a buffer, a diluent, a
salt, an enzyme, a co-factor for an enzyme, a
detection reagent, a pretreatment reagent/solution, a
substrate (e.g., as a solution), a stop solution, and
the like that can be included in a kit for assay of a
test sample, such as a patient urine, serum or plasma
sample, in accordance with the methods described
herein and other methods known in the art. Thus, in
the context of the present disclosure, "at least one
component," "component," and "components" can include
a polypeptide or other analyte as above, such as a
composition comprising an analyte such as polypeptide,
which is optionally immobilized on a solid support,
such as by binding to an anti-analyte (e.g.,
anti-polypeptide) antibody. Some components can be in
solution or lyophilized for reconstitution for use in
an assay."Control" refers to a composition known to
not analyte ("negative control") or to contain analyte
("positive control"). A positive control can comprise
a known concentration of analyte. "Control," "positive
control," and "calibrator" may be used interchangeably
herein to refer to a composition comprising a known
concentration of analyte. A "positive control" can be
used to establish assay performance characteristics
and is a useful indicator of the integrity of reagents
(e.g., analytes). "Predetermined cutoff and
"predetermined level" refer generally to an assay
cutoff value that is used to assess
diagnostic/prognostic/therapeutic efficacy results by
comparing the assay results against the predetermined
cutoff/level, where the predetermined cutoff/level
already has been linked or associated with various
clinical parameters (e.g., severity of disease,
progression/nonprogression/improvement, etc.). While
the present disclosure may provide exemplary
predetermined levels, it is well-known that cutoff
values may vary depending on the nature of the
immunoassay (e.g., antibodies employed, etc.). It
further is well within the ordinary skill of one in
the art to adapt the disclosure herein for other
immunoassays to obtain immunoassay-specific cutoff
values for those other immunoassays based on this
disclosure. Whereas the precise value of the
predetermined cutoff/level may vary between assays,
correlations as described herein (if any) should be
generally applicable. "Pretreatment reagent," e.g.,
lysis, precipitation and/or solubilization reagent, as
used in a diagnostic assay as described herein is one
that lyses any cells and/or solubilizes any analyte
that is/are present in a test sample. Pretreatment is
not necessary for all samples, as described further
herein. Among other things, solubilizing the analyte
(e.g., polypeptide of interest) may entail release of
the analyte from any endogenous binding proteins
present in the sample. A pretreatment reagent may be
homogeneous (not requiring a separation step) or
heterogeneous (requiring a separation step). With use
of a heterogeneous pretreatment reagent there is
removal of any precipitated analyte binding proteins
from the test sample prior to proceeding to the next
step of the assay. "Quality control reagents" in the
context of immunoassays and kits described herein,
include, but are not limited to, calibrators,
controls, and sensitivity panels. A "calibrator" or
"standard" typically is used (e.g., one or more, such
as a plurality) in order to establish calibration
(standard) curves for interpolation of the
concentration of an analyte, such as an antibody or an
analyte. Alternatively, a single calibrator, which is
near a predetermined positive/negative cutoff, can be
used. Multiple calibrators (i.e., more than one
calibrator or a varying amount of calibrator(s)) can
be used in conjunction so as to comprise a
"sensitivity panel.""Risk" refers to the possibility
or probability of a particular event occurring either
presently or at some point in the future. "Risk
stratification" refers to an array of known clinical
risk factors that allows physicians to classify
patients into a low, moderate, high or highest risk of
developing a particular disease, disorder or
condition. "Specific" and "specificity" in the context
of an interaction between members of a specific
binding pair (e.g., an antigen (or fragment thereof)
and an antibody (or antigenically reactive fragment
thereof)) refer to the selective reactivity of the
interaction. The phrase "specifically binds to" and
analogous phrases refer to the ability of antibodies
(or antigenically reactive fragments thereof) to bind
specifically to analyte (or a fragment thereof) and
not bind specifically to other entities. "Specific
binding partner" is a member of a specific binding
pair. A specific binding pair comprises two different
molecules, which specifically bind to each other
through chemical or physical means. Therefore, in
addition to antigen and antibody specific binding
pairs of common immunoassays, other specific binding
pairs can include biotin and avidin (or streptavidin),
carbohydrates and lectins, complementary nucleotide
sequences, effector and receptor molecules, cofactors
and enzymes, enzyme inhibitors and enzymes, and the
like. Furthermore, specific binding pairs can include
members that are analogs of the original specific
binding members, for example, an analyte-analog.
Immunoreactive specific binding members include
antigens, antigen fragments, and antibodies, including
monoclonal and polyclonal antibodies as well as
complexes, fragments, and variants (including
fragments of variants) thereof, whether isolated or
recombinantly produced. "Variant" as used herein means
a polypeptide that differs from a given polypeptide
(e.g., IL- 18, BNP, NGAL or HIV polypeptide or
anti-polypeptide antibody) in amino acid sequence by
the addition (e.g., insertion), deletion, or
conservative substitution of amino acids, but that
retains the biological activity of the given
polypeptide (e.g., a variant IL-18 can compete with
anti-IL-18 antibody for binding to IL-1 8). A
conservative substitution of an amino acid, i.e.,
replacing an amino acid with a different amino acid of
similar properties (e.g., hydrophilicity and degree
and distribution of charged regions) is recognized in
the art as typically involving a minor change. These
minor changes can be identified, in part, by
considering the hydropathic index of amino acids, as
understood in the art (see, e.g., Kyte et al., J. MoI.
Biol. 157: 105-132 (1982)). The hydropathic index of
an amino acid is based on a consideration of its
hydrophobicity and charge. It is known in the art that
amino acids of similar hydropathic indexes can be
substituted and still retain protein function. In one
aspect, amino acids having hydropathic indexes of  2
are substituted. The hydrophilicity of amino acids
also can be used to reveal substitutions that would
result in proteins retaining biological function. A
consideration of the hydrophilicity of aminoacids in
the context of a peptide permits calculation of the
greatest local average hydrophilicity of that peptide,
a useful measure that has been reported to correlate
well with antigenicity and immunogenicity (see, e.g.,
U.S. Pat. No. 4,554,101, which is incorporated herein
by reference). Substitution of amino acids having
similar hydrophilicity values can result in peptides
retaining biological activity, for example
immunogenicity, as is understood in the art. In one
aspect, substitutions are performed with amino acids
having hydrophilicity values within  2 of each other.
Both the hydrophobicity index and the hydrophilicity
value of amino acids are influenced by the particular
side chain of that amino acid. Consistent with that
observation, amino acid substitutions that are
compatible with biological function are understood to
depend on the relative similarity of the amino acids,
and particularly the side chains of those amino acids,
as revealed by the hydrophobicity, hydrophilicity,
charge, size, and other properties. "Variant" also can
be used to describe a polypeptide or fragment thereof
that has been differentially processed, such as by
proteolysis, phosphorylation, or other
post-translational modification, yet retains its
biological activity or antigen reactivity, e.g., the
ability to bind to IL-18. Use of "variant" herein is
intended 



to encompass fragments of a variant unless otherwise
contradicted by context. I.Generation of DVD binding
protein The invention pertains to Dual Variable Domain
binding proteins capable of binding one or more
targets and methods of making the same. In an
embodiment, the binding protein comprises a
polypeptide chain, wherein said polypeptide chain
comprises VDl-(Xl)n-VD2-C- (X2)n, wherein VDl is a
first variable domain, VD2 is a second variable
domain, C is a constant domain, Xl represents an amino
acid or polypeptide, X2 represents an Fc region and n
is 0 or 1. The binding protein of the invention can be
generated using various techniques. The invention
provides expression vectors, host cell and methods of
generating the binding protein. A. Generation of
parent monoclonal antibodies The variable domains of
the DVD binding protein can be obtained from parent
antibodies, including polyclonal and mAbs capable of
binding antigens of interest. These antibodies may be
naturally occurring or may be generated by recombinant
technology. MAbs 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,
mAbs 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 al., in: Monoclonal Antibodies
and T-CeIl Hybridomas 563-681 (Elsevier, N.Y., 1981)
(said references incorporated by reference in
theirentireties). 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. Hybridomas are selected, cloned and further
screened for desirable characteristics, including
robust hybridoma growth, high antibody production and
desirable antibody characteristics, as discussed in
Example lbelow. Hybridomas may be cultured and
expanded in vivo in syngeneic animals, in animals that
lack an immune system, e.g., nude mice, or in cell
culture in vitro. Methods of selecting, cloning and
expanding hybridomas are well known to those of
ordinary skill in the art. In a particular embodiment,
the hybridomas are mouse hybridomas. In another
embodiment, the hybridomas are produced in a
non-human, non-mouse species such as rats, sheep,
pigs, goats, cattle or horses. In another embodiment,
the hybridomas are human hybridomas, in which a human
non-secretory myeloma is fused with a human cell
expressing an antibody capable of binding a specific
antigen. Recombinant inAbs are also generated from
single, isolated lymphocytes using a procedure
referred to in the art as the selected lymphocyte
antibody method (SLAM), as described in U.S. Patent
No. 5,627,052, PCT Publication WO 92/0255 1 and
Babcock, J.S. et al. (1996) Proc. Natl. Acad. Sci. USA
93:7843-7848. In this method, single cells secreting
antibodies of interest, e.g., lymphocytes derived from
an immunized animal, are identified, and, heavy- and
light-chain variable region cDNAs are rescued from the
cells by reverse transcriptase-PCR and these variable
regions can then be expressed, in the context of
appropriate immunoglobulin constant regions (e.g.,
human constant regions), in mammalian host cells, such
as COS or CHO cells. The host cells transfected with
the amplified immunoglobulin sequences, derived from
in vivo selected lymphocytes, can then undergo further
analysis and selection in vitro, for example by
panning the transfected cells to isolate cells
expressing antibodies to the antigen of interest. The
amplified immunoglobulin sequences further can be
manipulated in vitro, such as by in vitro affinity
maturation methods such as those described in PCT
Publication WO 97/29131 and PCT Publication WO
00/56772. Monoclonal antibodies are also produced by
immunizing a non-human animal comprising some, or all,
of the human immunoglobulin locus with an antigen of
interest. In an embodiment, the non-human animal is a
XENOMOUSE transgenic mouse, an engineered mouse strain
that comprises large fragments of the human
immunoglobulin loci and is deficient in mouse antibody
production. See, e.g., Green et al. Nature Genetics
7:13-21 (1994) and United States Patents Nos.
5,916,771, 5,939,598, 5,985,615, 5,998,209, 6,075,181,
6,091,001, 6,1 14,598 and 6,130,364. See also WO
91/10741, published July 25,1991, WO 94/02602,
published February 3, 1994, WO 96/34096 and WO
96/33735, both published October 31,1996, WO 98/16654,
published April 23, 1998, WO 98/24893, published June
11, 1998, WO 98/50433, published November 12, 1998, WO
99/45031, published September 10, 1999, WO 99/53049,
published October 21, 1999, WO 00 09560, published
February 24, 2000 and WO 00/037504, published June 29,
2000. The XENOMOUSE transgenic mouse produces an
adultlike human repertoire of fully human antibodies,
and generates antigen-specific human monoclonal
antibodies. The XENOMOUSE transgenic mouse contains
approximately 80% of the human antibody repertoire
through introduction of megabase sized, germline
configuration YAC fragments of the human heavy chain
loci and x light chain loci. See Mendez et al., Nature
Genetics 15:146-156 (1997), Green and Jakobovits J.
Exp. Med. 188:483-495 (1998), the disclosures of which
are hereby incorporated by reference. In vitro methods
also can be used to make the parent antibodies,
wherein an antibody library is screened to identify an
antibody having the desired binding specificity.
Methods for such screening of recombinant antibody
libraries are well known in the art and include
methods described in, for example, Ladner et al. U.S.
Patent No. 5,223,409; Kang et al. PCT Publication No.
WO 92/18619; Dower et al. PCT Publication No. WO
91/17271; Winter et al. PCT Publication No. WO
92/20791; Markland et al. PCT Publication No. WO
92/15679; Breitling et al. PCT Publication No. WO
93/01288; McCafferty et al. PCT Publication No. WO
92/01047; Garrard et al. PCT Publication No. WO
92/09690; Fuchs et al. (1991) Bio/Technology 9:1370-
1372; Hay et al. (1992) Hum Antibod Hybridomas
3:81-85; Huse et al. (1989) Science 246:1275- 1281;
McCafferty et al, Nature (1990) 348:552-554; Griffiths
etal. (1993) EMBO J 12:725-734; Hawkins etal. (1992) J
MoI Biol 226:889-896; Clackson etal. (1991) Nature
352:624-628; Gram etal. (1992) PNAS 89:3576-3580; G
etal. (1991) Bio/Technology 9:1373-1377; Hoogenboom et
al. (1991) Nuc Acid Res 19:4133-4137; and Barbas et
al. (1991) PNAS 88:7978- 7982, US patent application
publication 200301 86374, and PCT Publication No. WO
97/29 131, the contents of each of which are
incorporated herein by reference. Parent antibodies of
the present invention 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, such phage can be utilized to display
antigen-binding domains 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 binding
domains expressed from phage with Fab, Fv or disulfide
stabilized Fv antibody domains recombinantly fused to
either the phage gene III or gene VIII protein.
Examples of phage display methods that can be used
tomake the antibodies of the present invention include
those disclosed in Brinkman et al., J. Immunol.
Methods 182:41-50 (1995); Ames etal., J. Immunol.
Methods 184:177-186 (1995); Kettleborough et al., Eur.
J. Immunol. 24:952-958 (1994); Persic et al., Gene 187
9-18 (1997); Burton et al., Advances in Immunology
57:191-280 (1994); PCT application No. PCT/GB91/01
134; PCT publications WO 90/02809; WO 91/10737; WO
92/01047; WO 92/18619; WO 93/11236; WO 95/15982; WO
95/20401; and U.S. Pat. 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. As
described in the herein references, after phage
selection, the antibody coding regions from the phage
can be isolated and used to generate whole antibodies
including human antibodies or any other desired
antigen binding fragment, and expressed in any desired
host, including mammalian cells, insect cells, plant
cells, yeast, and bacteria, e.g., as described in
detail below. For example, techniques to recombinantly
produce Fab, Fab' and F(ab')2 fragments can also be
employed using methods known in the art such as those
disclosed in PCT publication WO 92/22324; Mullinax et
al., BioTechniques 12(6):864-869 (1992); and Sawai et
al., AJRI 34:26-34 (1995); and Better et al., Science
240:1041-1043 (1988) (said references incorporated by
reference in their entireties). Examples of techniques
which can be used to produce single-chain Fvs and
antibodies include those described in U.S. Pat.
4,946,778 and 5,258, 498; Huston et al., Methods in
Enzymology 203:46-88 (1991); Shu et al., PNAS
90:7995-7999 (1993); and Skerra et al., Science
240:1038-1040 (1988). Alternative to screening of
recombinant antibody libraries by phage display, other
methodologies known in the art for screening large
combinatorial libraries can be applied to the
identification of parent antibodies. One type of
alternative expression system is one in which the 



