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Glennie, M.J., et al., J Immunol, 198B97): p. 2367 %XW WKLV PHWKRG UHVXOW
fragments, not full IgG molecule.
A wide variety of other recombinant bispecific antibody forntetge been developed in
the recent past (see Kriangkum, J., et al., Biomol Eng, 2@)2): p. 3140). Amongst them
tandem singlehain Fv molecules and diabodies, and various derivatives there of, are the most
widely used formats for the constructionreEombinant bispecific antibodies. Routinely,
construction of these molecules starts from two stagkEn Fv (scFv) fragments that recognize
different antigens (see Economides, A.N., et al., Nat Med, ZQ0B.p. 4752). Tandem scFv
molecules (taFvjepresent 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 tnfoaggfents and
linkers with a length of up to 63 residues (see Nakanishi, K., edAahu Rev Immunol, 200119:
p. 42374). Although the parental scFv fragments can normally be expressed in soluble form in
bacteria, it is, however, often observed tlaadem 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 rabbitand cattle of a tandem scFv directed against CD28 and a melassoeated
proteoglycan was reported (see Gracie, J.A., et al., J Clin Invest, 1999. 104(10):-p0139%
this construct, the two scFv molecules were connected by a CH1 linker andcesaantrations
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 fewdis have now reported expression of soluble tandem
scFv molecules in bacteria (see Leung, B.P., et al., J Immunol, P&90.2): p. 649%02; Ito,
A., et al., J Immunol, 2003. 170(9): p. 4882Karni, A., et al., J Neuroimmunol, 20Q25(1-2):
p. 13440) using either a very short Ala3 linker or long glycine/seriok linkers. In a 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 moleculesdghabduced in soluble
and active form in bacteria. This approach resulted in the isolation of a preferred tandem scFv
molecule with a 6 amino acid residue linker (see Arndt, M. and J. Krauss, Methods Mol Biol,
2003.207: p. 30521). It is unclear whethr 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 enrid 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 VL

doman to approximately 5 residues (see Peipp, M. and T. Valerius, Biochem Soc Trans, 2002.
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30(4): p. 50711). This reduction of linker size facilitates dimerization of two polypeptide chains
by crossover pairing of the VH and VL domains. Bispecific diabaaliegproduced by
expressing, two polypeptide chains with, either the structure-VHB and VHB-VLA (VH -VL
configuration), or VLAVHB and VLB-VHA (VL -VH configuration) within the same cell. A
large variety of different bispecific diabodies have been pratlicthe past and most of them can
be 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., G. Rleamuller, and P. Kufer, Proc Natl Acad Sci U S A, 199%15): p.
70215). 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 genevBliispecific diabodies
is the production of knemto-hole diabodies (see Holliger, P., T. Prospero, and G. Winter, Proc
Natl Acad Sci U S A, 19930(14): p. 64448.18). This was demonstrated for a bispecific
diabody directed against HER2 and CD3lafge 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 H&R2 or the antCD3
variable domains. By usgjnthis approach the production of bispecific diabodies could be
increased from 72% by the parental diabody to over 90% by theiktehbole diabody.
Importantly, production yields did only slightly decrease as a result of these mutations. However,
a redwtion in antigerbinding activity was observed for several analyzed constructs. Thus, this
rather elaborate approach requires the analysis of various constructs in order to identify those
mutations that produce heterodimeric molecule with unaltered lgrditivity. In addition, such
approach requires mutational modification of the immunoglobulin sequence at the constant region,
thus creating nonative and nomatural form of the antibody sequence, which may result in
increased immunogenicity, poorvivo stability, as well as undesireable pharmacokinetics.
Singlechain diabodies (scDb) represent an alternative strategy to improve the formation
of bispecific diabodylike molecules (see Holliger, P. and G. Winter, Cancer Immunol
Immunother, 1997. 45¢8): p. 12830; Wu, A.M., et al., Immunotechnology, 1996. 2(1): p- 21
36). Bispecific singlechain diabodies are produced by connecting the two diatoodyng
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
singlechain diabodies (560 kDa) are bispecific. Several studies have demonstrated that
bispecific single chain diabodies are expressed in bacteria in soluble ardf@cti with the

majority of purified molecules present as monomers (see Holliger, P. and G. Winter, Cancer
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Immunol Immunother, 1997. 45@): p. 12830; Wu, A.M., et al., Immunotechnology, 1996. 2(1):
p. 21:36; Pluckthun, A. and P. Pack, Immunotechnold@87. 3(2): p. 8305; Ridgway, J.B., et
al., Protein Eng, 1996. 9(7): p. 621). Thus, singlkehain diabodies combine the advantages of
tandem scFvs (all monomers are bispecific) and diabodies (soluble expression in bacteria).

More recently diabody hauegeen fused to Fc to generate moréikg molecules, named
di-diabody (see Lu, D., et al., J Biol Chem, 2004. 279(4): p.-8856 In addition, multivalent
antibody construct comprising two Fab repeats in the heavy chain of an IgG and capable of
bindingfour antigen molecules has been described (see WO 0177342A1, and Miller, K., et al., J
Immunol, 2003. 170(9): p. 48531).

There is a need in the art for improved multivalent binding proteins capable of binding
two or more antigens. The present invemjioovides a novel family of binding proteins capable
of binding two or more antigens with high affinity.

Summary of the Invention

This invention pertains to multivalent binding proteins capable of binding two or more
antigens. The present inventioropides 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 said polypeptide chain comprises ¥R1L)n-VD2-C-(X2)n, wherein VD1 is a
first variable domain, VD2 is a second variable domain, C is a constant domain, X1 represents an
amino acid or polypeptide, X2 represents an Fc region and nis 0 or 1. In a preferred embodiment
the VD1 and VD2 in the binding proteineaheavy chain variable domains. More preferably 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 humanizéeavy chain variable domain. In a preferred embodiment VD1 and VD2
are capable of binding the same antigen. In another embodiment VD1 and VD2 are capable of
binding different antigens. Preferably C is a heavy chain constant domain. More preferably X1
a linker with the proviso that X1 is not CH1. Most preferably X1 is a linker selected from the
group consisting of AKTTPKLEEGEFSEAR (SEQ ID NO:118); AKTTPKLEEGEFSEARV
(SEQ ID NO:119); AKTTPKLGG (SEQ ID NO:120); SAKTTPKLGG (SEQ ID NO:121);
SAKTTP (SEQ D NO:122); RADAAP (SEQ ID NO:123); RADAAPTVS (SEQ ID NO:124);
RADAAAAGGPGS (SEQ ID NO:125); RADAAAA(GS), (SEQ ID NO:126);
SAKTTPKLEEGEFSEARYV (SEQ ID NO:127); ADAAP (SEQ ID NO:40); ADAAPTVSIFPP
(SEQ ID NO:103); TVAAP (SEQ ID NO:44); TVAAPSVFIFPP (SEQ ID M0D); QPKAAP
(SEQ ID NO:88); QPKAAPSVTLFPP (SEQ ID NO:92); AKTTPP (SEQ ID NO:38);
AKTTPPSVTPLAP (SEQ ID NO:128AKTTAP (SEQ ID NO:129) AKTTAPSVYPLAP (SEQ



10

15

20

25

30

35

ID NO:99); ASTKGP (SEQ ID NO:42); ASTKGPSVFPLAP (SEQ ID NO:48),
GGGGSGGGGSGGGGS (SEQ ID NO:130); GREREYAPALMALS (SEQ ID NO:131);
GPAKELTPLKEAKVS (SEQ ID NO:132); and GHEAAAVMQVQYPAS (SEQ ID NO:133).
Preferably X2 is an Fc region. More preferably X2 is a variant Fc region.

In a preferred embodiment the binding protein disclosed above comprises gpdepe
chain, wherein said polypeptide chain comprises ¥R1L)n-VD2-C-(X2)n, wherein VD1 is a
first heavy chain variable domain, VD2 is a second heavy chain variable domain, C is a heavy
chain constant domain, X1 is a linker with the proviso that it i$Ohtlt, and X2 is an Fc region.

In another embodiment VD1 and VD2 in the binding protein are light chain variable
domains. Preferably the light chain variable domain is selected from the group consisting of a
murine light chain variable domain, a human tighain variable domain, a CDR grafted light
chain variable domain, and a humanized light chain variable domain. In one embodiment VD1
and VD2 are capable of binding the same antigen. In another embodiment VD1 and VD2 are
capable of binding different dgens. Preferably C is a light chain constant domain. More
preferably X1 is a linker with the proviso that X1 is not CL1. Preferably X1 is a linker selected
from the group consisting of AKTTPKLEEGEFSEABEQ ID NO:118);
AKTTPKLEEGEFSEARYV (SEQ ID NO:119AKTTPKLGG (SEQ ID NO:120)

SAKTTPKLGG (SEQ ID NO:121) SAKTTP(SEQ ID NO:122) RADAAP (SEQ ID NO:123)
RADAAPTVS (SEQ ID NO:124) RADAAAAGGPGS(SEQ ID NO:125) RADAAAA(G 4,S),
(SEQ ID NO:126)SAKTTPKLEEGEFSEARV(SEQ ID NO:127) ADAAP (SEQ ID NO:40)
ADAAPTVSIFPP(SEQ ID NO:103) TVAAP (SEQ ID NO:44) TVAAPSVFIFPP(SEQ ID
NO:50) QPKAAP (SEQ ID NO:88) QPKAAPSVTLFPRSEQ ID NO:92) AKTTPP(SEQ ID
NO:38) AKTTPPSVTPLAP(SEQ ID NO:128) AKTTAP (SEQ ID NO:129)
AKTTAPSVYPLAP (SEQ ID NO:99) ASTKGP(SEQ ID NO:2); and ASTKGPSVFPLAP
(SEQ ID NO:48) Preferably the binding protein does not comprise X2.

In a preferred embodiment the binding protein disclosed above comprises a polypeptide
chain, wherein said polypeptide chain comprises ¥RL)n-VD2-C-(X2)n, whereinvVD1 is a
first light chain variable domain, VD2 is a second light chain variable domain, C is a light chain
constant domain, X1 is a linker with the proviso that it is not CH1, and X2 does not comprise an
Fc region.

In another preferred embodiment thedntion provides a binding protein comprising two
polypeptide chains, wherein said first polypeptide chain comprises(XDyh-VD2-C-(X2)n,
wherein VD1 is a first heavy chain variable domain, VD2 is a second heavy chain variable
domain, C is a heavy chainmstant domain, X1 is a linker with the proviso that it is not CH1, and
X2 is an Fc region; and said second polypeptide chain comprisegXDi-VD2-C-(X2)n,

wherein VD1 is a first light chain variable domain, VD2 is a second light chain variable domain,
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C is a light chain constant domain, X1 is a linker with the proviso that it is not CH1, and X2 does
not comprise an Fc region. Most preferably the Dual Variable Domain (DVD) binding protein
comprises four polypeptide chains wherein the first two polygemihains comprises VD1
(X21)n-VD2-C-(X2)n, respectively wherein VD1 is a first heavy chain variable domain, VD2 is a
second heavy chain variable domain, C is a heavy chain constant domain, X1 is a linker with the
proviso that it is not CH1, and X2 is an ifégion; and the second two polypeptide chain
comprises VD1(X1)n-VD2-C-(X2)n respectively, wherein VD1 is a first light chain variable
domain, VD2 is a second light chain variable domain, C is a light chain constant domain, X1 is a
linker with the provisdhat it is not CH1, and X2 does not comprise an Fc region. Such a Dual
Variable Domain (DVD) protein has four antigen binding sites.

In another preferred embodiment the binding proteins disclosed above are capable of
binding one or more targets. Pretdyathe target is selected from the group consisting of
cytokines, cell surface proteins, enzymes and receptors. Preferably the binding protein is capable
of modulating a biological function of one or more targets. More preferably 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, and polypeptide
hormones. In a specific embodiment the binding protein ishtajé binding pairs of cytokines
selected from the group consisting oflt and IL-13; IL-12 and 11-18, TNFo and IL-23, TNFx
and IL-13; TNF and 11:18; TNF and I:12; TNF and ll-1beta; TNF and MIF; TNF and L7,
and TNF and IE15; TNF and VEGF; VEGFR ardGFR;IL-13 and IL-9; IL-13 and IL-4; IL-13
and IL-5; IL-13 and IL-25; IL-13 and TARC; IL-13 and MDC; IL-13 and MIF; IL-13 and TGF-§3;
IL-13 and LHR agonist; IL-13 and CL25; IL-13 and SPRR2a; IL-13 and SPRR2b; IL-13 and
ADAMS; and TNFe and PGEA4, IE13 andPED2, TNF and PEG2. In another embodiment the
binding protein of the invention is capable of binding pairs of targets selected from the group
consisting of CD138 and CD20; CD138 and CD40; CD19 and CD20; CD20 and CD3; CD38 &
CD138; CD38 and CD20; CD38 amb40; CD40 and CD20; GB and IL-6; CSPGs and RGM
A; CTLA-4 and BTNO2; IGF1 and IGF2; IGF1/2 and Erb2B:112 and TWEAK;IL-13 and IL-
1B; MAG and RGM A; NgR and RGM A; NogoA and RGM A; OMGp and RGM A; PRDand
CTLA-4; RGM A and RGM B; Te38 and TN# TNFa and Blys; TNfee and CDB22; TNFo and
CTLA-4; TNFoand GP130; TNé& and IL-12p40; and TNE& and RANK ligand.

In one embodiment, the bindipgotein capable of binding human-llo. and human IL
1B comprises a DVD heavy chain amino acid sequence selected from the group consisting of SEQ
ID NO. 33, SEQ ID NO. 37, SEQ ID NO. 41, SEQ ID NO. 45, SEQ ID NO. 47, SEQ ID NO. 51,
SEQ ID NO. 53, SEQ ID N(B5, SEQ ID NO. 57, and SEQ ID NO. 59; and a DVD light chain
amino acid sequence selected from the group consisting of SEQ ID NO. 35, SEQ ID NO. 39, SEQ
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ID NO. 43, SEQ ID NO. 46, SEQ ID NO. 49, SEQ ID NO. 52, SEQ ID NO. 54, SEQ ID NO. 56,
SEQ ID NO. 58, ad SEQ ID NO. 60. In another embodiment, the binding protein capable of
binding murine I:1o. and murine L1 comprises a DVD heavy chain amino acid sequence SEQ
ID NO. 105, and a DVD light chain amino acid sequence SEQ ID NO. 109.

In one embodiment, the binding protein capable of bindirgdland 11-18 comprises a
DVD heavy chain amino acid geence selected from the group consisting of SEQ ID NO. 83,
SEQ ID NO. 90, SEQ ID NO. 93, SEQ ID NO. 95, and SEQ ID NO. 114; and a DVD light chain

amino acid sequence selected from the group consisting of SEQ ID NO. 86, SEQ ID NO. 91, SEQ

ID NO. 94, SEQ IDNO. 46, SEQ ID NO. 96, and SEQ ID NO. 116.

In one embodiment the binding protein capable of binding CD20 and CD3 comprises a
DVD heavy chain amino acid sequence is SEQ ID NO. 97, and a DVD light chain SEQ ID NO.
101.

In another embodiment the binding ot of the invention is capable of binding one, two
or more cytokines, cytokineelated proteins, and cytokine receptors selected from the group
consisting of BMP1, BMP2, BMP3B (GDF10), BMP4, BMP6, BMP8, CSFid8F), CSF2
(GM-CSF), CSF3 (&SF), EPO, FGF(aFGF), FGF2 (bFGF), FGF3 (i), FGF4 (HST),

FGF5, FGF6 (HSR), FGF7 (KGF), FGF9, FGF10, FGF11, FGF12, FGF12B, FGF14, FGF16,
FGF17, FGF19, FGF20, FGF21, FGF23, IGF1, IGF2, IFNAL, IFNA2, IFNA4, IFNAS5, IFNAG,
IFNA7, IFNB1, IFNG, IFNW1, FIL1, FIL1 (EPSIL®), FIL1 (ZETA), IL1A, IL1B, IL2, IL3, IL4,
IL5, IL6, IL7, IL8, IL9, IL10, IL11, IL12A, IL12B, IL13, IL14, IL15, IL16, IL17, IL17B, IL18,
IL19, IL20, IL22, IL23, IL24, IL25, IL26, IL27, IL28A, IL28B, 1L29, IL30, PDGFA, PDGFB,
TGFA, TGFB1, TGFB2, TGFB3, LTATNF-b), LTB, TNF (TNFa ), TNFSF4 (OX40 ligand),
TNFSF5 (CD40 ligand), TNFSF6 (FasL), TNFSF7 (CD27 ligand), TNFSF8 (CD30 ligand),
TNFSF9 (41BB ligand), TNFSF10 (TRAIL), TNFSF11 (TRANCE), TNFSF12 (APO3L),
TNFSF13 (April), TNFSF13B, TNFSF14 (HVEM), TNFSF15 (VEGI), TNFSF18, FIGF
(VEGFD), VEGF, VEGFB, VEGFC, IL1R1, IL1R2, IL1IRL1, ILIRL2, IL2RA, IL2RB, IL2RG,
IL3RA, IL4AR, IL5RA, IL6R, IL7R, IL8RA, IL8RB, IL9R, IL10RA, IL10RB, IL11RA, IL12RB1,
IL12RB2, IL13RAL, IL13RA2, IL15RA, IL17R, IL18R1, IL20RA, IL21R|_.22R, IL1HY1,
ILIRAP, ILIRAPLI1, ILIRAPL2, ILIRN, IL6ST, IL18BP, IL18RAP, IL22RA2, AIF1, HGF, LEP
(leptin), PTN, and THPO.

The binding protein of the invention is capable of binding one or more chemokines,
chemokine receptors, and chemokietated proteis selected from the group consisting of CCL1
(1-309), CCL2 (MCR1 / MCAF), CCL3 (MIR1a), CCL4 (MIR1b), CCL5 (RANTES), CCL7
(MCP-3), CCL8 (mcp2), CCL11 (eotaxin), CCL13 (MCR), CCL15 (MIR1d), CCL16 (HCE),
CCL17 (TARC), CCL18 (PARC), CCL19 (MiBb),CCL20 (MIR3a), CCL21 (SLC / exod®),
CCL22 (MDC / STGL), CCL23 (MPIF1), CCL24 (MPIF2 / eotaxin2), CCL25 (TECK), CCL26
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(eotaxin3d), CCL27 (CTACK / ILC), CCL28, CXCL1 (GRO1), CXCL2 (GRO2), CXCL3
(GRO3), CXCL5 (ENAT78), CXCL6 (GCP2), CXCL9 (MIG), CXCL10 (IP 10), CXCL11 d
TAC), CXCL12 (SDF1), CXCL13, CXCL14, CXCL16, PF4 (CXCL4), PPBP (CXCLY7),
CX3CL1 (SCYD1), SCYE1, XCL1 (lymphotactin), XCL2 (SGhb), BLR1 (MDR15), CCBP2
(D6 / JAB61), CCR1 (CKR1 / HM145), CCR2 (m&RB / RA), CCR3 (CKR3 / CMKBR3),
CCR4 CCR5 (CMKBR5 / ChemR13), CCR6 (CMKBR6 / CHE / STRL22 /| DRY6), CCR7
(CKR7 / EBI1), CCR8 (CMKBR8 / TER1 / CK#R1), CCR9 (GPR9-6), CCRL1 (VSHK1),
CCRL2 (L-CCR), XCR1 (GPR5 / CCXCR1), CMKLR1, CMKOR1 (RDC1), CX3CR1 (V28),
CXCR4, GPR2 (CCR10), GPR31, GPREKSG80), CXCR3 (GPRY/CK{R2), CXCR6
(TYMSTR /STRL33 / Bonzo), HM74, IL8RA (IL8Ra), IL8RB (IL8Rb), LTB4R (GPR16),
TCP10, CKLFSF2, CKLFSF3, CKLFSF4, CKLFSF5, CKLFSF6, CKLFSF7, CKLFSF8, BDNF,
C5R1, CSF3, GRCC10 (C10), EPO, FY (DARC), GDF5, HIF1A, IL8, ARES3, RGS13,
SDF2, SLIT2, TLR2, TLR4, TREM1, TREM2, and VHL. The binding protein of the invention is
capable of binding cell surface protein selected from the group consisting of integrins. The
binding protein of the invention is capable of binding enzyg@lected from the group consisting
of kinases and proteases. The binding protein of the invention is capable of binding receptor
selected from the group consisting of lymphokine receptor, monokine receptor, and polypeptide
hormone receptor.

In a prefered embodiment the binding protein is multivalent. More preferably the
binding protein is multispecific. The multivalent and or multispecific binding proteins described
above have desirable properties particularly from a therapeutic standpoint. Focentha
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 deattl/anapoptosis 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 whichs internalized (and/or catabolized) by a cell expressing an antigen to which the
antibody binds; and/or may be an agonist, cell daathcing, and/or apoptosisducing
antibody, and the multivalent and or multispecific binding protein as described hexgidisplay
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 hereindescribed.

In another embdiment 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 abdids¥:tat least about
10°M7s™; at least about IM7s™; at least about fM™'s™; and at least abd 10M's?, as

measured by surface plasmon resonance. Preferably, the binding protein of the invention has an
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on rate constant (Kon) to one or more targets betwed 53 to 10M's*; between 1M s to
10'M's™; between 1tM7's* to 10M™'s™; or between 1tM™'s* to 1FM?'s?, 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 abdst ;18 most about I&*; at most
about 10s*; and at most about 8%, as measured by surface plasmon resonance. Preferably, the
binding protein of the invention has an off rate constant (Koff) to one or more target&otd o
10“s™; of 10%s™to 10°s™; or of 10°s*to 10°s*, as measured by surface plasmon resonance.

In another embodiment the binding protein has a dissociation consggrio(&ne or
more targets selected from the group consisting of: at most abbi; 18 most about 1OM; at
most about 1®M; at most about I8 M; at most about 18 M; at most about 18 M; and at
most 10°*M. Preferably, the binding protein of the invention has a dissociation constrib(K
IL-12 or IL-23 of 10’ M to 10° M; of 10° M to 10° M; of 10° M to 10™° M; of 10™°to 10" M;
of 10** M to 10"*M; or of 10**to M 10" M.

In another embodiment the binding protein described above is a conjugate further
comprising an agent selected from the group consisting of; an immunoadhension molecule, an
imaging agnt, a therapeutic agent, and a cytotoxic agent. Preferably 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. More prefethblimaging agent is a
radiolabel selected from the group consistingldf*C %S, %y, ®1c, *in, 1, **4, ¥"Lu, ***Ho,
and'®*sm. Preferably the therapeutic or cytotoxic agent is selected from the group consisting of;
an antimetabolite, aralkylating agent, an antibiotic, a growth factor, a cytokine, an anti
angiogenic agent, an astiitotic agent, an anthracycline, toxin, and an apoptotic agent.

In another embodiment the binding protein described above is a crystallized binding
protein ancexists as a crystal. Preferably the crystal is a caneerpharmaceutical controlled
release crystal. More preferably the crystallized binding protein has a greater half life in vivo than
the soluble counterpart of said binding protein. Most prefgtak crystallized binding protein
retains biological activity.

In another embodiment the binding protein described above is glycosylated. Preferably
the glycosylation is a human glycosylation pattern.

One aspect of the invention pertains to an isolatedeic acid encoding any one of the binding
protein disclosed above. A further embodiment provides a vector comprising the isolated nucleic
acid disclosed above wherein said vector is selected from the group consisting of pcDNA; pTT
(Durocher et al.Nucleic Acids Research 2002, Vol 30, No.2); pTT3 (pTT with additional

multiple cloning site; pEFBOS (Mizushima, S. and Nagata, S., (19@fgic acids Research Vol

18, No. 17); pBV; pJV; pcDNA3.1 TOPO, pEF6 TOPO and pBJ.



10

15

20

25

30

35

In another aspect a host cell iarisformed with the vector disclosed above. Preferably
the host cell is a prokaryotic cell. More preferably the host cell is E.Coli. In a related
embodiment the host cell is an eukaryotic cell. Preferably the eukaryotic cell is selected from the
group onsisting of protist cell, animal cell, plant cell and fungal cell. More preferably the host
cell is a mammalian cell including, but not limited to, CHO and COS; or a fungal cell such as
Saccharomyces cerevisiae; or an insect cell such as Sf9.

Another aspct of the invention provides a method of producing a binding protein
disclosed above comprising culturing any one of the host cells also disclosed above in a culture
medium under conditions sufficient to produce the binding protein. Preferabhy580ofthe
binding protein produced by this method is a dual specific tetravalent binding protein. More
preferably 75%90% of the binding protein produced by this method is a dual specific tetravalent
binding protein. Most preferably 909%% of the binding prein produced is a dual specific
tetravalent binding protein.

Another embodiment provides a binding protein produced according to the method
disclosed above.

One embodiment provides a composition for the release of a binding protein wherein the
compositian comprises a formulation which in turn comprises a crystallized binding protein, as
disclosed above and an ingredient; and at least one polymeric carrier. Preferably the polymeric
carrier is a polymer selected from one or more of the group consistipglpfacrylic acid), poly
(cyanoacrylates), poly (amino acids), poly (anhydrides), poly (depsipeptide), poly (esters), poly
(lactic acid), poly (lactieco-glycolic acid) or PLGA, poly (Hydroxybutryate), poly
(caprolactone), poly (dioxanone); poly (ettye glycol), poly ((hydroxypropyl) methacrylamide,
poly [(organo)phosphazene], poly (ortho esters), poly (vinyl alcohol), poly (vinylpyrrolidone),
maleic anhydridealkyl vinyl ether copolymers, pluronic polyols, albumin, alginate, cellulose and
cellulosederivatives, collagen, fibrin, gelatin, hyaluronic acid, oligosaccharides,
glycaminoglycans, sulfated polyeaccharides, blends and copolymers thereof. Preferably the
ingredient is selected from the group consisting of albumin, sucrose, trehalose, {Faittol,
hydroxypropyip- 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 above.

The invention als@rovides a pharmaceutical composition comprising a binding protein,
as disclosed above and a pharmaceutically acceptable carrier. In a further embodiment the
pharmaceutical composition comprises at least one additional therapeutic agent for treating a
disarder. Preferably the additional agent is selected from the group consisting of: Therapeutic
agent, imaging agent, cytotoxic agent, angiogenesis inhibitors (including but not limited to anti
VEGF antibodies or VEGH#ap); kinase inhibitors (including bubnlimited to KDR and TIE2
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inhibitors); cestimulation molecule blockers (including but not limited to #iti1, antiB7.2,
CTLA4-lg, anttCD20); adhesion molecule blockers (including but not limited telsfd-1 Abs,
anti-E/L selectin Abs, small moletainhibitors); anticytokine antibody or functional fragment
thereof (including but not limited to ardti-18, antiTNF, anttlL -6/cytokine receptor antibodies);
methotrexate; cyclosporin; rapamycin; FK506; detectable label or reporter; a TNF antagonist;
antirheumatic; a muscle relaxant, a narcotic, asteroid antinflammatory drug (NSAID), an
analgesic, an anesthetic, a sedative, a local anesthetic, a neuromuscular blocker, an antimicrobial,
an antipsoriatic, a corticosteriod, an anabolic steamderythropoietin, 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,eqinephrine 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
disclo®d above is detrimental, comprising administering to the human subject a binding protein
disclosed above such that the activity of the target, or targets in the human subject is inhibited and
treatment is achieved. Preferably the disorder is selectedHiegroup comprisingrthritis,
osteoarthritis, juvenile chronic arthritis, septic arthritis, Lyme arthritis, psoriatic arthritis, reactive
arthritis, spondyloarthropathy, systemic lupus erythematosus, Crohn’s disease, ulcerative colitis,
inflammatory bovel 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 transplantatiordcsascoi
atherosclerosis, disseminated intravascular coagulation, Kawasaki’s disease, Grave’s disease,
nephrotic syndrome, chronic fatigue syndrome, Wegener’s granulomatosis, 3ehoemlein
purpurea, microscopic vasculitis of the kidneys, chronic aceypatitis, 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, strok@imary biliary cirrhosis, hemolytic anemia, malignancies, heart
failure, myocardial infarction, Addison’s disease, sporadic, polyglandular deficiency type | and
polyglandular deficiency type I, Schmidt’'s syndrome, adult (acute) respiratory distresmsynd
alopecia, alopecia areata, seronegative arthopathy, arthropathy, Reiter’'s disease, psoriatic
arthropathy, ulcerative colitic arthropathy, enteropathic synovitis, chlamydia, yersinia and
salmonella associated arthropathy, spondyloarthopathy, athewswisease/arteriosclerosis,
atopic allergy, autoimmune bullous disease, pemphigus vulgaris, pemphigus foliaceus,
pemphigoid, linear IgA disease, autoimmune haemolytic anaemia, Coombs positive haemolytic
anaemia, acquired pernicious anaemia, juvenileigeus anaemia, myalgic encephalitis/Royal

Free Disease, chronic mucocutaneous candidiasis, giant cell arteritis, primary sclerosing hepatitis,
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cryptogenic autoimmune hepatitis, Acquired Immunodeficiency Disease Syndrome, Acquired
Immunodeficiency RelateDiseases, Hepatitis B, Hepatitis C, common varied immunodeficiency
(common variable hypogammaglobulinaemia), dilated cardiomyopathy, female infertility, ovarian
failure, premature ovarian failure, fibrotic lung disease, cryptogenic fibrosing alveolgis, po
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, rhednaatioiitis associated interstitial

lung disease, systemic lupus erythematosus associated lung disease, dermatomyositis/polymyaositis
associated lung disease, Sj gren’s disease associated lung disease, ankylosing spondylitis
associated lung disease, vadiuliiffuse lung disease, haemosiderosis associated lung disease,
drugiinduced interstitial lung disease, fibrosis, radiation fibrosis, bronchiolitis obliterans, chronic
eosinophilic pneumonia, lymphocytic infiltrative lung disease, postinfectious itirktng

disease, gouty arthritis, autoimmune hepatitis, fy/@eitoimmune hepatitis (classical autoimmune

or lupoid hepatitis), typ@ autoimmune hepatitis (afitKM antibody hepatitis), autoimmune

mediated hypoglycaemia, type B insulin resistance wigm#nosis 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, idiopathieucopaenia, 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), sypathetic 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 rgremsvsynd
Takayasu’s disease/arteritis, autoimmune thrombocytopaenia, idiopathic thrombocytopaenia,
autoimmune thyroid disease, hyperthyroidism, goitrous autoimmune hypothyroidism (Hashimoto’s
disease), atrophic autoimmune hypothyroidism, primary myxoederaapgénic uveitis, primary
vasculitis, vitiligo &ute liver disease, chronic liver diseasdspholic cirrhosis, alcohehduced

liver injury, choleosatatis, idiosyncratic liver disease, Binduced hepatitis, Nealcoholic
Steatohepatitisallergy and afima,group B streptococci (GBS) infectiomental disorderse(g.,
depression and schizophrenia), Th2 Type and Thl Type mediated diseases, acute and chronic pain
(different forms of pain), and cancexsch as lung, breast, stomach, bladder, colon, pascrea
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 leukéAiiél), acute or chronic
bacterial infection, acute pancreatitis, acute renal failure, adenocarcinomas, aerial ectopic beats,

AIDS dementia complex, alcohoiduced hepatitis, allergic conjunctivitis, allergic contact
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dermatitis, allergic rhinitis, allografejection, alphd- antitrypsin deficiency, amyotrophic lateral
sclerosis, anemia, angina pectoris, anterior horn cell degeneration, anti cd3 therapy,
antiphospholipid syndrome, afréceptor hypersensitivity reactions, aordic and peripheral
aneuryismsaortic 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) rejectiamdle 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 disaglechaotic or multifocal atrial tachycardia, chemotherapy
associated disorders, chromic myelocytic leukemia (CML), chronic alcoholism, chronic
inflammatory pathologies, chronic lymphocytic leukemia (CLL), chronic obstructive pulmonary
disease (COPD), chnic salicylate intoxication, colorectal carcinoma, congestive heart failure,
conjunctivitis, contact dermatitis, cor pulmonale, coronary artery disease, Cretdziebtit

disease, culture negative sepsis, cystic fibrosis, cytokine therapy associateersligsdedhentia
pugilistica, demyelinating diseases, dengue hemorrhagic fever, dermatitis, dermatologic
conditions, diabetes, diabetes mellitus, diabetic ateriosclerotic disease, Diffuse Lewy body
disease, dilated congestive cardiomyopathy, disorders biged ganglia, Down’s Syndrome in
middle age, drugnduced movement disorders induced by drugs which block CNS dopamine
receptors, drug sensitivity, eczema, encephalomyelitis, endocarditis, endocrinopathy, epiglottitis,
epsteinbarr virus infection, eryttomelalgia, 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
nephrtis, graft rejection of any organ or tissue, gram negative sepsis, gram positive sepsis,
granulomas due to intracellular organisms, hairy cell leukemia, Hallerr@platz disease,
hashimoto’s thyroiditis, hay fever, heart transplant rejection, hemadasisydnemodialysis,
hemolytic uremic syndrome/thrombolytic thrombocytopenic purpura, hemorrhage, hepatitis (A),
His bundle arrythmias, HIV infection/HIV neuropathy, Hodgkin's disease, hyperkinetic movement
disorders, hypersensitity reactions, hypersensitpneumonitis, hypertension, hypokinetic
movement disorders, hypothalanrpituitary-adrenal axis evaluation, idiopathic Addison’s disease,
idiopathic pulmonary fibrosis, antibody mediated cytotoxicity, Asthenia, infantile spinal muscular
atrophy, inflanmation of the aorta, influenza a, ionizing radiation exposure,
iridocyclitis/uveitis/optic neuritis, ischemiaeperfusion 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, lymphederma, malaria, malignamt Lymphoma, malignant histiocytosis,

malignant melanoma, meningitis, meningococcemia, metabolic/idiopathi@ingcheadache,
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mitochondrial multi.system disorder, mixed connective tissue disease, monoclonal gammopathy,
multiple myeloma, multiple systems degenerations (Mencel DejeFlmemas ShDrager and
MachadeJoseph), myasthenia gravis, mycobacterium avidragellulare, mycobacterium
tuberculosis, myelodyplastic syndrome, myocardial infarction, myocardial ischemic disorders,
nasopharyngeal carcinoma, neonatal chronic lung disease, nephritis, nephrosis, neurodegenerative
diseases, neurogenic | muscular atieph neutropenic fever, nohodgkins lymphoma,
occlusion of the abdominal aorta and its branches, occulsive arterial disorders, okt3 therapy,
orchitis/epidydimitis, orchitis/vasectomy reversal procedures, organomegaly, osteoporosis,
pancreas transplargjection, pancreatic carcinoma, paraneoplastic syndrome/hypercalcemia of
malignancy, parathyroid transplant rejection, pelvic inflammatory disease, perennial rhinitis,
pericardial disease, peripheral atherlosclerotic disease, peripheral vascular diperderstis,
pernicious anemia, pneumocystis carinii pneumonia, pneumonia, POEMS syndrome
(polyneuropathy, organomegaly, endocrinopathy, monoclonal gammopathy, and skin changes
syndrome), post perfusion syndrome, post pump syndromelMpasirdiotomy sydrome,
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 injusirictive 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, spdic 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
regponse syndrome, systemic onset juvenile rheumatoid arthritis|l 6r FAB ALL,
Telangiectasia, thromboangitis obliterans, thrombocytopenia, toxicity, transplants,
trauma/hemorrhage, type Il hypersensitivity reactions, type IV hypersensitivity, unsiajihe,
uremia, urosepsis, urticaria, valvular heart diseases, varicose veins, ,vasculitis, venous diseases,
venous thrombosis, ventricular fibrillation, viral and fungal infections, vital encephalitis/aseptic
meningitis, vitalassociated hemaphagocytimdyome, WernickeKorsakoff syndrome, Wilson’s
disease, xenograft rejection of any organ or tissue.

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 lgmtoteins disclosed above
before, concurrent, or after the administration of a second agent, as discussed above. In a
preferred embodiment the second agent is selected from the group consibtidgrafside,
epidermal growth factor, corticosteroids, [ogporin, sulfasalazine, aminosalicylates, 6
mercaptopurine, azathioprine, metronidazole, lipoxygenase inhibitors, mesalamine, olsalazine,

balsalazide, antioxidants, thromboxane inhibitors] lteceptor antagonists, aditi-1
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monoclonal antibodies, adti-6 monoclonal antibodies, growth factors, elastase inhibitors,
pyridinyl-imidazole compounds, antibodies or agonists of TNF, L71,,IlL-2, IL-6, IL-7, IL-8,

IL-12, IL-13, IL-15, IL-16, IL-18, IL-23, EMARII, GM-CSF, FGF, and PDGF, antibodies of CD2,
CD3, CD4, CD8, CBk19, CD25, CD28, CD30, CD40, CD45, CD69, CD90 or their ligands,
methotrexate, cyclosporin, FK506, rapamycin, mycophenolate mofetil, leflunomide, NSAIDs,
ibuprofen, corticosteroids, prednisolone, phosphodiesterase inhibitorspsideragorsts,
antithrombotic agents, complement inhibitors, adrenergic agents, IRAK, NIK, IKK, p38, MAP
kinase inhibitors, IE1 converting enzyme inhibitors, TN converting enzyme inhibitors, T-

cell signalling inhibitors, metalloproteinase inhibitors, sulfasakmzazathioprine,-6

mercaptopurines, angiotensin converting enzyme inhibitors, soluble cytokine receptors, soluble
p55 TNF receptor, soluble p75 TNF receptor-$Rl, sIL-1RII, sIL-6R, antiinflammatory

cytokines, 1l-4, IL-10, IL-11, IL-13 and TGB.

In a peferred embodiment the pharmaceutical compositions disclosed above are administered to
the subject by at least one mode selected from parenteral, subcutaneous, intramuscular,
intravenous, intrarticular, intrabronchial, intraabdominal, intracapsularcanti@ginous,

intracavitary, intracelial, intracerebellar, intracerebroventricular, intracolic, intracervical,
intragastric, intrahepatic, intramyocardial, intraosteal, intrapelvic, intrapericardiac, intraperitoneal,
intrapleural, intraprostatic, intrapubnary, intrarectal, intrarenal, intraretinal, intraspinal,
intrasynovial, intrathoracic, intrauterine, intravesical, bolus, vaginal, rectal, buccal, sublingual,
intranasal, and transdermal.

One aspect of the invention provides at least onediotiype aitibody to at least one
binding protein of the present invention. The aditbtype 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 coementarily 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
incorpoiated into a binding protein of the present invention.

In another embodiment the binding proteins of the invention are capable of binding one or
more targets selected from the group consisting of ABCF1; ACVR1; ACVR1B; ACVR2;
ACVR2B; ACVRL1; ADORA2A; Aggrean; AGR2; AICDA; AIF1; AIG1; AKAP1; AKAP2;

AMH; AMHR2; ANGPT1; ANGPT2; ANGPTL3; ANGPTL4; ANPEP; APC; APOC1; AR;
AZGP1 (zinea-glycoprotein); B7.1; B7.2; BAD; BAFF; BAGL; BAI1l; BCL2; BCL6; BDNF;
BLNK; BLR1 (MDR15); BlyS; BMP1; BMP2; BMP3B (GDF10); BMP4; BN&P?BMPS;
BMPR1A; BMPR1B; BMPR2; BPAG1 (plectin); BRCA1; C190rf10 (IL27w); C3; C4A, C5;
C5R1; CANT1; CASP1; CASP4; CAV1; CCBP2 (D6 / JAB61); CCL-B@P); CCL11 (eotaxin);
CCL13 (MCR4); CCL15 (MIR1d); CCL16 (HCG4); CCL17 (TARC); CCL18 (PARC); CCL19
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(MIP-3b); CCL2 (MCP-1); MCAF; CCL20 (MIR3a); CCL21 (MIR2); SLC; exodu; CCL22
(MDC / STG1); CCL23 (MPIF1); CCL24 (MPIF2 / eotaxin2); CCL25 (TECK); CCL26
(eotaxin3); CCL27 (CTACK / ILC); CCL28; CCL3 (MIRLa); CCL4 (MIR1b); CCL5

(RANTES); CCL7 (MCP3); CCL8 (mcp2); CCNAL; CCNA2; CCND1; CCNE1; CCNE2; CCR1
(CKR1/HM145); CCR2 (mcfARB / RA);CCR3 (CKR3 / CMKBR3); CCR4; CCR5 (CMKBR5 /
ChemR13); CCR6 (CMKBR6 / CKIR3 / STRL22 / DRY6); CCR7 (CKR7 / EBI1); CCR8
(CMKBR8 / TER1 / CKRL1); CCR9 (GPR9-6); CCRL1(VSHK1); CCRL2 (LCCR); CD164;
CD19; CD1C; CD20; CD200; CR22; CD24; CD28; CD3; CD37; CD38; CD3E; CD3G; CD3z;
CD4; CD40; CD40L; CD44; CD45RB; CD52; CD69; CD72; CD74; CD79A; CD79B; CDS;
CD80; CD81; CD83; CD86; CDH1 (Eadherin); CDH10; CDH12; CDH13; CDH18DH19;
CDH20; CDH5; CDH7; CDH8; CDH9; CDK2; CDK3; CDK4; CDK5; CDK6; CDK7; CDK®9;
CDKN1A (p21Wap1/Cipl); CDKN1B (p27Kipl); CDKN1C; CDKN2A (p16INK4a); CDKN2B;
CDKN2C; CDKN3; CEBPB; CER1; CHGA; CHGRhitinase; CHST10; CKLFSF2; CKLFSF3;
CKLFSF4; CKLFSF5; CKLEF6; CKLFSF7; CKLFSF8; CLDN3; CLDN7 (claudif); CLN3;
CLU (clusterin); CMKLR1; CMKOR1 (RDC1); CNR1; COL18A1; COL1A1; COL4AS;
COL6AL; CR2; CRP; CSF1 (MSF); CSF2 (GMCSF);CSF3 (GCSF); CTLA4; CTNNBL1 (b
catenin); CTSB (cathepsin B); CX3CL1 (SCYD1); CX3C{¥28); CXCL1 (GRO1); CXCL10
(IP-10); CXCL11 (FTAC / IP-9); CXCL12 (SDF1); CXCL13; CXCL14; CXCL16; CXCL2
(GRO2); CXCL3 (GRO3); CXCL5 (ENA'8 / LIX); CXCL6 (GCR2); CXCL9 (MIG); CXCR3
(GPRY/CKRL2); CXCR4; CXCR6 (TYMSTR /STRL33 / Bonzo); CYB5; CYC1; CYSLTR1
DAB2IP; DES; DKFZp451J0118; DNCL1; DPP4; E2F1; ECGF1; EDG1; EFNAL; EFNAS;
EFNB2; EGF; EGFR; ELAC2; ENG; ENO1; ENO2; ENO3; EPHB4; EPO; ERBB2-ghler
EREG; ERKS8; ESR1; ESR2; F3 (TF); FADD; FasL; FASIER1A; FCER2; FCGR3A; FGF;
FGF1 (aFGF); FGF10; FGF1EGF12; FGF12B; FGF13; FGF14; FGF16; FGF17; FGF18;
FGF19; FGF2 (bFGF); FGF20; FGF21; FGF22; FGF23; FGFJirtGF4 (HST); FGF5; FGF6
(HST-2); FGF7 (KGF); FGF8; FGF9; FGFR3; FIGF (VEGFD); FIL1 (EPSILON); FIL1 (ZETA);
FLJ12584; FLJ25530; FLRT1 (fibronew}i FLT1;FOS; FOSL1 (FRA1L); FY (DARC); GABRP
(GABAa); GAGEB1; GAGEC1; GALNACA4SST; GATA3; GDF5; GFI1; GGT1; GMCSF;
GNAS1; GNRH1; GPR2 (CCR10); GPR31; GPR44; GPR81 (FKSG80); GRCC10 (C10); GRP;
GSN (Gelsolin); GSTP1; HAVCR2; HDAC4; HDACS5; HDACT7A; HDACBIGF; HIF1A; HIP1;
histamine and histamine receptors; HLA-A; HLA-DRA; HM74; HMOX1; HUMCYT2A,;
ICEBERG,; ICOSL,; ID2; IFNa; IFNAL; IFNAZ; IFNA4; IFNAS; IFNAG; IFNA7; IFNB1;
IFNgamma; IFNW1; IGBP1; IGF1; IGF1R; IGF2; IGFBP2; IGFBP3; IGFBP61jlUL10;
ILIORA; IL10RB; IL11; IL11RA; IL-12; IL12A; IL12B; IL12RB1; IL12RB2]JL13; IL13RAL;
IL13RA2; IL14; IL15; IL15RA; IL16; IL17; IL17B; IL17C; IL17R; IL18; IL18BP; IL18R1;
ILI8RAP; IL19; IL1A; IL1B; IL1F10; IL1F5; IL1F6; IL1F7; IL1F8; IL1F9; ILAHY1; IL1R1;
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IL1IR2; IL1IRAP; ILARAPL1Y; ILARAPLZ;ILAIRLY;ILIRL2 ILARN; IL2; IL20; IL20RA; IL21R;
IL22; IL22R; IL22RA2; IL23; IL24; IL25; IL26; IL27; IL28A; IL28B; IL29; IL2RA; IL2RB;
IL2RG; IL3; IL30; IL3RA,; IL4; IL4R; IL5; IL5RA; IL6; IL6R; IL6ST (glycoprotein 130); IL7;
IL7R; IL8; IL8RA; IL8RB; IL8RB; IL9; IL9R; ILK; INHA; INHBA; INSL3; INSL4; IRAK1,;
IRAK2; ITGAL; ITGA2; ITGA3; ITGAG (a6 integrin); ITGAV; ITGB3; ITGB4 (b 4 integrin);
JAG1;JAKI; JAK3; JUN; K6HF; KAI1; KDR; KITLG; KLF5 (GC Box BP); KLF6; KLK10;
KLK12; KLK13; KLK14; KLK15; KLK3; KLK4; KLK5; KLK6; KLK9; KRT1; KRT19 (Keratin
19); KRT2A; KRTHBG6 (hairspecific type Il keratin); LAMAS; LEP (leptin); Lingp75; Linge
Troy; LPS; LTA (TNFb); LTB; LTB4R (GPR16); LTB4R2; LTBR; MACMARCKS; MAG or
Omgp ; MAP2K7 (eJun); MDK; MIBZ1; midkine; MIF; MIP-2; MKI67 (Ki-67); MMP2; MMP?9;
MS4A1; MSMB; MT3 (metallothionectill); MTSS1; MUC1 (mucin); MYC; MYD88; NCK2;
neurocan; NFKB1; NFKB2; NGFB (NGF); NGFR; Ngingo; NgRNogo66 (Nogo); NgRp75;
NgR-Troy; NME1 (NM23A); NOX5; NPPB; NROB1; ROB2; NR1D1; NR1D2; NR1H2;
NR1H3; NR1H4; NR1I12; NR1I3; NR2C1; NR2C2; NR2E1; NR2E3; NR2F1; NR2F2; NR2F6;
NR3C1; NR3C2; NR4A1L; NR4A2; NR4A3; NR5A1; NR5A2; NR6AL; NRP1; NRP2; NT5E;
NTN4; ODZ1; OPRD1; P2RX7; PAP; PART1; PATE; PAWR; PCA3; PCNA; PDGHAGFB;
PECAM1; PF4 (CXCL4); PGF; PGR; phosphacan; PIAS2; PIK3CG; PLAU (uPA); PLG;
PLXDC1; PPBP (CXCL7); PPID; PR1; PRKCQ; PRKD1; PRL; PROC; PROK2; PSAP; PSCA;
PTAFR; PTEN; PTGS2 (COR); PTN; RAC2 (p21Rac2); RARB; RGS1; RGS13; RGS3;
RNF110 (ZNF144)ROB0O2; S100A2SCGB1D?2 (lipophilin B); SCGB2A1 (mammaglobin 2);
SCGB2A2 (mammaglobin 1); SCYE1 (endothelial Monoetévating cytokine); SDF2;
SERPINA1L; SERPINA3; SERPINB5 (maspin); SERPINE1 B®AISERPINF1; SHBG; SLA2;
SLC2A2; SLC33A1; SLC43A1; SLIT2; SPP1; SPRRI(1); ST6GALL; STABLISTATG;
STEAP; STEAP2TB4R2; TBX21; TCP10; TDGF1; TEK; TGFA; TGFB1; TGFB1I1; TGFB2;
TGFB3; TGFBI; TGFBR1; TGFBR2; TGFBR3; TH1L; THBS1 (thrombosportinTHBS?2;
THBS4; THPO; TIE (Tiel); TIMPS; tissue factor; TLR10; TLR2; TLR3; TLRZLR5; TLR6;
TLR7; TLR8; TLR9; TNF; TNFa; TNFAIP2 (B94); TNFAIP3; TNFRSF11A; TNFRSF1A;
TNFRSF1B; TNFRSF21; TNFRSF5; TNFRSF6 (Fas); TNFRSF7; TNFRSF8; TNFRSF9;
TNFSF10 (TRAIL); TNFSF11 (TRANCE); TNFSF12 (APO3L); TNFSF13 (April); TNFSF13B;
TNFSF14 (HVEML); TNFSF15 (VEGI); TNFSF18; TNFSF4 (OX40 ligand); TNFSF5 (CD40
ligand); TNFSF6 (FasL); TNFSF7 (CD27 ligand); TNFSF8 (CD30 ligand); TNFSEBB!
ligand); TOLLIP; TolHike receptors; TOP2A (topoisomerase lia); TP53; TPM1; TPM2; TRADD;
TRAF1; TRAF2; TRAF3; TRA4; TRAF5; TRAF6; TREM1; TREM2; TRPCGSLP; TWEAK;
VEGF; VEGFB; VEGFC; versican; VHL C5; VLA; XCL1 (lymphotactin); XCL2 (SCMLb);
XCR1 (GPR5/ CCXCR1)YY1; and ZFPM2.
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Brief Description of the Drawings

Figure 1A is a schematic representation of Duali&ble Domain (DVDJg constructs and shows
the strategy for generation of a DMB from two parent antibodies; Figure 1B, is a schematic
representation of constructs DViY4, DVD2-Ig, and two chimeric monspecific antibodies from
hybridoma clones 2D133FantHL-1a) and 13F5.G5 (antL-1p).