recombinant antibody library is expressed as
RNA-protein fusions, as described in PCT Publication
No. WO 98/31700 by Szostak and Roberts, and in
Roberts, R.W. and Szostak, J.W. (1997) Proc. Natl.
Acad. ScL USA 94:12297-12302. In this system, a
covalent fusion is created between an mRNA and the
peptide or protein that it encodes by in vitro
translation of synthetic mRNAs that carry puromycin, a
peptidyl acceptor antibiotic, at their 3' end. Thus, a
specific mRNA can be enriched from a complex mixture
of mRNAs (e.g., a combinatorial library) based on the
properties of the encoded peptide or protein, e.g.,
antibody, or portion thereof, such as binding of the
antibody, or portion thereof, to the dual specificity
antigen. Nucleic acid sequences encoding antibodies,
or portions thereof, recovered from screening of such
libraries can be expressed by recombinant means as
described herein (e.g., in mammalian host cells) and,
moreover, can be subjected to further affinity
maturation by either additional rounds of screeningof
mRNA-peptide fusions in which mutations have been
introduced into the originally selected sequence(s),
or by other methods for affinity maturation in vitro
of recombinant antibodies, as described herein. In
another approach the parent antibodies can also be
generated using yeast display methods known in the
art. In yeast display methods, genetic methods are
used to tether antibody domains to the yeast cell wall
and display them on the surface of yeast. In
particular, such yeast can be utilized to display
antigen-binding domains expressed from a repertoire or
combinatorial antibody library (e.g., human or
murine). Examples of yeast display methods that can be
used to make the parent antibodies include those
disclosed in Wittrup, et al. U.S. Patent No. 6,699,658
incorporated herein by reference. The antibodies
described herein can be further modified to generate
CDR grafted and humanized parent antibodies.
CDR-grafted parent antibodies comprise heavy and light
chain variable region sequences from a human antibody
wherein one or more of the CDR regions of VH and/or VL
are replaced with CDR sequences of murine antibodies
capable of binding antigen of interest. A framework
sequence from any human antibody may serve as the
template for CDR grafting. However, straight chain
replacement onto such a framework often leads to some
loss of binding affinity to the antigen. The more
homologous a human antibody is to the original murine
antibody, the less likely the possibility that
combining the murine CDRs with the human framework
will introduce distortions in the CDRs that could
reduce affinity. Therefore, in an embodiment, the
human variable framework that is chosen to replace the
murine variable framework apart from the CDRs have at
least a 65% sequence identity with the murine antibody
variable region framework. In an embodiment, the human
and murine variable regions apart from the CDRs have
at least 70% sequence identify. In a particular
embodiment, that the human and murine variable regions
apart from the CDRs have at least 75% sequence
identity. In another embodiment, the human and murine
variable regions apart from the CDRs have at least 80%
sequence identity. Methods for producing such
antibodies are known in the art ( see EP 239,400; PCT
publication WO 91/09967; U.S. Pat. Nos. 5,225,539;
5,530,101; and 5,585,089), veneering or resurfacing
(EP 592,106; EP 519,596; Padlan, Molecular Immunology
28(4/5):489-498 (1991); Studnicka et al., Protein
Engineering 7(6):805-814 (1994); Roguska et al., PNAS
91:969-973 (1994)), and chain shuffling (U.S. Pat. No.
5,565,352); and anti-idiotypic antibodies. Humanized
antibodies are antibody molecules from non-human
species antibody that binds the desired antigen having
one or more complementarity determining regions (CDRs)
from the non-human species and framework regions from
a human immunoglobulin molecule. Known human Ig
sequences are disclosed, e.g.,
www.ncbi.nlm.nih.gov/entrez- /query.fcgi;
www.atcc.org/phage/hdb.html; www.sciquest.com/;
www.abcam.com/;
www.antibodyresource.com/onlinecomp.html;
www.public.iastate.edu/.about.pedro/research_tools.htm
l; www.mgen.uniheidelberg. de/SD/IT/IT.html;
www.whfreeman.com/immunology/CH- 05/kuby05.htm;
www.library.thinkquest.org/12429/Immune/Antibody.html;
www.hhmi.org/grants/lectures/1996/vlab/;
www.path.cam.ac.uk/.about.mrcT/m- ikeimages.html;
www.antibodyresource.com/;
mcb.harvard.edu/BioLinks/Immunology.
html.www.immunologylink.com/;
pathbox.wustl.edu/.about.hcenter/index.-html;
www.biotech.ufl.edu/.about.hcl/;
www.pebio.com/pa/340913/340913.html- ;
www.nal.usda.gov/awic/pubs/antibody/;
www.m.ehime-u.acjp/.about.yasuhito- /Elisa.html;
www.biodesign.com/table.asp;
www.icnet.uk/axp/facs/davies/lin- ks.html;
www.biotech.ufl.edu/.about.fccl/protocol.html;
www.isac-net.org/sites_geo.html;
aximtl.imt.unimarburg. de/.about.rek/AEP- Start.html;
baserv.uci.kun.nl/.about.jraats/linksl.html;
www.recab.uni-hd.de/immuno.bme.nwu.edu/;
www.mrc-cpe.cam.ac.uk/imt-doc/public/ INTRO.html;
www.ibt.unam.mx/vir/V_mice.html; imgt.cnusc.fr:8104/;
www.biochem.ucl.ac.uk/.about.martin/abs/index.html;
antibody.bath.ac.uk/;
abgen.cvm.tamu.edu/lab/wwwabgen.html;
www.unizh.ch/.about.honegger/AHOseminar/ SlideO
1.html; www.cryst.bbk.ac.Uk/.about.ubcg07s/;
www.nimr.mrc.ac.uk/CC/ccaewg/ccaewg.htm;
www.path.cam.ac.uk/.about.mrcT/humanisation/
TAHHP.html;
www.ibt.unam.mx/vir/structure/stat_aim.html;
www.biosci.missouri.edu/smithgp/index.html;
www.cryst.bioc.cam.ac.uk/.abo- ut.fmolina/Webpages/
Pept/spottech.html; www.jerini.de/frroducts.htm;
www.patents.ibm.com/ibm.html.Kabat et al., Sequences
of Proteins of Immunological Interest, U.S. Dept.
Health (1983), each entirely incorporated herein by
reference. Such imported sequences can be used to
reduce immunogenicity or reduce, enhance or modify
binding, affinity, on-rate, off-rate, avidity,
specificity, half-life, or any other suitable
characteristic, as known in the art. Framework
residues in the human framework regions may be
substituted with the corresponding residue from the
CDR donor antibody to alter, e.g., 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. Pat. No. 5,585,089; Riechmann
et al., Nature 332:323 (1988), which are incorporated
herein by reference in their entireties.)
Three-dimensional immunoglobulin models are commonly
available and are familiar to those skilled in the
art. Computer programs are available which illustrate
and display probable three-dimensional conformational
structures of selected candidate immunoglobulin
sequences. Inspection of these displays permits
analysis of the likely role of the residues in the
functioning of the candidateimmunoglobulin sequence,
i.e., the analysis of residues that influence the
ability of the candidate immunoglobulin to bind its
antigen. In this way, FR residues can be selected and
combined from the consensus and import sequences so
that the desired antibody characteristic, such as
increased affinity for the target antigen(s), is
achieved. In general, the CDR residues are directly
and most substantially involved in influencing antigen
binding. Antibodies can be humanized using a variety
of techniques known in the art, such as but not
limited to those described in Jones et al., Nature
321:522 (1986); Verhoeyen et al., Science 239:1534
(1988)), Sims et al., J. Immunol. 151: 2296 (1993);
Chothia and Lesk, J. MoI. Biol. 196:901 (1987), Carter
et al., Proc. Natl. Acad. Sci. U.S.A. 89:4285 (1992);
Presta et al., J. Immunol. 151:2623 (1993), Padlan,
Molecular Immunology 28(4/5):489-498 (1991); Studnicka
et al., Protein Engineering 7(6):805-814 (1994);
Roguska. et al. , PNAS 9 1:969-973 (1994); PCT
publication WO 91/09967, PCT/: US98/16280, US96/18978,
US91/09630, US91/05939, US94/01234, GB89/01334,
GB91/01 134, GB92/01755; WO90/14443, WO90/14424,
WO90/14430, EP 229246, EP 592,106; EP 519,596, EP
239,400, U.S. Pat. Nos. 5,565,332, 5,723,323,
5,976,862, 5,824,514, 5,817,483, 5814476, 5763192,
5723323, 5,766886, 5,714,352, 6,204,023, 6,180,370,
5,693,762, 5,530,101, 5,585,089, 5,225,539; 4,816,567,
each entirely incorporated herein by reference,
included references cited therein. B. Criteria for
selecting parent monoclonal antibodies An embodiment
of the invention pertains to selecting parent
antibodies with at least one or more properties
desired in the DVD-Ig molecule. In an embodiment, the
desired property is selected from one or more antibody
parameters. In another embodiment, the antibody
parameters are selected from the group consisting of
antigen specificity, affinity to antigen, potency,
biological function, epitope recognition, stability,
solubility, production efficiency, immunogenicity,
pharmacokinetics, bioavailability, tissue cross
reactivity, and orthologous antigen binding. Bl.
Affinity to Antigen The desired affinity of a
therapeutic mAb may depend upon the nature of the
antigen, and the desired therapeutic end-point. In an
embodiment, monoclonal antibodies have higher
affinities (Kd = 0.01 - 0.50 pM) when blocking a
cytokine-cytokine receptor interaction as such
interaction are usually high affinity interactions
(e.g.,<pM - <nM ranges). In such instances, the mAb
affinity for its target should be equal to or better
than the affinity of the cytokine (ligand) for 



its receptor. On the other hand, mAb with lesser
affinity (> nM range) could be therapeutically
effective e.g.,in clearing circulating potentially
pathogenic proteins e.g.,monoclonal antibodies that
bind to, sequester, and clear circulating species of
A-b amyloid. In other instances, reducingthe affinity
of an existing high affinity mAb by site-directed
mutagenesis or using a mAb with lower affinity for its
target could be used to avoid potential side-effects
e.g.,a high affinity mAb may sequester/neutralize all
of its intended target, thereby completely
depleting/eliminating the function(s) of the targeted
protein. In this scenario, a low affinity mAb may
sequester/neutralize a fraction of the target that may
be responsible for the disease symptoms (the
pathological or over produced levels), thus allowing a
fraction of the target to continue to perform its
normal physiological function(s). Therefore, it may be
possible to reduce the Kd to adjust dose and/or reduce
side-effects. The affinity of the parental mAb might
play a role in appropriately targeting cell surface
molecules to achieve desired therapeutic out-come. For
example, if a target is expressed on cancer cells with
high density and on normal cells with low density, a
lower affinity mAb will bind a greater number of
targets on tumor cells than normal cells, resulting in
tumor cell elimination via ADCC or CDC, and therefore
might have therapeutically desirable effects. Thus
selecting a mAb with desired affinity may be relevant
for both soluble and surface targets. Signaling
through a receptor upon interaction with its ligand
may depend upon the affinity of the receptor-ligand
interaction. Similarly, it is conceivable that the
affinity of a mAb for a surface receptor could
determine the nature of intracellular signaling and
whether the mAb may deliver an agonist or an
antagonist signal. The affinity-based nature of
mAb-mediated signaling may have an impact of its
side-effect profile. Therefore, the desired affinity
and desired functions of therapeutic monoclonal
antibodies need to be determined carefully by in vitro
and in vivo experimentation. The desired Kd of a
binding protein (e.g., an antibody) may be determined
experimentally depending on the desired therapeutic
outcome. In an embodiment parent antibodies with
affinity (Kd) for a particular antigen equal to, or
better than, the desired affinity of the DVD-Ig for
the same antigen are selected. The antigen binding
affinity and kinetics are assessed by Biacore or
another similar technique. In one embodiment, each
parent antibody has a dissociation constant (Kd) to
its antigen selected from the group consisting of: at
most about 10 7 M; at most about 10 8 M; at most about
10 9 M; at most about 10 10 M; at most about 10 p M;
at most about 10 12 M; and at most 10~13 M. First
parent antibody from which VDl is obtained and second
parent antibody from which VD2 is obtained may have
similar or different affinity (KD) for the respective
antigen. Each parent antibody has an on rate constant
(Kon) to the antigen selected from the group
consisting of: at least about 102M S1 ; at least about
103M S1 ; at least about 104M 1S1 ; at least about
105M 1S1; and at least about 106M 1S1, as measured by
surface plasmon resonance. The first parent antibody
from which VDl is obtained and the second parent
antibody from which VD2 is obtained may have similar
or different on rate constant (Kon) for the respective
antigen. In one embodiment, each parent antibody has
an off rate constant (Koff) to the antigen selected
from thegroup consisting of: at most about 10 3S1 ; at
most about 10 4S1 ; at most about 10 5S1; and at most
about 10 6S1, as measured by surface plasmon
resonance. The first parent antibody from which VDl is
obtained and the second parent antibody from which VD2
is obtained may have similar or different off rate
constants (Koff) for the respective antigen. B2.
Potency The desired affinity/potency of parental
monoclonal antibodies will depend on the desired
therapeutic outcome. For example, for receptor-ligand
(R-L) interactions the affinity (kd) is equal to or
better than the R-L kd (pM range). For simple
clearance of a pathologic circulating protein, the kd
could be in low nM range e.g.,clearance of various
species of circulating A-b peptide. In addition, the
kd will also depend on whether the target expresses
multiple copies of the same epitope e.g a mAb
targeting conformational epitope in Ab oligomers.
Where VDI and VD2 bind the same antigen, but distint
epitopes, the DVD-Ig will contain 4 binding sites for
the same antigen, thus increasing avidity and thereby
the apparent kd of the DVD-Ig. In an embodiment,
parent antibodies with equal or lower kd than that
desired in the DVD-Ig are chosen. The affinity
considerations of a parental mAb may also depend upon
whether the DVD-Ig contains four or more identical
antigen binding sites (i.e; a DVD-Ig from a single
mAb). In this case, the apparent kd would be greater
than the mAb due to avidity. Such DVD-Igs can be
employed for cross-linking surface receptor, increase
neutralization potency, enhance clearance of
pathological proteins etc. In an embodiment parent
antibodies with neutralization potency for specific
antigen equal to or better than the desired
neutralization potential of the DVD-Ig for the same
antigen are selected. The neutralization potency can
be assessed by a target-dependent bioassay where cells
of appropriate type produce a measurable signal (i.e.
proliferation or cytokine production) in response to
target stimulation, and target neutralization by the
mAb can reduce the signal in a dose-dependent manner.
B3. Biological functions Monoclonal antibodies can
perform potentially several functions. Some of these
functions are listed in Table 1. These functions can
be assessed by both in vitro assays (e.g., cell-based
and biochemical assays) and in vivo animal
models.Table 1. Some Potential Applications For
Therapeutic Antibodies MAbs with distinct functions
described in the examples herein in Table 1 can be
selected to achieve desired therapeutic outcomes. Two
or more selected parent monoclonal antibodies can then
be used in DVD-Ig format to achieve two distinct
functions in a single DVD-Ig molecule. For example, a
DVD-Ig can be generated by selecting a parent mAb that
neutralizes function of a specific cytokine, and
selecting a parent mAb that enhances clearance of a
pathological protein. Similarly, we can select two
parent monoclonal antibodies that recognize two
different cell surface receptors, one mAb with an
agonist function on one receptor and the other mAb
with an antagonist function on a different receptor.
These two selected monoclonal antibodies each with a
distinct function can be used to construct a single
DVD-Ig molecule that will possess the two distinct
functions (agonist and antagonist) of the selected
monoclonal antibodies in a single molecule. Similarly,
two antagonistic monoclonal antibodies to cell surface
receptors each blocking binding of respective receptor
ligands (e.g.,EGF and IGF) can be used in a DVD-Ig
format. Conversely, an antagonistic anti-receptor mAb
(e.g.,anti-EGFR) and a neutralizing antisoluble
mediator (e.g.,anti-IGFl/2) mAb can be selected to
make a DVD-Ig. B4. Epitope Recognition: Different
regions of proteins may perform different functions.
For example specific regions of a cytokine interact
with the cytokine receptor to bring about receptor
activation whereas other regions of the protein may be
required for stabilizing the cytokine. In this
instance one may select a mAb that binds specifically
to the receptor interacting region(s) on the cytokine
and thereby block cytokine-receptor interaction. In
some cases, for example certain chemokine receptors
that bind multiple ligands, a mAb that binds to the
epitope (region on chemokine receptor) that interacts
with only one ligand can be selected. In other
instances, monoclonal antibodies can bind to epitopes
on a target that are not directly responsible for
physiological functions of the protein, but binding of
a mAb to these regions could either interfere
withphysiological functions (steric hindrance) or
alter the conformation of the protein such that the
protein cannot function (mAb to receptors with
multiple ligand which alter the receptor conformation
such that none of the ligand can bind). Anti-cytokine
monoclonal antibodies that do not block binding of the
cytokine to its receptor, but block signal
transduction have also been identified (e.g., 125-2H,
an anti-IL-18 mAb). Examples of epitopes and mAb
functions include, but are not limited to, blocking
Receptor-Ligand (R-L) interaction (neutralizing mAb
that binds R-interacting site); steric hindrance
resulting in diminished or no R-binding. An Ab can
bind the target at a site other than a receptor
binding site, but still interferes with receptor
binding and functions of the target by inducing
conformational change and eliminate function (e.g.,
Xolair), binding to R but block signaling (125 -2H).
In an embodiment, the parental mAb needs to target the
appropriate epitope for maximum efficacy. Such epitope
should be conserved in the DVD-Ig. The binding epitope
of a mAb can be determined by several approaches,
including co-crystallography, limited proteolysis of
mAbantigen complex plus mass spectrometric peptide
mapping (Legros V. et al 2000 Protein Sci. 9:1002-10),
phage displayed peptide libraries (O'Connor KH et al
2005 J Immunol Methods. 299:21-35), as well as
mutagenesis (Wu C. et al . 2003 J Immunol 170:5571-7).
B5. Physicochemical and pharmaceutical properties:
Therapeutic treatment with antibodies often requires
administration of high doses, often several mg/kg (due
to a low potency on a mass basis as a consequence of a
typically large molecular weight). In order to
accommodate patient compliance and to adequately
address chronic disease therapies and outpatient
treatment, subcutaneous (s.c.) or intramuscular (i.m.)



administration of therapeutic mAbs is desirable. For
example, the maximum desirable volume for s.c.
administration is ~1.0 mL, and therefore,
concentrations of >100 mg/mL are desirable to limit
the number of injections per dose. In an embodiment,
the therapeutic antibody is administered in one dose.
The development of such formulations is constrained,
however, by protein-protein interactions (e.g.,
aggregation, which potentially increases
immunogenicity risks) and by limitations during
processing and delivery (e.g., viscosity).
Consequently, the large quantities required for
clinical efficacy and the associated development
constraints limit full exploitation of the potential
of antibody formulation and s.c. administration in
high-dose regimens. It is apparent that the
physicochemical and pharmaceutical properties of a
protein molecule and the protein solution are of
utmost importance, e.g.,stability, solubility and
viscosity features.B5.1. Stability: A "stable"
antibody formulation is one in which the antibody
therein essentially retains its physical stability
and/or chemical stability and/or biological activity
upon storage. Stability can be measured at a selected
temperature for a selected time period. In an
embodiment,, the antibody in the formulation is stable
at room temperature (about 300C) or at 400C for at
least 1 month and/or stable at about 2-8C. for at
least 1 year for at least 2 years. Furthermore, in an
embodiment, the formulation is stable following
freezing (to, e.g., -700C) and thawing of the
formulation, hereinafter referred to as a "freeze/thaw
cycle." In another example, a "stable" formulation may
be one wherein less than about 10% and less than about
5% of the protein is present as an aggregate in the
formulation. A DVD-Ig stable in vitro at various
temperatures for an extended time period is desirable.
One can achieve this by rapid screening of parental
mAbs stable in vitro at elevated temperature, e.g.,at
400C for 2-4 weeks, and then assess stability. During
storage at 2-8C, the protein reveals stability for at
least 12 months, e.g., at least 24 months. Stability
(% of monomelic, intact molecule) can be assessed
using various techniques such as cation exchange
chromatography, size exclusion chromatography,
SDS-PAGE, as well as bioactivity testing. For a more
comprehensive list of analytical techniques that may
be employed to analyze covalent and conformational
modifications see Jones, A. J. S. (1993) Analytical
methods for the assessment of protein formulations and
delivery systems. In: Cleland, J. L.; Langer, R.,
editors. Formulation and delivery of peptides and
proteins, 1st edition, Washington, ACS, pg. 22-45; and
Pearlman, R.; Nguyen, T. FL(1 990) Analysis of protein
drugs. In: Lee, V. H., editor. Peptide and protein
drug delivery, 1st edition, New York, Marcel Dekker,
Inc., pg. 247-301. Heterogeneity and aggregate
formation: stability of the antibody may be such that
the formulation may reveal less than about 10%, and,
in an embodiment, less than about 5%, in another
embodiment, less than about 2%, or, in an embodiment,
within the range of 0.5% to 1.5% or less in the GMP
antibody material that is present as aggregate. Size
exclusion chromatography is a method that is
sensitive, reproducible, and very robust in the
detection of protein aggregates. In addition to low
aggregate levels, the antibody must , in an
embodiment, be chemically stable. Chemical stability
may be determined by ion exchange chromatography
(e.g.,cation or anion exchange chromatography),
hydrophobic interaction chromatography, or other
methods such as isoelectric focusing or capillary
electrophoresis. For instance, chemical stability of
the antibody may be such that after storage of at
least 12 months at 2-8C the peak representing
unmodified antibody in a cation exchange
chromatography may increase not more than 20%, inan
embodiment, not more than 10%, or, in another
embodiment, not more than 5% as compared to the
antibody solution prior to storage testing. In an
embodiment, the parent antibodies display structural
integrity; correct disulfide bond formation, and
correct folding: Chemical instability due to changes
in secondary or tertiary structure of an antibody may
impact antibody activity. For instance, stability as
indicated by activity of the antibody may be such that
after storage of at least 12 months at 2-8C the
activity of the antibody may decrease not more than
50%, in an embodiment not more than 30%, or even not
more than 10%, or in an embodiment not more than 5% or
1% as compared to the antibody solution prior to
storage testing. Suitable antigen-binding assays can
be employed to determine antibody activity. B5.2.
Solubility: The "solubility" of a mAb correlates with
the production of correctly folded, monomelic IgG. The
solubility of the IgG may therefore be assessed by
HPLC. For example, soluble (monomelic) IgG will give
rise to a single peak on the HPLC chromatograph,
whereas insoluble (e.g., multimeric and aggregated)
will give rise to a plurality of peaks. A person
skilled in the art will therefore be able to detect an
increase or decrease in solubility of an IgG using
routine HPLC techniques. For a more comprehensive list
of analytical techniques that may be employed to
analyze solubility (see Jones, A. G. Dep. Chem.
Biochem. Eng., Univ. Coll. London, London, UK.
Editor(s): Shamlou, P. Ayazi. Process. Solid-Liq.
Suspensions (1993), 93-117. Publisher:
Butterworth-Heinemann, Oxford, UK and Pearlman,
Rodney; Nguyen, Tue H, Advances in Parenteral Sciences
(1990), 4 (Pept. Protein Drug Delivery), 247-301).
Solubility of a therapeutic mAb is critical for
formulating to high concentration often required for
adequate dosing. As outlined herein, solubilities of
>100 mg/mL may be required to accommodate efficient
antibody dosing. For instance, antibody solubility may
be not less than about 5 mg/mL in early research
phase, in an embodiment not less than about 25 mg/mL
in advanced process science stages, or in an
embodiment not less than about 100 mg/mL, or in an
embodiment not less than about 150 mg/mL. It is
obvious to a person skilled in the art that the
intrinsic properties of a protein molecule are
important the physico-chemical properties of the
protein solution, e.g.,stability, solubility,
viscosity. However, a person skilled in the art will
appreciate that a broad variety of excipients exist
that may be used as additives to beneficially impact
the characteristics of the final protein formulation.
These excipients may include: (i) liquid solvents,
cosolvents (e.g.,alcohols such as ethanol); (ii)
buffering agents (e.g.,phosphate, acetate, citrate,
amino acid buffers); (iii) sugars or sugar alcohols
(e.g.,sucrose, trehalose, fructose, raffinose,
mannitol, sorbitol, dextrans); (iv) surfactants
(e.g.,polysorbate 20, 40, 60, 80, poloxamers); (v)
isotonicity modifiers (e.g.,saltssuch as NaCl, sugars,
sugar alcohols); and (vi) others (e.g.,preservatives,
chelating agents, antioxidants, chelating substances
(e.g.,EDTA), biodegradable polymers, carrier molecules
(e.g.,HSA, PEGs) Viscosity is a parameter of high
importance with regard to antibody manufacture and
antibody processing
(e.g.,diafiltration/ultrafiltration), fill-finish
processes (pumping aspects, filtration aspects) and
delivery aspects (syringeability, sophisticated device
delivery). Low viscosities enable the liquid solution
of the antibody having a higher concentration. This
enables the same dose may be administered in smaller
volumes. Small injection volumes inhere the advantage
of lower pain on injection sensations, and the
solutions not necessarily have to be isotonic to
reduce pain on injection in the patient. The viscosity
of the antibody solution may be such that at shear
rates of 100 (1/s) antibody solution viscosity is
below 200 mPa s, in an embodiment below 125 mPa s, in
another embodiment below 70 mPa s, and in yet another
embodiment below 25 mPa s or even below 10 mPa s. B
5.3. Production efficiency The generation of a DVD-Ig
that is efficiently expressed in mammalian cells, such
as Chinese hamster ovary cells (CHO), will in an
embodiment require two parental monoclonal antibodies
which are themselves expressed efficiently in
mammalian cells. The production yield from a stable
mammalian line (i.e., CHO) should be above about
0.5g/L, in an embodiment above about lg/L, and in
another embodiment in the range of about 2-5 g/L or
more (Kipriyanov SM, Little M. 1999 MoI Biotechnol.
12:173-201; Carroll S, Al-Rubeai M. 2004 Expert Opin
Biol Ther. 4:1821-9). Production of antibodies and Ig
fusion proteins in mammalian cells is influenced by
several factors. Engineering of the expression vector
via incorporation of strong promoters, enhancers and
selection markers can maximize transcription of the
gene of interest from an integrated vector copy. The
identification of vector integration sites that are
permissive for high levels of gene transcription can
augment protein expression from a vector (Wurm et al,
2004, Nature Biotechnology , 2004, Vol/Iss/Pg. 22/1 1
(1393-1398)). Furthermore, levels of production are
affected by the ratio of antibody heavy and light
chains and various steps in the process of protein
assembly and secretion (Jiang et al. 2006,
Biotechnology Progress, Jan-Feb 2006, vol. 22, no. 1,
p. 313-8). B 6. Immunogenicity Administration of a
therapeutic mAb may results in certain incidence of an
immune response (ie, the formation of endogenous
antibodies directed against the therapeutic
mAb).Potential elements that might induce
immunogenicity should be analyzed during selection of
the parental monoclonal antibodies, and steps to
reduce such risk can be taken to optimize the parental
monoclonal antibodies prior to DVD-Ig construction.
Mouse-derived antibodies have been found to be highly
immunogenic in patients. The generation of chimeric
antibodies 



comprised of mouse variable and human constant regions
presents a logical next step to reduce the
immunogenicity of therapeutic antibodies (Morrison and
Schlom, 1990). Alternatively, immunogenicity can be
reduced by transferring murine CDR sequences into a
human antibody framework (reshaping/CDR
grafting/humanization), as described for a therapeutic
antibody by Riechmann et al., 1988. Another method is
referred to as "resurfacing" or "veneering", starting
with the rodent variable light and heavy domains, only
surface-accessible framework amino acids are altered
to human ones, while the CDR and buried amino acids
remain from the parental rodent antibody (Roguska et
al., 1996). In another type of humanization, instead
of grafting the entire CDRs, one technique grafts only
the "specificity-determining regions" (SDRs), defined
as the subset of CDR residues that are involved in
binding of the antibody to its target (Kashmiri et
al., 2005). This necessitates identification of the
SDRs either through analysis of available
threedimensional structures of antibody-target
complexes or mutational analysis of the antibody CDR
residues to determine which interact with the target.
Alternatively, fully human antibodies may have reduced
immunogenicity compared to murine, chimeric or
humanized antibodies. Another approach to reduce the
immunogenicity of therapeutic antibodies is the
elimination of certain specific sequences that are
predicted to be immunogenic. In one approach, after a
first generation biologic has been tested in humans
and found to be unacceptably immunogenic, the B-cell
epitopes can be mapped and then altered to avoid
immune detection. Another approach uses methods to
predict and remove potential T-cell epitopes.
Computational methods have been developed to scan and
to identify the peptide sequences of biologic
therapeutics with the potential to bind to MHC
proteins (Desmet et al., 2005). Alternatively a human
dendritic cell-based method can be used to identify
CD4+ T-cell epitopes in potential protein allergens
(Stickler et al., 2005; S.L. Morrison and J. Schlom,
Important Adv. Oncol. (1990), pp. 3-18; Riechmann, L.,
Clark, M., Waldmann, H. and Winter, G. "Reshaping
human antibodies for therapy." Nature (1988) 332:
323-327; Roguska-M-A, Pedersen-J-T, Henry-A-H,
Searle-S-M, Roja-C-M, Avery-B, Hoffee-M, Cook-S,
Lambert-J-M, Blattler-W-A , Rees-A-R , Guild-B-C . A
comparison of two murine mAbs humanized by
CDR-grafting and variable domain resurfacing.Protein
engineering, {Protein-Eng}, 1996, vol. 9, p. 895-904;
Kashmiri- Syed-V-S, De-Pascalis-Roberto,
Gonzales-Noreen-R, Schlom-Jeffrey. SDR grafting-a new
approach to antibody humanization. Methods (San Diego
Calif.), {Methods}, May 2005, vol. 36, no. 1, p. 25-
34; Desmet-Johan, Meersseman-Geert,
Boutonnet-Nathalie, Pletinckx-Jurgen, De-ClercqKrista,
Debulpaep-Maja, Braeckman-Tessa, Lasters-Ignace.
Anchor profiles of HLA-specific peptides: analysis by
a novel affinity scoring method and experimental
validation. Proteins, 2005, vol. 58, p. 53-69;
Stickler-M-M, Estell-D-A , Harding-F-A . CD4+ T-cell
epitope determination using unexposed human donor
peripheral blood mononuclear cells. Journal of
immunotherapy 2000, vol. 23, p. 654-60.) B 7. In vivo
efficacy To generate a DVD-Ig molecule with desired in
vivo efficacy, it is important to generate and select
mAbs with similarly desired in vivo efficacy when
given in combination. However, in some instances the
DVD-Ig may exhibit in vivo efficacy that cannot be
achieved with the combination of two separate mAbs.
For instance, a DVD-Ig may bring two targets in close
proximity leading to an activity that cannot be
achieved with the combination of two separate mAbs.
Additional desirable biological functions are
described herein in section B 3. Parent antibodies
with characteristics desirable in the DVD-Ig molecule
may be selected based on factors such as
pharmacokinetic 1 1A; tissue distribution; soluble
versus cell surface targets; and target concentration-
soluble/density -surface. B 8. In vivo tissue
distribution To generate a DVD-Ig molecule with
desired in vivo tissue distribution, in an embodiment
parent mAbs with similar desired in vivo tissue
distribution profile must be selected. Alternatively,
based on the mechanism of the dual-specific targeting
strategy, it may at other times not be required to
select parent mAbs with the similarly desired in vivo
tissue distribution when given in combination. For
instance, in the case of a DVD-Ig in which one binding
component targets the DVD-Ig to a specific site
thereby bringing the second binding component to the
same target site. For example, one binding specificity
of a DVD-Ig could target pancreas (islet cells) and
the other specificity could bring GLPl to the pancreas
to induce insulin. B 9. Isotype: To generate a DVD-Ig
molecule with desired properties including, but not
limited to, Isotype, Effector functions and the
circulating half-life, in an embodiment parent mAbs
with appropriate Fc-effector functions depending on
the therapeutic utility and the desired therapeutic
end-point are selected. There are five main
heavy-chain classes or isotypes some of which have
several sub-types and these determine the effector
functions of an antibody molecule. These effector
functions reside in the hinge region, CH2 and CH3
domains of the antibody molecule. However, residues in
other parts of an antibody molecule may have effects
on effector functionsas well. The hinge region
Fc-effector functions include: (i) antibody-dependent
cellular cytotoxicity, (ii) complement (CIq) binding,
activation and complement-dependent cytotoxicity
(CDC), (iii) phagocytosis/clearance of
antigen-antibody complexes, and (iv) cytokine release
in some instances. These Fc-effector functions of an
antibody molecule are mediated through the interaction
of the Fc-region with a set of class-specific cell
surface receptors. Antibodies of the IgGl isotype are
most active while IgG2 and IgG4 having minimal or no
effector functions. The effector functions of the IgG
antibodies are mediated through interactions with
three structurally homologous cellular Fc receptor
types (and sub-types) (FcgRl, FcgRII and FcgRIII).
These effector functions of an IgGl can be eliminated
by mutating specific amino acid residues in the lower
hinge region (e.g.,L234A, L235A) that are required for
FcgR and CIq binding. Amino acid residues in the Fc
region, in particular the CH2-CH3 domains, also
determine the circulating halflife of the antibody
molecule. This Fc function is mediated through the
binding of the Fc-region to the neonatal Fc receptor
(FcRn) which is responsible for recycling of antibody
molecules from the acidic lysosomes back to the
general circulation. Whether a mAb should have an
active or an inactive isotype will depend on the
desired therapeutic end-point for an antibody. Some
examples of usage of isotypes and desired therapeutic
outcome are listed below: a) If the desired end-point
is functional neutralization of a soluble cytokine
then an inactive isotype may be used; b) If the
desired out-come is clearance of a pathological
protein an active isotype may be used; c) If the
desired out-come is clearance of protein aggregates an
active isotype may be used; d) If the desired outcome
is to antagonize a surface receptor an inactive
isotype is used (Tysabri, IgG4; OKT3, mutated IgGl);
e) If the desired outcome is to eliminate target cells
an active isotype is used (Herceptin, IgGl (and with
enhanced effector functions); and f) If the desired
outcome is to clear proteins from circulation without
entering the CNS an IgM isotype may be used
(e.g.,clearing circulating Ab peptide species). The Fc
effector functions of a parental mAb can be determined
by various in vitro methods well known in the art.As
discussed, the selection of isotype, and thereby the
effector functions will depend upon the desired
therapeutic end-point. In cases where simple
neutralization of a circulating target is desired, for
example blocking receptor-ligand interactions, the
effector functions may not be required. In such
instances isotypes or mutations in the Fc-region of an
antibody that eliminate effector functions are
desirable. In other instances where elimination of
target cells is the therapeutic end-point, for example
elimination of tumor cells, isotypes or mutations or
defucosylation in the Fc-region that enhance effector
functions are desirable (Presta GL, Adv. Drug Delivery
Rev. 58:640-656, 2006; Satoh M., Iida S., Shitara K.
Expert Opinion Biol. Ther. 6:1 161-1 173, 2006).
Similarly, depending up on the therapeutic utility,
the circulating half-life of an antibody molecule can
be reduced/prolonged by modulating antibody-FcRn
interactions by introducing specific mutations in the
Fc region (Dall'Acqua WF, Kiener PA, Wu H. J. Biol.
Chem. 281:23514-23524, 2006; Petkova SB., Akilesh S.,
Sproule TJ. et al. Internal Immunol. 18:1759-1769,
2006; Vaccaro C , Bawdon R., Wanjie S et al. PNAS
103:18709-18714, 2007). The published information on
the various residues that influence the different
effector functions of a normal therapeutic mAb may
need to be confirmed for DVD-Ig. It may be possible
that in a DVD-Ig format additional (different)
Fc-region residues, other than those identified for
the modulation of monoclonal antibody effector
functions, may be important. Overall, the decision as
to which Fc-effector functions (isotype) will be
critical in the final DVD-Ig format will depend up on
the disease indication, therapeutic target, desired
therapeutic end-point and safety considerations.
Listed below are exemplary appropriate heavy 