Detailed Description of the Invention

This invention pertains to multivalent and/or multispecific binding proteins capable of
binding two or more antigens$pecifically, the invention relates to dual variable domain
immunalobulins (DVD-g), and pharmaceutical compositions thereof, as well as nucleic acids,
recombinant expression vectors and host cells for making suchl§&/DMethods of using the
DVD-Igs of the invention to detect specific antigens, either in vitro vivimare 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 meang and scope of the terms should be clear, however, in the event of any
latent ambiguiy, definitions provided herein take precedent over any dictionary or extrinsic
definition. Further, unless otherwise required by context, singular terms shall iptival@ies
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\lso, 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 vettd 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 loé fpresent 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
indicaied. 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 techfjique
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, pharmacetgjgatgiion, formulation, and

delivery, and treatment of patients.
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That the present invention may be more readily understood, select terms are defined
below.
7KH WHUP 3RO\SHSWLGH:- DV XVHG KHUHLQ UHIHUV WR D(
terms 'peSWLGH DQG $tSURWHLQ- DUH XVHG LQWHUFKDQJHDEO\ ZL
a polymeric chain of amino acids. The term "polypeptide" encompasses native or artificial
proteins, protein fragments and polypeptide analogs of a protein segigralgpeptide may be
monomeric or polymeric.
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 iits 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 diffeventhe 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 the art.
7KH WHUP tUHFRYHULQJ:- DV XVHG KHUHLQ UHIHUV WR WK
species such as a polypeptide substantially free of naturally associated components by isolation,

e.g., using protein purification techniques well known i dht.

1%LRORJLFDO DFWLYLW\ - DV XVHG KHUHLQ UHIHUV WR D
antigen. Biological properties include but are not limited to binding receptor; induction of cell
proliferation, inhibiting cell growth, inductions of otheytokines, induction of apoptosis, and

enzymatic activity.

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
interection 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 edilis 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.

7KH WHUP DQWLER Yeady kefetsvtbiady KrichunddlaDulin (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 featurs of an Ig molecule. Such mutant, variant, or derivative antibody formats are

known in the art. Nonlimiting embodiments of which are discussed below.
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In a full-length antibody, each heavy chain is comprised of a heavy chain variable region
(abbreviated &érein as HCVR or VH) and a heavy chain constant region. The heavy chain
constant region is comprised of three domains, CH1, CH2 and CH3. Each light chain is
comprised 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 mosems@d, termed framework
regions (FR). Each VH and VL is composed of three CDRs and four FRs, arranged from amino
terminus to carboxderminus in the following order: FR1, CDR1, FR2, CDR2, FR3, CDR3, FR4.
Immunoglobulin molecules can be of any typeg(egG, IgE, IgM, IgD, IgA and IgY), class (e.g.,
IgG 1, 1gG2, IgG 3, 1IgG4, IgAl and IgA2) or subclass.

The term "Fc region” is used to define thée@minal region of an immunoglobulin heavy
chain, which may be generated by papain digestion of an anéibody. 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 amindda@sidues in the Fc portion to alter antibody effector
function are known in the art (Wintest,al. US PAT NOS 5,648,260; 5624821). The Fc portion of
an antibody mediates several important effector functions e.g. cytokine induction, ADCC,
phagocytosiscomplement dependent cytotoxicity (CDC) and igdf clearance rate of antibody
and antigerantibody complexes. In some cases these effector functions are desirable for
therapeutic antibody but in other cases might be unnecessary or even deleterendindegn
the therapeutic objectives. Certain human IgG isotypes, particularly IgG1 and IgG3, mediate
ADCC and CDC via binding to FRs and complement C1q, respectively. Neonatal Fc receptors
(FcRn) are the critical components determining the circuldtatiglife 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 dimerizatiaf 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: 429; Thies et al 1999 J Mol Biol; 293: 4B.). Mutation of cyine
residues within the hinge regions to prevent heavy ehaavy chain disulfide bonds will
destabilize dimeration of CH3 domains. Residues responsible for CH3 dimerization have been
LGHQWLILHG 'DOOY$FTXD -73% LTRérdfaeR ils \poudible to generate a
monovalent halg. Interestingly, these monovalent half Ig molecules have been found in nature
for both IgG and IgA subclasses (Seligman 1978 Ann Immunol 129785Biewenga et al 1983
Clin Exp Immunol 51: 398l00). The stizhiometry of FcRn: Ig Fc region has been determined to
be 2:1 (West et al .2000 Biochemistry 39: 96@8), and half Fc is sufficient for mediating FCRn
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binding (Kim et al 1994 Eur J Immunol; 24: 5828.). Mutations to disrupt the dimerization of
CH3 donain 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 sheet structure, whereas the region
responsible for FcRn binding is located on the outside interfacel®f@H3 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 pein 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 term "antigesoinding portion" of an antibody (or simply "antibody portion"), as used
herein, refers tone or more fragments of an antibody that retain the ability to specifically bind to
an antigen. It has been shown that the antigeding function of an antibody can be performed
by fragments of a fullength antibody. Such antibody embodiments mag bk bispecific, dual
specific, or multispecific formats; specifically binding to two or more different antigens.
Examples of binding fragments encompassed within the term "asdigdimg portion” of an
antibody include (i) a Fab fragment, a monovafesyment consisting of the VL, VH, CL and

CH1 domains; (ii) a F(ap)fragment, 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 CH1
domains; (iv) a Fv fragmemrbnsisting of the VL and VH domains of a single arm of an antibody,
(v) a dAb fragment (Waret 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 tdieeama single protein
chain in which the VL and VH regions pair to form monovalent molecules (known as single chain
Fv (scFv); see.g., Bird et al. (1988)Science 242423-426; and Hustost al. (1988)Proc. Natl.

Acad. Sci. USA 85:58795883). Such sirg chain antibodies are also intended to be encompassed
within the term "antigetbinding 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 creatiagtig®n binding

sites (see.g., Holliger, P.et al. (1993)Proc. Natl. Acad. Sci. USA 90:64446448; Poljak, R.Jet

al. (1994)Structure 2:1121-1123). Such antibody binding portions are known in the art
(Kontermann and Dubel edg\ntibody Engineering2001) Springeierlag. New York. 790 pp.

(ISBN 3-540-413545). In addition single chain antibodies also include "linear antibodies"
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comprising a pair of tandem Fv segments (€H1-VH-CH1) which, together with
complementary light chain polypeptides, foanpair of antigen binding regions (Zapata et al.
Protein Eng. 8(10):1057062 (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 antigendiing sites. The multivalent binding protein is

preferably engineered to have the three or more antigen binding sites, and is generally not a

QDWXUDOO\ RFFXUULQJ DQWLERG\ 7KH WHUP ftPXOWLVSHFLIL

capable of binohg 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 bindengrdigen 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 refered to a DVD Ig.
Each half of a DVD Ig comprises a heavy chain DVDypeptide, 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 toletigth antibodies that are
generated by quadroma technology (see Milstein, C. and A.C. Cuello, Nature32983234): p.
537-40), by chemical conjugation of two different mAbs (see Staerz, U.D., &tedlre, 1985.
314(6012): p. 62831), or by knokinto-hole or similar approaches which introduces mutations in
the Fc region (see Holliger, P., T. Prospero, and G. Winter, Proc Natl Acad SciU S A, 1993.
90(14): p. 64448.18), resulting in multiple diffemt immunogloblin 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) @ 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), andis mono
valent for each antigen it binds to.

The term "duakpecific antibody", asaed herein, refers to fuléngth 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 dgakcific binding protein has two identical
antigen binthg arms, with identical specificity and identical CDR sequences, andréddait for

each antigen it binds to.

A "functional antigen binding site" of a binding protein is one which is capable of binding
a target antigen. The antigen binding affinity loé 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
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antigen must be measurable using any one of a variety of methods known for evaluating antibody

binding to amantigen. 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 anther 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 hormonmdthionyl human growth hormone,dan

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 factorrdlidast growth factor; prolactin;

placental lactogen; tumor necrosis faeatpha and beta; mulleriarinhibiting substance; mouse

gonadotropirassociated peptide; inhibin; activin; vascular endothelial growth factor; integrin;

thrombopoietin (TPO); nervgrowth factors such as NGipha; platelegrowth factor;

transforming growth factors (TGFs) such as T@lpha and TG#beta; insulinlike growth factor

1 and-11; erythropoietin (EPO); osteoinductive factors; interferons such as intedipiom-beta

and -gamma colony stimulating factors (CSFs) such as macrogb8§gM-CSF); granulocyte
macrophage€CSF (GMCSF); and granulocy#€SF (GCSF); interleukins (ILs) such as-lL, IL-2,
IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, IL-13, IL-15, IL-18, IL-23; a tumor

necrosis factor such as Th#pha or TNFbeta; 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 biologibahctive equivalents of the native sequence cytokines.

7KH WHUP f/LQNHU:-

LV XVHG WR GHQRWH SRO\SHSWLGHYV

residues joined by peptide bonds and are used to link one or more antigen binding portions. Such

linker polypeptide are well known in the art (segy., Holliger, P.et al. (1993)Proc. Natl. Acad.
Sci. USA 90:64446448; Poljak, R.Jst al. (1994)Structure 2:1121-1123). Prefered linker
include, but are not limited to, AKTTPKLEEGEFSEAREQ ID NO:118)
AKTTPKLEEGEFSEARV (SEQ ID NO:119) AKTTPKLGG (SEQ ID NO:120)
SAKTTPKLGG (SEQ ID NO:121) SAKTTP (SEQ ID NO:122) RADAAP (SEQ ID NO:123)
RADAAPTVS (SEQ ID NO:124) RADAAAAGGPGS(SEQ ID NO:125) RADAAAA(G 4,S),
(SEQ ID NO:126)SAKTTPKLEEGEFSEARV(SEQ ID NO:127) ADAAP (SEQ ID NO:40)
ADAAPTVSIFPP(SEQ ID NO:103) TVAAP (SEQ ID NO:44) TVAAPSVFIFPP(SEQ ID
NO:50) QPKAAP (SEQ ID NO:88) QPKAAPSVTLFPRSEQ ID NO:92) AKTTPP (SEQ ID
NO:38) AKTTPPSVTPLAP(SEQ ID NO:128) AKTTAP (SEQ ID NO:129)
AKTTAPSVYPLAP (SEQ ID NO:99) ASTKGP (SEQ ID NO:42) ASTKGPSVFPLARSEQ ID

NO:48).
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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 "monocloal antibody" 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 et pmes
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 determinantsofggs), each monoclonal antibody
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 oedrto 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., mutetimtroduced by random or sépecific
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 sequenceterived 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, expresse@tedeor isolated by recombinant means, such as
antibodies expressed using a recombinant expression vector transfected into a host cell (described
further in Section Il C, below), antibodies isolated from a recombinant, combinatorial human
antibody library(Hoogenboom H.R., (1997)B Tech. 15:6270; Azzazy H., and Highsmith W.E.,
(2002)Clin. Biochem. 35:425445; Gavilondo J.V., and Larrick J.W. (20@®pTechniques
29:128145; Hoogenboom H., and Chames P. (200@)unology Today 21:371378 ), antibodies
isolated from an animal (e.g., a mouse) that is transgenic for human immunoglobulin genes (see
e.g., Taylor, L. D., et al. (1992) Nucl. Acids Res. 20:68895; Kellermann &\., and Green L.L.
(2002)Current Opinion in Biotechnology 13:593597; Little M. etal (2000)Immunology Today
21:364370) 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 aonhetgions 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 mutages) and thus the amino acid sequences of the VH and
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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 repertoirén vivo.
An "affinity matured" antibody is one 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(syr&dedéinity 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. BidITechnology 288779
(1992) describes affinity maturatioy MH and VL domain shuffling. Random mutagenesis of
CDR and/or framework residues is described by: Barbastad.Nat. Acad. Sci, USA 91:3809
3813 (1994); Schier et al. Gene 169:124%5 (1995); Yelton et all. Immunol.155:19942004
(1995); Jacksontal., J. Immunol. 154(7):3319 (1995); and Hawkins et al, J. M&ioL
226:889896 (1992).
7KH WHUP tFKLPHULF DQWLERG\:- UHIHUV WR DQWLERGLHYV
variable region sequences from one species and constant region sequemee®fh@r species,
such as antibodies having murine heavy and light chain variable regions linked to human constant
regions.
7KH WHURURBIWHG DQWLERG\:- UHIHUV WR DQWLERGLHV ZK
chain variable region sequences from one spdmi¢ 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¢€.g., CDR3)has been replaced with human CDR sequences.
7KH WHUP tKXPDQL]J]HG DQWLERG\:- UHIHUV WR DQWLERGLH
variable region sequences from a #imman specie® ., a mouse) but in which at least a portion
of the VHand/orVLse HQFH KDV EHHQ DOWHIOH d.¢wioreesimiBRAJH t KXPDQ
human germline variable sequences. One type of humanized antibody isgr&@R antibody,
in which human CDR sequences are introduced intehnoman VH and VL sequences to replace
the corresponding nonhuman CDR sequences.
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 mamgable {.e. hypervariable) than other amino acid
residues in the heavy and light chain variable regions of an antibody, or an antigen binding portion
thereof (Kabatt al. (1971)Ann. NY Acad, Sci. 190:382-391 and , Kabat, E.Aet al. (1991)
Sequences of Proteins of Immunological Interest, Fifth Edition, U.S. Department of Health and
Human Services, NIH Publication No.-8242). For the heavy chain variable region, the

hypervariable region ranges from amino acid positions 31 to 35 for CDR1, amin@aitidns
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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 CDR1, amino acid
positions 50 to 56 for CDR2, and amino acid positionto8®7 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 CDRRZ&nd CDR3, for each of the variable
UHJLRQV 7KH WHUP $&'5 VHW- DV XVHG KHUHLQ UHIHUV WR D
variable region capable of binding the antigen. The exact boundaries of these CDRs have been
defined differently accaling 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 appliaaple to
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. Mol. Biol. 196:901917 (1987) and Chothia et al., Nature 342:883 (1989)) found that
certain subportions within Kabat CDRs adopt nearly identical peptide backbone conformations,
despite having great diversity at the level of amino acid sequence. Thgsersobs were
designated as L1, L2 and L3 or H1, H2 andwitere 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 Kalia&CDRs have been described by Padlan (FASEB J. 93931995))
and MacCallum (J Mol Biol 262(5):7385 (1996)). Still other CDR boundary definitions may not
strictly follow one of the above systems, but will nonetheless overlap with the Kabat CDRs,
althaugh 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 angaaiany of these systems,
although preferred 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 daffratiGDR sequence
can be determined by different systems, the meaning of a framework sequence is subject to
correspondingly different interpretations. The six CDRs (€[1R-L2, and-L3 of light chain and
CDR-H1, -H2, and-H3 of heavy chain) also divideglramework regions on the light chain and
the heavy chain into four stregions (FR1, FR2, FR3 and FR4) on each chain, in which CDR1 is
positioned between FR1 and FR2, CDR2 between FR2 and FR3, and CDR3 between FR3 and
FR4. Without specifying the partiad subregions as FR1, FR2, FR3 or FR4, a framework region,

as referred by others, represents the combined FR’s within the variable region of a single, naturally
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occurring immunoglobulin chain. As used herein, a FR represents one of the fouagsoihs,
and FRs represents two or more of the four segpions constituting a framework region.

As used herein, the term "germline antibody gene" or "gene fragment" refers to an
immunoglobulin sequence encoded by rlgmphoid cells that have not undergone thegumation
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)20832002);

Marchalonis et al., Adv Exp Med Biol. 484:BB (2001)). One of the aduatages provided by

various 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 theaps, hence less likely to be recognized as from a
foreign source when used therapeutically in that species.

As used herein, the term "humanized antibody" is an antibody or a variant, derivative,
analog or fragment thereof which immunospecifically bitadan 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 ndmuman antibody. As udéherein, the term "substantially” in the context of a
CDR refers to a CDR having an amino acid sequence at least 80%, preferably at least 85%, at
least 90%, at least 95%, at least 98% or at least 99% identical to the amino acid sequence of a
nornthuman aribody 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-homan immunoglobulin (i.e.athor antibody) and
all or substantially all of the framework regions are those of a human immunoglobulin consensus
sequence. Preferably, a humanized antibody also comprises at least a portion of an
immunoglobulin constant region (Fc), typically that oftertan 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 CH1, hinge, CH2, CH3, and CH4
regions of the heavy chain. In some embwhts, 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 alior humanized heavy chain.

$V XVHG KHUHLQ WKH WHUP ftQHXWUDOL]LQJ:- UHIHUV WR
cytokine when a binding protein specifically binds the cytokine. Preferably the neutralizing
binding protein binds the cytokine anetiuces its biologically activity by at least about 20%,

40%, 60%, 80%, 85% or more.
The term "activity" includes activities such as the binding specificity/affinity of a lyD

for two or more antigens.
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The term "epitope" includes any polypeptide deteamt capable of specific binding to an
immunoglobulin or Tcell 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 cema@mbodiments, 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 atigen when it preferentially recognizes its target antigen in a complex mixture of
proteins and/or macromolecules.

The term "surface plasmon resonance”, as used herein, refers to an optical phenomenon
that allows for the analysis of retitine biospecifidnteractions by detection of alterations in
protein concentrations within a biosensor matrix, for example using the BlAcore system
(Pharmacia Biosensor AB, Uppsala, Sweden and Piscataway, NJ). For further descriptions, see
Jnsson, U.gtal. (1993)Ann. Biol. Clin. 51:19-26; J nsson, U.gt al. (1991)Biotechniques
11:626627; Johnsson, Bef al. (1995)J. Mol. Recognit. 8:125131; and Johnnson, Bt al.

(1991)Anal. Biochem. 198268 277.

The term "Kgp", as used herein, is intended to refer to thead@d constant for association

of an antibody to the antigen to form the antibody/antigen complex as is known in the art.

The term "Kgtf", as used herein, is intended to refer to the off rate constant for

dissociation of an antibody from the antibody/antigemplex as is known in the art.

The term "Ky", as used herein, is intended to refer to the dissociation constant of a

particular antibodyantigen interaction as is known in the art.

7KH WHUP $ODEHOHG ELQGLQJ SURWHL®Qalabél XVHG KHUHLC
incorporated that provides for the identification of the binding protein. Preferably, the label is a
detectable marker, e.g., incorporation of a radiolabeled amino acid or attachment to a polypeptide
of biotinyl moieties that can be detectgdrbarked 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 radionlides (e.g.’H *C **S, v, **Tc, ™in, 7, **, *"Lu, ***Ho, or*>*Sm); fluorescent
labels (e.g., FITC, rhodamine, lanthanide phosphors), enzymatic labels (e.g., horseradish
peroxidase, luciferase, alkaline phosphatase); chemiluminescent mar&gny! 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.

TKH WHUP tFRQMXJDWH:- UHIHUV WR D ELQGLQJ SURWHLQ

to a second chemical moiety, such as a therapeutic or cytotoxic &benterm "agent" is used
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herein to denote a chemical compound, a mixture of chemical compoubidggcal
macromolecule, or an extract made from biological materials. Preferably the therapeutic or
cytotoxic agents include, but are not limited to, pertussis toxin, taxol, cytochalasin B, gramicidin
D, ethidium bromide, emetine, mitomycin, etoposigapposide, vincristine, vinblastine,

colchicin, doxorubicin, daunorubicin, dihydroxy anthracin dione, mitoxantrone, mithramycin,
actinomycin D, idehydrotestosterone, glucocorticoids, procaine, tetracaine, lidocaine,

propranolol, and puromycin and anadogy homologs thereof.

7KH WHUPV ftFU\VWDO:- DQG tFU\VWDOOL]HG: DV XVHG KH!
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 otHerms such as the amorphous solid state or the liquid
crystalline state. Crystals are composed of regular, repeatingdinmeasional arrays of atoms,
ions, molecules (e.g., proteins such as antibodies), or molecular assemblies (e.g.,
antigen/antibody @amplexes). These thretmensional arrays are arranged according to specific
mathematical relationships that are wallderstood in the field. The fundamental unit, or
building block, that is repeated in a crystal is called the asymmetric unit. Repetitfamn
asymmetric unit in an arrangement that conforms to a givendefified 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 Giegad Ducruix, A. Barrett,
Crystallization of Nucleic Acids and Proteins, a Practical Approach, 2nd ea., pfl&0 1
Oxford University Press, New York, New York, (1999).

The term "polynucleotide" as referred to herein means a polymeric form of tworer
nucleotides, either ribonucleotides or deoxvnucleotides or a modified form of either type of
nucleotide. The term includes single and double stranded forms of DNA but preferably is
doublestranded DNA.

The term "isolated polynucleotide" as used hesb@l 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 polgucleotide" 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", as used herein, 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, whereidigoihal 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
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episomal mammalian vectgr©ther vectors (e.g., negpisomal 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 fafplasmids. 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 vest.g., replication defective retroviruses, adenoviruses and
adeneassociated viruses), which serve equivalent functions.

The term "operably linked" refers to a juxtaposition wherein the components described
are in a relationship permitting them to ftina 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 incledboth expression control sequences that are contiguous with the gene of interest
and expression control sequences that atrains or at a distance to control the gene of interest.

The term "expression control sequence” as used herein refers to padyidectmquences 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; efficierAlRMcessing signals such as splicing and
polyadenylation signals; sequences that stabilize cytoplasmic mMRNA; sequences that enhance
translation efficiency (i.e., Kozak consensus sequence); sequences that enhance protein stability;
and when desired, seques that enhance protein secretion. The nature of such control sequences
differs depending upon the host organism; in prokaryotes, such control sequences generally
include promoter, ribosomal binding site, and transcription termination sequence; in &saryo
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 centpavhose presence is

advantageous, for example, leader sequences and fusion partner sequences.

$7UDQVIRUPDWLRQ DV GHILQHG KHUHLQ UHIHUV WR DQ\

enters a host cell. Transformation may occur under natural or artificiditicors 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 transforraad 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
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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"), as used herein, is intended to
refer to a célinto whichexogenous DNAas been introduced. 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 generatiotts eitieer 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. Preferably host cells include
prokaryotic and eukaryotic celéelected from any of the Kingdoms of life. Preferred eukaryotic
cells include protist, fungal, plant and animal cells. Most preferably host cells include but are not
limited to the prokaryotic cell line E.Coli; mammalian cell lines CHO, HEK 293 and @@S;
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 krtbe/ait
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 Laboratory
Manual (2d ed., Cold Spring Harbor Laboratory Pressd Spking Harbor, N.Y. (1989)), which
is incorporated herein by reference for any purpose.

$7UDQVJHQLF RUJDQLVP:- DV NQRZQ LQ WKH DUW DQG DV
having cells that contain a transgene, wherein the transgene introduced origatiiem (or an
ancestor of the organism) expresses a polypeptide not naturally expressed in the organism. A
tWUDQVJHQH:- LV D '1$ FRQVWUXFW ZKLFK LV VWDEO\ DQG RSt
from which a transgenic organism develops,aing the expression of an encoded gene product
in one or more cell types or tissues of the transgenic organism.

7KH WHUP UHJXODWH DQG 1PRGXODWH:- DUH XVHG LQWHU
to a change or an alteration in the activity of a makeof 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 na limited to, binding characteristics, enzymatic activity, cell receptor activation, and signal
transduction.

Correspondingly, the term "modulator,” as used herein, is a compound capable of
changing or altering an activity or function of a molecule cénest (e.g., the biological activity of

a cytokine). For example, a modulator may cause an increase or decrease in the magnitude of a
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certain activity or function of a molecule compared to the magnitude of the activity or function
observed in the absencktbe 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, peptibodiesychebes
or small organic molecules. Peptibodies are described, e.g., in WO01/83525.

The term "agonist”, as used herein, refers to a modulator that, when contacted with a
molecule of interest, causes an increase in the magnitude of a certain activitgtionfof 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 moleculeshimal to the antigen.