chain and light chain constant regions including, but
not limited to: o IgGl - allotype: Glmz o IgGl mutant
- A234, A235 o IgG2 - allotype: G2m(n-) o Kappa - Km3
o Lambda Fc Receptor and CIq Studies: The possibility
of unwanted antibody-dependent cellmediated
cytotoxicity (ADCC) and complement-dependent
cytotoxicity (CDC) by antibody complexing to any
overexpressed target on cell membranes can be
abrogated by the (for example, L234A, L235A)
hinge-region mutations. These substituted amino acids,
present in the IgGl hinge region of mAb, are expected
to result in diminished binding of mAb to human Fc
receptors(but not FcRn), as FcgR binding is thought to
occur within overlapping sites on the IgGl hinge
region. This feature of mAb may lead to an improved
safety profile over antibodies containing a wild-type
IgG. Binding of mAb to human Fc receptors can be
determined by flow cytometry experiments using cell
lines (e.g.,THP-l, K562) and an engineered CHO cell
line that expresses FcgRIIb (or other FcgRs). Compared
to IgGl control monoclonal antibodies, mAb show
reduced binding to FcgRI and FcgRIIa whereas binding
to FcgRIIb is unaffected. The binding and activation
of CIq by antigen/IgG immune complexes triggers the
classical complement cascade with consequent
inflammatory and/or immunoregulatory responses. The
CIq binding site on IgGs has been localized to
residues within the IgG hinge region. CIq binding to
increasing concentrations of mAb was assessed by CIq
ELISA. The results demonstrate that mAb is unable to
bind to CIq, as expected when compared to the binding
of a wildtype control IgGl . Overall, the L234A, L235A
hinge region mutation abolishes binding of mAb to
FcgRI, FcgRIIa and CIq but does not impact the
interaction of mAb with FcgRIIb. This data suggests
that in vivo, mAb with mutant Fc will interact
normally with the inhibitory FcgRIIb but will likely
fail to interact with the activating FcgRI and FcgRIIa
receptors or CIq. Human FcRn binding: The neonatal
receptor (FcRn) is responsible for transport of IgG
across the placenta and to control the catabolic
half-life of the IgG molecules. It might be desirable
to increase the terminal half-life of an antibody to
improve efficacy, to reduce the dose or frequency of
administration, or to improve localization to the
target. Alternatively, it might be advantageous to do
the converse that is, to decrease the terminal
half-life of an antibody to reduce whole body exposure
or to improve the target-to-non-target binding ratios.
Tailoring the interaction between IgG and its salvage
receptor, FcRn, offers a way to increase or decrease
the terminal half-life of IgG. Proteins in the
circulation, including IgG, are taken up in the fluid
phase through micropinocytosis by certain cells, such
as those of the vascular endothelia. IgG can bind FcRn
in endosomes under slightly acidic conditions (pH
6.0-6.5) and can recycle to the cell surface, where it
is released under almost neutral conditions (pH
7.0-7.4). Mapping of the Fcregion- binding site on
FcRn80, 16, 17 showed that two histidine residues that
are conserved across species, His310 and His435, are
responsible for the pH dependence of this interaction.
Using phage-display technology, a mouse Fc-region
mutation that increases binding to FcRn and extends
the half-life of mouse IgG was identified (see Victor,
G. et al.; Nature Biotechnology (1997), 15(7),
637-640). Fc-region mutations that increase the
binding affinity of human IgG for FcRn at pH 6.0, but
not at pH 7.4, have also been identified (see
DallAcqua William F, et al., Journal of Immunology
(2002), 169(9), 5171-80). Moreover, in one case, a
similar pH-dependent increase in binding (up to
27-fold) was also observed for rhesus FcRn, and this
resulted in a twofold increase in serum half-life in
rhesus monkeys compared with the parent IgG (see
Hinton, Paul R. et al., Journal of Biological
Chemistry (2004), 279(8), 6213-6216). These
findingsindicate that it is feasible to extend the
plasma half-life of antibody therapeutics by tailoring
the interaction of the Fc region with FcRn.
Conversely, Fc-region mutations that attenuate
interaction with FcRn can reduce antibody half-life.
B.10 Pharmacokinetics (PK): To generate a DVD-Ig
molecule with desired pharmacokinetic profile, in an
embodiment parent mAbs with the similarly desired
pharmacokinetic profile are selected. One
consideration is that immunogenic response to
monoclonal antibodies (ie, HAHA, human anti-human
antibody response; HACA, human anti-chimeric antibody
response) further complicates the pharmacokinetics of
these therapeutic agents. In an embodiment, monoclonal
antibodies with minimal or no immunogenicity are used
for constructing DVD-Ig molecules such that the
resulting DVD-Igs will also have minimal or no
immunogenicity. Some of the factors that determine the
PK of a mAb include, but are not limited to, Intrinsic
properties of the mAb (VH amino acid sequence);
immunogenicity; FcRn binding and Fc functions. The PK
profile of selected parental monoclonal antibodies can
be easily determined in rodents as the PK profile in
rodents correlates well with (or closely predicts) the
PK profile of monoclonal antibodies in cynomolgus
monkey and humans. The PK profile is determined as
described in Example section I.2.2.3.A. After the
parental monoclonal antibodies with desired PK
characteristics (and other desired functional
properties as discussed herein) are selected, the
DVD-Ig is constructed. As the DVD-Ig molecules contain
two antigen-binding domains from two parental
monoclonal antibodies, the PK properties of the DVD-Ig
are assessed as well. Therefore, while determining the
PK properties of the DVD-Ig, PK assays may be employed
that determine the PK profile based on functionality
of both antigen-binding domains derived from the 2
parent monoclonal antibodies. The PK profile of a
DVD-Ig can be determined as described in Example
1.2.2.3.A. Additional factors that may impact the PK
profile of DVD-Ig include the antigen-binding domain
(CDR) orientation; Linker size; and Fc / FcRn
interactions. PK characteristics of parent antibodies
can be evaluated by assessing the following
parameters: absorption, distribution, metabolism and
excretion. Absorption: To date, administration of
therapeutic monoclonal antibodies is via parenteral
routes (e.g., intravenous [IV], subcutaneous [SC], or
intramuscular [IM]). Absorption of a mAb into the
systemic circulation following either SC or IM
administration from the interstitial space is
primarily through the lymphatic pathway. Saturable,
presystemic, proteolytic degradation may result in
variable absolute bioavailability following
extravascular administration.Usually, increases in
absolute bioavailability with increasing doses of
monoclonal antibodies may be observed due to saturated
proteolytic capacity at higher doses. The absorption
process for a mAb is usually quite slow as the lymph
fluid drains slowly into the vascular system, and the
duration of absorption may occur over hours to several
days.The absolute bioavailability of monoclonal
antibodies following SC administration generally
ranges from 50% to 100%. In the case of a
transport-mediating structure at the blood-brain
barrier targeted by the DVD-Ig construct, circulation
times in plasma may be reduced due to enhanced
trans-cellular transport at the blood brain barrier
(BBB) into the CNS compartment, where the DVD-Ig is
liberated to enable interaction via its second antigen
recognition site. Distribution: Following IV
administration, monoclonal antibodies usually follow a
biphasic serum (or plasma) concentration-time profile,
beginning with a rapid distribution phase, followed by
a slow elimination phase. In general, a biexponential
pharmacokinetic model best describes this kind of
pharmacokinetic profile. The volume of distribution in
the central compartment (Vc) for a mAb is usually
equal to or slightly larger than the plasma volume
(2-3 liters). A distinct biphasic pattern in serum
(plasma) concentration versus time profile may not be
apparent with other parenteral routes of
administration, such as IM or SC, because the
distribution phase of the serum (plasma)
concentration-time curve is masked by the long
absorption portion. Many factors, including
physicochemical properties, site-specific and
target-oriented receptor mediated uptake, binding
capacity of tissue, and mAb dose can influence
biodistribution of a mAb. Some of these factors can
contribute to nonlinearity in biodistribution for a
mAb. Metabolism and Excretion: Due to the molecular
size, intact monoclonal antibodies are not excreted
into the urine via kidney. They are primarily
inactivated by metabolism (e.g., catabolism). For
IgG-based therapeutic monoclonal antibodies,
half-lives typically ranges from hours or 1-2 days to
over 20 days. The elimination of a mAb can be affected
by many factors, including, but not limited to,
affinity for the FcRn receptor, immunogenicity of the
mAb, the degree of glycosylation of the mAb, the
susceptibility for the mAb to proteolysis, and
receptormediated elimination. B.ll Tissue
cross-reactivity pattern on human and tox species:
Identical staining pattern suggests that potential
human toxicity can be evaluated in tox species. Tox
species are those animal in which unrelated toxicity
is studied.The individual antibodies are selected to
meet two criteria. (1) Tissue staining appropriate for
the known expression of the antibody target. (2)
Similar staining pattern between human and tox species
tissues from the same organ. Criterion 1:
Immunizations and/or antibody selections typically
employ recombinant or 



synthesized antigens (proteins, carbohydrates or other
molecules). Binding to the natural counterpart and
counterscreen against unrelated antigens are often
part of the screening funnel for therapeutic
antibodies. However, screening against a multitude of
antigens is often unpractical. Therefore tissue
cross-reactivity studies with human tissues from all
major organs serve to rule out unwanted binding of the
antibody to any unrelated antigens. Criterion 2:
Comparative tissue cross reactivity studies with human
and tox species tissues (cynomolgus monkey, dog,
possibly rodents and others, the same 36 or 37 tissues
are being tested as in the human study) help to
validate the selection of a tox species. In the
typical tissue cross-reactivity studies on frozen
tissues sections therapeutic antibodies may
demonstrate the expected binding to the known antigen
and/or to a lesser degree binding to tissues based
either on low level interactions (unspecific binding,
low level binding to similar antigens, low level
charge based interactions etc.). In any case the most
relevant toxicology animal species is the one with the
highest degree of coincidence of binding to human and
animal tissue. Tissue cross reactivity studies follow
the appropriate regulatory guidelines including EC
CPMP Guideline 111/5271/94 "Production and quality
control of mAbs" and the 1997 US FDA/CBER "Points to
Consider in the Manufacture and Testing of Monoclonal
Antibody Products for Human Use". . Cryosections (5
mm) of human tissues obtained at autopsy or biopsy
were fixed and dried on object glass. The peroxidase
staining of tissue sections was performed, using the
avidin-biotin system. FDA's Guidance "Points to
Consider in the Manufacture and Testing of Monoclonal
Antibody Productsfor Human Use". Relevant references
include Clarke J 2004, Boon L. 2002a, Boon L 2002b,
Ryan A 1999. Tissue cross reactivity studies are often
done in two stages, with the first stage including
cryosections of 32 tissues (typically: Adrenal Gland,
Gastrointestinal Tract, Prostate, Bladder, Heart,
Skeletal Muscle, Blood Cells, Kidney, Skin, Bone
Marrow, Liver, Spinal Cord, Breast, Lung, Spleen,
Cerebellum, Lymph Node, Testes, Cerebral Cortex,
Ovary, Thymus, Colon, Pancreas, Thyroid, Endothelium,
Parathyroid, Ureter, Eye, Pituitary, Uterus, Fallopian
Tube and Placenta) from one human donor. In the second
phase a full cross reactivity study is performed with
up to 38 tissues (including adrenal, blood, blood
vessel, bone marrow, cerebellum, cerebrum, cervix,
esophagus, eye, heart, kidney, large intestine, liver,
lung, lymph node, breast mammary gland, ovary,
oviduct, pancreas, parathyroid, peripheral nerve,
pituitary, placenta, prostate,salivary gland, skin,
small intestine, spinal cord, spleen, stomach,
striated muscle, testis, thymus, thyroid, tonsil,
ureter, urinary bladder, and uterus) from 3 unrelated
adults. Studies are done typically at minimally two
dose levels. The therapeutic antibody (i.e. test
article) and isotype matched control antibody may be
biotinylated for avidin-biotin complex (ABC)
detection; other detection methods may include
tertiary antibody detection for a FITC (or otherwise)
labeled test article, or precomplexing with a labeled
anti-human IgG for an unlabeled test article. Briefly,
cryosections (about 5 mm) of human tissues obtained at
autopsy or biopsy are fixed and dried on object glass.
The peroxidase staining of tissue sections is
performed, using the avidin-biotin system. First (in
case of a precomplexing detection system), the test
article is incubated with the secondary biotinylated
anti-human IgG and developed into immune complex. The
immune complex at the final concentrations of 2 and 10
mg/mL of test article is added onto tissue sections on
object glass and then the tissue sections were reacted
for 30 minutes with a avidin-biotin-peroxidase kit.
Subsequently, DAB (3,3'-diaminobenzidine), a substrate
for the peroxidase reaction, was applied for 4 minutes
for tissue staining. Antigen-Sepharose beads are used
as positive control tissue sections. Any specific
staining is judged to be either an expected
(e.g.,consistent with antigen expression) or
unexpected reactivity based upon known expression of
the target antigen in question. Any staining judged
specific is scored for intensity and frequency.
Antigen or serum competion or blocking studies can
assist further in determining whether observed
staining is specific or nonspecific. If two selected
antibodies are found to meet the selction criteria -
appropriate tissue staining, matching staining between
human and toxicology animal specific tissue - they can
be selected for DVD-Ig generation. The tissue cross
reactivity study has to be repeated with the final
DVD-Ig construct, but while these studies follow the
same protocol as outline herein, they are more complex
to evaluate because any binding can come from any of
the two parent antibodies, and any unexplained binding
needs to be confirmed with complex antigen competition
studies. It is readily apparent that the complex
undertaking of tissue crossreactivity studies with a
multispecific molecule like a DVD-Ig is greatly
simplified if the two parental antibodies are selected
for (1) lack of unexpected tissue cross reactivity
findings and (2) for appropriate similarity of tissue
cross reactivity findings between the corresponding
human and toxicology animal species tissues.B.12
Specificity and selectivity: To generate a DVD-Ig
molecule with desired specificity and selectivity, one
needs to generate and select parent mAbs with the
similarly desired specificity and selectivity profile.
Binding studies for specificity and selectivity with a
DVD-Ig can be complex due to the four or more binding
sites, two each for each antigen. Briefly, binding
studies using ELISA, BIAcore. KinExA or other
interaction studies with a DVD-Ig need to monitor the
binding of one, two or more antigens to the DVD-Ig
molecule. While BIAcore technology can resolve the
sequential, independent binding of multiple antigens,
more traditional methods including ELISA or more
modern techniques like KinExA cannot. Therefore
careful characterization of each parent antibody is
critical. After each individual antibody has been
characterized for specificity, confirmation of
specificity retention of the individual binding sites
in the DVD-Ig molecule is greatly simplified. It is
readily apparent that the complex undertaking of
determining the specificity of a DVD-Ig is greatly
simplified if the two parental antibodies are selected
for specificity prior to being combined into a DVD-Ig.
Antigen-antibody interaction studies can take many
forms, including many classical protein protein
interaction studies, including ELISA (Enzyme linked
immunosorbent assay), Mass spectrometry, chemical
cross linking, SEC with light scattering, equilibrium
dialysis, gel permeation, ultrafiltration, gel
chromatography, large-zone analytical SEC,
micropreparative ultracentrigugation (sedimentation
equilibrium), spectroscopic methods, titration
microcalorimetry, sedimentation equilibrium (in
analytical ultracentrifuge), sedimentation velocity
(in analytical centrifuge), surface plasmon resonance
(including BIAcore). Relevant references include
"Current Protocols in Protein Science", John E.
Coligan, Ben M. Dunn, David W. Speicher, Paul T,
Wingfield (eds.) Volume 3, chapters 19 and 20,
published by John Wiley & Sons Inc., and references
included therein and "Current Protocols in
Immunology", John E. Coligan, Barbara E. Bierer, David
H. Margulies, Ethan M. Shevach, Warren Strober (eds.)
published by John Wiley & Sons Inc and relevant
references included therein. Cytokine Release in Whole
Blood: The interaction of mAb with human blood cells
can be investigated by a cytokine release assay (Wing,
M. G. Therapeutic Immunology (1995), 2(4), 183-190;
"Current Protocols in Pharmacology", SJ. Enna, Michael
Williams, John W. Ferkany, Terry Kenakin, Paul Moser,
(eds.) published by John Wiley & Sons Inc; Madhusudan,
S. Clinical Cancer Research (2004), 10(19), 6528-6534;
Cox, J. Methods (2006), 38(4), 274-282; Choi, I .
European Journal of Immunology (2001), 31(1), 94-106).
Briefly, various concentrations of mAbare incubated
with human whole blood for 24 hours. The concentration
tested should cover a wide range including final
concentrations mimicking typical blood levels in
patients (including but not limited to 100 ng/ml -
1OOmg/ml). Following the incubation, supernatants and
cell lysates were analyzed for the presence of IL-lR
a, TNF-a, IL-Ib, IL-6 and IL-8. Cytokine concentration
profiles generated for mAb were compared to profiles
produced by a negative human IgG control and a
positive LPS or PHA control. The cytokine profile
displayed by mAb from both cell supernatants and cell
lysates was comparable to control human IgG. In an
embodiment, the monoclonal antibody does not interact
with human blood cells to spontaneously release
inflammatory cytokines. Cytokine release studies for a
DVD-Ig are complex due to the four or more binding
sites, two each for each antigen. Briefly, cytokine
release studies as described herein measure the effect
of the whole DVD-Ig molecule on whole blood or other
cell systems, but can resolve which portion of the
molecule causes cytokine release. Once cytokine
release has been detected, the purity of the DVD-Ig
preparation has to be ascertained, because some
co-purifying cellular components can cause cytokine
release on their own. If purity is not the issue,
fragmentation of DVD-Ig (including but not limited to
removal of Fc portion, separation of binding sites
etc.), binding site mutagenesis or other methods may
need to be employed to deconvolute any 



observations. It is readily apparent that this complex
undertaking is greatly simplified if the two parental
antibodies are selected for lack of cytokine release
prior to being combined into a DVDIg. B.13 Cross
reactivity to other species for toxicological studies:
In an embodiment, the individual antibodies selected
with sufficient cross-reactivity to appropriate tox
species, for example, cynomolgus monkey. Parental
antibodies need to bind to orthologous species target
(i.e. cynomolgus monkey) and elicit appropriate
response (modulation, neutralization, activation). In
an embodiment, the cross-reactivity (affinity/potency)
to orthologous species target should be within 10-fold
of the human target. In practice, the parental
antibodies are evaluated for multiple species,
including mouse, rat, dog, monkey (and other nonhuman
primates), as well as disease model species (i.e.
sheep for asthma model). The acceptable
cross-reactivity to tox species from the perantal
monoclonal antibodies allows future toxicology studies
of DVD-Ig-Ig in the same species. For that reason, the
two parental monoclonal antibodies should have
acceptable cross-reactivity for a common tox species
therefore allowing toxicology studies of DVD-Ig in the
same species. Parent inAbs may be selected from
various inAbs capable of binding specific targets and
well known in the art. These include, but are not
limited to anti-TNF antibody (US Patent No.6,258,562),
anti-IL-12 and/or anti-IL-12p40 antibody (US Patent
No. 6,914,128); anti-IL-18 antibody (US 2005/0147610
Al), anti-C5, anti-CBL, anti-CD147, anti-gpl20,
anti-VLA-4, anti- CDl Ia, anti-CD18, anti-VEGF,
anti-CD40L, anti CD-40 (e.g., see WO2007124299)
anti-Id, anti- ICAM-I, anti-CXCL13, anti-CD2,
anti-EGFR, anti-TGF-beta 2, anti-HGF, anti-cMet, anti
DLL- 4, anti-NPRl, anti-PLGF, anti-ErbB3,
anti-E-selectin, anti-Fact VII, anti-Her2/neu, anti-F
gp, anti-CDll/18, anti-CD14, anti-ICAM-3, anti-RON,
anti CD-19, anti-CD80 (e.g., see WO2003039486,
anti-CD4, anti-CD3, anti-CD23, anti-beta2-integrin,
anti-alpha4beta7, anti- CD52, anti-HLA DR, anti-CD22
(e.g., see US Patent NO: 5,789,554), anti-CD20,
anti-MIF, anti- CD64 (FcR), anti-TCR alpha beta,
anti-CD2, anti-Hep B, anti-CA 125, anti-EpCAM,
anti-gpl20, anti-CMV, anti-gpllbllla, anti-IgE,
anti-CD25, anti-CD33, anti-HLA, anti-IGFl,2, anti
IGFR, anti-VNRintegrin, anti-IL-I alpha,
anti-IL-lbeta, anti-IL-1 receptor, anti-IL-2 receptor,
anti-IL-4, anti-IL-4 receptor, anti-IL5, anti-IL-5
receptor, anti-IL-6, anti- IL-6R, RANKL, NGF, DKK,
alphaVbeta3, IL-1 7A, anti-IL-8, anti-IL-9, anti-IL-1
3, anti-IL-1 3 receptor, anti-IL-1 7, and anti- IL-23;
IL-23pl9; (see Presta LG. 2005 Selection, design, and
engineering of therapeutic antibodies J Allergy Clin
Immunol. 116:731-6 and
http://www.path.cam.ac.uk/~mrc7/humanisation/antibodie
s.html ). Parent mAbs may also be selected from
various therapeutic antibodies approved for use, in
clinical trials, or in development for clinical use.
Such therapeutic antibodies include, but are not
limited to, rituximab (Rituxan(r),
IDEC/Genentech/Roche) (see for example U. S. Pat. No.
5,736,137), a chimeric anti-CD20 antibody approved to
treat Non-Hodgkin's lymphoma; HuMax- CD20, an
anti-CD20 currently being developed by Genmab, an
anti-CD20 antibody described in U.S. Pat. No. 5,
500,362, AME-133 (Applied Molecular Evolution), hA20
(Immunomedics, Inc.), HumaLYM (Intracel), and PRO70769
(PCT/US2003/040426, entitled "Immunoglobulin Variants
and Uses Thereof), trastuzumab (Herceptin(r),
Genentech) (see for example U.S. Pat. No. 5,677,171),
a humanized anti- Her2/neu antibody approved to treat
breast cancer; pertuzumab (rhuMab-2C4, Omnitarg(r)),
currently being developed by Genentech; an anti-Her2
antibody described in U.S. Pat. No. 4,753,894;
cetuximab (Erbitux(r), Imclone) (U.S. Pat. No.
4,943,533; PCT WO 96/40210), a chimeric anti-EGFR
antibody in clinical trials for a variety of cancers;
ABX-EGF (U.S. Pat. No. 6,235,883), currently being
developed by Abgenix-Immunex- Amgen; HuMax- EGFr (U.S.
Ser. No. 10/172,317), currently being developed by
Genmab; 425, EMD55900, EMD62000, and EMD72000 (Merck
KGaA) (U.S. Pat. No. 5,558,864; Murthy et al. 1987,
Arch Biochem Biophys. 252(2):549-60; Rodeck et al.,
1987, J Cell Biochem. 35(4):315- 20; Kettleborough et
al., 1991, Protein Eng. 4(7):773-83); ICR62 (Institute
of Cancer Research) (PCT WO 95/20045; Modjtahedi et
al., 1993, J. Cell Biophys. 1993, 22(l-3):129-46;
Modjtahedi et al., 1993, Br J Cancer. 1993,
67(2):247-53; Modjtahedi et al, 1996, Br J Cancer,
73(2):228-35; Modjtahedi et al, 2003, Int J Cancer,
105(2):273-80); TheraCIM hR3 (YM Biosciences,
Canadaand Centra de Immunologia Molecular, Cuba (U.S.
Pat. No. 5,891,996; U.S. Pat. No. 6,506, 883; Mateo et
al, 1997, Immunotechnology, 3(1):71-81); mAb-806
(Ludwig Institue for Cancer Research, Memorial
Sloan-Kettering) (Jungbluth et al. 2003, Proc Natl
Acad Sci USA. 100(2):639-44); KSB-102 (KS Biomedix);
MRl-I (IVAX, National Cancer Institute) (PCT WO
0162931A2); and SClOO (Scancell) (PCT WO 01/88138);
alemtuzumab (Campath(r), Millenium), a humanized mAb
currently approved for treatment of B-cell chronic
lymphocytic leukemia; muromonab-CD3 (Orthoclone
OKT3(r)), an anti-CD3 antibody developed by Ortho
Biotech/Johnson & Johnson, ibritumomab tiuxetan
(Zevalin(r)), an anti-CD20 antibody developed by
IDEC/Schering AG, gemtuzumab ozogamicin (Mylotarg(r)),
an anti-CD33 (p67 protein) antibody developed by
Celltech/Wyeth, alefacept (Amevive(r)), an anti-LFA-3
Fc fusion developed by Biogen), abciximab (ReoPro(r)),
developed by Centocor/Lilly, basiliximab
(Simulect(r)), developed by Novartis, palivizumab
(Synagis(r)), developed by Medimmune, infliximab
(Remicade(r)), an anti-TNFalpha antibody developed by
Centocor, adalimumab (Humira(r)), an anti-TNFalpha
antibody developed by Abbott, Humicade(r), an
anti-TNFalpha antibody developed by Celltech,
golimumab (CNTO- 148), a fully human TNF antibody
developed by Centocor, etanercept (Enbrel(r)), an p75
TNF receptor Fc fusion developed by Immunex/Amgen,
lenercept, an p55TNF receptor Fc fusion previously
developed by Roche, ABX-CBL, an anti-CD147 antibody
being developed by Abgenix, ABX-IL8, an anti-IL8
antibody being developed by Abgenix, ABX-MAl , an
anti-MUCl 8 antibody being developed by Abgenix,
Pemtumomab (R1549, 90Y-muHMFGl), an anti-MUCl in
development by Antisoma, Therex (R1550), an anti-MUCl
antibody being developed by Antisoma, AngioMab
(AS1405), being developed by Antisoma, HuBC-I, being
developed by Antisoma, Thioplatin (AS 1407) being
developed by Antisoma, Antegren(r) (natalizumab), an
anti-alpha-4-beta-l (VLA-4) and alpha-4-beta-7
antibody being developed by Biogen, VLA-I mAb, an
anti-VLA-1 integrin antibody being developed by
Biogen, LTBR mAb, an anti-lymphotoxin beta receptor
(LTBR) antibody being developed by Biogen, CAT-152, an
anti-TGF- b2 antibody being developed by Cambridge
Antibody Technology, ABT 874 (J695), an anti- IL-12
p40 antibody being developed by Abbott, CAT-192, an
anti-TGF bl antibody being developed by Cambridge
Antibody Technology and Genzyme, CAT-213, an
anti-Eotaxinl antibody being developed by Cambridge
Antibody Technology, LymphoStat-B(r) an anti-Blys
antibody being developed by Cambridge Antibody
Technology and Human Genome Sciences Inc.,
TRAIL-RImAb, an anti-TRAIL-Rl antibody being developed
by Cambridge Antibody Technology and Human Genome
Sciences, Inc. , Avastin(r) bevacizumab, rhuMAb-VEGF),
an anti-VEGF antibody being developed by Genentech, an
anti-HER receptor family antibody being developed by
Genentech, Anti-Tissue Factor (ATF), an anti-Tissue
Factor antibody being developed by Genentech,
Xolair(r) (Omalizumab), an anti-IgE antibody being
developed by Genentech, Raptiva(r) (Efalizumab), an
anti- CDl Ia antibody being developed by Genentech and
Xoma, MLN-02 Antibody (formerlyLDP-02), being
developed by Genentech and Millenium Pharmaceuticals,
HuMax CD4, an anti- CD4 antibody being developed by
Genmab, HuMax-IL15, an anti-IL15 antibody being
developed by Genmab and Amgen, HuMax-Inflam, being
developed by Genmab and Medarex, HuMax-Cancer, an
anti-Heparanase I antibody being developed by Genmab
and Medarex and Oxford GcoSciences, HuMax-Lymphoma,
being developed by Genmab and Amgen, HuMax- TAC, being
developed by Genmab, IDEC- 13 1, and anti-CD40L
antibody being developed by IDEC Pharmaceuticals,
IDEC-1 5 1 (Clenoliximab), an anti- CD4 antibody being
developed by IDEC Pharmaceuticals, IDEC-1 14, an anti-
CD80 antibody being developed by IDEC Pharmaceuticals,
IDEC-152, an anti- CD23 being developed by IDEC
Pharmaceuticals, antimacrophage migration factor (MIF)
antibodies being developed by IDEC Pharmaceuticals,
BEC2, an anti-idiotypic antibody being developed by
Imclone, IMC-ICl 1, an anti-KDR antibody being
developed by Imclone, DClOl, an anti-flk-1 antibody
being developed by Imclone, anti-VE cadherin
antibodies being developed by Imclone, CEA-Cide(r)
(labetuzumab), an anti-carcinoembryonic antigen (CEA)
antibody being developed by Immunomedics,
LymphoCide(r) (Epratuzumab), an anti-CD22 antibody
being developed by Immunomedics, AFP-Cide, being
developed by Immunomedics, MyelomaCide, being
developed by Immunomedics, LkoCide, being developed by
Immunomedics, ProstaCide, being developed by
Immunomedics, MDX-OlO, an anti-CTLA4 antibody being
developed by Medarex, MDX-060, an anti-CD30 antibody
being developed by Medarex, MDX-070 being developed by
Medarex, MDX-01 8 being developed by Medarex,
Osidem(r) (IDM-I), and anti-Her2 antibody being
developed by Medarex and Immuno-Designed Molecules,
HuMax(r)-CD4, an anti-CD4 antibody being developed by
Medarex and Genmab, HuMax-IL15, an anti-IL15 antibody
being developed by Medarex and Genmab, CNTO 148, an
anti-TNFa antibody being developed by Medarex and
Centocor/J&J, CNTO 1275, an anti-cytokine antibody
being developed by Centocor/J&J, 



MORlOl and MOR102, anti-intercellular adhesion
molecule-1 (ICAM-I) (CD54) antibodies being developed
by MorphoSys, MOR201, an anti-fibroblast growth factor
receptor 3 (FGFR-3) antibody being developed by
MorphoSys, Nuvion(r) (visilizumab), an anti-CD3
antibody being developed by Protein Design Labs,
HuZAF(r), an anti-gamma interferon antibody being
developed by Protein Design Labs, Anti-a 5bl Integrin,
being developed by Protein Design Labs, anti-IL-12,
being developed by Protein Design Labs, ING-I, an
anti-Ep-CAM antibody being developed by Xoma,
Xolair(r) (Omalizumab) a humanized anti-IgE antibody
developed by Genentech and Novartis, and MLNOl , an
anti-Beta2 integrin antibody being developed by Xoma,
all of the herein-cited references in this paragraph
are expressly incorporated herein by reference. In
another embodiment, the therapeutics include KRN330
(Kirin); huA33 antibody (A33, Ludwig Institute for
Cancer Research); CNTO 95 (alpha V integrins,
Centocor); MEDI-522 (alpha Vb3 integrin, Medimmune);
volociximab (alpha Vbl integrin, Biogen/PDL); Human
inAb 216 (B cell glycosolated epitope, NCI); BiTE
MT103 (bispecific CD19 x CD3, Medimmune);
4G7xH22(Bispecific BcellxFcgammaRl, Medarex/Merck
KGa); rM28 (Bispecific CD28 x MAPG, US Patent No.
EP1444268); MDX447 (EMD 82633) (Bispecific CD64 x
EGFR, Medarex); Catumaxomab (removab) (Bispecific
EpCAM x anti-CD3, Trion/Fres); Ertumaxomab (bispecific
HER2/CD3, Fresenius Biotech); oregovomab (OvaRex)
(CA-1 25, ViRexx); Rencarex(r) (WX G250) (carbonic
anhydrase IX, Wilex); CNTO 888 (CCL2, Centocor);
TRC105 (CD105 (endoglin), Tracon); BMS-663513 (CD137
agonist, Brystol Myers Squibb); MDX-1342 (CD19,
Medarex); Siplizumab (MEDI-507) (CD2, Medimmune);
Ofatumumab (Humax-CD20) (CD20, Genmab); Rituximab
(Rituxan) (CD20, Genentech); veltuzumab ( hA20) (CD20,
Immunomedics); Epratuzumab (CD22, Amgen); lumiliximab
(IDEC 152) (CD23, Biogen); muromonab-CD3 (CD3, Ortho);
HuM291 (CD3 fc receptor, PDL Biopharma); HeFi-I, CD30,
NCI); MDX-060 (CD30, Medarex); MDX-1401 (CD30,
Medarex); SGN-30 (CD30, Seattle Genentics); SGN-33
(Lintuzumab) (CD33, Seattle Genentics); Zanolimumab
(HuMax-CD4) (CD4, Genmab); HCD122 (CD40, Novartis);
SGN-40 (CD40, Seattle Genentics); Campathlh
(Alemtuzumab) (CD52, Genzyme); MDX-1411 (CD70,
Medarex); hLLl (EPB-I) (CD74.38, Immunomedics);
Galiximab (IDEC-144) (CD80, Biogen); MT293
(TRC093/D93) (cleaved collagen, Tracon); HuLuc63 (CSl,
PDL Pharma); ipilimumab (MDX-OlO) (CTLA4, Brystol
Myers Squibb); Tremelimumab (Ticilimumab, CP-675,2)
(CTLA4, Pfizer); HGS-ETRl (Mapatumumab) (DR4 TRAIL-Rl
agonist, Human Genome Science /Glaxo Smith Kline);
AMG- 655 (DR5, Amgen); Apomab (DR5, Genentech);
CS-1008 (DR5, Daiichi Sankyo); HGS-ETR2 (lexatumumab)
(DR5 TRAIL-R2 agonist, HGS); Cetuximab (Erbitux)
(EGFR, Imclone); IMC- 11F8, (EGFR, Imclone);
Nimotuzumab (EGFR, YM Bio); Panitumumab (Vectabix)
(EGFR, Amgen); Zalutumumab (HuMaxEGFr) (EGFR, Genmab);
CDX-110 (EGFRvIII, AVANT Immunotherapeutics);
adecatumumab (MT201) (Epcam , Merck); edrecolomab
(Panorex, 17-1A) (Epcam , Glaxo/Centocor); MORAb-003
(folate receptor a, Morphotech); KW-2871 (gangJiosidc
GD3. Kyowa); MORAb-009 (GP-9, Morphotech); CDX-1307
(MDX-1307) (hCGb, Celldex); Trastuzumab (Herceptin)
(HER2, Celldex); Pertuzumab (rhuMAb 2C4) (HER2 (DI),
Genentech); apolizumab (HLA-DR beta chain, PDL
Pharma); AMG-479 (IGF-IR, Amgen); anti-IGF-lR R1507
(IGFl-R, Roche); CP 751871 (IGFl-R., Pfizer); IMC-A12
(IGFl-R, Imclone); BIIB022 (IGF-IR , Biogen);
Mik-beta-1 (IL-2Rb (CD122), Hoffman LaRoche); CNTO 328
(IL6, Centocor); Anti-KIR (1-7F9) (Killer cell Ig-like
Receptor (KIR), Novo); Hu3S193 (Lewis (y), Wyeth,
Ludwig Institute of Cancer Research); hCBE-11 (LTbR,
Biogen); HuHMFGl (MUCl, Antisoma/NCI); RAV12 (N-linked
carbohydrate epitope, Raven); CAL (parathyroid
hormonerelated protein (PTH-rP), University of
California); CT-OIl (PDl, CureTech); MDX-1 106 (ono-
4538) (PDl, Medarex/Ono); MAb CT-OIl (PDl, Curetech);
IMC-3G3 (PDGFRa, Imclone); bavituximab
(phosphatidylserine, Peregrine); huJ591 (PSMA, Cornell
Research Foundation); muJ591 (PSMA, Cornell Research
Foundation); GC1008 (TGFb (pan) inhibitor
(IgG4),Genzyme); Infliximab (Remicade) (TNFa,
Centocor); A27.15 (transferrin receptor, SaIk
Institute, INSERN WO 2005/1 11082); E2.3 (transferrin
receptor, SaIk Institute); Bevacizumab (Avastin)
(VEGF, Genentech); HuMV833 (VEGF, Tsukuba Research
Lab-WO/2000/034337, University of Texas); IMC-1 8Fl
(VEGFRl, Imclone); IMC-1 121 (VEGFR2, Imclone). B.
Construction of DVD molecules: The dual variable
domain immunoglobulin (DVD-Ig) molecule is designed
such that two different light chain variable domains
(VL) from the two different parent monoclonal
antibodies are linked in tandem directly or via a
short linker by recombinant DNA techniques, followed
by the light chain constant domain. Similarly, the
heavy chain comprises two different heavy chain
variable domains (VH) linked in tandem, followed by
the constant domain CHl and Fc region (Fig.lA). The
variable domains can be obtained using recombinant DNA
techniques from a parent antibody generated by any one
of the methods described herein. In an embodiment, the
variable domain is a murine heavy or light chain
variable domain. In another embodiment, the variable
domain is a CDR grafted or a humanized variable heavy
or light chain domain. In an embodiment, the variable
domain is a human heavy or light chain variable
domain. In one embodiment the first and second
variable domains are linked directly to each other
using recombinant DNA techniques. In another
embodiment the variable domains are linked via a
linker sequence. In an embodiment, two variable
domains are linked. Three or more variable domains may
also be linked directly or via a linker sequence. The
variable domains may bind the same antigen or may bind
different antigens. DVD molecules of the invention may
include one immunoglobulin variable domain and one
non- immunoglobulin variable domain such as ligand
binding domain of a receptor, active domain of an
enzyme. DVD molecules may also comprise 2 or more
non-Ig domains. The linker sequence may be a single
amino acid or a polypeptide sequence. In an
embodiment, the linker sequences are selected from the
group consisting of AKTTPKLEEGEFSEAR (SEQ ID NO: 1);
AKTTPKLEEGEF SEARV (SEQ ID NO: 2); AKTTPKLGG (SEQ ID
NO: 3); SAKTTPKLGG (SEQ ID NO: 4); SAKTTP (SEQ ID NO:
5); RADAAP (SEQ ID NO: 6); RADAAPTVS (SEQ ID NO: 7);
RADAAAAGGPGS (SEQ ID NO: 8); RADAAAA(G4S)4 (SEQ ID NO:
9), SAKTTPKLEEGEF SEARV (SEQ ID NO: 10); ADAAP (SEQ ID
NO: 11); ADAAPTVSIFPP (SEQ ID NO: 12); TVAAP (SEQ ID
NO: 13); TVAAPSVFIFPP (SEQ ID NO: 14); QPKAAP (SEQ ID
NO: 15); QPKAAPSVTLFPP (SEQ ID NO: 16); AKTTPP (SEQ ID
NO: 17); AKTTPPSVTPLAP (SEQ ID NO: 18); AKTTAP (SEQ
IDNO: 19); AKTTAPSVYPLAP (SEQ ID NO: 20); ASTKGP (SEQ
ID NO: 21); ASTKGPSVFPLAP (SEQ ID NO: 22),
GGGGSGGGGSGGGGS (SEQ ID NO: 23); GENKVEYAPALMALS (SEQ
ID NO: 24); GPAKELTPLKEAKVS (SEQ ID NO: 25); and
GHEAAAVMQVQYPAS (SEQ ID NO: 26). The choice of linker
sequences is based on crystal structure analysis of
several Fab molecules. There is a natural flexible
linkage between the variable domain and the CH1/CL
constant domain in Fab or antibody molecular
structure. This natural linkage comprises
approximately 10-12 amino acid residues, contributed
by 4-6 residues from C-terminus of V domain and 4-6
residues from the N-terminus of CL/CH1 domain. DVD Igs
of the invention were generated using N-terminal 5-6
amino acid residues, or 11-12 amino acid residues, of
CL or CHl as linker in light chain and heavy chain of
DVD-Ig, respectively. The N-terminal residues of CL or
CHl domains, particularly the first 5-6 amino acid
residues, adopt a loop conformation without strong
secondary structures, therefore can act as flexible
linkers between the two variable domains. The
N-terminal residues of CL or CHl domains are natural
extension of the variable domains, as they are part of
the Ig sequences, therefore minimize to a large extent
any immunogenicity potentially arising from the
linkers and junctions. Other linker sequences may
include any sequence of any length of CL/CH1 domain
but not all residues of CL/CH1 domain; for example the
first 5-12 amino acid residues of the CL/CH1 domains;
the light chain linkers can be from CK or Cl; and the
heavy chain linkers can be derived from CHl of any
isotypes, including Cg l , Cg2, Cg3, Cg4, Cal , Ca2,
Cd, Ce, and Cm. Linker sequences may also be derived
from other proteins such as Ig-like proteins,
(e.g.TCR, FcR, KIR); G/S based sequences (e.g G4S
repeats; SEQ ID NO: 27); hinge region-derived
sequences; and other natural sequences from other
proteins. In an embodiment a constant domain is linked
to the two linked variable domains using recombinant
DNA techniques. In an embodiment, sequence comprising
linked heavy chain variable domains is linked to a
heavy chain constant domain and sequence comprising
linked light chain variable domains is linked to a
light chain constant domain. In an embodiment, the
constant domains are human heavy chain constant domain
and human light chain constant domain respectively. In
an embodiment, the DVD heavy chain is further linked
to an Fc region. The Fc region may be a native
sequence Fc region, or a variant Fc region. In another
embodiment, the Fc region is a human Fc region. In
another embodiment the Fc region includes Fc region
from IgGl , IgG2, IgG3, IgG4, IgA, IgM, IgE, or IgD. 