The term "antagonist” or "inhibitor”, as used herein, 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 magieétof 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 incluee, but are 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 severitg/anduration 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 dister, or enhance or improve the prophylactic or therapeutic effect(s) of
another therapy (e.g. , prophylactic or therapeutic agent).

7KH WHUP VDPSOH DV XVHG KHUHLQ LV XVHG LQ LWV EL
used herein, includes, but istdimited 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 limied,to, bl

serum, urine, synovial fluid, cells, organs, tissues, bone marrow, lymph nodes and spleen.

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 nmekthe same. Preferably the binding protein comprises a
polypeptide chain, wherein said polypeptide chain comprises®Jn-VD2-C-(X2)n, wherein
VD1 is a first variable domain, VD2 is a second variable domain, C is a constant domain, X1

represents an d@no acid or polypeptide, X2 represents an Fc region and n is 0 or 1. The binding
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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 monoclonal antibodies capable of binding antigens of interest. These
antibodies may be naturallgcurring or may be generated by recombinant technology.

Monoclonal antibodies 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 axnple, monoclonal antibodies can be produced using hybridoma
techniques including those known in the art and taught, for example, in Harlow et al. , Antibodies:
A Laboratory Manual, (Cold Spring Harbor Laboratory Press, 2nd ed. 1988); Hammerling, et al.,
in: Monoclonal Antibodies and-Cell Hybridomas 56%81 (Elsevier, N.Y., 1981) (said
references incorporated by reference in their entireties). The term "monoclonal antibody" as used
herein is not limited to antibodies produced through hybridoma techndlbgyterm "monoclonal
antibody" refers to an antibody that is derived from a single clone, including any eukaryatic,
prokaryotic, or phage clone, and not the method by which it is produced. Hybridomas are selected,
cloned and further screened for desiraftlaracteristics, including robust hybridoma growth, high
antibody production and desirable antibody characteristics, as discussed in Example 1below.
Hybridomas may be cultured and expanitedvo in syngeneic animals, in animals that lack an
immune syste, e.g., nude mice, or in cell culturevitro. Methods of selecting, cloning and
expanding hybridomas are well known to those of ordinary skill in the art. In a preferred
embodiment, the hybridomas are mouse hybridomas. In another preferred embdtenent,
hybridomas are produced in a Alemman, noAmouse species such as rats, sheep, pigs, goats,
cattle or horses. In another embodiment, the hybridomas are human hybridomas, in which a
human norsecretory myeloma is fused with a human cell expressingtdiody capable of
binding a specific antigen.

Recombinant monoclonal antibodies 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 N®,627,052, PCT Publication WO 92/02551 and Babcocketldh.
(1996)Proc. Natl. Acad. Sci. USA 93:78437848. In this method, single cells secreting antibodies
of intereste.g., lymphocytes derived from an immunized animal, are identified, and, haasy
light-chain variable region cDNAs are rescued from the cells by reverse transeRgtBsand
these variable regions can then be expressed, in the context of appropriate immunoglobulin
constant regions(g., human constant regions), in mammalian lce#is, such as COS or CHO

cells. The host cells transfected with the amplified immunoglobulin sequences, derivéd from

33



10

15

20

25

30

35

vivo selected lymphocytes, can then undergo further analysis and selectin, for example
by panning the transfected cellsisolate cells expressing antibodies to the antigen of interest.

The amplified immunoglobulin sequences further can be manipufatéato, such as byn vitro

affinity maturation methods such as those described in PCT Publication WO 97/29131 and PCT

Publcation WO 00/56772.

Monoclonal antibodies are also produced by immunizing ahuoman animal
comprising some, or all, of the human immunoglobulin locus with an antigen of interest. In a
preferred embodiment, the nbmman animal is a XENOMOUSE transgemiouse, an
engineered mouse strain that comprises large fragments of the human immunoglobulin loci and
is deficient in mouse antibody producti@ee, e.g., Green et alNature Genetics 7:13-21 (1994)
and United States Patents 5,916,771, 5,939,598, 519B%®98,209, 6,075,181, 6,091,001,
6,114,598 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 28893, 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 XENOMOLtt8Esgenic mougeroduces an adult

like human repertoire of fully human antibodies, and generates assgigeific human Mabs.

The XENOMOUSE transgenic mouse contains approximately 80% of the human antibody
repertoire through introduction of megabase sigedmline configuration YAC fragments of the
human heavy chain loci and x light chain loci. See Mendez &talire Genetics 15:146156
(1997), Green and JakobovitsExp. Med. 188:483495 (1998), the disclosures of which are
hereby incorporated by mfence.

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 knowreiart and include methods
described in, for example, Ladregral. U.S. Patent No. 5,223,409; Kaeigal. PCT Publication
No. WO 92/18619; Dowert al. PCT Publication No. WO 91/17271; Wintgral. PCT
Publication No. WO 92/20791; Marklartal. PCT Rublication No. WO 92/15679; Breitlingt
al. PCT Publication No. WO 93/01288; McCaffertyal. PCT Publication No. WO 92/01047;
Garrardet al. PCT Publication No. WO 92/09690; Fudsl. (1991)Bio/Technology 9:137G
1372; Hayet al. (1992)Hum Antibod Hybridomas 3:81-85; Huseet al. (1989)Science 2461275
1281; McCaffertyet al., Nature (1990)348552554; Griffithset al. (1993)EMBO J 12.725734;
Hawkinset al. (1992)J Mol Biol 226889-896; Clacksoret al. (1991)Nature 352624-628; Gram
et al. (1992 PNAS 89:3576:3580; Garract al. (1991)Bio/Technology 9:13731377;

Hoogenboonet al. (1991)Nuc Acid Res 19:41334137; and Barbaet al. (1991)PNAS 887978
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7982, US patent application publication 20030186374, and PCT Publicatia@®67/29131,
the cantents 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 theurface of phage particles which carry the polynucleotide sequences encoding
them. In a particular, such phage can be utilized to display arttigding domains expressed
from a repertoire or combinatorial antibody library (e. g., human or murine). BRpgEssing 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 filamentduesge including fd and M13 binding domains
expressed from phage with Fab, Fv or disulfide stabilized Fv antibody domains recombinantly
fused to either the phage gene lll or gene VIII protein. Examples of phage display methods that
can be used to make theiindies of the present invention include those disclosed in Brinkman et
al., J. Immunol. Methods 182:48D (1995); Ames et al., J. Inmunol. Methods 184:138
(1995); Kettleborough et al., Eur. J. Immunol. 24: 958 (1994); Persic et al., Gene 181®
(1997); Burton et al., Advances in Immunology 57:-P8D (1994); PCT application No.
PCT/GB91/01134; 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;
5,403484, 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 above references, after phage selett@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, plalls, 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; Muinax et al., BioTechniques 12(6):8869 (1992); and Sawai et al., AJRI 3426
(1995); and Better et al., Science 240:10043 (1988) (said references incorporated by

reference in their entireties). Examples of techniques which can be used to miodieehain

Fvs and antibodies include those described in U.S. Pat. 4,946,778 and 5,258, 498; Huston et al.,
Methods in Enzymology 203:488 (1991); Shu et al., PNAS 90:799899 (1993); and Skerra et

al., Science 240:1038040 (1988).

Alternative to screning 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 ithwhich
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recombinant antibody library is expressed as Ridtein 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. Sci. USA 94:1229712302. In this system, a coeal fusion is created
between an mMRNA and the peptide or protein that it encodesvityo translation of synthetic
P51%$V WKDW FDUU\ SXURP\FLQ D SHSWLG\O DFFHSWRU DQWLE]|
MRNA can be enriched from a complex mixtofenRNAs €.g., a combinatorial library) based

on the properties of the encoded peptide or protgin,antibody, or portion thereof, such as

binding of the antibody, or portion thereof, to the dual specificity antigen. Nucleic acid sequences
encodingantibodies, or portions thereof, recovered from screening of such libraries can be
expressed by recombinant means as described abgven mammalian host cells) and,

moreover, can be subjected to further affinity maturation by either additional rouscigening

of MRNA-peptide fusions in which mutations have been introduced into the originally selected
sequence(s), or by other methods for affinity maturatastro of recombinant antibodies, as
described above.

In another approach the parent batlies 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 utikzed to display antigehinding 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 aPatsht No. 6,699,658
incorporated herein by reference.

The antibodies described above can be further modified to generate CDR grafted and
Humanized parent antibodie€DR-grafted parent antibodies comprise heavy and light chain
variable region sequencem a human antibody wherein one or more of the CDR regiong of V
and/or \{ are replaced with CDR sequences of murine antibodies capable of binding antigen of
interest. Aframework 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 muriDR€E€with the human
framework will introduce distortions in the CDRs that could reduce affinity. Therefore, it is
preferable that the human variable framework that is chosen to replace the murine variable
framework apart from the CDRs have at least a 65§aessce identity with the murine antibody
variable region framework. It is more preferable that the human and murine variable regions apart
from the CDRs have at least 70% sequence identify. It is even more preferable that the human and
murine variable regins apart from the CDRs have at least 75% sequence identity. It is most

preferable that the human and murine variable regions apart from the CDRs have at least 80%
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sequence identity. Methods for producing such antibodies are known in the art ( see4BP; 239,
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 Inmunology 28(4/82882991);
Studnicka et al., Protein Engineering 7(6):&13 (1994); Rogusket al., PNAS 91:96973
(1994)), and chain shuffling (U.S. Pat. No. 5,565,352).

Humanized antibodies are antibody molecules frommanan species antibody that
binds the desired antigen having one or more complementarity determining regions (CDRs) from
the norhuman species and framework regions from a human immunoglobulin molecule. Known
human Ig sequences are disclosed, e.g., www.ncbi.nlm.nih.gov/enurery.fcgi;
www.atcc.org/phage/hdb.html; www.sciquest.com/; www.abcam.com/;
www.antibodyresource.oo/'onlinecomp.html;
www.public.iastate.edu/.about.pedro/research_tools.html; www.mgen.uni
heidelberg.de/SD/IT/IT.html; www.whfreeman.com/immunology/©8/kuby05.htm;
www.library.thinkquest.org/12429/Immune/Antibody.html;
www.hhmi.org/grants/lectures/199&ib/; www.path.cam.ac.uk/.about.mrcZfikeimages.html;
www.antibodyresource.com/; mcb.harvard.edu/BioLinks/Immuno
logy.html.www.immunologylink.com/; pathbox.wustl.edu/.about.hcenter/indeml;
www.biotech.ufl.edu/.about.hcl/; www.pebio.com/pa/3409468L.3.htrm ;
www.nal.usda.gov/awic/pubs/antibody/; www.m.ehimacjp/.about.yasuhitdElisa.htmil;
www.biodesign.com/table.asp; www.icnet.uk/axp/facs/davieddirhtml;
www.biotech.ufl.edu/.about.fccl/protocol.html; www.isaet.org/sites_geo.html; aril.imt.uni-
marburg.de/.about.rek/AEBtart.html; baserv.uci.kun.nl/.about.jraats/linksl.html;
www.recab.urihd.de/immuno.bme.nwu.edu/; www.rrepe.cam.ac.uk/irdloc/pu
blic/INTRO.html; www.ibt.unam.mx/vir/\V_mice.html; imgt.cnusc.fr:8104/;
www.biochem.utac.uk/.about.martin/abs/index.html; antibody.bath.ac.uk/;
abgen.cvm.tamu.edu/lab/wwwabgen.html; www.unizh.ch/.about.honegger/AHOsem
inar/Slide01.html; www.cryst.bbk.ac.uk/.about.ubcg07s/;
www.nimr.mrc.ac.uk/CC/ccaewg/ccaewg.htm; www.path.cam.ac.ukt abar/h
umanisation/TAHHP.html; www.ibt.unam.mx/vir/structure/stat_aim.html;
www.biosci.missouri.edu/smithgp/index.html; www.cryst.bioc.cam.ac.uk/ attionolina/Web
pages/Pept/spottech.html; www.jerini.de/fr roducts.htm; www.patents.ibm.com/ibm. hivat. &ta

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;rate, offrate, avidity, specificity, halfife, or

any other suitable characteristic, as known in the art.
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Framework residues in the human framework regions may be substituted with the
corresponding residue from the CDR donor antibody to alter, preferably iey@motigen 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 comparisoidentify 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.) -dinmeasional
immunoglobulin nedels are commonly available and are familiar to those skilled in the art.
Computer programs are available which illustrate and display probabledihtersional
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 candidate
immunoglobulin sequence, i.e., the analysis of residues that influence the ability of the candidate
immunoglobulin to bind its antigen. In this way, FR resglean 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 involvd in influencing antigen bindindntibodies 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.udolnifl:

2296 (1993); Chothia and Lesk, J. Mol. 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):489198 (1991); Studnicka et al., Protéingineering 7(6):80814 (1994);

Roguska. et al. , PNAS 91:9893 (1994); PCT publication WO 91/09967, PCT/: US98/16280,
US96/18978, US91/09630, US91/05939, US94/01234, GB89/01334, GB91/01134, GB92/01755;
W090/14443, W090/14424, W0O90/14430, EP 2292465¥R106; 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 incorporateztdin by reference, included references cited therein.

Parent monoclonal antibodies may be selected from various monoclonal antibodies
capable of binding specific targets and well known in the art. These include, but are not limited to
anti TNF antibody S Patent No. 6,258,562), afiti-12 and or antlL-12p40 antibodyyS
Patent No. 6,914,128antiIL-18 antibody (US 2005/0147610 Al), adth, antiCBL, antk
CD147, antigp120, antVLA -4, antiCD11a, antCD18, antVEGF, antiCD40L, antild, anti
ICAM-1, antiCXCL13, antiCD2, antiEGFR, antiTGFbeta 2, antE-selectin, antiFact VII,
antiHer2/neu, antF gp, antiCD11/18, antiCD14, antiiICAM-3, anttCD80, antiCD4, antiCD3,
anti-CD23, antibeta2integrin, antialphadbeta7, an€D52, antiHLA DR, anti-CD22, anti
CD20, antiMIF, ant-CD64 (FcR), antifCR alpha beta, an€D2, antiHep B, antiCA 125, ant
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EpCAM, antigp120, aniCMV, anti-gplibllla, antiigE, anttCD25, antiCD33, antiHLA, anti-
VNRintegrin, antilL-1alpha, antiL-1beta, antiL-1 receptor, antlL -2 receptor, artiL -4, anti
IL-4 receptor, ardiL5, antiIL-5 receptor, ardiL -6, antIL-8, anttIL-9, antilL-13, antilL-13
receptor, antlL-17, and antiL-23 (see Presta LG. 2005 Selection, design, and engineering of
therapeutic atibodies J Allergy Clin Immunol. 116:733 and

http://www.path.cam.ac.uk/~mrc7/humanisation/antibodies jitml

Parent monoclonal antibodies may also be selected from varignapéutic antibodies
approved for use, in clinical trials, or in development for clinical use. Such therapeutic
antibodies include, but are not limited to, rituximab (Rituxanfi, IDEC/Genentech/Roche) (see for
example U. S. Pat. No. 5,736,137), a chimenit-&D20 antibody approved to treat Non
Hodgkin’s lymphoma; HuMag£D20, an antCD20 currently being developed by Genmab, an
antiCD20 antibody described in U.S. Pat. No. 5, 500,362, AN4E (Applied Molecular
Evolution), hA20 (Immunomedics, Inc.), HumaLY{htracel), and PRO70769
(PCT/US2003/040426, entitled "Immunoglobulin Variants and Uses Thereof"), trastuzumab
(Herceptinfi, Genentech) (see for example U.S. Pat. No. 5,677,171), a humanizéteedfeu
antibody approved to treat breast cancer; pertapufrhuMab2C4, Omnitargfi), currently being
developed by Genentech; an adtr2 antibody described in U.S. Pat. No. 4,753,894; cetuximab
(Erbituxfi, Imclone) (U.S. Pat. No. 4,943,533; PCT WO 96/40210), a chimerieE83fER
antibody in clinical trials for &ariety of cancers; ABXGF (U.S. Pat. No. 6,235,883), currently
being developed by AbgerimmunexAmgen; 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. 5,55864; Murthy et al. 1987, Arch Biochem Biophys. 252(2):609
Rodeck et al., 1987, J Cell Biochem. 35(4)-25 Kettleborough et al., 1991, Protein Eng.
4(7):77383); ICR62 (Institute of Cancer Research) (PCT WO 95/20045; Modjtahedi et al., 1993,
J. CellBiophys. 1993, 22(B):12946; Modjtahedi et al., 1993, Br J Cancer. 1993, 67(2)33t7
Modjtahedi et al, 1996, Br J Cancer, 73(2)-33 Modjtahedi et al, 2003, Int J Cancer,
105(2):27380); TheraCIM hR3 (YM Biosciences, Canada and Centro de Immuaologi
Molecular, Cuba (U.S. Pat. No. 5,891,996; U.S. Pat. No. 6,506, 883; Mateo et al, 1997,
Immunotechnology, 3(1):7&81); mAb-806 (Ludwig Institue for Cancer Research, Memorial
SloanKettering) (Jungbluth et al. 2003, Proc Natl Acad Sci USA. 100(2)63XKSB-102 (KS
Biomedix); MRZX1 (IVAX, National Cancer Institute) (PCT WO 0162931A2); and SC100
(Scancell) (PCT WO 01/88138); alemtuzumab (Campathfi, Millenium), a humanized
monoclonal antibody currently approved for treatment-oeB chronic lymphocytic lekemia;
muromonakCD3 (Orthoclone OKT3fi), an arHCD3 antibody developed by Ortho
Biotech/Johnson &ohnson, ibritumomab tiuxetan (Zevalinfi), an a@D20 antibody developed

by IDEC/Schering AG, gemtuzumab ozogamicin (Mylotargfi), an-&ii33 (p67 protein)
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antibody developed by Celltech/Wyeth, alefacept (Amevivefi), anlsi-3 Fc fusion

developed by Biogen), abciximab (ReoProfi), developed by Centocor/Lilly, basiliximab
(Simulectfi), developed by Novartis, palivizumab (Synagisfi), developed by Medimmune,
infliximab (Remicadefi), an ardii NFalpha antibody developed by Centocor, adalimumab
(Humirafi), an antiTNFalpha antibody developed by Abbott, Humicadefi, an-&itFalpha
antibody developed by Celltech, etanercept (Enbrelfi), anBXEalpha Fc fusion develogdy
Immunex/Amgen, ABXCBL, an antiCD147 antibody being developed by Abgenix, AB8,

an antlL8 antibody being developed by Abgenix, AB¥A1, an antiMUC18 antibody being
developed by Abgenix, Pemtumomab (R1549, @OYHMFG1), an antMUC1 in developmet

by Antisoma, Therex (R1550), an aMlJC1 antibody being developed by Antisoma, AngioMab
(AS1405), being developed by Antisoma, HuB(being developed by Antisoma, Thioplatin
(AS1407) being developed by Antisoma, Antegrenfi (natalizumab), arafpita4-betal

(VLA -4) and alphal-beta7 antibody being developed by Biogen, VA1AmAD, an antVLA -1
integrin antibody being developed by Biogen, LTBR mAD, anlgntphotoxin beta receptor
(LTBR) antibody beig developed by Biogen, CAT52, an antiTGF DQWLERG\ EHLQJ
developed by Cambridge Antibody Technology, J695, an nti2 antibody being developed

by Cambridge Antibody Technology and Abbott, GAJ2, an anti7 *) DQWLERG\ EHLQJ
developed by Cambrige Antibody Technology and Genzyme, G&T3, an antEotaxinl

antibody being developed by Cambridge Antibody Technology, Lymph&8tah anti-Blys
antibody being developed by Cambridge Antibody Technology and Human Genome Sciences
Inc., TRAIL-R1mADb, an ati-TRAIL-R1 antibody being developed by Cambridge Antibody
Technology and Human Genome Sciences, Inc. , Avastinfi bevacizumadAb-VEGF), an
antiVEGF antibody being developed by Genentech, antiaR receptor family antibody being
developed by Genendb, AntiTissue Factor (ATF), an arfissue Factor antibody being
developed by Genentech, Xolairfi (Omalizumab), an-#gi antibody being developed by
Genentech, Raptivafi (Efalizumab), an ar@iD11a antibody being developed by Genentech and
Xoma, MLN-02 Antibody (formerly LDR02), being developed by Genentech and Millenium
Pharmaceuticals, HuMax CD4, an a@id4 antibody being developed by Genmab, HuMza5,

an antilL15 antibody being developed by Genmab and Amgen, Huldidem, being developed

by Gennab and Medarex, HuMa&ancer, an antieparanase | antibody being developed by
Genmab and Medarex and Oxford GcoSciences, HuMaxphoma, being developed by
Genmab and Amgen, HuMakAC, being developed by Genmab, IDEG1, and antCD40L
antibody being desloped by IDEC Pharmaceuticals, IDEG1 (Clenoliximab), an antCD4
antibody being developed by IDEC Pharmaceuticals, IREE an antiCD80 antibody being
developed by IDEC Pharmaceuticals, IDE®2, an antiCD23 being developed by IDEC

Pharmaceutical antimacrophage migration factor (MIF) antibodies being developed by IDEC
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Pharmaceuticals, BEC2, an aidiotypic antibody being developed by Imclone, IMC11, an
antrKDR antibody being developed by Imclone, DC101, anfii antibody being deveped
by Imclone, antvVE cadherin antibodies being developed by Imclone, {Chokefi
(labetuzumab), an antarcinoembryonic antigen (CEA) antibody being developed by
5 Immunomedics, LymphoCidefi (Epratuzumab), an di22 antibody being developed by

Immunomedis, AFRCide, being developed by Immunomedics, MyelomaCide, being developed
by Immunomedics, LkoCide, being developed by Immunomedics, ProstaCide, being developed
by Immunomedics, MD>010, an antCTLA4 antibody being developed by Medarex, MDX
060, an antCD30 antibody being developed by Medarex, MDFO being developed by

10 Medarex, MDX018 being developed by Medarex, Osidemfi (IE)] and antHer2 antibody
being developed by Medarex and ImmtbDesigned Molecules, HuMax{CD4, an antiCD4
antibody being deveped by Medarex and Genmab, HuM&at5, an antilL15 antibody being
developed by Medarex and Genmab, CNTO 148, anatt). DQWLERG\ EHLQJ GHYHORS
Medarex and Centocor/J&J, CNTO 1275, an-agptokine antibody being developed by

15 Centocor/J&J, MOR10&nd MOR102, antintercellular adhesion moleculle(ICAM-1) (CD54)
antibodies being developed by MorphoSys, MOR201, arfiantiblast growth factor receptor 3
(FGFR3) antibody being developed by MorphoSys, Nuvionfi (visilizumab), an@b
antibody beig developed by Protein Design Labs, HuZAFfi, an @aimma interferon antibody
being developed by Protein Design Labs, Anti ,QWHJULQ EHLQJ GHYHORSHG E!

20 Labs, antilL-12, being developed by Protein Design Labs,{N@Gn antEp-CAM antibody
being developed by Xoma, Xolairfi (Omalizumab) a humanizedIigiiantibody developed by
Genentech and Novartis, and MLNO1, an-#sta2 integrin antibody being developed by Xoma,

all of the abovecited references in this paragraph are expresstyjicated herein by reference.

25 B. Construction of DVD molecules:

The dual variable domain immunoglobulin (DMB) molecule is designed such that two
different light chain variable domains (VL) from the two different parent mAbs are linked in
tandem diretty 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

30 domains (VH) linked in tandem, followed by the constant domain CH1 and Fc (&gipbA).

The variable domains can be obtained using recombinant DNA techniques from a parent
antibody generated by any one of the methods described above. In a preferred embodiment the
variable domain is a murine heavy or light chain variable donmdore preferably the variable
domain is a CDR grafted or a humanized variable heavy or light chain domain. Most preferably

35 the variable domain is a human heavy or light chain variable domain.
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In one embodiment the first and second variable domainsn&elidirectly to each other
using recombinant DNA techniques. In another embodiment the variable domains are linked via a
linker sequence. Preferably two variable domains are linked. Three or more variable domains
may also be linked directly or via aker 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 nanmunoglobulin variable domain such as ligand
binding domain of a rexptor, active domain of an enzyme. DVD molecules may also comprise 2
or more noAg domains.