In another embodiment two heavy chain DVD polypeptides
and two light chain DVD polypeptides are combined to
form a DVD-Ig molecule. Table 2 lists amino acid
sequences of VH and VL regions of exemplary antibodies
for targets useful for treating disease, e.g.,
fortreating cancer. In an embodiment, the invention
provides a DVD comprising at least two of the VH
and/or VL regions listed in Table 2, in any
orientation. Table 2 : List of Amino Acid Sequences of
VH and VL regions of Antibodies for Generating
DVD-IgsCOMMUNICATION BETWEEN A DOCUMENT EDITOR
IN-SPACE USER INTERFACE AND A DOCUMENT EDITOR
OUT-SPACE USER INTERFACE BACKGROUND [0001] In many
document editors, authoring features, such as text and
data entry features, formatting features, and the
like, are available via one or more readily available
feature menus. However, non-authoring features, such
as document security management, file format
conversion, and document editing permissions
management, are often difficult to locate. In
addition, when a user determines a non-authoring
status of a given document, for example, whether the
document is in "read-only" mode, an application
feature for changing the non-authoring status may be
difficult to locate and use. In addition, when a given
type of status for a document changes, for example,
when the document is being edited by another user, a
present user may not know that the status of the
document has changed. [0002] It is with respect to
these and other considerations that the present
invention has been made. SUMMARY [0003] This Summary
is provided to introduce a selection of concepts in a
simplified form that are further described below in
the Detailed Description. This Summary is not intended
to identify key and/or essential features of the
claimed subject matter. Also, this Summary is not
intended to limit the scope of the claimed subject
matter. [0004] Embodiments of the present invention
solve the above and other problems by providing access
to document information and status and related
features/functionalities via an out-space user
interface for a document editor program. An out-space
actuator is associated with an in-space user interface
having a displayed document. When the outspace
actuator is selected, an out-space user interface is
displayed that includes a display surface for
displaying document information and status and for
exposing non-authoring features and functionalities.
[0005] According to one embodiment, the out-space user
interface may be used to display one or more status
panes for providing status information about a
document being edited in the in-space user interface.
According to another embodiment, application features
for affecting changes to a given document's status may
be exposed in the outspace interface in proximity to
associated status information.[0006] According to
another embodiment, an out-space communication user
interface (UI) component may be temporarily displayed
in the document in-space user interface to communicate
document status information that is presently
available in the out-space user interface. The
out-space actuator may be displayed in the out-space
communication UI component to allow a user to
selectively display the out-space UI to receive
additional information and/or features or
functionality associated with the document status
information. According to one embodiment, a document
status pane displayed in the outspace user interface
associated with the information displayed in the
out-space communication UI component may be visually
highlighted to call a user's attention to a document
status pane associated with the information displayed
in the out-space communication user interface
component. [0007] According to another embodiment, a
message bar may be displayed in the inspace user
interface for communicating information from the
out-space user interface. An out-space actuator may be
displayed in the message bar for visually associating
the message bar with the out-space user interface and
for allowing a user to selectively launch the
out-space user interface for obtaining additional
information and/or functionality or features
associated with the document status information
communicated from the outspace user interface via the
message bar displayed in the in-space user interface.
[0008] These and other features and advantages which
characterize the present invention will be apparent
from a reading of the following detailed description
and a review of the associated drawings. It is to be
understood that both the foregoing general description
and the following detailed description are explanatory
only and are not restrictive of the invention as
claimed. BRIEF DESCRIPTION OF THE DRAWINGS [0009]
Non-limiting and non-exhaustive embodiments of the
present invention are described with reference to the
following figures, wherein like reference numerals
refer to like parts throughout the various views
unless otherwise specified. [0010] FIGURE 1 represents
one example of an in-space user interface having an
outspace actuator; [0011] FIGURE 2 represents one
example of an out-space user interface having a
document information tab; [0012] FIGURE 3 represents
one example of an out-space user interface having a
document log tab;[0013] FIGURE 4 represents one
example of an out-space user interface having a share
document tab; [0014] FIGURE 5 represents one example
of an out-space user interface having a print document
tab; [0015] FIGURE 6 represents one example of an
out-space user interface having a getting started tab;
[0016] FIGURE 7 represents one example of an out-space
user interface having a application information tab;
[0017] FIGURE 8 represents one exemplary operational
flow diagram for accessing an out-space user interface
in a document editor program; [0018] FIGURE 9
represents one example of an out-space user interface
showing a number of document status information panes
and associated application feature selection controls;
[0019] FIGURE 10 represents one example of an
out-space user interface showing a number of document
status information panes and associated application
feature selection controls; [0020] FIGURE 11
represents one exemplary operation flow diagram for
accessing document status and associated application
features via an out-space user interface in a document
editor program; [0021] FIGURE 12 represents one
example of an in-space user interface having an
out-space communication user interface component and
having an improved message bar user interface
component; [0022] FIGURE 13 represents one example of
an out-space user interface showing a number of
document status information panes and associated
application feature selection controls; [0023] FIGURE
14 represents one exemplary operational flow diagram
for receiving a communication of document status via
an out-space communication user interface component,
and via an improved message bar user interface
component; and [0024] FIGURE 15 represents an
exemplary computing device with which embodiments of
the present invention may be practiced. DETAILED
DESCRIPTION [0025] Embodiments are described more
fully below with reference to the accompanying
drawings, which form a part hereof, and which show
specific exemplaryembodiments. However, embodiments
may be implemented in many different forms and should
not be construed as limited to the embodiments set
forth herein; rather, these embodiments are provided
so that this disclosure will be thorough and complete,
and will fully convey the scope. Embodiments may be
practiced as methods, systems or devices. Accordingly,
embodiments may take the form of an entirely hardware
implementation, an entirely software implementation or
an implementation combining software and hardware
aspects. The following detailed description is,
therefore, not to be taken in a limiting sense. [0026]
The logical operations of the various embodiments are
implemented (1) as a sequence of computer implemented
steps running on a computing system and/or (2) as 



interconnected machine modules within the computing
system. The implementation is a matter of choice
dependent on the performance requirements of the
computing system implementing the invention.
Accordingly, the logical operations making up the
embodiments described herein are referred to
alternatively as operations, steps or modules. [0027]
Embodiments of the invention are directed to accessing
an out-space user interface from an in-space user
interface of a document editor. According to one
embodiment, the out-space user interface is an
interface that includes a category of features that do
not require a document to be present on the display
surface. According to another embodiment, an out-space
user interface is a user-interface that includes
nonauthoring system features for a document editor
program. The out-space user interface provides
features to allow a user to do something with the
document. In one aspect, the features do not affect
the content of the document. As an example, out-space
features may include document information features,
document log features, print features, getting started
features, and application information features. As
other examples, out-space features may include a new
feature, an open feature, a save feature, a close
feature, a document inspector feature, a send for
review feature, a mark as final feature, a permissions
feature, a template feature, a PDF feature, document
properties, a package for CD feature, an encryption
feature, an online feature, an assign document tasks
feature, an options feature, a publish to server
feature, related document links, a digital signature,
a blog feature, a compatibility checker, a fax
feature, a document workspace, versioning, check
in/out services, and workflow services. Other examples
of out-space features may include tagging,
workspaces/projects, related document and information
features, access to sharing features, branding, people
and groups, community connections and file searches.
The aforementioned are but a few examples of out-space
features. Out-space features mayinclude any
non-authoring features that do not require the user to
see the document while working with the features. In
one aspect, the out-space user interface only includes
nonauthoring features that do not affect the content
of the document. In another aspect, the out-space user
interface does not include authoring features. [0028]
According to one embodiment, the out-space user
interface may be used to display one or more document
status panes or slabs which are user interface
components for displaying document status information,
for example, document security management status,
document file format status information, information
about one or more other users having access to a given
document, whether a document contains digital
signatures, whether previous versions of the document
are available, whether the document is set to a
particular edit mode, for example, "read-only," and
the like. [0029] According to another embodiment,
application features and/or functionalities for
affecting changes to document status may be exposed in
proximity to displayed document status in the form of
a selectable button or control for allowing a user to
selectively affect changes to displayed document
status via an associated application feature.
Alternatively, information about how a given
application feature or functionality may be applied to
an associated document status may be displayed with
the document status. [0030] According to another
embodiment, an out-space communication user interface
(UI) component may be temporarily displayed in the
document in-space user interface to communicate
document status information that is presently
available in the out-space user interface. The
out-space actuator may be displayed in the out-space
communication UI component to allow a user to
selectively display the out-space UI to receive
additional information and/or features or
functionality associated with the document status
information. According to one embodiment, a document
status pane displayed in the outspace user interface
associated with the information displayed in the
out-space communication UI component may be visually
highlighted to call a user's attention to a document
status pane associated with the information displayed
in the out-space communication user interface
component. [0031] According to still another
embodiment, a message bar may be displayed in the
in-space user interface for communicating information
from the out-space user interface. An out-space
actuator may be displayed in the message bar for
visually associating the message bar with the
out-space user interface and for allowing a user to
selectively launch the out-space user interface for
obtaining additional information and/or functionality
orfeatures associated with the document status
information communicated from the outspace user
interface via the message bar displayed in the
in-space user interface. [0032] In contrast to the
out-space user interface, an in-space user interface
is a user interface that includes authoring features
for authoring or changing the content of a document.
The affects of an in-space feature show up on the
document that is being authored. An in-space user
interface may include home features, insert features,
page layout features, reference features, mailing
features, review features and view features. An
in-space user interface may also include formatting
features and writing tools. Other examples of in-space
user interface features may include text features,
picture features, tables, shapes, chat features, bold
features, font features, layout features, arranging
features, style features, find tools, spelling tools,
a paste tool, a word count, and a synonym finder.
These examples are but a few examples of in-space
features. In-space features may include any authoring
feature for authoring or changing the content of a
document. [0033] As set forth herein, a user may open
a document editor to author a document. A document
editor may include a word processing editor, a
spreadsheet editor, a slide presentation editor, a web
page editor, an email editor and/or any other type of
editor for editing a document. Although a document
editor is described herein, an out-space user
interface may also be associated with non-editing
programs such as a browser, a web page, an email
application, a project application, etc. When a
document editor is opened, the user may author a
document using the in-space user interface. When the
user decides to perform a non-authoring feature the
user may select an out-space actuator. Upon selection,
the document is removed from the display and the
ribbon is expanded to provide display space for the
rich out-space features. In another aspect, the ribbon
is replaced with an expanded feature selection
surface. In still another aspect, the document is
converted to an image, thumbnail, or miniature bitmap
and moved to the out-space user interface. In yet
another aspect, the entire in-space user interface is
converted to an image, thumbnail, or miniature bitmap
and moved to the out-space user interface. In this
manner, the user has reassurance that they are not
leaving the document editor program. If the user
desires returning to the in-space user interface, the
document image may be selected. Upon selection, the
in-space user interface is repopulated on the display.
[0034] By providing navigation between in-space and
out-space, users may easily become familiar with
out-space features because they are separated from
authoring features. By separating in-space and
out-space features, users may easily find
featuresbecause the features are categorized. Features
may be richer and provide more information and
functionality because the "real estate" of the display
is better utilized. A greater amount of "real estate"
is available for out-space features, thereby allowing
software developers the opportunity to increase the
functionality of a document editor program. Channels
of communication associated with a document are better
managed because they are not mixed in with in-space
features. [0035] FIGURE 1 represents one example of a
primary or in-space user interface having an out-space
actuator. Document editor 100 includes ribbon 102,
document 104 and out-space actuator 106. Document
editor 100 may include a word processing editor, a
spreadsheet editor, a slide presentation editor, a web
document editor, an email editor and/or any other type
of editor for editing a document. Document editor may
be associated with a computing device, such as the
exemplary computing device set forth in FIGURE 9.
[0036] Ribbon 102 includes a plurality of ribbon tabs
such as home tab, insert tab, page layout tab,
references tab, mailings tab, review tab, view tab,
and/or any other type of authoring tab. Ribbon 102 may
also include features associated with the tab. For
example, ribbon 102 depicts a home tab having
clipboard features, font features, paragraph features,
style features, and editing features. The tabs and
features depicted in FIGURE 1 are but examples of tabs
and features. Ribbon 102 may include any type of
authoring tabs and features depending on the type of
document 104 being authored. [0037] Document 104 may
be located below ribbon 102. Document 104 may be a 



"live" document that allows a user to edit and author
the content of document 104. Document 104 may include
a word processing document, a slide presentation
document, a spreadsheet document, an internet
document, an email document, and/or any other type of
document that may be authored. [0038] Out-space
actuator 106 may include any type of button or
selector. Even though out-space actuator 106 is
depicted in the upper left corner of document editor
104, out-space actuator may be located anywhere in
document editor 104. In one aspect, outspace actuator
106 provides "one-click" actuation of an out-space
user interface. In this manner, a user is not required
to navigate drop-down menus or lists to find out-space
features. [0039] FIGURE 2 represents one example of a
secondary or out-space computergenerated user
interface having a document information tab. Even
though FIGURES 2-7 depicts tabs along the top of
document editor 200, the tabs may be located on the
sides,bottom and/or any other location within document
editor. The tabs may also include buttons, quick links
and/or other features not specifically depicted in
FIGURE 2-7. Document editor 200 includes expanded
ribbon 202, document image 204 and out-space actuator
206. Expanded ribbon 202 includes a plurality of
ribbon tabs such as a document information tab, a
document log tab, a share document tab, a print
document tab, a getting started tab, and an
application information tab. As shown in FIGURE 2,
expanded ribbon 202 includes a greater display area
than ribbon 102 of FIGURE 1. In one aspect, expanded
ribbon 202 populates the display area that was
utilized by document 104 before document 104 was
removed from the display area. In another aspect,
expanded ribbon 202 includes buttons and functionality
that allows the user to work in expanded ribbon 202.
[0040] Document image 204 may include an image, a
thumbnail, and a miniature bitmap of document 104. In
another aspect, the entire in-space user interface is
converted to an image, thumbnail, or miniature bitmap
and moved to the out-space user interface. Document
image 204 may be static or "non-live." Stated another
way, a user may not be able to author document image
204 while in the out-space user interface. In one
aspect, document 104 is converted to document image
204 when out-space actuator 106 is selected. In
another aspect, document image 204 is displayed in
expanded ribbon 202. In still another aspect, document
image may provide a link back to the in-space user
interface depicted in FIGURE 1. Stated another way, a
user may navigate back to the in-space user interface
of FIGURE 1 by selecting document image 204. Document
image 204 may provide "one-click" actuation of an
in-space user interface. In this manner, a user is not
required to navigate drop-down menus or lists to find
in-space features. In other aspects, out-space
actuator 206 or any other type of button or selector
may be selected to navigate back to the in-space user
interface. [0041] As depicted in FIGURE 2, document
editor 200 may include document information tab.
Document information tab may be associated with
document image 204, quick features 208, document
details pane 210, document task list pane 212, dates
pane 214, related items pane 216, and people pane 218.
Quick features 208 may include a new feature, an open
feature, a save feature, a save-as feature, a close
document feature, and an exit editor feature. Document
details pane 210 may include fields for entering
metadata related to document 104. Such fields may
include a title field, subject field, abstract field,
author field, page number field, and a word count
field. Document task list pane 212 may include a list
of reminder tasks and fields for completing a project.
Dates pane mayinclude a set of fields for populating
dates associate with benchmarks for a project. Related
items pane 216 may include a list of items and fields
for populating related items in document 104. For
example, a related item may include a link to a
webpage. People pane 218 may include a set of fields
for providing access levels to people associated with
document 104. For example, an access level may include
no access, full access or partial access. [0042]
FIGURE 3 represents one example of an out-space user
interface having a document log tab. Document editor
300 includes expanded ribbon 302, document image 304
and out-space actuator 306. As depicted in FIGURE 3,
document editor 300 may include document log tab.
Document log tab may be associated with document image
304 and document log pane 308. Document log pane 308
may include a list and fields associated with events
related to a document. For example, documents log pane
308 may include a list of print dates, saving dates,
sharing dates and/or any other document events that
may be relevant in a log. [0043] FIGURE 4 represents
one example of an out-space user interface having a
share document tab. Document editor 400 includes
expanded ribbon 402, document image 404 and out-space
actuator 406. As depicted in FIGURE 4, document editor
400 may include share document tab. Share document tab
may be associated with document image 404, sharing
task menu 408 and sharing pane 410. Share task menu
408 may include several features for sharing the
document with other users. Sharing pane 410 may
include a set of fields and functions for sharing the
document. Sharing task menu may include sending pane
412, feedback pane 414, collaboration pane 416, and
publishing pane 418. Sending pane 412 may include a
send as attachment feature, a use document as message
body feature, and/or a send document as fax feature.
Feedback pane 414 may include a collect feedback
feature, which routes the document to several people.
Feedback pane 414 may also include a seek approval
feature, which routes the document to several people
and asks them to accept or reject the document.
Feedback pane 414 may also include a send and track
changes features, which emails a copy of the document
and asks others to propose changes to include in the
document. Collaboration pane 416 may include a
workspace collaboration feature, which assigns owners
to sections of the document. Collaboration pane 416
may also include a server collaboration feature, which
invites others to access a shared copy of the
document. Publishing pane 418 may include a publish to
blog feature and a publish to management server
feature.[0044] FIGURE 5 represents one example of an
out-space user interface having a print document tab.
Document editor 500 includes expanded ribbon 502,
document image 504 and out-space actuator 506. As
depicted in FIGURE 5, document editor 500 may include
print document tab. Print document tab may be
associated with document image 504 and print menu pane
508. Print menu 508 may include page layout pane 510,
printer options pane 512, print selection pane 514,
and print options pane 516. Page layout pane 510 may
include a margins feature, an orientation feature, a
size feature, a shrink page feature, and a view
feature. Printer options pane 512 may include a field
for selecting a printer and data associated with the
status, type and location of the printer. Print
selection pane 514 may include fields for selecting a
portion of the document to print. Print options pane
516 may include fields for selecting how the document
should be printed. [0045] FIGURE 6 represents one
example of an out-space user interface having a
getting started tab. Document editor 600 includes
expanded ribbon 602 and out-space actuator 604.
Expanded ribbon 602 may not include a document image
in that the getting started tab indicates that a
document has not been generated yet. As depicted in
FIGURE 6, document editor 600 may include getting
started tab. Getting started tab may be associated
with recent documents pane 606 and template pane 608.
Recent document pane 606 may include a list of
recently access documents. Templates pane 608 may
include a plurality of selectable templates. In one
aspect, the selectable templates are thumbnails and
upon selection, the in-space user interface is
automatically populated. Stated another way, the user
is taken from the out-space user interface to the
in-space user interface because the selection of a
template indicates that the user desires authoring a
document. [0046] FIGURE 7 represents one example of an
out-space user interface having an application
information tab. Document editor 700 includes expanded
ribbon 702 and outspace actuator 704. Expanded ribbon
702 may or may not include a document image depending
on whether the document has been created. As depicted
in FIGURE 7, document editor 700 may include
application information tab. Application information
tab may be associated with service pane 706. Service
pane 706 may include online services associated with
the document editor. Service pane 706 may include
password features, online events, product trials, help
features, security updates, diagnostics, training,
etc. [0047] FIGURE 8 represents one exemplary
operational flow diagram for accessing 



an out-space user interface in a document editor
program. Operational flow 800 begins atstart operation
802 and continues to operation 804 where an in-space
interface is provided that includes an out-space
actuator. An example of an in-space interface may
include FIGURE 1. Operational flow 800 continues to
decision operation 806 where it is decided whether to
enter out-space. If not, operational flow 800
continues to decision operation 808 where it is
determined whether to exit the document editor. If it
is decided to exit the document editor, operational
flow continues to end operation 820. If it is decided
to not exit the document editor, operational flow 800
loops back. [0048] If it is decided to enter
out-space, operational flow 800 continues to operation
810 where the out-space actuator is selected. When the
out-space actuator is selected, the document is
converted to an image, the ribbon is expanded and
out-space features are populated in the user interface
as indicated by operation 812. In another aspect, a
document image is not created. [0049] Operational flow
continues to decision operation 814 where it is
decided whether to return to in-space. If not,
operational flow 800 continues to decision operation
818 where it is determined whether to exit the
document editor. If it is decided to exit the document
editor, operational flow continues to end operation
820. If it is decided to not exit the document editor,
operational flow 800 loops back. If it is decided to
enter inspace, operational flow 800 continues to
operation 816 where the document image is selected. In
another aspect, an in-space actuator is selected.
Operational flow 800 then loops back to operation 804.
[0050] FIGURE 9 represents one example of an out-space
user interface showing a number of document status
information panes and associated application feature
selection controls. As illustrated in FIGURE 9, a
document status tab 905 is provided for displaying
status information about the document being edited in
the application in-space. As should be appreciated,
the document status tab 905 is for illustration
purposes only and is not limiting of the different
types and locations of selectable controls for causing
a display of document status information in the
expanded ribbon 202, described herein. As should be
appreciated, the document editor 200 may be configured
for automatically displaying the document status
information, illustrated in FIGURE 9, upon actuation
of the out-space actuator 206. [0051] Referring still
to FIGURE 9, a number of document status panes or
slabs 910, 912, 914, 916, 918 are displayed. The
document panes 910-918 are illustrative of user
interface components in which various types of
document status may be displayed in association with a
document being edited in the document editor
in-space.[0052] According to one embodiment, features
and/or functionalities associated with displayed
document status may be exposed in proximity to the
displayed document status for selectively accessing
the associated features and/or functionalities for
affecting changes to a given document status. As
illustrated in FIGURE 9, selectable controls 9 11,
913, 915, 917, 919, 920 are illustrated as being
displayed inside associated document status panes for
selectively accessing features for affecting changes
to document status displayed in the associated
document panes 910-918. Accordingly, if a given type
of document status is displayed in a document pane,
for example, pane 910, and if an application feature
or functionality is available for affecting a change
to the displayed document status, a selectable control
9 11 may be displayed in the document pane for
accessing the associated feature or functionality for
affecting a change to the displayed document status.
Alternatively, instead of providing a selectable
control for accessing a given feature or
functionality, information may be provided in the
status pane as to the identity and nature of available
features that may be utilized for affecting changes to
the associated document status. [0053] Referring still
to FIGURE 9, status information and associated
application features exposed via the document status
panes 910-918 may include a variety of types of
document status. For example, referring to the
document status pane 910, information on a present
security or protection status of the document may be
provided. For example, as illustrated in FIGURE 9, if
the present document has a security status that allows
others to open and edit the document, a status string
such as "this document may be edited by others" may be
provided in the document status pane 910 for alerting
a user that the present security status for the
document allows others to edit the document rather
than the document being in a "read-only" mode. [0054]
According to embodiments, in addition to providing the
present status of the document, for example, the
present security status of the document, information
may be provided in the associated document status pane
to alert the user that the user may make changes to
the displayed status. For example, as illustrated in
the document status pane 910, an additional string of
"you can prevent others from editing this document" is
provided to alert the user that the user may affect
changes to the present security status of the
document. Thus, the status information provided in the
status panes 910-918 is made richer by explaining to a
user what the impact of a change in the status could
be which will further promote the user's desire to use
the available feature for changing the present
document status.[0055] If an application feature is
available for affecting changes to the document
status, the application feature may be exposed in the
document status pane 910 in the form of a selectable
control 9 11 for selectively accessing the available
feature. For example, a "manage protection" control 9
11 is illustrated in the document pane 910. After the
user reads the present document's security status and
learns that the present document's security status may
be changed, the user may select the "Manage
Protection" control 9 11 for accessing the security
features of the associated document editor application
for making changes to the present security status. For
example, the user may be allowed to encrypt the
document, the user may be allowed to restrict
formatting to the document, the user may be allowed to
place the document in "read-only" mode, the user may
be allowed to access an information rights management
(IRM) application for setting various access and
editing permissions on document, and the like.
Advantageously, the user is provided useful status
information about the document, and where a feature or
functionality is available for changing the present
status of the document, access to the feature or
functionality is exposed in proximity to the provided
status information, as illustrated in FIGURE 9. [0056]
Referring still to FIGURE 9, other types of document
status and associated features are illustrated. For
example, the document status pane 912 is illustrated
for notifying a user that harmful content may be in
the associated document and that the content has been
disabled. As illustrated in FIGURE 9, an "Enable
Content" control 913 is displayed in the status pane
912 for allowing the user to selectively enable the
content that has been otherwise disabled due to its
suspected harmful nature. [0057] Another type of
document status, illustrated in document status pane
914, is whether the present document has been saved in
a file format that is somehow incompatible or
otherwise problematic in association with the present
document editor version in use. For example, the
in-use document editor may be a later version than the
version with which the opened document was saved, and
therefore, some application features otherwise
available may not be available for use with the
presently opened document unless the presently opened
document is converted to the later version.
Accordingly, the status pane 914 may include a status
string such as "you can upgrade this document's file
format - some features of your application are
disabled because this document is saved using an older
file format - you can convert the current file
format." This display status text string not only
provides the user with the present version status of
the opened document, but alerts the user of the
availability of a feature or functionality,
forexample, a document conversion feature, for
affecting a change to the present status of the
document. According to this example, because a
document conversion feature is available, a "Convert
Doc" control 915 may be displayed in the status pane
914 to allow the user to selectively access the
document conversion feature for converting the opened
document to the later version so that all of the
features available to the later version of the
document editor application may be used with the
opened document. [0058] The status pane 916
illustrates status information as to whether others
are currently editing the present document. The user
is also notified that he/she may contact other users
of the document to coordinate with other users or
otherwise communicate with other users of the
document. As should be appreciated, this type of
status may be provided when the document is available
via a collaborative document sharing program 



that allows one or more users, for example, users in a
collaborative work team, to open a given document and
make edits to the document. The status illustrated in
status pane 916 may be used to notify a given user
that another user is currently editing the document,
and an "Email or IM" control 917 may be provided for
allowing the present user to send and electronic mail
or instant message to other users of the document. As
should be appreciated, email or instant messaging are
only examples of two types of communication and are
not limiting of other types of communication systems
that may be provided. [0059] Referring still to FIGURE
9, the document status pane 918 illustrates document
status for notifying a user as to whether a document
contains digital signatures, or whether a document's
digital signature have been invalidated or otherwise
compromised. For example, if a previous user has
edited and finalized the present document, and has
applied a digital signature to the document, the
digital signature may be used to notify subsequent
users that the user who has applied the digital
signature has reviewed the document and has marked the
document as final. The status information illustrated
in status pane 918 may be used to notify a present
user that such digital signature has been applied to
the document. If the present user wishes to affect a
change to the signature information applied to the
present document, a "Digital Signature" control 919
may be provided for allowing changes to the digital
signature status of the document. Other associated
controls such as the "Mark as Final" control 920 may
be provided for allowing the user to apply a status to
the document to alert subsequent users that the
document has been finalized by a previous user. [0060]
As should be appreciated, the types of document status
and the associated selectable feature controls
illustrated in FIGURE 9 are for purposes of example
only, andare not limiting of the vast amounts and
types of document status that may be displayed in a
document status pane 910-918, and are not limiting of
the vast numbers of associated features and/or
functionalities that may be exposed in the status
panes 910-918 for affecting changes to document
status. For example, status information and related
features and/or functionalities may be exposed via
other document information panes available in the
out-space user interface. For example, referring back
to FIGURE 5, the print menu 508 could be used to
expose temporary print settings being applied to the
document. In addition, the location and configuration
of the status panes 910-918 and the feature controls 9
11-920 are not limiting of the different orientations
and layouts that may be utilized for providing the
information and associated feature controls in the
out-space 202 described herein. [0061] According to an
embodiment, information displayed in the document
status panes 910-918 is dynamically maintained so that
as associated status information changes for a
document, the information displayed in the status
panes 910-918 and the selectable feature controls 9
11-920 exposed for the associated status are changed
as the document status changes. That is, as document
status changes, a determination is made as to whether
a different feature is available for use with the
changed status, and if so, the different feature may
be exposed with the dynamically updated status
information. For example, referring to the status pane
910, if the presently edited document is in "readonly"
mode, the status string may be changed to alert the
user that the document is presently in "read-only"
mode and that the user can change the protection
status of the document to allow others to edit the
document. [0062] According to an embodiment, the
document status provided in the document status panes
910-918 may be programmed to always be displayed when
the document status tab 905 or other means for
displaying document status is actuated, or individual
types of document status or all document status may
only be displayed when a given type of document status
has changed or has met some threshold criteria for
being displayed. For example, information associated
with the disablement of harmful content, as
illustrated in the status pane 912, may be programmed
to only display in the out-space if harmful content
has been recently disabled. On the other hand, such
status may be set for display at all times in the
out-space 202 for alerting users of the potential of
harmful content in a given document. That is, the
document status may have a permanent home in the
out-space user interface whether the status has
changed or not, or the document status may be
displayed in an associated document status pane only
when a change has occurredin the associated status.
For another example, the digital signature information
illustrated in the status pane 918 may be programmed
such that the information is only displayed if a
change has occurred in the associated document that
invalidates or otherwise compromises a previously
applied digital signature. [0063] FIGURE 10 represents
another example of an out-space user interface showing
a number of document status information panes and
associated application feature selection controls. A
document status pane 1010 is illustrated in figure 10
showing a logical grouping of available features for
affecting a change to the present document status. The
document status illustrated in the status pane 1010 is
associated with the present security status of the
document. For example, the status provided in the pane
1010 alerts the user that the document may be edited
by others, and that the user may change the editing
permissions applied to the document with a number of
different document protection features. Selectable
controls 101 1, 1012, 1013 are provided in the
expanded pane 1010 for providing the user access to
the various document protection features available to
the user for affecting a change to the present
security status or editing permissions status of the
document. For example, an "IRM" feature control 101 1
may allow the user to apply various document editing
permissions to the associated document. "Encrypt
Document" control 1012 may allow the user to access a
feature for applying an encryption to the edited
document, and a "Restrict Formatting" feature 1013 may
allow the user to access a feature for restricting
formatting that may be applied to the document, for
example, where the document is a standardized document
that should not receive formatting changes by various
users having access to the document. Thus, one status
pane may be used for exposing a variety of different
features or for mapping a given type of status to a
variety of different features. [0064] Referring still
to FIGURE 10, the document status pane 916 is
illustrated with a border 1015 disposed around the
perimeter of the status pane 916. According to an
embodiment, status information provided in a given
status pane 910-918 may be designated with differing
severity or importance levels. According to one
embodiment, the border 1015 may be used to highlight
or color-code the associated status pane 916 for
alerting a user as to the severity or importance level
applied to the displayed status. For example, status
of low importance may be color-coded with a green
border 1015, status information having a medium
severity or importance level may be color-coded with a
yellow border 1015, and status information having a
high severity or importance level may be color-coded
with a red border 1015. For example, if a document is
found to containharmful content, for example, an
unknown macro or ActiveX control, a status pane, such
as status pane 912, illustrated in FIGURE 9, may be
provided having a border 1015 or other appropriate
identification mechanism for alerting the user that
the status information is of sever or high importance
to the user. As should be appreciated, the
color-coding and the use of a border 1015 are for
purposes of example only, and are not exhaustive of
the many ways in which severity and/or importance
levels may be indicated to a user. For example, a
color-coded bar may be disposed along one end of the
status pane or along and upper or lower edge of the
status pane. Likewise, a variety of importance-level
icons, for example, flags, stars, and the like, may be
utilized for indicating severity and/or importance
level. [0065] FIGURE 11 represents an exemplary
operational flow diagram for accessing document status
and associated application features via an out-space
user interface in a document editor program.
Operational flow 1100 begins at start operation 1102
and continues to operation 1104 where an in-space user
interface is provided that includes an out-space
actuator, as described above. For purposes of example,
consider that the operational flow 1100, illustrated
in FIGURE 11, is associated with a user's desire to
obtain one or more types of document status for a
document being edited with the document editor 200.
[0066] Operational flow 1100 continues to decision
operation 1106 where it is determined whether to enter
the out-space user interface. If not, operational flow
1100 continues to decision operation 1108 where it is
determined whether to exit the document editor. If it
is determined to exit the document editor, operational
flow continues to end 



operation 1120. If it is determined to continue
editing the document, operational flow 1100 loops
back. If the user has decided to enter the out-space
user interface for obtaining one or more types of
document status, operational flow 1100 continues to
operation 1110 where the out-space actuator is
selected. When the out-space actuator is selected, the
document may be converted to an image, the ribbon may
be expanded, and out-space features may be populated
in the user interface, as illustrated and described
above. According to another embodiment, and document
image may not be created. [0067] At operation 1112,
after selection of the document status tab 905 or
other appropriate actuation method for displaying
document status, one or more types of document status
may be displayed in associated document status panes
910-918, 1010, as illustrated and described above with
reference to FIGURES 9 and 10. In addition, if any
features and/or functionalities are available for
affecting change to displayed documentstatus, one or
more selectable feature and/or functionality controls
9 11-920, 101 1-1013 may be displayed in the
associated status panes, or alternatively, information
about the identity and nature of available features or
functionalities may be displayed in the status panes.
After review of the displayed status and any available
associated features, operational flow continues to
operation 1114, and a desired non-authoring feature,
for example, a feature for changing editing
permissions to the edited document, may be applied for
changing the associated status of the document. [0068]
According to an embodiment, after a given feature or
functionality is utilized, the status information
displayed in the associated status pane may be changed
to reflect new status. For example, if based on the
change in status, the selected feature or
functionality may no longer be applicable, and
therefore, that feature or functionality may be
removed from the status pane. Alternatively, the
associated status pane may be removed from display
after a change in status. Or, after a change in
status, the user may be automatically returned to the
in-space user interface. [0069] After document status
has been reviewed and changed, if desired, operation
flow proceeds to operation 1118 for a return to the
in-space user interface or for an exit from the
document editor. Operational flow ends at operation
1120. [0070] As described above with reference to
FIGURES 1-1 1, a variety of document information,
including document status information may be provided
via the out-space user interface. As described below
with reference to FIGURES 12-14, communication between
the out-space user interface and the in-space user
interface is provided for alerting a user that
information potentially of interest to the user is
available in the out-space user interface. FIGURE 12
represents an example of an in-space user interface
having an outspace communication user interface
component and having an improved message bar user
interface component. [0071] According to embodiments
of the invention, information displayed in one or more
document information or status panes in the out-space
user interface is dynamically updated as associated
information about the document changes. As illustrated
in FIGURE 12, an out-space communication user
interface (UI) component 1210 is provided for
communicating document status information contained in
the out-space user interface to alert a user that the
information contained in the out-space communication
UI component represents a change in the document
status that may be of interest to the user. For
example, the out-space communication UI component
1210, illustrated in FIGURE 12,contains an example
text string 1215 of "Bob Smith has opened this
document for editing." [0072] According to
embodiments, the out-space communication UI component
1210 temporarily displays in the in-space user
interface to quickly relay the status information to
alert the user that he/she should launch the out-space
user interface to lean more about the status change of
the document being edited. To allow the user to
quickly launch the out-space user interface, the
out-space actuator 106 is displayed in close proximity
to or inside the out-space communication UI component
1210. As should be appreciated, the information
contained in the temporarily displayed out-space
communication UI component may be any information
about the document that may be displayed in the
outspace user interface as described herein with
reference to FIGURES 1-15. [0073] The out-space
communication UI component 1210, illustrated in FIGURE
12, is generally rectilinear in shape and contains the
out-space actuator 106 inside the UI component 1210.
As should be appreciated, the shape and orientation of
the UI component 1210, illustrated in FIGURE 12, is
for purposes of example only and is not limiting of
the vast number of shapes and orientations that may be
used for the UI component 1210 and is not limiting of
the locations at which the UI component 1210 may be
placed in the in-space user interface for alerting a
user of associated information contained in the
out-space user interface. [0074] According to one
embodiment, the out-space communication UI component
1210 may be visually highlighted, for example,
color-coding, addition of icons, and the like, for
indicating a severity or importance level associated
with the information being communicated from the
out-space user interface. For example, a border 1220
disposed around the example UI component 1210 may be
color-coded to indicate a severity or importance level
associated with the information being communicated
from the out-space user interface. [0075] According to
one embodiment, the communication UI component 1210
may be displayed temporarily, for example, N seconds,
after it becomes visible, and the amount of time for
the display of the UI component may be increased or
decreased if desired. Alternatively, the UI component
may be manually dismissed by selecting (e.g.,
"clicking") anywhere on the UI component 1210. In
addition, selecting the actuator 106 for displaying
the out-space user interface may cause an automatic
dismissal of the UI component 1210. If desired,
presentation of the communication UI component 1210
maybe accompanied by an audible sound for further
calling attention to the information displayed in the
communication UI component 1210. [0076] Referring now
to FIGURE 13, if a user selects the out-space actuator
106 displayed in or in proximity to the out-space
communication UI component 1210, the outspace user
interface is automatically launched, as described
above, with reference to FIGURES 1-1 1. According to
one embodiment, a document information or document
status pane 1316 that contains document information or
status associated with the communication that was
presented via the temporarily displayed out-space
communication UI component may be highlighted in a
manner that brings a user's attention to the
information or status pane 1316 associated with the
information that was communicated via the temporarily
displayed out-space UI component. [0077] For example,
as illustrated in FIGURE 13, the document status pane
1316 contains information that another user has opened
the document being edited by the present user and
provides the present user information on how the user
may check out the document or change the status of the
document in response to the information provided to
the present user. To alert the user to the specific
status pane associated with the communication provided
to the user via the out-space communication UI
component 1210, a visual indication, for example, a
highlighted broken border, is displayed around the
associated information or task pane. As should be
understood, a variety of visual indications may be
utilized for drawing attention to a particular
information or status pane associated with the
communication that was provided via the
temporarily-displayed outspace communication UI
component. For example, information or status panes
associated with communications provided via the
temporarily displayed out-space communication UI
component may be color-coded with a particular color,
for example, green, to quickly alert the user as to
which information or status pane to review. As
described above, colorcoding may be used for
information or status panes to indicate severity or
importance levels associated with the information
contained therein. To distinguish such visual
indications from a visual indication used for
associating a particular information or status pane
with the communication presented via the out-space
communication UI component 1210, a differing visual
indication may be utilized. [0078] Referring back to
FIGURE 12, a message bar 1225 is provided for
communicating information from document information
contained in the out-space user interface and for
alerting a user of a potential need for launching the
out-space user interface to review additional
information and to select one or more features
orfunctionalities for affecting non-authoring changes
to the document being edited. As illustrated in FIGURE
12, the message bar 1225 is displayed underneath the
ribbon 102 