The linker sequence may be a single amino acid or a polypeptide sequence. Preferably the
linker sequences are selected from the group consisting of AKTTPKLEEERFSEQ ID
NO:118) AKTTPKLEEGEFSEARV(SEQ ID NO:119) AKTTPKLGG (SEQ ID NO:120)
SAKTTPKLGG (SEQ ID NO:121) SAKTTP (SEQ ID NO:122) RADAAP (SEQ ID NO:123)
RADAAPTVS (SEQ ID NO:124) RADAAAAGGPGS(SEQ ID NO:125) RADAAAA(G 4S),
(SEQ ID NO:126)SAKTTPKLEEGEFSEARV(SEQ ID NO:127) ADAAP (SEQ ID NO:40)
ADAAPTVSIFPP(SEQ ID NO:103) TVAAP (SEQ ID NO:44) TVAAPSVFIFPP(SEQ ID
NO:50) QPKAAP (SEQ ID NO:88) QPKAAPSVTLFPRSEQ ID NO:92) AKTTPP (SEQ ID
NO:38) AKTTPPSVTPLAP(SEQ ID NO:128) AKTTAP(SEQ ID NO:13),
AKTTAPSVYPLAP (SEQ ID NO:99) ASTKGRSEQ ID NO:42) ASTKGPSVFPLARSEQ ID
NO:48) GGGGSGGGGSGGGGHEQ ID NO:130) GENKVEYAPALMALS (SEQ ID
NO:131) GPAKELTPLKEAKVS (SEQ ID NO:132)and GHEAAAVMQVQYPAS(SEQ ID
NO:133) The choice of linker sequencedsed 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 1612 aminoacid residues, contributed by64residues from @erminus of V
domain and 4 residues from the #&rminus of CL/CH1 domain. DVD Igs of the invention were
generated using{&rminal 56 amino acid residues, or-12 amino acid residues, of CL or CH1
as Inker in light chain and heavy chain of DMD, respectively. The Kerminal residues of CL
or CH1 domains, particularly the firstbamino acid residues, adopt a loop conformation without
strong secondary structures, therefore can act as flexibledibkéween the two variable
domains. The Merminal residues of CL or CH1 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 lieks 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 fird25amino acid residues of the CL/CH1
domains; the light chain linkers can be from&@ C\; and the heavy chain linkers can be derived

from CH1 of any isotypes, includingyC, Cy2, Cy3, Cy4, Cal, Ca2, Cd, Ce, and Gi. Linker
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sequences may also be derived from other proteins sucHike jpgoteins, (e.g.TCR, FcR, KIR);
G/S based sequess (e.g G4S repeats); hinge regaarived sequences; and other natural
sequences from other proteins.

In a preferred embodiment a constant domain is linked to the two linked variable domains
using recombinant DNA techniques. Preferably sequence congplitsked 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. Preferably the constant domains are
human heavy chain constant domaimd human light chain constant domain respectively. Most
preferably 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. Most preferably the Fc region is a human Fc region.
In a preferred embodiment the Fc region includes Fc region from IgG1, IgG2, IgG3, I1gG4, IgA,
IgM, IgE, or IgD.

In a most preferred embodiment two heavy chain DVD polypeptides and two light chain
DVD polypeptides are combined to form a D\@molecule. Detadd description of specific
DVD-Ig molecules capable of binding specific targets, and methods of making the same, is

provided in the Examples section below.

C. Production of DVD proteins

Binding proteins of the present invention may be produced by aayomber of
techniques known in the art. For example, expression from host cells, wherein expression
vector(s) encoding the DVD heavy and DVD light chains is (are) transfected into a host cell by
standard techniques. The various forms of the term featisn" are intended to encompass a
wide variety of techniques commonly used for the introduction of exogenous DNA into a
prokaryotic or eukaryotic host cedg., electroporation, calciusmphosphate precipitation, DEAE
dextran transfection and the lik&lthough it is possible to express the DVD proteins of the
invention in either prokaryotic or eukaryotic host cells, expression of DVD proteins in eukaryotic
cells is preferable, and most preferable in mammalian host cells, because such eukaryotic cells
(and in particular mammalian cells) are more likely than prokaryotic cells to assemble and secrete
a properly folded and immunologically active DVD protein.

Preferred mammalian host cells for expressing the recombinant antibodies of the
invention includeChinese Hamster Ovary (CHO cells) (including difHO cells, described in
Urlaub and Chasin, (198@yoc. Natl. Acad. Sci. USA 77:42164220, used with a DHFR
selectable markee,g., as described in R.J. Kaufman and P.A. Sharp (1982)Biol. 159601-
621), NSO myeloma cells, COS cells and SP2 cells. When recombinant expression vectors
encoding DVD proteins are introduced into mammalian host cells, the DVD proteins are produced

by culturing the host cells for a period of time sufficient to allow for eggion of the DVD
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proteins in the host cells or, more preferably, secretion of the DVD proteins into the culture
medium in which the host cells are grown. DVD proteins can be recovered from the culture
medium using standard protein purification methods.

In a preferred system for recombinant expression of DVD proteins of the invention, a
recombinant expression vector encoding both the DVD heavy chain and the DVD light chain is
introduced into dhfrCHO cells by calcium phosphateediated transfection. Witinthe
recombinant expression vector, the DVD heavy and light chain genes are each operatively linked
to CMV enhancer/AdMLP promoter regulatory elements to drive high levels of transcription of
the genes. The recombinant expression vector also carrids6R Bene, which allows for
selection of CHO cells that have been transfected with the vector using methotrexate
selection/amplification. The selected transformant host cells are cultured to allow for expression
of the DVD heavy and light chains and int&D protein is recovered from the culture medium.
Standard molecular biology techniques are used to prepare the recombinant expression vector,
transfect the host cells, select for transformants, culture the host cells and recover the DVD
protein from theculture medium. Still further the invention provides a method of synthesizing a
DVD protein of the invention by culturing a host cell of the invention in a suitable culture medium
until a DVD protein of the invention is synthesized. The method carefuctimprise isolating
the DVD protein from the culture medium.

An important feature of DVEY is that it can be produced and purified in a similar way as
a conventional antibody. The production of DMpresults in a homogeneous, single major
product withdesired duakpecific activity, without any sequence modification of the constant

region or chemical modifications of any kind. Other previously described methods to generate

TEVSHFLILFVSHXIOWH: VGG RIPIXeWKXOW LY ndikg@rateinsXioOrdt O HQ J W K

lead to a single primary product but instead lead to the intracellular or secreted production of a
mixture of assembled inactive, meapecific, multispecific, multivalent, full length binding

proteins, and multivalent full lengthriaing proteins with combination of different binding sites.

As an example, based on the design described by Miller and Presta (PCT publication
WO02001/077342(Al), there are 16 possible combinations of heavy and light chains. Consequently
only 6.25% of pratin is likely to be in the desired active form. Separation of fully active forms of
the protein from inactive and partially active forms of the protein using standard chromatography

techniques, typically used in large scale manufacturing, is yet to bendeated.

6XUSULVLQJO\ WKH-GENEIQL RIPWBW LIYCDXADHQW I XOO0 OHQJIWE

the present invention leads to a dual variable domain light chain and a dual variable domain heavy

FKDLQ ZKLFK DVVHPEOH SU L-Bixifit @ultivilent WiKlehg® Hinding HG G X D O

SURWHLQV -
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At least 50%, preferably 75% and more preferably 90% of the assembled, and expressed

dual variable domain immunoglobulin molecules are the desireesgaalfic tetravalent protein.

This aspect of the invéion particularly enhances the commercial utility of the invention.

Therefore, the present invention includes a method to express a dual variable domain light chain

and a dual variable domain heavy chain in a single cell leading to a single primary pfauct
IGXOESHFLILF WHWUDYDOHQW IXO0O OHQJWK ELQGLQJ SURWHLQ

The present invention provides a preferred method to express a dual variable domain light
FKDLQ DQG D GXDO YDULDEOH GRPDLQ KHDY\ FKDLQ LQ D VLQJ
IGXOESHFLILF WHWUDYDOHQW IXO0O OHQJWK ELQGLQJ SURWHLQ
50% of all assembled protein, comprising a dual variable domain light chain and a dual variable
domain heavy chain.

The present invention provides a more prefemethod to express a dual variable domain
OLJKW FKDLQ DQG D GXDO YDULDEOH GRPDLQ KHDY\ FKDLQ LQ
SURGXFW: -RBEBFLEXDWHWUDYDOHQW IXO0 OHQJWK ELQGLQJ SL
is more than 75%fall assembled protein, comprising a dual variable domain light chain and a
dual variable domain heavy chain.

The present invention provides a most preferred method to express a dual variable domain
light chain and a dual variable domain heavy chainwWaQJOH FHOO OHDGLQJ WR D VL
SURGXFW: -RBEBFLEXD WHWUDYDOHQW IXO0 OHQJWK ELQGLQJ SL
is more than 90% of all assembled protein, comprising a dual variable domain light chain and a

dual variable domaiheavy chain.

II. Derivatized DVD binding proteins:

One embodiment provides a labeled binding protein wherein the binding protein of the
invention is derivatized or linked to another functional molecule (e.g., another peptide or protein).
For example, a lzeled binding protein of the invention can be derived by functionally linking an
binding protein of the invention (by chemical coupling, genetic fusion, noncovalent association or
otherwise) to one or more other molecular entities, such as another arfglmpdsg bispecific
antibody or a diabody), a detectable agent, a cytotoxic agent, a pharmaceutical agent, and/or a
protein or peptide that can mediate association of the binding protein with another molecule (such
as a streptavidin core region or a padyidine tag).

Useful detectable agents with which a binding protein of the invention may be derivatized
include fluorescent compounds. Exemplary fluorescent detectable agents include fluorescein,
fluorescein isothiocyanate, rhodamingjihethylaminel-napthalenesulfonyl chloride,
phycoerythrin and the like. A binding protein may also be derivatized with detectable enzymes,

such as alkaline phosphatase, horseradish peroxidase, glucose oxidase and the like. When a
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binding protein is derivatized with a @etable enzyme, it is detected by adding additional

reagents that the enzyme uses to produce a detectable reaction product. For example, when the
detectable agent horseradish peroxidase is present, the addition of hydrogen peroxide and
diaminobenzidine lads to a colored reaction product, which is detectable. a binding protein may
also be derivatized with biotin, and detected through indirect measurement of avidin or
streptavidin binding.

Another embodiment of the invention provides a crystallized bingliotgin and
formulations and compositions comprising such crystals. In one embodiment the crystallized
binding protein has a greater kbfé in vivo than the soluble counterpart of the binding protein.

In another embodiment the binding protein ret&ilmdogical activity after crystallization.

Crystallized binding protein of the invention may be produced according methods known
in the art and as disclosed in WO 02072636, incorporated herein by reference.

Another embodiment of the invention provideglycosylated binding protein wherein the
antibody or antigeibinding portion thereof comprises one or more carbohydrate residues.
Nascenin vivo protein production may undergo further processing, known agnaostiational
modification. In particularsugar (glycosyl) residues may be added enzymatically, a process
known as glycosylation. The resulting proteins bearing covalently linked oligosaccharide side
chains are known as glycosylated proteins or glycoproteins. Antibodies are glycoproteins with
one or more carbohydrate residues in the Fc domain, as well as the variable domain.
Carbohydrate residues in the Fc domain have important effect on the effector function of the Fc
domain, with minimal effect on antigen binding or Hél of the antibody R. Jefferis,

Biotechnol. Prog. 21 (2005), pp. 116). In contrast, glycosylation of the variable domain may
have an effect on the antigen binding activity of the antibody. Glycosylation in the variable
domain may have a negative effect on antibody bipdifinity, likely due to steric hindrance (Co,
M.S., et al., Mol. Immunol. (1993) 30:1361367), or result in increased affinity for the antigen
(Wallick, S.C., et al., Exp. Med. (1988) 168:108809; Wright, A., et al., EMBO J. (1991)
10:2717 2723).

Onre aspect of the present invention is directed to generating glycosylation site mutants in
which the G or N-linked glycosylation site of the binding protein has been mutated. One skilled
in the art can generate such mutants using standardneelin techiologies. Glycosylation site
mutants that retain the biological activity but have increased or decreased binding activity are
another object of the present invention.

In still another embodiment, the glycosylation of the antibody or antigeting portiom
of the invention is modified. For example, an aglycoslated antibody can be made (i.e., the
antibody lacks glycosylation). Glycosylation can be altered to, for example, increase the affinity

of the antibody for antigen. Such carbohydrate modificatiansbe accomplished by, for
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example, altering one or more sites of glycosylation within the antibody sequence. For example,
one or more amino acid substitutions can be made that result in elimination of one or more
variable region glycosylation sites teetieby eliminate glycosylation at that site. Such

aglycosylation may increase the affinity of the antibody for antigen. Such an approach is described
in further detail in PCT PublicatioO2003016466A2and U.S. Pat. Nos. 5,714,350 and

6,350,861, each of vith is incorporated herein by reference in its entirety.

Additionally or alternatively, a modified binding protein of the invention can be made that
has an altered type of glycosylation, such as a hypofucosylated antibody having reduced amounts
of fucosylresidues or an antibody having increased bisecting GIcNAc structures. Such altered
glycosylation patterns have been demonstrated to increase the ADCC ability of antibodies. Such
carbohydrate modifications can be accomplished by, for example, expressargitiody in a
host cell with altered glycosylation machinery. Cells with altered glycosylation machinery have
been described in the art and can be used as host cells in which to express recombinant antibodies
of the invention to thereby produce an antipavith altered glycosylation. See, for example,

Shields, R. L. et al. (2002) J. Biol. Chem. 277:2628340; Umana et al. (1999) Nat. Biotech.
17:1761, as well as, European Patent No: EP 1,176,195; PCT Publications WO 03/035835; WO
99/54342 80, each ofhich is incorporated herein by reference in its entirety.

Protein glycosylation depends on the amino acid sequence of the protein of interest, as
well as the host cell in which the protein is expressed. Different organisms may produce different
glycosylaton enzymes (eg., glycosyltransferases and glycosidases), and have different substrates
(nucleotide sugars) available. Due to such factors, protein glycosylation pattern, and composition
of glycosyl residues, may differ depending on the host system ghwiné particular protein is
expressed. Glycosyl residues useful in the invention may include, but are not limited to, glucose,
galactose, mannose, fucoseggetylglucosamine and sialic acid. Preferably the glycosylated
binding protein comprises glycdsesidues such that the glycosylation pattern is human.

It is known to those skilled in the art that differing protein glycosylation may result in
differing protein characteristics. For instance, the efficacy of a therapeutic protein produced in a
microarganism host, such as yeast, and glycosylated utilizing the yeast endogenous pathway may
be reduced compared to that of the same protein expressed in a mammalian cell, such as a CHO
cell line. Such glycoproteins may also be immunogenic in humans andetioged halife in
vivo after administration. Specific receptors in humans and other animals may recognize specific
glycosyl residues and promote the rapid clearance of the protein from the bloodstream. Other
adverse effects may include changes inginotolding, solubility, susceptibility to proteases,
trafficking, transport, compartmentalization, secretion, recognition by other proteins or factors,
antigenicity, or allergenicity. Accordingly, a practitioner may prefer a therapeutic protein with a

specific composition and pattern of glycosylation, for example glycosylation compaosition and
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pattern identical, or at least similar, to that produced in human cells or in the spEzdi cells
of the intended subject animal.

Expressing glycosylated @eins different from that of a host cell may be achieved by
genetically modifying the host cell to express heterologous glycosylation enzymes. Using
techniques known in the art a practitioner may generate antibodies or &itigery portions
thereof ekibiting human protein glycosylation. For example, yeast strains have been genetically
modified to express nenaturally occurring glycosylation enzymes such that glycosylated
proteins (glycoproteins) produced in these yeast strains exhibit proteinyg@tomsidentical to
that of animal cells, especially human cells (U.S patent applications 20040018590 and
20020137134 and PCT publication WO2005100584 A2).

In addition to the binding proteins, the present invention is also directed to-an anti
idiotypic (antild) antibody specific for such binding proteins of the invention. An-ldrdintibody
is an antibody, which recognizes unique determinants generally associated with the antigen
binding region of another antibody. The atican be prepared by immuaimg an animal with the
binding protein or a CDR containing region thereof. The immunized animal will recognize, and
respond to the idiotypic determinants of the immunizing antibody and produce -dch amtibody.
The antild antibody may also be usedas"immunogen” to induce an immune response in yet
another animal, producing a-salled antianti-ld antibody.

Further, it will be appreciated by one skilled in the art that a protein of interest may be
expressed using a library of host cells geneticaligineered to express various glycosylation
enzymes, such that member host cells of the library produce the protein of interest with variant
glycosylation patterns. A practitioner may then select and isolate the protein of interest with
particular novel tycosylation patterns. Preferably, the protein having a particularly selected

novel glycosylation pattern exhibits improved or altered biological properties.

Ill. Uses of DVDIg

Given their ability to bind to two or more antigens the binding proteitiseoinvention
can be used to detect the antigeng.(in a biological sample, such as serum or plasma), using a
conventional immunoassay, such as an enzyme linked immunosorbent assays (ELISA), an
radioimmunoassay (RIA) or tissue immunohistochemistrye DWD-Ig is directly or indirectly

labeled with a detectable substance to facilitate detection of the bound or unbound antibody.

Suitable detectable substances include various enzymes, prosthetic groups, fluorescent materials,

luminescent materials anddiaactive materials. Examples of suitable enzymes include
horseradish peroxidase, alkaline phosphafagmlactosidase, or acetylcholinesterase; examples
of suitable prosthetic group complexes include streptavidin/biotin and &iatin; examples of

suitable fluorescent materials include umbelliferone, fluorescein, fluorescein isothiocyanate,
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rhodamine, dichlorotriazinylamine fluorescein, dansyl chloride or phycoerythrin; an example of a
luminescent material includes luminol; aexamples of suitable radioactive material incltide
14c 355 Py, B¢, Myn, A9, ¥ YLy, ***Ho, or'>*Sm.

The binding proteins of the invention preferably are capable of neutralizing the activity of
the antigens botm vitro andin vivo. Accordingly, such DVDIgs can be used to inhibit antigen
activity, e.g., in a cell culture containing the antigens, in human subjects or in other mammalian
subjects having the antigens with which a binding protein of the inventionreass. In another
embodiment, the invention provides a method for reducing antigen activity in a subject suffering
from a disease or disorder in which the antigen activity is detrimental. A binding protein of the
invention can be administered to a human subject for theiageuposes.

As used herein, the term "a disorder in which antigen activity is detrimental” is intended
to include diseases and other disorders in which the presence of the antigen in a subject suffering
from the disorder has been shown to be or is sisgef being either responsible for the
pathophysiology of the disorder or a factor that contributes to a worsening of the disorder.
Accordingly, a disorder in which antigen activity is detrimental is a disorder in which reduction of
antigen activity isexpected to alleviate the symptoms and/or progression of the disorder. Such
disorders may be evidenced, for example, by an increase in the concentration of the antigen in a
biological fluid of a subject suffering from the disordeg(, an increase in thconcentration of
antigen in serum, plasma, synovial fluétt;. of the subject). Nodimiting examples of disorders
that can be treated with the binding proteins of the invention include those disorders discussed
below and in the section pertaining tegpmaceutical compositions of the antibodies of the
invention.

The DVD-Igs of the invention may bind one antigen or multiple antigens. Such antigens
include, but are not limited to, the targets listed in the following databases, which databases are
incorporated herein by reference. These target databases include those listings:

Therapeutic targets (http://xin.cz3.nus.edu.sg/group/cjttd/ttd.asp);

Cytokines and cytokine receptors (http://www.cytokinewebfacts.com/,
http://www.copewithcytokines.de/cope.cgnd
http://cmbi.bjmu.edu.cn/cmbidata/cgf/CGF_Database/cytokine.medic.kumamoto
u.ac.jp/CFC/indexR.html);

Chemokines (http://cytokine.medic.kumamatac.jp/CFC/CK/Chemokine.html);
Chemokine receptors and GPCRs (http://csp.medic.kumamatgp/CSP/Receptditml,
http://mww.gpcr.org/7tm/);

Olfactory Receptors (http://senselab.med.yale.edu/senselab/ORDB/default.asp);
Receptors (http://www.iuphaib.org/iuphaird/list/index.htm);

Cancer targets (http://cged.hgc.jpiogn/input.cgi);
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Secreted proteins as poteh antibody targets (http://spd.cbi.pku.edu.cn/);

Protein kinases (http://spd.cbi.pku.edu.cn/), and

Human CD markershftp://content.labvelocity.com/tools/6/1226/CBble_final_locked.pdfand
(Zola H, 2005 CD molecules 2005: human cell differentiation molecules Blood, 10633123

DVD-Igs are useful as therapeutic agents to simultaneously block two different targets to
enhance efficacy/safety and/or increase patiemérage. Such targets may include soluble targets
(IL-13 and TNF) and cell surface receptor targets (VEGFR and EGFR). It can also be used to
induce redirected cytotoxicity between tumor cells and T cells (Her2 and CD3) for cancer therapy,
or between awtreactive cell and effectoe cells for autoimmune/transplantation, or between any
target cell and effector cell to eliminate diseaaasing cells in any given disease.

In addition, DVDIg can be used to trigger receptor clustering and activation wigen it
designed to target two different epitopes on the same receptor. This may have benefit in making
agonistic and antagonistic aifGPCR therapeutics. In this case, DMpcan be used to target two
different epitopes on one cell for clustering/signalitvgo(cell surface molecules) or signaling (on
one molecule). Similarly, a DVl molecule can be designed to triger CFAigation, and a
negative signal by targeting two different epitopes (or 2 copies of the same epitope) ciCTLA
extracellular domairieading to down regulation of the immune response. GZ#li#\a clinically
validated target for therapeutic treatment of a number of immunological disorders.-4ZBLA
interactions negatively regulate T cell activation by attenuating cell cycle pragreldisP
production, and proliferation of T cells following activation, and CT4A£CD152) engagement
can downregulate T cell activation and promote the induction of immune tolerance. However,
the strategy of attenuating T cell activation by agonistiibady engagement of CTL-A has
been unsuccessful since CTi4Aactivation requires ligation. The molecular interaction of
CTLA- % LV LQ tVNHZHG JLSSHU:- DUUD\V DV GHPRQVWUDWHG E
2001 Nature410:608). However noneglod currently available CTLA binding reagents have
ligation properties, including arG€TLA-4 monoclonal antibodies. There have been several
attempts to address this issue. In one case, a cell méamied single chain antibody was
generated, and siditantly inhibited allogeneic rejection in mice (Hwang 2002 JI 169:633). In a
separate case, artificial APC surfdizéked singlechain antibody to CTLA* was generated and
demonstrated to attenuate T cell responses (Griffin 2000 JI 164:4433). Irabeth CTLA4
ligation was achieved by closely localized merbeund antibodies in artificial systems. While
these experiments provide premffconcept for immune dowregulation by triggering CTLA}
negative signaling, the reagents used in these reg@rtsot suitable for therapeutic use. To this
end, CTLA4 ligation may be achieved by using a DMpmolecule, which target two different
epitopes (or 2 copies of the same epitope) of CALextracellular domain. The rationale is that

the distance spanmy two binding sites of an IgG, approximately 46 , is too large for active
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ligation of CTLA4 (3050  between 2 CTLA4 homodimer). However the distance between the
two binding sites on DVBg (one arm) is much shorter, also in the range eB@®0, allowing
proper ligation of CTLAA.

Similarly, DVD-Ig can target two different members of a cell surface receptor complex
(e.g. IL-12R alpha and beta). Furthermore, D\¢can target CR1 and a soluble
protein/pathogen to drive rapid clearance of thgesoluble protein/pathogen.