and remains displayed until the message bar 1225 is
dismissed by user action, for example, by selecting
the close button 1245. Information displayed in the
message bar 1225 may include an information subject
1230 and an information summary 1235 for providing a
subject and information summary of information
communicated to the message bar 1225 from the
out-space user interface. According to one embodiment,
selecting (e.g., clicking on) the message text 1235
will launch the out-space user interface to allow a
user to review the associated status information and
to utilize any available features or functionalities,
if desired. In addition, selectable controls 1240 may
be provided in the message bar 1225 for selectively
obtaining one or more features and/or functionalities
for receiving additional information or for changing
status or properties associated with the document
being edited. [0079] An icon 1206 may be provided in
the message bar 1225 for drawing a user's attention to
the specific type of status information contained in
the out-space user interface that corresponds to the
presently displayed message bar 1225. For example, if
the status in the message bar is associated with
document security information in the out-space user
interface, the icon 1206 may be in a form that draws
the user's attention to a status pane containing
security information. [0080] For example, as
illustrated in FIGURE 12, an example information
string indicating that the present document contains
and invalid digital signature is provided in the
message bar 1225, and a selectable control allowing
the user to view signatures associated with the
document is provided. Thus, if the user selects the
provided control 1240, the user may be provided with
the features or functionalities associated with a
digital signature application to allow the user to
view the digital signatures that have been applied to
the document. As should be appreciated, the example
information and selectable controls, illustrated in
FIGURE 12, are for purposes of illustration only and
are not limiting of the vast amount of information and
features that may be made available via the message
bar 1225. [0081] The shape and size of a message bar
1225 may be scaled to fit different display screens.
That is, the message bar 1225 may be reduced in size
or may be expanded in size depending on the available
display screen space. In addition, more than one
message bar 1225 may be displayed as additional
information is communicated that may be of interest to
the user. That is, an additional message bar 1225 may
be displayedunderneath the first message bar 1225 to
communicate different types of document information or
status in a second displayed message bar 1225. [0082]
Referring now to FIGURE 14, if the user selects the
out-space actuator 1206 displayed in or in proximity
to the message bar 1225, the out-space user interface
is launched to allow the user to review additional
information and to obtain different features or
functionalities associated with the information that
was communicated via the displayed message bar 1225.
For example, as illustrated in FIGURE 13, a document
status pane 1318 is shown to contain information
corresponding to the information that was communicated
to the in-space user interface via the displayed
message bar 1225. As described above, a highlighting,
for example, color-coding, or other acceptable visual
indication may be used for the corresponding
information or status pane 1318 for allowing the user
to quickly determine the information or status pane
containing information corresponding to the
communication provided via the displayed message bar
1225. [0083] As should be appreciated, a distinctive
visual highlighting may be utilized for information or
status panes 1318 associated with communications to
the temporarily displayed out-space communication UI
component, and a different visual indication may be
utilized for information or status panes associated
with communications provided via the displayed message
bar 1225. Thus, when a user launches the out-space
user interface, the user may readily distinguish an
information or status pane associated with the
temporarily displayed communication UI component as
opposed to information communicated via the displayed
message bar 1225. As illustrated in FIGURE 13, the
information associated with the temporarily displayed
UI component is shown with a broken outlining border,
and the status pane associated with the displayed
message bar is visually highlighted with a solid
border. Other visual indications may be utilized to
give the information or status pane associated with
the temporarily displayed communication UI component a
loud visual indication and for giving the information
or status pane associated with the displayed message
bar a louder or loudest visual indication. [0084]
FIGURE 14 represents an exemplary operational flow
diagram for receiving a communication of document
status via an out-space communication user interface
component and via an improved message bar user
interface component. For purposes of description of
the operational flow diagram illustrated in FIGURE 14,
consider that a user of a given document receives
information via the temporarily displayed out-space
communication UI component and/or via the displayed
message bar user interface component. Operation flow
1400 begins at operation 1402 and continues to
operation1404 where an in-space user interface is
provided that includes an out-space actuator. An
example of an in-space user interface may include
FIGURE 1. Operational flow 1400 continues to decision
operation 1406 and a determination is made as to
whether a temporary out-space communication UI
component has been displayed. If not, operational flow
continues to operation 1418, as described below.
[0085] If a temporary out-space communication UI
component 1225 is displayed, operational flow
continues to operation 1410. At operation 1410, a user
may review information contained in the temporarily
displayed out-space communication UI component 1225,
and if desired, the user may select the out-space
actuator for launching the out-space user interface.
At operation 1412, the user may review associated
document status or information, and at operation 1414,
the user may apply non-authoring features and/or
functionalities if desired. As described above, in
order to alert the user as to the particular
information or status pane contained in the out-space
user interface associated with the communication
provided the temporarily displayed out-space
communication component, the associated information or
status pane contained in the out-space user interface
may be visually highlighted in some manner to indicate
its relationship to the information provided to the
user via the temporarily displayed out-space UI
component. [0086] At operation 1414, if the message
bar 1225 is dynamically populated with information
communicated from an associated information or status
pane contained in the out-space user interface that is
of interest to the user, operational flow may proceed
back to operation 1410, and the user may launch the
out-space user interface. At operation 1412, the user
may review the associated document information or
status pane, and at operation 1414, the user may apply
one or more features or functionalities available for
changing document information or document status
provided in the out-space user interface. As described
above, the associated information or task pane
displayed in the out-space user interface associated
with the information communicated to the user via the
message bar 1225 may be visually highlighted in some
manner to quickly alert the user as to the particular
information or status pane associated with the
information being provided to the user via the message
bar 1225. After the user has reviewed any information
or status contained in the out-space user interface of
interest to the user, the user may return to the
in-space user interface to continue editing the
document, or the user may exit the document editor,
and operational flow may end at operation 1420. Thus,
use of the temporarily displayed out-space
communication UI component or the message bar UI
component allows for information to be communicated
from the out-space user interfaceto the in-space user
interface to alert a user of a given document that
information contained in the out-space user interface
may be of interest to the user. [0087] By providing
navigation between in-space and out-space, users may
easily become familiar with out-space features because
they are separated from authoring features. By
separating in-space and out-space features, users may
easily find features because the features are
categorized. Features may be richer and provide more
information and functionality because the "real
estate" of the display is better utilized. A greater
amount of "real estate" is available for out-space
features, thereby allowing software developers the
opportunity to increase the functionality of a
document editor program. Channels of communication
associated with a document are better managed because
they are not mixed with in-space features. [0088]
Referring to FIGURE 15, an exemplary system for
implementing the invention includes a computing
device, such as computing device 1500. In a basic 



configuration, computing device 1500 may include any
type of stationary computing device or a mobile
computing device. Computing device 1500 typically
includes at least one processing unit 1502 and system
memory 1504. Depending on the exact configuration and
type of computing device, system memory 1504 may be
volatile (such as RAM), non-volatile (such as ROM,
flash memory, and the like) or some combination of the
two. System memory 1504 typically includes operating
system 1505, one or more applications 1506, and may
include program data 1507. In one embodiment,
applications 1506 further include application 1520 for
accessing an out-space user interface. This basic
configuration is illustrated in FIGURE 15 by those
components within dashed line 1508. [0089] Computing
device 1500 may also have additional features or
functionality. For example, computing device 1500 may
also include additional data storage devices
(removable and/or non-removable) such as, for example,
magnetic disks, optical disks, or tape. Such
additional storage is illustrated in FIGURE 15 by
removable storage 1509 and non-removable storage 1510.
Computer storage media may include volatile and non
volatile, removable and non-removable media
implemented in any method or technology for storage of
information, such as computer readable instructions,
data structures, program modules or other data. System
memory 1504, removable storage 1509 and non removable
storage 1510 are all examples of computer storage
media. Computer storage media includes, but is not
limited to, RAM, ROM, EEPROM, flash memory or other
memory technology, CD-ROM, digital versatile disks
(DVD) or other optical storage, magnetic cassettes,
magnetic tape, magnetic disk storage or other magnetic
storagedevices, or any other medium which can be used
to store the desired information and which can be
accessed by computing device 1500. Any such computer
storage media may be part of device 1500. Computing
device 1500 may also have input device(s) 1512 such as
a keyboard, mouse, pen, voice input device, touch
input device, etc. Output device(s) 1514 such as a
display, speakers, printer, etc. may also be included.
[0090] Computing device 1500 also contains
communication connection(s) 1516 that allow the device
to communicate with other computing devices 1518, such
as over a network or a wireless network. Communication
connection(s) 1516 is an example of communication
media. Communication media typically embodies computer
readable instructions, data structures, program
modules or other data in a modulated data signal such
as a carrier wave or other transport mechanism and
includes any information delivery media. The term
"modulated data signal" may include a signal that has
one or more of its characteristics set or changed in
such a manner as to encode information in the signal.
By way of example, and not limitation, communication
media may include wired media such as a wired network
or direct-wired connection, and wireless media such as
acoustic, RF, infrared and other wireless media. The
term computer readable media as used herein includes
both storage media and communication media. [0091]
Although the invention has been described in language
that is specific to structural features and/or
methodological steps, it is to be understood that the
invention defined in the appended claims is not
necessarily limited to the specific features or steps
described. Rather, the specific features and steps are
disclosed as forms of implementing the claimed
invention. Since many embodiments of the invention can
be made without departing from the spirit and scope of
the invention, the invention resides in the claims
hereinafter appended.CLAIMS What is claimed is: 1. A
method of communicating status information for a
document from an out-space user interface to an
in-space user interface for alerting a user of the
document of the availability of the status information
in the out-space user interface, comprising: (1400)
providing an in-space user interface having an
out-space actuator (106) associated with the out-space
user interface, and displaying a document in the
in-space user interface; (1404) receiving a status of
the document, and saving the status of the document in
the out-space user interface; (1404) temporarily
displaying in the in-space user interface an out-space
communication user interface (UI) component (1210) for
alerting a user of the document about the availability
of the status of the document; (1406) and disposing
the out-space actuator (106) in the out-space
communication user interface (UI) component for
allowing deployment of the out-space user interface in
response to selection of the out-space actuator from
the out-space communication user interface (UI)
component for allowing the user of the document to
review the status of the document. (1406) 2. The
method of Claim 1, further comprising: receiving a
selection of the out-space actuator from the out-space
communication user interface (UI) component; (1410) in
response to receiving the selection of the out-space
actuator from the out-space communication user
interface (UI) component, displaying the out-space
user interface; (1412) and displaying the status of
the document in the out-space user interface. (1412)3.
The method of Claim 2, further comprising: displaying
the status of the document in a document status
display pane (910,912,914,916,918) that is displayed
in the out-space user interface; (1412) and visually
highlighting the document status display pane (1316)
to indicate that the status of the document displayed
in the document status display pane is associated with
the out-space communication user interface (UI)
component temporarily displayed in the in-space user
interface for alerting a user of the document about
the availability of the status of the document. (1412)
4. The method of Claim 1, wherein temporarily
displaying in the in-space user interface an out-space
communication user interface (UI) component for
alerting a user of the document about the availability
of the status of the document includes displaying in
the out-space communication user interface (UI)
component information that communicates at least a
portion of the status of the document saved in the
out-space user interface to the user of the document.
(1406) 5. The method of Claim 3, further comprising :
determining a non-authoring feature that may be
utilized for changing the status of the document;
(1412) and displaying information about the feature
that may be utilized for changing the status of the
document in the out-space user interface with the
displayed status of the document. (1412) 6. The method
of Claim 5, further comprising displaying a selectable
control (91 1,913,915,917,919,920) in the document
status display pane for accessing the feature for
changing the status of the document. (1412)7. The
method of Claim 6, wherein in addition to visually
highlighting the document status display pane to
indicate that the status of the document displayed in
the document status display pane is associated with
the out-space communication user interface (UI)
component temporarily displayed in the in-space user
interface for alerting a user of the document about
the availability of the status of the document,
further comprising applying a secondary visual
indication to the document status display pane to
indicate an importance level associated with the
displayed status of the document. (1412) 8. The method
of Claim 3, further comprising: dynamically updating
the status of the document displayed in the document
status display pane as the status of the document
changes; (1412) and temporarily displaying in the
in-space user interface an updated out-space
communication user interface (UI) component for
alerting a user of the document about the availability
of the updated status of the document. (1406)9. A
method of communicating status information for a
document from an out-space user interface to an
in-space user interface for alerting a user of the
document of the availability of the status information
in the out-space user interface, comprising: (1400)
providing an in-space user interface having an
out-space actuator associated with the out-space user
interface, and displaying a document in the in-space
user interface; (1404) receiving a status of the
document, and saving the status of the document in 



the out-space user interface; (1404) displaying in the
in-space user interface a message bar (1225) for
alerting a user of the document about the availability
of the status of the document; (1418) and disposing
the out-space actuator (1206) in the message bar for
allowing deployment of the out-space user interface in
response to selection of the out-space actuator from
the message bar for allowing the user of the document
to review the status of the document. (1418) 10. The
method of Claim 9, further comprising: receiving a
selection of the out-space actuator from the message
bar; (1410) in response to receiving the selection of
the out-space actuator from the message bar,
displaying the out-space user interface; (1412) and
displaying the status of the document in the out-space
user interface. (1412) 11. The method of Claim 10,
further comprising: displaying the status of the
document in a document status display pane that is
displayed in the out-space user interface; (1412) and
visually highlighting the document status display pane
to indicate that the status of the document displayed
in the document status display pane is associated with
the message bar displayed in the in-space user
interface for alerting a user of the document about
the availability of the status of the document.
(1412)12. The method of Claim 9, wherein displaying in
the in-space user interface a message bar for alerting
a user of the document about the availability of the
status of the document includes displaying in the
message bar information that communicates at least a
portion of the status of the document saved in the
out-space user interface to the user of the document.
(1418) 13. The method of Claim 11, further comprising:
determining a non-authoring feature that may be
utilized for changing the status of the document;
(1412) and displaying information about the feature
that may be utilized for changing the status of the
document in the out-space user interface with the
displayed status of the document. (1412) 14. The
method of Claim 13, further comprising displaying a
selectable control in the document status display pane
for accessing the feature for changing the status of
the document. (1412) 15. The method of Claim 14,
wherein in addition to visually highlighting the
document status display pane to indicate that the
status of the document displayed in the document
status display pane is associated with the message bar
displayed in the in-space user interface for alerting
a user of the document about the availability of the
status of the document, further comprising applying a
secondary visual indication to the document status
display pane to indicate an importance level
associated with the displayed status of the document.
(1412) 16. The method of Claim 11, further comprising:
dynamically updating the status of the document
displayed in the document status display pane as the
status of the document changes; (1412) and displaying
in the in-space user interface an updated message bar
for alerting a user of the document about the
availability of the updated status of the document.
(1418)17. A method of communicating status information
for a document from a secondary user interface to a
primary interface for alerting a user of the document
of the availability of the status information in the
secondary user interface, comprising: (1400) providing
a primary user interface having an actuator associated
with the secondary user interface, and displaying a
document in the primary user interface; (1404)
receiving a first status of the document, and saving
the first status of the document in the secondary user
interface; (1404) temporarily displaying in the
primary user interface an out-space communication user
interface (UI) component for alerting a user of the
document about the availability of the first status of
the document; (1406) disposing the actuator associated
with the secondary user interface in the out-space
communication user interface (UI) component for
allowing deployment of the secondary user interface in
response to selection of the actuator from the
out-space communication user interface (UI) component
for allowing the user of the document to review the
status of the document; (1406) displaying in the
primary user interface a message bar for alerting a
user of the document about the availability of a
second status of the document saved in the secondary
user interface; and (1418) disposing the actuator
associated with the secondary user interface in the
message bar for allowing deployment of the out-space
user interface in response to selection of the
actuator from the message bar for allowing the user of
the document to review the second status of the
document. (1418)18. The method of Claim 17, further
comprising: displaying the first and second statuses
of the document in respective first and second
document status display panes that are displayed in
the secondary user interface; (1412) and visually
highlighting each of the first and second status
display panes with a different visual highlighting to
indicate that the first status of the document
displayed in the first document status display pane is
associated with the out-space communication user
interface (UI) component temporarily displayed in the
primary user interface, and to indicate that the
second status of the document displayed in the second
document status display pane is associated with the
message bar displayed in the primary user interface.
(1412) 19. The method of Claim 1, wherein temporarily
displaying in the in-space user interface an out-space
communication user interface (UI) component for
alerting a user of the document about the availability
of the status of the document includes displaying in
the out-space communication user interface (UI)
component information that communicates at least a
portion of the status of the document saved in the
out-space user interface to the user of the document.
(1404) 20. The method of Claim 19, further comprising:
dynamically updating the first and second statuses of
the document displayed in each of the first and second
document status display panes as the first and second
statuses of the document change; (1412) temporarily
displaying in the primary user interface an updated
out-space communication user interface (UI) component
for alerting a user of the document about the
availability of the updated first status of the
document; (1406) and updating information displayed in
the displayed message bar for alerting a user of the
document about the availability of the updated second
status of the document. (1418) 