Additionally, DVD-Igs of the invention can be employed for tisspecific delivery
(target a tissue marker and a disease mediator for enhanced local PK thus higher efficacy and/or
lower toxicity), including intracellular devery (targeting an internalizing receptor and a
intracellular molecule), delivering to inside brain (targeting transferrin receptor and a CNS disease
mediator for crossing the blodatain barrier). DVDBIg can also serve as a carrier protein to
deliver an antigen to a specific location via binding to a-mewitralizing epitope of that antigen
and also to increase the hhfé of the antigen. Furthermore, DVIQ can be designed to either be
physically linked to medical devices implanted into patientaiget these medical devicgse
Burke, Sandra E.; Kuntz, Richard E.; Schwartz, Lewis B., Zotarolimus (ABT-578) eluting stents.
Advanced Drug Delivery Reviews (2006), 58(3), 437-446; Surface coatings for biological
activation and functionalization of medical devices, Hildebrand, H. F.; Blanchemain, N.; Mayer,
G.; Chai, F.; Lefebvre, M.; Boschin, F., Surface and Coatings Technology (2006), 200(22-23),
6318-6324; Drug/ device combinations for local drug therapies and infection prophylaxis, Wu,
Peng; Grainger, David W., Biomaterials (2006), 27(11), 2450-2467; Mediation of the cytokine
network in thamplantation of orthopedic devices., Marques, A. P.; Hunt, J. A.; Reis, Rui L.,
Biodegradable Systems in Tissue Engineering and Regenerative Medicine UtD7).
Briefly, directing appropriate types of cell to the site of medical implant may promote healing and
restoring normal tissue function. Alternatively, inhibition of mediators (including but not limited
to cytokines), released upon device impléintaby a DVD coupled to or target to a device is also
provided. For example, Stents have been used for years in interventional cardiology to clear
blocked arteries and to improve the flow of blood to the heart muscle. However, traditional bare
metal stets have been known to cause restenosiagreowing of the artery in a treated area) in
some patients and can lead to blood clots. Recently, acBB#d antibody coated stent has been
described which reduced restenosis and prevents blood clots fromigdyr capturing
endothelial progenitor cells (EPC) circulating throughout the blood. Endothelial cells are cells that
line blood vessels, allowing blood to flow smoothly. The EPCs adhere to the hard surface of the
stent forming a smooth layer that nolyppromotes healing but prevents restenosis and blood
clots, complications previously associated with the use of stents (Aoji et al . 2005 J Am Coll
Cardiol. 45(10):1574). In addition to improving outcomes for patients requiring stents, there are

alsoimplications for patients requiring cardiovascular bypass surgery. For example, a prosthetic

51



10

15

20

25

30

35

vascular conduit (artificial artery) coated with aBRPC antibodies would eliminate the need to

use arteries from patients legs or arms for bypass surgery git@itsvould reduce surgery and
anesthesia times, which in turn will reduce coronary surgery deaths-I@#i@ designed in such

a way that it binds to a cell surface marker (such as CD34) as well as a protein (or an epitope of
any kind, including but ndimited to lipids and polysaccharides) that has been coated on the
implanted device to facilitate the cell recruitment. Such approaches can also be applied to other
medical implants in general. Altyernatively, DMBs can be coated on medical devices @poh
implantation and releasing all DVDs from the device (or any other need which may require
additional fresh DVBlg, including aging and denaturation of the already loaded Iy)Ehe

device could be reloaded by systemic administration of fresh-QMDthe patient, where the

DVD-Ig is designed to binds to a target of interest (a cytokine, a cell surface marker (such as
CD34) etc.) with one set of binding sites and to a target coated on the device (including a protein,
an epitope of any kind, includingibnot limited to lipids, polysaccharides and polymers ) with the

other. This technology has the advantage of extending the usefulness of coated implants.

A. Use of DVDIgs in various diseases
DVD-Ig molecules of the invention are also useful as therapmaiecules to treat
various diseases. Such DVD molecules may bind one or more targets involved in a specific

disease. Examples of such targets in various diseases are described below.

1. Human Autoimmune and Inflammatory Response

Many proteins haveeen implaicated in general autoimmune and inflammatory responses,
inlucding C5, CCL1 @309), CCL11 (eotaxin), CCL13 (met), CCL15 (MIR1d), CCL16 (HCEC
4), CCL17 (TARC), CCL18 (PARC), CCL19, CCL2 (mda}p CCL20 (MIR3a), CCL21 (MIR2),
CCL23 (MPIF1), CA.24 (MPIF2 / eotaxin2), CCL25 (TECK), CCL26, CCL3 (MHa), CCL4
(MIP-1b), CCL5 (RANTES), CCL7 (mep), CCL8 (mcp2), CXCL1, CXCL10 (IP10), CXCL11
(I-TAC / IP-9), CXCL12 (SDF1), CXCL13, CXCL14, CXCL2, CXCL3, CXCL5 (EN/8 / LIX),
CXCL6 (GCR2), CXCL9, L13, IL8, CCL13 (mcp4), CCR1, CCR2, CCR3, CCR4, CCR5,
CCR6, CCR7, CCR8, CCR9, CX3CR1, IL8RA, XCR1 (CCXCR1), IFNA2, IL10, IL13, IL17C,
IL1A, IL1B, IL1F10, IL1F5, IL1F6, IL1F7, IL1F8, IL1F9, IL22, IL5, IL8, IL9, LTA, LTB, MIF,
SCYEL1 (endothelial Monocytadivating cytokine), SPP1, TNF, TNFSF5, IFNA2, IL10RA,
ILI0RB, IL13, IL13RA1, IL5RA, IL9, IL9R, ABCF1, BCL6, C3, C4A, CEBPB, CRP, ICEBERG,
ILIR1, IL1IRN, IL8RB, LTB4R, TOLLIP, FADD, IRAK1, IRAK2, MYD88, NCK2, TNFAIP3,
TRADD, TRAF1, TRAF2, TRAF3, TRAF4, TRAESTRAF6, ACVR1, ACVR1B, ACVR2,
ACVR2B, ACVRL1, CD28, CD3E, CD3G, CD3Z, CD69, CD80, CD86, CNR1, CTLA4,
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CYSLTR1, FCER1A, FCER2, FCGR3A, GPR44, HAVCR2, OPRD1, P2RX7, TLR2, TLR3,
TLR4, TLR5, TLR6, TLR7, TLRS8, TLR9, TLR10, BLR1, CCL1, CCL2, CCL3, CCL4, CCLS5,
CCL7, CCL8, CCL11, CCL13, CCL15, CCL16, CCL17, CCL18, CCL19, CCL20, CCL21,
CCL22, CCL23, CCL24, CCL25, CCR1, CCR2, CCR3, CCR4, CCR5, CCR6, CCR7, CCRS,
CCR9, CX3CL1, CX3CR1, CXCL1, CXCL2, CXCL3, CXCL5, CXCL6, CXCL10, CXCL11,
CXCL12, CXCL13, CXCR4, GPR2, SCYESDF2, XCL1, XCL2, XCR1, AMH, AMHRZ2,
BMPR1A, BMPR1B, BMPR2, C190rf10 (IL27w), CER1, CSF1, CSF2, CSF3, DKFZp451J0118,
FGF2, GFI1, IFNA1L, IFNB1, IFNG, IGF1, IL1A, IL1B, IL1R1, IL1R2, IL2, IL2RA, IL2RB,
IL2RG, IL3, IL4, IL4AR, IL5, ILSRA, IL6, IL6R, IL6ST, IL7, IL8, IL8RA, IL8RB, IL9, IL9R,

IL10, IL10RA, IL10RB, IL11, IL11RA, IL12A, IL12B, IL12RB1, IL12RB2, IL13, IL13RA1,
IL13RA2, IL15, IL15RA, IL16, IL17, IL17R, IL18, IL18R1, IL19, IL20, KITLG, LEP, LTA,

LTB, LTB4R, LTB4R2, LTBR, MIF, NPPB, PDGFB, TBX21, TDGFTGFA, TGFB1,

TGFB1I1, TGFB2, TGFB3, TGFBI, TGFBR1, TGFBR2, TGFBR3, THI1L, TNF, TNFRSF1A,
TNFRSF1B, TNFRSF7, TNFRSF8, TNFRSF9, TNFRSF11A, TNFRSF21, TNFSF4, TNFSF5,
TNFSF6, TNFSF11, VEGF, ZFPM2, and RNF110 (ZNF144). In one aspect;|§8/€apable of

binding one or more of the targets listed above are provided.

2. Asthma

Allergic asthma is characterized by the presence of eosinophilia, goblet cell metaplasia,
epithelial cell alterations, airway hyperreactivity (AHR), and Th2 and Th1 cytokine expression,
well as elevated serum IgE levels. It is now widely accepted that airway inflammation is the key
factor underlying the pathogenesis of asthma, involving a complex interplay of inflammatory cells
such as T cells, B cells, eosinophils, mast cells andapbages, and of their secreted mediators
including cytokines and chemokines. Corticosteroids are the most importaimflantimatory
treatment for asthma today, however their mechanism of action-speaific and safety
concerns exist, especially ing juvenile patient population. The development of more specific
and targeted therapies is therefore warranted. There is increasing evidencel ghat thice
mimics many of the features of asthma, including AHR, mucus hypersecretion and airway
fibrosis,independently of eosinophilic inflammation (Finotto et al., International Immunology
(2005), 17(8), 994.007;Padilla et al., Journal of Immunology (2005), 174(12), 8097-8105).

IL-13 has been implicated as having a pivotal role in causing pathologipahses
associated with asthma. The development oflanti3 monoclonal antibody therapy to reduce the
effects of IL-13 in the lung is an exciting new approach that offers considerable promise as a
novel treatment for asthma. However other mediatoré#fefential immunological pathways are
also involved in asthma pathogenesis, and blocking these mediators, in additidiBtariay

offer additional therapeutic benefit. Such target pairs include, but are not limitedlt® alhd a
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pro-inflammatory cyt&ine, such atumor necrosis factor 7 1-). 71)PD\ DPSOLI\ WKH
inflammatory response in asthma and may be linked to disease severity (McDonnell, et al.,
Progress in Respiratory Research (2001), 31(New Drugs for Asthma, Allergy and CORD), 247
250.). This suggs that blocking both 13 and TNF. PD\ KDYH EHQHILFLDO HIIHFWYV
in severe airway disease. In a preferred embodiment thel@\ébthe invention binds the targets
IL-13 and TNIe. and is used for treating asthma.

Animal models such as OVihduced asthma mouse model, where both inflammation and
AHR can be assessed, are known in the art and may be used to determine the ability of various
DVD-Ig molecules to treat asthma. Animal models for studying asthma are disclosed in Coffman,
et al., Joural of Experimental Medicine (2005), 201(12), 18&¥9; Lloyd, et al., Advances in
Immunology (2001), 77, 26395; Boyce et al., Journal of Experimental Medicine (2005),
201(12), 1869.873; and Snibson, et al., Journal of the British Society for AllengyGlinical
Immunology (2005), 35(2), 1462. In addition to routine safety assessments of these target pairs
specific tests for the degree of immunosuppression may be warranted and helpful in selecting the
best target pairs (see Luster et al., Toxicology (1994), 92(1-3), 229-43; Descotes, et al.,
Developments in biological standardization (1992), 77 99-102; Hart et al., Journal of Allergy and
Clinical Immunology (2001), 108(2), 250-257).

Based on the rationale disclosed above and using the same evaluation model for efficacy
and safety other pairs of targets that DVD-Ig molecules can bind and be useful to treat asthma may
be determined. Preferably such targets include, but are not limited to, IL-13 and IL-1beta, since
IL-1beta is also implicated in inflammatory response in asthma; IL-13 and cytokines and
chemokines that are involved in inflammation, such as IL-13 and IL-9; IL-13 and IL-4; IL-13 and
IL-5; IL-13 and IL-25; IL-13 and TARC; IL-13 and MDC; IL-13 and MIF; IL-13 and TGF-$; IL-
13 and LHR agonist; IL-13 and CL25; IL-13 and SPRR2a; IL-13 and SPRR2b; and IL-13 and
ADAMS. The present invention also provides DVD-Igs capable of binding one or more targets
involved in asthma selected from the group consisting of CSF1 (MCSF), CSF2 (GM-CSF), CSF3
(GCSF), FGF2, IFNAL1, IFNBI1, IFNG, histamine and histamine receptors, IL1A, IL1B, IL2, IL3,
L4, IL5, IL6, IL7, IL8, IL9, IL10, IL11, IL12A, IL12B, IL13, IL14, IL15, IL16, IL17, IL18, IL19,
KITLG, PDGFB, IL2RA, IL4R, IL5RA, ILSRA, ILSRB, IL12RB1, IL12RB2, IL13RAI,
IL13RA2, IL18R1, TSLP, CCL1, CCL2, CCL3, CCL4, CCLS5, CCL7, CCLS8, CCL13, CCL17,
CCL18, CCL19, CCL20, CCL22, CCL24,CX3CLI1, CXCLI1, CXCL2, CXCL3, XCL1, CCR2,
CCR3, CCR4, CCR5, CCR6, CCR7, CCRS8, CX3CRI1, GPR2, XCR1, FOS, GATA3, JAKI,
JAK3, STAT6, TBX21, TGFBI1, TNFSF6, YY1, CYSLTRI, FCERIA, FCER2, LTB4R, TB4R2,
LTBR, and Chitinase.
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3. Rheumatoid arthritis

Rheumatoid arthritis (RA), a systemic disease, is characterized by a chronic inflammatory

reaction in the synovium of joints and ssaciated with degeneration of cartilage and erosion of
juxta-articular bone. Many prinflammatory cytokines including TNF, chemokines, and growth
factors are expressed in diseased joints. Systemic administration-oN&néintibody or STNFR
fusion protén to mouse models of RA was shown to be-anftammatory and joint protective.
Clinical investigations in which the activcity of TNF in RA patients was blocked with
intravenously administered infliximab (Harriman G, Harper LK, Schaible TF. 1999 Summary o
clinical trials in rheumatoid arthritis using infliximab, an anNFalpha treatment. Ann Rheum

Dis 58 Suppl 1:164. ), a chimeric arKT NF monoclonal antibody (mAB), has provided evidence
that TNF regulates H6, IL-8, MCR1, and VEGF production, ragtment of immune and
inflammatory cells into joints, angiogenesis, and reduction of blood levels of matrix
metalloproteinase$ and-3. A better understanding of the inflammatory pathway in rheumatoid
arthritis has led to identification of other therapetargets involved in rheumatoid arthritis.
Promising treatments such as interlev&iantagonists (MRA), CTLA4Ig (abatacept, Genovese
Mc et al 2005 Abatacept for rheumatoid arthritis refractory to tumor necrosis factor alpha
inhibition. N Engl J Med. 38:111423.), and antB cell therapy (rituximab, Okamoto H,

Kamatani N. 2004 Rituximab for rheumatoid arthritis. N Engl J Med. 351:1909) have already
been tested in randomized controlled trials over the past year. Other cytokines have been
identified and Ave been shown to be of benefit in animal models, including interldkin
interleukinl7, and interleukifrl8, and clinical trials of these agents are currently under way.

Dualspecific antibody therapy, combining afitNF and another mediator, has grpatential in

enhancing clinical efficacy and/or patient coverage. For example, blocking both TNF and VEGF

can potentially eradicate inflammation and angiogenesis, both of which are involved in
pathophysiology of RA. Blocking other pairs of targets lagd in RA including, but not limited
to, TNF and 11:18; TNF and 1:12; TNF and 11-23; TNF and I1beta; TNF and MIF; TNF and
IL-17; and TNF and 15 with specific DVD Igs is also contemplatelgh. addition to routine
safety assessments of these target pairs, specific tests for the degree of immunosuppression may

be warranted and helpful in selecting the best target pairs (see Luster et al., Toxicology (1994),
92(1-3), 229-43; Descotes, et al., Developments in biological standardization (1992), 77 99-102;
Hart et al., Journal of Allergy and Clinical Immunology (2001), 108(2), 250-257). Whether a
DVD Ig molecule will be useful for the treatment of rheumatoid arthritis can be assessed using
pre-clinical animal RA models such as the collageduced arthritisnouse model. Other useful
models are also well known in the art (see Brand DD., Comp Med. (2005) 55¢2p114
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4. SLE

The immunopathogenic hallmark of SLE is the polyclonal B cell activation, which leads
to hyperglobulinemia, autoantibody productiom ammune complex formation. The fundamental
abnormality appears to be the failure of T cells to suppress the forbidden B cell clones due to
generalized T cell dysregulation. In addition, B ancell interaction is facilitated by several
cytokines such al -10 as well as catimulatory molecules such as CD40 and CD40L, B7 and
CD28 and CTLA4, which initiate the second signal. These interactions together with impaired
phagocytic clearance of immune complexes and apoptotic material, perpetuate the immune
response with resultant tissue injury. The following targets may be involved in SLE and can
potentially be used for DVilg approach for therapeutic intervention: B cell targeted therapies:
CD-20, CD22, CD19, CD28, CD4, CD80, HLMRA, IL10, IL2, IL4, TNFR3F5, TNFRSF6,
TNFSF5, TNFSF6, BLR1, HDAC4, HDACS, HDACT7A, HDACS9, ICOSL, IGBP1, MS4A1,
RGS1, SLA2, CD81, IFNB1, IL10, TNFRSF5, TNFRSF7, TNFSF5, AICDA, BLNK,
GALNACA4S-6ST, HDAC4, HDACS5, HDACTA, HDACY9, IL10, IL11, IL4, INHA, INHBA,
KLF6, TNFRSF7, CD28, CD38,[69, CD80, CD83, CD86, DPP4, FCER2, IL2RA, TNFRSFS,
TNFSF7, CD24, CD37, CD40, CD72, CD74, CD79A, CD79B, CR2, IL1R2, ITGA2, ITGAS,
MS4A1, ST6GALL, CD1C, CHST10, HL-A, HLA-DRA, and NT5E.; cestimulatory signals:
CTLA4 or B7.1/B7.2; inhibition of B cell suival: BlyS, BAFF; Complement inactivation: C5;
Cytokine modulation: the key principle is that the net biologic response in any tissue is the result
of a balance between local levels of proinflammatory oriafilimmatory cytokines (see Sfikakis
PP et al 205 Curr Opin Rheumatol 17:550). SLE is considered to be a-2hdriven disease
with documented elevations in serum4LIL-6, IL-10. DVD Igs capable of binding one or more
targets selected from the group consisting ed JILL-6, IL-10, IFN-a, and TNFa are also
contemplated. Combination of targets discussed above will enhance therapeutic efficacy for SLE
which can be tested in a number of lupus preclinical models (see Peng SL (2004) Methods Mol
Med.;102:22772).

5. Multiple sclerosis

Multiple scleiosis (MS) is a complex human autoimmuyee disease with a
predominantly unknown etiology. Immunologic destruction of myelin basic protein (MBP)
throughout the nervous system is the major pathology of multiple sclerosis. MS is a disease of
complex patholgies, which involves infiltration by CD4+ and CD8+ T cells and of response
within the central nervous system. Expression in the CNS of cytokines, reactive nitrogen species
and costimulator molecules have all been described in MS. Of major consideration ar
immunological mechanisms that contribute to the development of autoimmunity. In particular,

antigen expression, cytokine and leukocyte interactions, and regulatedis Twhich help
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balance/modulate other@ells such as Thl and Th2 cells, are impurtaeas for therapeutic
target identification.

IL-12 is a proinflammatory cytokine that is produced by APC and promotes differentiation
of Thl effector cells. 112 is produced in the developing lesions of patients with MS as well as in
EAE-affected animis. Previously it was shown that interference ifLR pathways effectively
prevents EAE in rodents, and that in vivo neutralization ef2p40 using a antL-12 mAb has
beneficial effects in the myeklimduced EAE model in common marmosets.

TWEAK is a member of the TNF family, constitutively expressed in the central nervous
system (CNS), with prinflammatory, proliferative or apoptotic effects depending upon cell
types. Its receptor, Fnl4, is expressed in CNS by endothelial cells, reactive astratytes an
neurons. TWEAK and Fn14 mRNA expression increased in spinal cord during experimental
autoimmune encephalomyelitis (EAE). AMWEAK antibody treatment in myelin
oligodendrocyte glycoprotein (MOG) induced EAE in C57BL/6 mice resulted in a reduction of
disease severity and leukocyte infiltration when mice were treated after the priming phase.

One aspect of the invention pertains to DVD Ig molecules capable of binding one or more,
preferably two, targets selected from the group consisting-d2JITWEAK, IL-23, CXCL13,

CD40, CD40L, 11-:18, VEGF, VLA4, TNF, CD45RB, CD200, IFNgamma, GOSF, FGF, C5,
CD52, and CCR2. A preferred embodiment includes a-sjpetific antilL-12/TWEAK DVD Ig

as a therapeutic agent beneficial for the treatment of MS. Several amichals for assessing the
usefulness of the DVD molecules to treat MS are known in the art (see Steinman L, et al., (2005)
Trends Immunol26(11):56571; Lublin FD., et al., (1985) Springer Semin
Immunopathol.8(3):19208; Genain CP, et al., (1997) J Mdéd. 75(3):18/7; Tuohy VK, et

al., (1999) J Exp Med. 189(7):1032; Owens T, et al., (199B8)eurol Clin.13(1):5173; and 't
Hart BA, et al., (2005) J Immunol 175(7):4781In addition to routine safety assessments of

these target pairs specific tests for the degree of immunosuppression may be warranted and

helpful in selecting the best target pairs (see Luster et al., Toxicology (1994), 92(1-3), 229-43;
Descotes, et al., Developments in biological standardization (1992), 77 99-102; Jones R. 2000
Rovelizumab (ICOS Corp). IDrugs.3(4):446).

6. Sepsis
The pathophysiology of sepsis is initiated by the outer membrane components of both

gramnegative organisms (lipopolysaccharide [LPS], lipid A, endotoxin) and-greitive

organisms (lipoteichoic acideptidoglycan). These outer membrane components are able to bind
to the CD14 receptor on the surface of monocytes. By virtue of the recently descritigd toll
receptors, a signal is then transmitted to the cell, leading to the eventual production of the

proinflammatory cytokines tumor necrosis facédpha (TNFalpha) and interleukid (IL-I).
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Overwhelming inflammatory and immune responses are essential features of septic shock and play
a central part in the pathogenesis of tissue damage, multiple oilgae, fand death induced by

sepsis. Cytokines, especially tumor necrosis factor (TNF) and interleukit,(Hgve been shown

to be critical mediators of septic shock. These cytokines have a direct toxic effect on tissues; they
also activate phospholipag. These and other effects lead to increased concentrations of
plateletactivating factor, promotion of nitric oxide synthase activity, promotion of tissue

infiltration by neutrophils, and promotion of neutrophil activity.

The treatment of sepsis angse shock remains a clinical conundrum, and recent
prospective trials with biological response modifiers (i.e -&Nir, anttMIF) aimed at the
inflammatory response have shown only modest clinical benefit. Recently, interest has shifted
toward therapieaimed at reversing the accompanying periods of immune suppression. Studies in
experimental animals and critically ill patients have demonstrated that increased apoptosis of
lymphoid organs and some parenchymal tissues contribute to this immune suppaessmy,
and organ system dysfunction. During sepsis syndromes, lymphocyte apoptosis can be triggered
by the absence of {R or by the release of glucocorticoids, granzymes, or tioaked 'death’
cytokines: tumor necrosis factor alpha or Fas ligand pfgeis proceeds via auswtivation of
cytosolic and/or mitochondrial caspases, which can be influenced by trendrantiapoptotic
members of the Be2 family. In experimental animals, not only can treatment with inhibitors of
apoptosis prevent lymptbicell apoptosis; it may also improve outcome. Although clinical trials
with antiapoptotic agents remain distant due in large part to technical difficulties associated with
their administration and tissue targeting, inhibition of lymphocyte apoptosissesgs an
attractive therapeutic target for the septic patient. Likewise, aspeaific agent targeting both
inflammatory mediator and a apoptotic mediator, may have added benefit. One aspect of the
invention pertains to DVD Igs capable of binding @nenore targets involved in sepsis,
preferably two targets, selected from the group consisting TNE, MIF, IL-6, IL-8, IL-18, IL-

12, IL-23, FasL, LPS, Tollike receptors, TLR4, tissue factor, MI2, ADORA2A, CASP1,

CASP4, IL10, IL1B, NFKB1, PROC, TNESF1A, CSF3, IL10, IL1B, IL6, ADORA2A, CCR3,
IL10, IL1B, ILIRN, MIF, NFKB1, PTAFR, TLR2, TLR4, GPR44, HMOX1, midkine, IRAK1,
NFKB2, SERPINAL, SERPINE1, and TREM1. The efficacy of such DVD Igs for sepsis can be
assessed in preclinical animal models knowthe art (see Buras JA, et al.,(2005) Nat Rev Drug
Discov. 4(10):8545 and Calandra T, et al., (2000) Nat Med. 6(2):16%

7. Neurological disorders

7.1. Neurodegenerative Diseases
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Chronic neurodegenerative diseases are usuallgdegendent dissas characterized by
progressive loss of neuronal functions (neuronal cell death, demyelination), loss of mobility and
loss of memory. Emerging knowledge of the mechanisms underlying chronic neurodegenerative
GLVHDVHV H J $0O]KHLP HW § vontple) ¢lidiogyar@ a Vatdi@hwofifactors have
been recognized to contribute to their development and progression e.g. age, glycemic status,
amyloid production and multimerization, accumulation of advanced glyeatidrproducts (AGE)
which bind to tleir receptor RAGE (receptor for AGE), increased brain oxidative stress, decreased
cerebral blood flow, neuroinflammation including release of inflammatory cytokines and
chemokines, neuronal dysfunction and microglial activation. Thus these chronic
neurodgenerative diseases represent a complex interaction between multiple cell types and
mediators. Treatment strategies for such diseases are limited and mostly constitute either blocking
inflammatory processes with n@pecific antinflammatory agents (egdicosteroids, COX
inhibitors) or agents to prevent neuron loss and/or synaptic functions. These treatments fail to
stop disease progression. Recent studies suggest that more targeted therapies such as antibodies to
soluble Ab peptide (including the A oligomeric forms) can not only help stop disease
progression but may help maintain memory as well. These preliminary observations suggest that
specific therapies targeting more than one disease mediator {e.gnéa prenflammatory
cytokine such asNF) may provideeven better therapeutic efficacy for chronic neurodegenerative
diseases than observed with targeting a single disease mechanism (e.g. sblublend) (see
C.E. Shepherd, et al, Neurobiol Agirgl05 Oct 24; Nelson RB., Curr Pharm Des. 2005;11:3335;
William L. Klein.; Neurochem Int. 2002 ;41:345; Michelle C Janelsins, et al., J
Neuroinflammation. 2005 ;2:23; Soloman B., Curr Alzheimer Res. 2004;1:149; Igor Klyubin, et
al., Nat Med. 2005;11:5561; Arancio O, et al., EMBO Journal (20041Q@; Bornemann KDet
al., Am J Pathol2001,;158:63; Deane R, et al., Nat Med. 2003;9:98;7and Eliezer Masliah, et
al., Neuron. 2005;46:857).

The DVD-Ig molecules of the invention can bind one or more targets involved in Chronic
neurodegenerative diseases such as Afziies. Such targets include, but are not limited to, any
mediator, soluble or cell surface, implicated in AD pathogenesis e.g AGE (S100 A, amphoterin),
pro-inflammatory cytokines (e.g. HL), chemokines (e.g. MCP 1), molecules that inhibit nerve
regeneratin (e.g. Nogo, RGM A), molecules that enhance neurite growth (neurotrophins). The
efficacy of DVD-Ig molecules can be validated in griénical animal models such as the
transgenic mice that ovexpress amyloid precursor protein or RAGE and develop Alzbéi U TV
diseasdike symptoms. In addition, DVily molecules can be constructed and tested for efficacy
in the animal models and the best therapeutic BYyPan be selected for testing in human
patients. DVDIg molecules can also be employed for treatnoéther neurodegenerative
GLVHDVHV VXFK DV 3DUNL\QYXRQHVY G LVHDIOMRBOHBEKDRQ 3DUNLQVF
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DVD-Ig capable of targeting alpfeynuclein and inflammatory mediators such as TNF,,IL
MCP-1 can prove effective therapy for PakV RQYY GLVHDVH DQG DUH FRQWHPSO

7.2 Neuronal Regeneration and Spinal Cord Injury

Despite an increase in knowledge of the pathologic mechanisms, spinal cord injury (SCI)
is still a devastating condition and represents a medicalkitoliccharacterized by a high medical
need. Most spinal cord injuries are contusion or compression injuries and the primary injury is
usually followed by secondary injury mechanisms (inflammatory mediators e.g. cytokines and
chemokines) that worsen thatial injury and result in significant enlargement of the lesion area,
sometimes more than Z0ld. These primary and secondary mechanisms in SCI are very similar
to those in brain injury caused by other means e.g. stroke. No satisfying treatmerinekisth
dose bolus injection of methylprednisolone (MP) is the only used therapy within a narrow time
window of 8 h post injury. This treatment, however, is only intended to prevent secondary injury
without causing any significant functional recoveryislheavily critisized for the lack of
unequivocal efficacy and severe adverse effects, like immunosuppression with subsequent
infections and severe histopathological muscle alterations. No other drugs, biologics or small
molecules, stimulating the endagpus regenerative potential are approved, but promising
treatment principles and drug candidates have shown efficacy in animal models of SCI in recent
years. To a large extent the lack of functional recovery in human SCI is caused by factors
inhibiting neurite growth, at lesion sites, in scar tissue, in myelin as well as on-agaogiated
cells. Such factors are the myetinsociated proteins NogoA, OMgp and MAG, RGM A, the
scarassociated CSPG (Chondroitin Sulfate Proteoglycans) and inhibitorydactaoeactive
astrocytes (some semaphorins and ephrins). However, at the lesion site not only growth inhibitory
molecules are found but also neurite growth stimulating factors like neurotrophins, laminin, L1
and others. This ensemble of neurite growttiiitory and growth promoting molecules may
explain that blocking single factors, like NogoA or RGM A, resulted in significant functional
recovery in rodent SCI models, because a reduction of the inhibitory influences could shift the
balance from growth Hibition to growth promotion. However, recoveries observed with
blocking a single neurite outgrowth inhibitory molecule were not complete. To achieve faster and
more pronounced recoveries either blocking two neurite outgrowth inhibitory molecules e.g Nog
and RGM A, or blocking an neurite outgrowth inhibitory molecule and enhancing functions of a
neurite outgrowth enhancing molecule e.g Nogo and neurotrophins, or blocking a neurite
outgrowth inhibitory moleclule e.g. Nogo and a4{mfiammatory molecule.g. TNF, may be
desirable (see McGee AW, et al., Trends Neurosci. 2003;26:193; Marco Domeniconi, et al., J
Neurol Sci. 2005;233:43; Milan Makwanal, et al., FEBS J. 2005;272:2628; Barry J. Dickson,
Science. 2002;298:1959; Felicia Yu Hsuan Teng, et al. udddei Res. 2005;79:273; Tara
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Karnezis, et al., Nature Neuroscience 2004; 7, 736; Gang Xu, et al., J. Neurochem.2004; 91;
1018).

In one aspect, DVigs capable of binding target pairs such as NgR and RGM A; NogoA
and RGM A; MAG and RGM A; OMGp and RGM A;GM A and RGM B; CSPGs and RGM A;
aggrecan, midkine, neurocan, versican, phosphacan, Te38 and; PNElobulomerspecific
antibodies combined with antibodies promoting dendrite & axon sprouting are provided. Dendrite
pathology is a very early sign of Afhd it is known that NOGO A restricts dendrite growth. One
can combine such type of ab with any of the-8&ididate (myeliproteins) Ab. Other DVBg
targets may include any combination of NgR5, NgRTroy, NgRNogo66 (Nogo), NgR.ingo,
Lingo-Troy, Lingo-p75, MAG or Omgp. Additionally, targets may also include any mediator,
soluble or cell surface, implicated in inhibition of neurite e.g Nogo, Ompg, MAG, RGM A,
semaphorins, ephrins, solublebAproinflammatory cytokines (e.g. HL), chemokines (e.¢IP
1a), molecules that inhibit nerve regeneration. The efficacy chagt / aniRGM A or similar
DVD-Ig molecules can be validated in giénical animal models of spinal cord injury. In
addition, these DVEg molecules can be constructed and te&ieéfficacy in the animal models
and the best therapeutic DMD can be selected for testing in human patients. In addition,-DVD
Ig molecules can be constructed that target two distinct ligand binding sites on a single receptor
e.g. Nogo receptor whichirids three ligand Nogo, Ompg, and MAG and RAGE that bintls A
and S100 A. Furthermore, neurite outgrowth inihibitors e.g. nogo and nogo receptor, also play a
role in preventing nerve regeneration in immunological diseases like multiple sclerosis.iomhibit
of nogaenogo receptor interaction has been shown to enhance recovery in animal models of
multiple sclerosis. Therefore, DVA[g molecules that can block the function of one immune
mediator eg a cytokine like L2 and a neurite outgrowth inhibitor molgde eg nogo or RGM
may offer faster and greater efficacy than blocking either an immune or an neurite outgrowth

inhibitor molecule alone.

8. Oncological disorders

Monoclonal antibody therapy has emerged as an important therapeutic modality for
cancer (on Mehren M, et al 200Blonoclonal antibody therapy for cancer Annu Rev
Med.;54:34369). Antibodies may exert antitumor effects by inducing apoptosis, redirected
cytotoxicity, interfering with ligandeceptor interactions, or preventing the expressi@ratkins
that are critical to the neoplastic phenotype. In addition, antibodies can target components of the
tumor microenvironment, perturbing vital structures such as the formation of-associated
vasculature. Antibodies can also target receptoseliigands are growth factors, such as the
epidermal growth factor receptor. The antibody thus inhibits natural ligands that stimulate cell

growth from binding to targeted tumor cells. Alternatively, antibodies may induce adiatytpe
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network, complemntmediated cytotoxicity, or antibodyependent cellular cytotoxicity (ADCC).
The use of duadpecific antibody that targets two separate tumor mediators will likely give
additional benefit compared to a mesyecific therapy. DVD Igs capable of binditing

following pairs of targets to treat oncological disease are also contemplated: IGF1 and IGF2;
IGF1/2 and Erb2B; VEGFR and EGFR; CD20 and CD3, CD138 and CD20, CD38 and CD20,
CD38 & CD138, CD40 and CD20, CD138 and CD40, CD38 and CD40. Other target
comhnations include one or more members of the EGFR2éebb3 family. Other targets (one or
more) involved in oncological diseases that DVD Igs may bind include, but are not limited to
those selected from the group consisting of: CD52, CD20, CD19, CD3,dI#},BMP6, IL12A,
IL1A, IL1B, IL2, IL24, INHA, TNF, TNFSF10, BMP6, EGF, FGF1, FGF10, FGF11, FGF12,
FGF13, FGF14, FGF16, FGF17, FGF18, FGF19, FGF2, FGF20, FGF21, FGF22, FGF23, FGF3,
FGF4, FGF5, FGF6, FGF7, FGF8, FGF9, GRP, IGF1, IGF2, IL12A, IL1A, IL1B, INHA,

TGFA, TGFB1, TGFB2, TGFB3, VEGF, CDK2, EGF, FGF10, FGF18, FGF2, FGF4, FGF7,
IGF1, IGF1R, IL2, VEGF, BCL2, CD164, CDKN1A, CDKN1B, CDKN1C, CDKN2A, CDKN2B,
CDKN2C, CDKN3, GNRH1, IGFBP6, IL1A, IL1B, ODZ1, PAWR, PLG, TGFBL1I1, AR,

BRCA1, CDK3, CDK4, CDK, CDK6, CDK7, CDK9, E2F1, EGFR, ENO1, ERBB2, ESR1,
ESR2, IGFBP3, IGFBP6, IL2, INSL4, MYC, NOX5, NR6A1L, PAP, PCNA, PRKCQ, PRKD1,
PRL, TP53, FGF22, FGF23, FGF9, IGFBP3, IL2, INHA, KLK6, TP53, CHGB, GNRH1, IGF1,
IGF2, INHA, INSL3, INSL4, PRL, KLK6, SHBG, NR21, NR1H3, NR1I3, NR2F6, NR4A3,
ESR1, ESR2, NROB1, NROB2, NR1D2, NR1H2, NR1H4, NR1I2, NR2C1, NR2C2, NR2E1,
NR2E3, NR2F1, NR2F2, NR3C1, NR3C2, NR4A1, NR4A2, NR5A1, NR5A2, NR6A1, PGR,
RARB, FGF1, FGF2, FGF6, KLK3, KRT1, APOC1, BRCA1, CHGA, CHGB, CLU, COL1A1,
COL6A1, EGF, ERBB2, ERKS, FGF1, FGF10, FGF11, FGF13, FGF14, FGF16, FGF17, FGF18,
FGF2, FGF20, FGF21, FGF22, FGF23, FGF3, FGF4, FGF5, FGF6, FGF7, FGF8, FGF9, GNRH1,
IGF1, IGF2, IGFBP3, IGFBP6, IL12A, IL1A, IL1B, IL2, IL24, INHA, INSL3, INSL4, KLK10,
KLK12, KLK13, KLK14, KLK15, KLK3, KLK4, KLK5, KLK6, KLK9, MMP2, MMP9, MSMB,
NTN4, ODZ1, PAP, PLAU, PRL, PSAP, SERPINA3, SHBG, TGFA, TIMP3, CD44, CDH1,
CDH10, CDH19, CDH20, CDH7, CDH9, CDH1, CDH10, CDH13, CDH18, CDH19, CDH20,
CDH7, CDH8, CDH9, ROBO2, CD44, ILKTIGAL, APC, CD164, COL6A1, MTSS1, PAP,
TGFB1I1, AGR2, AIG1, AKAP1, AKAP2, CANT1, CAV1, CDH12, CLDNS3, CLN3, CYB5,
CYC1, DABZ2IP, DES, DNCL1, ELAC2, ENO2, ENO3, FASN, FLJ12584, FLJ25530, GAGEB1,
GAGEC], GGT1, GSTP1, HIP1, HUMCYT2A, IL29, K6HF, KAI1, KRT2A, MIBPART1,

PATE, PCA3, PIAS2, PIK3CG, PPID, PR1, PSCA, SLC2A2, SLC33A1, SLC43A1, STEAP,
STEAP2, TPM1, TPM2, TRPC6, ANGPT1, ANGPT2, ANPEP, ECGF1, EREG, FGF1, FGF2,
FIGF, FLT1, JAG1, KDR, LAMA5, NRP1, NRP2, PGF, PLXDC1, STAB1, VEGF, VEGFC,
ANGPTL3, BAI1, COL4A3, IL8, LAMAS5, NRP1, NRP2, STAB1, ANGPTL4, PECAM1, PF4,
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PROK2, SERPINF1, TNFAIP2, CCL11, CCL2, CXCL1, CXCL10, CXCL3, CXCL5, CXCLS6,
CXCLY9, IFNAL, IFNB1, IFNG, IL1B, IL6, MDK, EDG1, EFNA1, EFNA3, EFNB2, EGF,
EPHB4, FGFR3, HGF, IGF1, ITGB3, PDGFA, TEK, TGFRGFB1, TGFB2, TGFBR1, CCL2,
CDH5, COL18A1, EDG1, ENG, ITGAV, ITGB3, THBS1, THBS2, BAD, BAG1, BCL2, CCNAL,
CCNA2, CCND1, CCNE1, CCNEZ2, CDH1 {&adherin), CDKN1B (p27Kipl), CDKN2A
(p16INK4a), COL6A1, CTNNB1 (izatenin), CTSB (cathepsin B), ERBB2 (H& ER1, ESR2,
F3 (TF), FOSL1 (FRAL), GATAS, GSN (Gelsolin), IGFBP2, IL2RA, IL6, IL6R, IL6ST
(glycoprotein 130), ITGAG6 (a6 integrin), JUN, KLK5, KRT19, MAP2K?%Jgan), MKI67 (Ki67),
NGFB (NGF), NGFR, NME1 (NM23A), PGR, PLAU (uPA), PTEN, SERPINB5 (maspin),
SERPINE1 (PAHL), TGFA, THBS1 (thrombospondih), TIE (Tiel), TNFRSF6 (Fas), TNFSF6
(FasL), TOP2A (topoisomerase lia), TP53, AZGP1 (&smgtycoprotein), BPAG1 (plectin),
CDKN1A (p21Wap1/Cip1), CLDN7 (claudiii), CLU (clusterin), ERBB2 (He2), FGF1, FLRT1
(fibronectin), GABRP (GABAa), GNASL1, ID2, ITGAG (a6 integrin), ITGB4 (b 4 integrin), KLF5
(GC Box BP), KRT19 (Keratin 19), KRTHB6 (haspecific type Il keratin), MACMARCKS,

MT3 (metallothionectidll), MUC1 (mucin), PTGS2 (COX), RAC2 (p21Rac2), S100A2,
SCGB1D2 (lipophilin B), SCGB2A1 (mammaglobin 2), SCGB2A2 (mammaglobin 1), SPRR1B
(Sprl), THBS1, THBS2, THBS4, and TNFAIP2 (B94).

IV. Pharmaceutical Composition

The invention also provides pharmaceutical compositions comprising a binding protein, of
the invention and a pharmaceutically acceptable carrier. The pharmaceutical compositions
comprising binding proteins of the invention are for use in, but not limited to, diagnosing,
detecting, or monitoring a disorder, in preventing, treating, managing, ooaately of a
disorder or one or more symptoms thereof, and/or in research. In a specific embodiment, a
composition comprises one or more binding proteins of the invention. In another embodiment, the
pharmaceutical composition comprises one or more birmhoigins of the invention and one or
more prophylactic or therapeutic agents other than binding proteins of the invention for treating a
disorder. Preferably, the prophylactic or therapeutic agents known to be useful for or having been
or currently beingised in the prevention, treatment, management, or amelioration of a disorder or
one or more symptoms thereof. In accordance with these embodiments, the composition may
further comprise of a carrier, diluent or excipient.

Thebinding protein®f the invenion can be incorporated into pharmaceutical
compositions suitable for administration to a subject. Typically, the pharmaceutical composition
comprises a binding protein of the invention and a pharmaceutically acceptable carrier. As used
herein, "pharmaceically acceptable carrier” includes any and all solvents, dispersion media,

coatings, antibacterial and antifungal agents, isotonic and absorption delaying agents, and the like
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that are physiologically compatible. Examples of pharmaceutically acceptabikrs include

one or more of water, saline, phosphate buffered saline, dextrose, glycerol, ethanol and the like, as
well as combinations thereof. In many cases, it will be preferable to include isotonic agents, for
example, sugars, polyalcohols sushnaannitol, sorbitol, or sodium chloride in the composition.
Pharmaceutically acceptable carriers may further comprise minor amounts of auxiliary substances
such as wetting or emulsifying agents, preservatives or buffers, which enhance the shelf life or
effectiveness of the antibody or antibody portion.

Various delivery systems are known and can be used to administer one or more antibodies
of the invention or the combination of one or more antibodies of the invention and a prophylactic
agent or therapeutmgent useful for preventing, managing, treating, or ameliorating a disorder or
one or more symptoms thereof, e.g., encapsulation in liposomes, microparticles, microcapsules,
recombinant cells capable of expressing the antibody or antibody fragmentorecegtiated
endocytosis (see, e. g., Wu and Wu, J. Biol. Chem. 262:4429 (1987)), construction of a
nucleic acid as part of a retroviral or other vector, etc. Methods of administering a prophylactic or
therapeutic agent of the invention include, net@ot limited to, parenteral administration (e.g.,
intradermal, intramuscular, intraperitoneal, intravenous and subcutaneous) , epidurala
administration, intratumoral administration, and mucosal adminsitration (e.g., intranasal and oral
routes). In addion, pulmonary administration can be employed, e.g., by use of an inhaler or
nebulizer, and formulation with an aerosolizing agent. See, e.g., U.S. Pat. Nos. 6, 019,968, 5,985,
320, 5,985,309, 5,934, 272, 5,874,064, 5,855,913, 5,290, 540, and 4,880,078 TaRdblication
Nos. WO 92/19244, WO 97/32572, WO 97/44013, WO 98/31346, and WO 99/66903, each of
which is incorporated herein by reference their entireties. In one embodiment, a binding protein of
the invention, combination therapy, or a compositiorhefibvention is administered using
Alkermes AIRfi pulmonary drug delivery technology (Alkermes, Inc., Cambridge, Mass.). In a
specific embodiment, prophylactic or therapeutic agents of the invention are administered
intramuscularly, intravenously, intratumadly, orally, intranasally, pulmonary, or subcutaneously.
The prophylactic or therapeutic agents may be administered by any convenient route, for example
by infusion or bolus injection, by absorption through epithelial or mucocutaneous linings (e.g.,
oralmucosa, rectal and intestinal mucosa, etc.) and may be administered together with other
biologically active agents. Administration can be systemic or local.

In a specific embodiment, it may be desirable to administer the prophylactic or therapeutic
agens of the invention locally to the area in need of treatment; this may be achieved by, for
example, and not by way of limitation, local infusion, by injection, or by means of an implant, said
implant being of a porous or nguorous material, including men@es and matrices, such as
sialastic membranes, polymers, fibrous matrices (e.g., Tissuelfi), or collagen matrices. In one

embodiment, an effective amount of one or more antibodies of the invention antagonists is
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administered locally to the affected areatsubject to prevent, treat, manage, and/or ameliorate a
disorder or a symptom thereof. In another embodiment, an effective amount of one or more
antibodies of the invention is administered locally to the affected area in combination with an
effective amant of one or more therapies (e. g., one or more prophylactic or therapeutic agents)
other than a binding protein of the invention of a subject to prevent, treat, manage, and/or
ameliorate a disorder or one or more symptoms thereof.

In another embodimenthe prophylactic or therapeutic agent can be delivered in a
controlled release or sustained release system. In one embodiment, a pump may be used to achieve
controlled or sustained release (see Langer, supra; Sefton, 1987, CRC Crit. Ref. Biomed. Eng.
14:20; Buchwald et al., 1980, Surgery 88:507; Saudek et al., 1989, N. Engl. J. Med. 321:574). In
another embodiment, polymeric materials can be used to achieve controlled or sustained release of
the therapies of the invention (see e.g., Medical Applicatio@oafrolled Release, Langer and
Wise (eds.), CRC Pres., Boca Raton, Fla. (1974); Controlled Drug Bioavailability, Drug Product
Design and Performance, Smolen and Ball (eds.), Wiley, New York (1984); Ranger and Peppas,
1983, J., Macromol. Sci. Rev. Macrom@hem. 23:61; see also Levy et al., 1985, Science
228:190; During et al., 1989, Ann. Neurol. 25:351; Howard et al., 1989, J. Neurosurg. 7 1:105);
U.S. Pat. No. 5,679,377; U.S. Pat. No. 5, 916,597; U. S. Pat. No. 5,912,015; U.S. Pat. No.
5,989,463; U.S. RaNo. 5,128,326; PCT Publication No. WO 99/15154; and PCT Publication No.
WO 99/20253. Examples of polymers used in sustained release formulations include, but are not
limited to, poly(2hydroxy ethyl methacrylate), poly(methyl methacrylate), poly(acgdid),
poly(ethyleneco-vinyl acetate), poly(methacrylic acid), polyglycolides (PLG), polyanhydrides,
poly(N- vinyl pyrrolidone), poly(vinyl alcohol), polyacrylamide, poly(ethylene glycol),
polylactides (PLA), poly(lactideo-glycolides) (PLGA), and polythoesters. In a preferred
embodiment, the polymer used in a sustained release formulation is inert, free of leachable
impurities, stable on storage, sterile, and biodegradable. In yet another embodiment, a controlled
or sustained release system can begaldan proximity of the prophylactic or therapeutic target,
thus requiring only a fraction of the systemic dose (see, e.g., Goodson, in Medical Applications of
Controlled Release, supra, vol. 2, pp. 188 (1984)).

Controlled release systems are discdssahe review by Langer (1990, Science
249:15271533). Any technigue known to one of skill in the art can be used to produce sustained
release formulations comprising one or more therapeutic agents of the invention. See, e.g., U. S.
Pat. No. 4,526, 93 CT publication WO 91/05548, PCT publication WO 96/20698, Ning et al. ,
1996, "Intratumoral Radioimmunotheraphy of a Human Colon Cancer Xenograft Using a
SustaineeRelease Gel," Radiotherapy &Oncology 39:4189, Song et al., 1995, "Antibody
Mediated Lungrargeting of LongCirculating Emulsions," PDA Journal of Pharmaceutical

Science &Technology 50:37297, Cleek et al., 1997, "Biodegradable Polymeric Carriers for a
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bFGF Antibody for Cardiovascular Application,” Pro. Int'l. Symp. Control. Rel. Bioact.rMate
24:853854, and Lam et al., 1997, "Microencapsulation of Recombinant Humanized Monoclonal
Antibody for Local Delivery," Proc. Int'l. Symp. Control Rel. Bioact. Mater. 24: 769, each of
which is incorporated herein by reference in their entireties.

In a specific embodiment, where the composition of the invention is a nucleic acid
encoding a prophylactic or therapeutic agent, the nucleic acid can be administered in vivo to
promote expression of its encoded prophylactic or therapeutic agent, by cimgtitlees part of
an appropriate nucleic acid expression vector and administering it so that it becomes intracellular,
e.g., by use of a retroviral vector (see U. S. Pat. No. 4,980,286), or by direct injection, or by use of
microparticle bombardment (e.@ gene gun; Biolistic, Dupont), or coating with lipids or-cell
surface receptors or transfecting agents, or by administering it in linkage to a horik@box
peptide which is known to enter the nucleus (see, e.g., Joliot et al., 1991, Proc. Natl.cAcad. S
USA 88:18641868). Alternatively, a nucleic acid can be introduced intracellularly and
incorporated within host cell DNA for expression by homologous recombination.

A pharmaceutical composition of the invention is formulated to be compatible with its
intended route of administration. Examples of routes of administration include, but are not limited
to, parenteral, e.g., intravenous, intradermal, subcutaneous, oral, intranasal (e.g., inhalation),
transdermal (e.qg., topical), transmucosal, and rectaingstnation. In a specific embodiment, the
composition is formulated in accordance with routine procedures as a pharmaceutical composition
adapted for intravenous, subcutaneous, intramuscular, oral, intranasal, or topical administration to
human beings. Tpically, compositions for intravenous administration are solutions in sterile
isotonic aqueous buffer. Where necessary, the composition may also include a solubilizing agent
and a local anesthetic such as lignocamne to ease pain at the site of theninjectio

If the compositions of the invention are to be administered topically, the compositions can
be formulated in the form of an ointment, cream, transdermal patch, lotion, gel, shampoo, spray,
aerosol, solution, emulsion, or other form wellown to one oskill in the art. See, e.g.,

Remington’s Pharmaceutical Sciences and Introduction to Pharmaceutical Dosage Forms, 19th ed.,
Mack Pub. Co., Easton, Pa. (1995). For-reprayable topical dosage forms, viscous to ssofid

or solid forms comprising a cagri or one or more excipients compatible with topical application
and having a dynamic viscosity preferably greater than water are typically employed. Suitable
formulations include, without limitation, solutions, suspensions, emulsions, creams, ointments,
powders, liniments, salves, and the like, which are, if desired, sterilized or mixed with auxiliary
agents (e.g., preservatives, stabilizers, wetting agents, buffers, or salts) for influencing various
properties, such as, for example, osmotic pressurer &titable topical dosage forms include
sprayable aerosol preparations wherein the active ingredient, preferably in combination with a

solid or liquid inert carrier, is packaged in a mixture with a pressurized volatile (e.g., a gaseous
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propellant, such ageon) or in a squeeze bottle. Moisturizers or humectants can also be added to
pharmaceutical compositions and dosage forms if desired. Examples of such additional
ingredients are weknown in the art.

If the method of the invention comprises intranashhinistration of a composition, the
composition can be formulated in an aerosol form, spray, mist or in the form of drops. In
particular, prophylactic or therapeutic agents for use according to the present invention can be
conveniently delivered in the im of an aerosol spray presentation from pressurized packs or a
nebuliser, with the use of a suitable propellant (e.g., dichlorodifluoromethane,
trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide or other suitable gas). In the
case of a pressirized aerosol the dosage unit may be determined by providing a valve to deliver a
metered amount. Capsules and cartridges (composed of, e.g., gelatin) for use in an inhaler or
insufflator may be formulated containing a powder mix of the compound arthblsyowder
base such as lactose or starch.

If the method of the invention comprises oral administration, compositions can be formulated
orally in the form of tablets, capsules, cachets, gelcaps, solutions, suspensions, and the like.
Tablets or capsuecan be prepared by conventional means with pharmaceutically acceptable
excipients such as binding agents (e.g., pregelatinised maize starch, polyvinylpyrrolidone, or
hydroxypropyl methylcellulose); fillers (e.g., lactose, microcrystalline cellulosegloium

hydrogen phosphate) ; lubricants (e.g., magnesium stearate, talc, or silica); disintegrants (e.g.,
potato starch or sodium starch glycolate) ; or wetting agents (e.g., sodium lauryl sulphate). The
tablets may be coated by methods vkelbwn in the &. Liquid preparations for oral

administration may take the form of, but not limited to, solutions, syrups or suspensions, or they
may be presented as a dry product for constitution with water or other suitable vehicle before use.
Such liquid preparation®may be prepared by conventional means with pharmaceutically
acceptable additives such as suspending agents (e.g., sorbitol syrup, cellulose derivatives, or
hydrogenated edible fats); emulsifying agents (e.g., lecithin or acaciajqueous vehicles (e,g
almond oil, oily esters, ethyl alcohol, or fractionated vegetable oils); and preservatives (e.g.,
methyl or propylp- hydroxybenzoates or sorbic acid). The preparations may also contain buffer
salts, flavoring, coloring, and sweetening agents as apatepPreparations for oral

administration may be suitably formulated for slow release, controlled release, or sustained
release of a prophylactic or therapeutic agent(s).

The method of the invention may comprise pulmonary administration, e.g., byarse of
inhaler or nebulizer, of a composition formulated with an aerosolizing agent. See, e.g., U.S. Pat.
Nos. 6,019, 968, 5,985, 320, 5, 985,309, 5,934,272, 5,874,064, 5,855,913, 5,290,540, and
4,880,078; and PCT Publication Nos. WO 92/19244, WO 97/325729W42013, WO
98/31346, and WO 99/66903, each of which is incorporated herein by reference their entireties. In
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a specific embodiment, a binding protein of the invention, combination therapy, and/or
composition of the invention is administered using AlkesmIRfi pulmonary drug delivery
technology (Alkermes, Inc., Cambridge, Mass.).

The method of the invention may comprise administration of a composition formulated
for parenteral administration by injection (e. g., by bolus injection or continuous infusion
Formulations for injection may be presented in unit dosage form (e.g., in ampoules or4n multi
dose containers) with an added preservative. The compositions may take such forms as
suspensions, solutions or emulsions in oily or aqueous vehicles, armbntan formulatory
agents such as suspending, stabilizing and/or dispersing agents. Alternatively, the active
ingredient may be in powder form for constitution with a suitable vehicle (e.qg., sterile pyrogen
free water) before use.

[0260] The methods ohe invention may additionally comprise of administration of compositions
formulated as depot preparations. Such long acting formulations may be administered by
implantation (e.g., subcutaneously or intramuscularly) or by intramuscular injection. Thus, for
example, the compositions may be formulated with suitable polymeric or hydrophobic materials
(e.g., as an emulsion in an acceptable oil) or ion exchange resins, or as sparingly soluble
derivatives (e.g., as a sparingly soluble salt).

The methods of the #i@ntion encompasse administration of compositions formulated as
neutral or salt forms. Pharmaceutically acceptable salts include those formed with anions such as
those derived from hydrochloric, phosphoric, acetic, oxalic, tartaric acids, etc., andotimose f
with cations such as those derived from sodium, potassium, ammonium, calcium, ferric
hydroxides, isopropylamine, triethylamine,e2hylamino ethanol, histidine, procaine, etc.

Generally, the ingredients of compositions are supplied either segarateixed
together in unit dosage form, for example, as a dry lyophilized powder or water free concentrate in
a hermetically sealed container such as an ampoule or sachette indicating the quantity of active
agent. Where the mode of administration is iildnscomposition can be dispensed with an
infusion bottle containing sterile pharmaceutical grade water or saline. Where the mode of
administration is by injection, an ampoule of sterile water for injection or saline can be provided
so that the ingredientaay be mixed prior to administration.

In particular, the invention also provides that one or more of the prophylactic or
therapeutic agents, or pharmaceutical compositions of the invention is packaged in a hermetically
sealed container such as an ampaoulsachette indicating the quantity of the agent. In one
embodiment, one or more of the prophylactic or therapeutic agents, or pharmaceutical
compositions of the invention is supplied as a dry sterilized lyophilized powder or water free
concentrate in agrmetically sealed container and can be reconstituted (e.g., with water or saline)

to the appropriate concentration for administration to a subject. Preferably, one or more of the
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prophylactic or therapeutic agents or pharmaceutical compositions of #rgiovis supplied as

a dry sterile lyophilized powder in a hermetically sealed container at a unit dosage of at least 5

mg, more preferably at least 10 mg, at least 15 mg, at least 25 mg, at least 35 mg, at least 45 mg, at

least 50 mg, at least 75 mg,airleast 100 mg. The lyophilized prophylactic or therapeutic agents
or pharmaceutical compositions of the invention should be stored at between 2 C. and 8 C. inits
original container and the prophylactic or therapeutic agents, or pharmaceutical compasit
the invention should be administered within 1 week, preferably within 5 days, within 72 hours,
within 48 hours, within 24 hours, within 12 hours, within 6 hours, within 5 hours, within 3 hours,
or within 1 hour after being reconstituted. In anralié¢ive embodiment, one or more of the
prophylactic or therapeutic agents or pharmaceutical compositions of the invention is supplied in
liquid form in a hermetically sealed container indicating the quantity and concentration of the
agent. Preferably, tHeguid form of the administered composition is supplied in a hermetically
sealed container at least 0.25 mg/ml, more preferably at least 0.5 mg/ml, at least 1 mg/ml, at least
2.5 mg/ml, at least 5 mg/ml, at least 8 mg/ml, at least 10 mg/ml, at least idp amtgkast 25
mg/ml, at least 50 mg/ml, at least 75 mg/ml or at least 100 mg/ml. The liquid form should be
stored at between 2 C. and 8 C. in its original container.

The binding proteins of the invention can be incorporated into a pharmaceutical
compodtion suitable for parenteral administration. Preferably, the antibody or anifimytigns
will be prepared as an injectable solution containing2®a mg/ml binding protein. The
injectable solution can be composed of either a liquid or lyophilizealggo®rm in a flint or
amber vial, ampule or p#fdled syringe. The buffer can behistidine (:50 mM), optimally 5
10mM, at pH 5.0 to 7.0 (optimally pH 6.0). Other suitable buffers include but are not limited to,
sodium succinate, sodium citrate, sodiphosphate or potassium phosphate. Sodium chloride
can be used to modify the toxicity of the solution at a concentratiof8300@nM (optimally 150
mM for a liquid dosage form). Cryoprotectants can be included for a lyophilized dosage form,
principally 0-10% sucrose (optimally 0-5.0%). Other suitable cryoprotectants include trehalose
and lactose. Bulking agents can be included for a lyophilized dosage form, princip@fy 1
mannitol (optimally 24%). Stabilizers can be used in both liquid and lhyiiped dosage forms,
principally 1-50 mM L-Methionine (optimally 510 mM). Other suitable bulking agents include
glycine, arginine, can be included a8.05% polysorbat80 (optimally 0.005).01%).
Additional surfactants include but are not limited tbysorbate 20 and BRIJ surfactanihe
pharmaceutical composition comprising the binding proteins of the invention prepared as an
injectable solution for parenteral administration, can further comanisgent useful as an
adjuvant, such as those usedricrease the absorption, or dispersion of a therapeutic protein (e.g.,
antibody). A particularly useful adjuvanthgaluronidase, such &/lenexfi (recombinant

human hyaluronidase). Addition bfaluronidase in the injectable solution improves human
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bioavailability following parenteral administration, particularly subcutaneous administration. It
also allows for greater injection site volumes (i.e. greater than 1 ml) with less pain and discomfort,
and minimum incidence of injection site reactions. {a&22004078140, and US2006104968
incorporated herein by reference).

The compositions of this invention may be in a variety of forms. These include, for
example, liquid, sersolid and solid dosage forms, such as liquid solutiegs, {njectable and
infusible solutions), dispersions or suspensions, tablets, pills, powders, liposomes and
suppositories. The preferred form depends on the intended mode of administration and
therapeutic application. Typical preferred compositions are in the form of injeotabfeisible
solutions, such as compositions similar to those used for passive immunization of humans with
other antibodies. The preferred mode of administration is parerdgralritravenous,
subcutaneous, intraperitoneal, intramuscular). In a pesfembodiment, the antibody is
administered by intravenous infusion or injection. In another preferred embodiment, the antibody
is administered by intramuscular or subcutaneous injection.

Therapeutic compositions typically must be sterile and stallerihe conditions of
manufacture and storage. The composition can be formulated as a solution, microemulsion,
dispersion, liposome, or other ordered structure suitable to high drug concentration. Sterile
injectable solutions can be prepared by incorpagahe active compound.€., antibody or
antibody portion) in the required amount in an appropriate solvent with one or a combination of
ingredients enumerated above, as required, followed by filtered sterilization. Generally, dispersions
are preparetly incorporating the active compound into a sterile vehicle that contains a basic
dispersion medium and the required other ingredients from those enumerated above. In the case of
sterile, lyophilized powders for the preparation of sterile injectableisofjtthe preferred methods
of preparation are vacuum drying and spdaying that yields a powder of the active ingredient plus
any additional desired ingredient from a previously stdililered solution thereof. The proper
fluidity of a solution can & maintained, for example, by the use of a coating such as lecithin, by the
maintenance of the required particle size in the case of dispersion and by the use of surfactants.
Prolonged absorption of injectable compositions can be brought about by ig¢lindine
composition, an agent that delays absorption, for example, monostearate salts and gelatin.

The binding proteins of the present invention can be administered by a variety of methods
known in the art, although for many therapeutic applicationgréferred route/mode of
administration is subcutaneous injection, intravenous injection or infusion. As will be appreciated
by the skilled artisan, the route and/or mode of administration will vary depending upon the desired
results. In certain embodimis, the active compound may be prepared with a carrier that will
protect the compound against rapid release, such as a controlled release formulation, including

implants, transdermal patches, and microencapsulated delivery systems. Biodegradable,
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biocommtible polymers can be used, such as ethylene vinyl acetate, polyanhydrides, polyglycolic
acid, collagen, polyorthoesters, and polylactic acid. Many methods for the preparation of such
formulations are patented or generally known to those skilled inth&eaeeg.g., Sustained and
Controlled Release Drug Delivery Systems, J.R. Robinson, ed., Marcel Dekker, Inc., New York,
1978.

In certain embodiments, a binding protein of the invention may be orally administered, for
example, with an inert diluent or assimilable edible carrier. The compound (and other
ingredients, if desired) may also be enclosed in a hard or soft shell gelatin capsule, compressed
into tablets, or incorporated directly into the subject’s diet. For oral therapeutic administration, th
compounds may be incorporated with excipients and used in the form of ingestible tablets, buccal
tablets, troches, capsules, elixirs, suspensions, syrups, wafers, and the like. To administer a
compound of the invention by other than parenteral adramisty, it may be necessary to coat the
compound with, or cadminister the compound with, a material to prevent its inactivation.

Supplementary active compounds can also be incorporated into the compositions. In
certain embodiments, a binding proteirttod invention is coformulated with and/or
coadministered with one or more additional therapeutic agents that are useful for treating
disorders in which IE12 activity is detrimental. For example, a binding protein of the invention
may be coformulated afat coadministered with one or more additional antibodies that bind other
targets €.9., antibodies that bind other cytokines or that bind cell surface molecules).
Furthermore, one or more antibodies of the invention may be used in combination with two or
more of the foregoing therapeutic agents. Such combination therapies may advantageously utilize
lower dosages of the administered therapeutic agents, thus avoiding possible toxicities or
complications associated with the various monotherapies.

In certan embodiments, a binding protein is linked to a Hi&f extending vehicle known
in the art. Such vehicles include, but are not limited to, the Fc domain, polyethylene glycol, and
dextran. Such vehicles are described, e.g., in U.S. Application SeriabM@8,082 and
published PCT Application No. WO 99/25044, which are hereby incorporated by reference for
any purpose.

In a specific embodiment, nucleic acid sequences encoding a binding protein of the
invention or another prophylactic or therapeutic agémihe invention are administered to treat,
prevent, manage, or ameliorate a disorder or one or more symptoms thereof by way of gene
therapy. Gene therapy refers to therapy performed by the administration to a subject of an
expressed or expressible nuclatid. In this embodiment of the invention, the nucleic acids
produce their encoded antibody or prophylactic or therapeutic agent of the invention that mediates

a prophylactic or therapeutic effect.
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Any of the methods for gene therapy available in theam be used according to the
present invention. For general reviews of the methods of gene therapy, see Goldspiel et al., 1993,
Clinical Pharmacy 12:48B805; Wu and Wu, 1991, Biotherapy 3:83; Tolstoshev, 1993, Ann.

Rev. Pharmacol. Toxicol. 32:5&96, Mulligan, Science 260:92®32 (1993); and Morgan and
Anderson, 1993, Ann. Rev. Biochem. 62:12117; May, 1993, TIBTECH 11(5):15815. Methods
commonly known in the art of recombinant DNA technology which can be used are described in
Ausubel et al. (edg.Current Protocols in Molecular Biology, John Wiley &Sons, NY (1993); and
Kriegler, Gene Transfer and Expression, A Laboratory Manual, Stockton Press, NY (1990).
Detailed description of various methods of gene therapy are disclosed in US20050042664 Al
which is incorporated herein by reference.

The binding proteins of the invention are useful in treating various diseases wherein the
targets that are recognized by the binding proteins are detrimental. Such diseases include, but are
not limited to, rheumaid 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 rirdepiendent 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, atherosades, disseminated intravascular coagulation, Kawasaki’s
disease, Grave’s disease, nephrotic syndrome, chronic fatigue syndrome, Wegener's
granulomatosis, HenoeBchoenlein purpurea, microscopic vasculitis of the kidneys, chronic
active hepatitis, uveitiseptic 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, primaryitshiasisc
hemolytic anemia, malignancies, heart failure, myocardial infarction, Addison’s disease, sporadic,
polyglandular deficiency type | and polyglandular deficiency type I, Schmidt’'s syndrome, adult
(acute) respiratory distress syndrome, alopecimedlia areata, seronegative arthopathy,
arthropathy, Reiter’s disease, psoriatic arthropathy, ulcerative colitic arthropathy, enteropathic
synovitis, chlamydia, yersinia and salmonella associated arthropathy, spondyloarthopathy,
atheromatous disease/arteglerosis, 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, Hepatitepatitis C,
common varied immunodeficiency (common variable hypogammaglobulinaemia), dilated

cardiomyopathy, female infertility, ovarian failure, premature ovarian failure, fibrotic lung

72



disease, cryptogenic fibrosing alveolitis, ppgtammatory irterstitial 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 assod@ited interstitial lung disease, systemic lupus erythematosus associated lung disease,

dermatomyositis/polymyositis associated lung disease, Sj gren’s disease associated lung disease,
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ankylosing spondylitis associated lung disease, vasculitic diffuse Isegsg, haemosiderosis
associated lung disease, dinduced interstitial lung disease, fibrosis, radiation fibrosis,
bronchiolitis obliterans, chronic eosinophilic pneumonia, lymphocytic infiltrative lung disease,
postinfectious interstitial lung diseagmuty arthritis, autoimmune hepatitis, typeutoimmune
hepatitis (classical autoimmune or lupoid hepatitis), #@eitoimmune hepatitis (artkKM

antibody hepatitis), autoimmune mediated hypoglycaemia, type B insulin resistance with
acanthosis nigrican 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,
aubimmune 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 ophthapnimonary 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 rgren’s syndrome, Takayasiggase/arteritis, autoimmune thrombocytopaenia,
idiopathic thrombocytopaenia, autoimmune thyroid disease, hyperthyroidism, goitrous
autoimmune hypothyroidism (Hashimoto’s disease), atrophic autoimmune hypothyroidism,
primary myxoedema, phacogenic uveifismary vasculitis, vitiligo aute liver disease, chronic
liver diseasesalcoholic cirrhosis, alcohéhduced liver injury, choleosatatis, idiosyncratic liver
disease, Drugnduced hepatitis, Nealcoholic Steatohepatitia/lergy and asthmaroup B
streptococci (GBS) infectionmnental disorderse(g., depression and schizophrenia), Th2 Type and
Thl Type mediated diseases, acute and chronic pain (different forms of pain), and suztceass
lung, breast, stomach, bladder, colon, pancreas, ovarian,tprasthrectal cancer and
hematopoietic malignancies (leukemia and lymphombgtalipoprotemia, Acrocyanosis, acute
and chronic parasitic or infectious processes, acute leukemia, acute lymphoblastic leukemia
(ALL), acute myeloid leukemia (AML), acute orr@mic 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, alphd- antitrypsin deficiency, amyotrophic lateral sclerosis, anemia, angina pectoris,
anterior horn cell degeneration, anti cd3 therapy, antiphospholipid syndrorescapmtior

hypersensitivity reactions, aordic and peripheral aneuryisms, aortic dissactéwia|
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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 branchckldBurkitt’'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 mtifiocal atrial tachycardia, chemotherapy associated disorders, chromic
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, Creutzidétdtob disease, culture negative sepsis, cystic
fibrosis, cytokine therapy associated disorders, Dementidigtiogi, 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, Dowa Syndrome in middle age, drugduced movement

disorders induced by drugs which block CNS dopamine receptors, drug sensitivity, eczema,
encephalomyelitis, endocarditis, endocrinopathy, epiglottitis, eplsteirvirus infection,
erythromelalgia, extraamidal 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, grafhrejecti
any organ or tissue, gram negative sepsis, gram positive sepsis, granulomas due to intracellular
organisms, hairy cell leukemia, Hallerrord8patz disease, hashimoto’s thyroiditis, hay fever,
heart transplant rejection, hemachromatosis, hemodalysmolytic uremic

syndrome/thrombolytic thrombocytopenic purpura, hemorrhage, hepatitis (A), His bundle
arrythmias, HIV infection/HIV neuropathy, Hodgkin’s disease, hyperkinetic movement disorders,
hypersensitity reactions, hypersensitivity pneumoniypertension, hypokinetic movement
disorders, hypothalamigituitary-adrenal axis evaluation, idiopathic Addison’s disease, idiopathic
pulmonary fibrosis, antibody mediated cytotoxicity, Asthenia, infantile spinal muscular atrophy,
inflammation of the aoa, influenza a, ionizing radiation exposure, iridocyclitis/uveitis/optic
neuritis, ischemiareperfusion injury, ischemic stroke, juvenile rheumatoid arthritis, juvenile
spinal muscular atrophy, Kaposi's sarcoma, kidney transplant rejection, legioisiaaleiasis,
leprosy, lesions of the corticospinal system, lipedema, liver transplant rejection, lymphederma,
malaria, malignamt Lymphoma, malignant histiocytosis, malignant melanoma, meningitis,
meningococcemia, metabolic/idiopathic, migraine headachechaindrial multi.system disorder,
mixed connective tissue disease, monoclonal gammopathy, multiple myeloma, multiple systems
degenerations (Mencel DejeririEhomas ShDrager and Machaddoseph), myasthenia gravis,

mycobacterium avium intracellulare, mymaterium tuberculosis, myelodyplastic syndrome,
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myocardial infarction, myocardial ischemic disorders, nasopharyngeal carcinoma, neonatal
chronic lung disease, nephritis, nephrosis, neurodegenerative diseases, neurogenic | muscular
atrophies , neutropenfever, non hodgkins lymphoma, occlusion of the abdominal aorta and its
branches, occulsive arterial disorders, okt3 therapy, orchitis/epidydimitis, orchitis/vasectomy
reversal procedures, organomegaly, osteoporosis, pancreas transplant rejectiortigpancrea
carcinoma, paraneoplastic syndrome/hypercalcemia of malignancy, parathyroid transplant
rejection, pelvic inflammatory disease, perennial rhinitis, pericardial disease, peripheral
atherlosclerotic disease, peripheral vascular disorders, peritonitig;ipas anemia,
pneumocystis carinii pneumonia, pneumonia, POEMS syndrome (polyneuropathy, organomegaly,
endocrinopathy, monoclonal gammopathy, and skin changes syndrome), post perfusion syndrome,
post pump syndrome, peistl cardiotomy syndrome, preeclanipsProgressive 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 cardiorgathy, 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, sippal ataxia, spinocerebellar degenerations, streptococcal myositis, structural lesions
of the cerebellum, Subacute sclerosing panencephalitis, Syncope, syphilis of the cardiovascular
system, systemic anaphalaxis, systemic inflammatory response syndrstemisynset juvenile
rheumatoid arthritis, Tell or FAB ALL, Telangiectasia, thromboangitis obliterans,
thrombocytopenia, toxicity, transplants, trauma/hemorrhage, type Il hypersensitivity reactions,
type IV hypersensitivity, unstable angina, uremi@seipsis, urticaria, valvular heart diseases,
varicose veins, ,vasculitis, venous diseases, venous thrombosis, ventricular fibrillation, viral and
fungal infections, vital encephalitis/aseptic meningitis, wvdsdociated hemaphagocytic syndrome,
Wernicke Korsakoff syndrome, Wilson’s disease, xenograft rejection of any organ or tissue. (see
Peritt et al. PCT publication No. WO2002097048A2, Leonard et al., PCT publication No.
W09524918 Al, and Salfeld et al., PCT publication No. WO00/56772A1).

The binding poteins of the invention can be used to treat humans suffering from
autoimmune diseases, in particular those associated with inflammation, including, rheumatoid
arthritis, spondylitis, allergy, autoimmune diabetes, autoimmune uveitis.

Preferably, the bindig proteins of the invention or antigbinding portions thereof, are
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mellitus and psoriasis.
A binding protein of the invention also can be administereld ane or more additional

therapeutic agents useful in the treatment of various diseases.
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A binding proteinof the invention can be used alone or in combination to treat such
diseaseslt should be understood that the binding proteens be used alone o combination
with an additional agent, e.g., a therapeutic agent, said additional agent being selected by the
skilled artisan for its intended purpose. For example, the additional agent can be a therapeutic
agent ardrecognized as being useful to trédze disease or condition being treated by the antibody
of the present invention. The additional agent also can be an agent that imparts a beneficial
attribute to the therapeutic composition e.g., an agent which effects the viscosity of the
composition.

It should further be understood that the combinations which are to be included within this
invention are those combinations useful for their intended purpose. The agents set forth below are
illustrative for purposes and not intended to be limited. Thebamations, which are part of this
invention, can be the antibodies of the present invention and at least one additional agent selected
from the lists below. The combination can also include more than one additional agent, e.g., two
or three additional ants if the combination is such that the formed composition can perform its
intended function.

Preferred combinations to treat autoimmune and inflammatory diseases -@tenodhal
antrinflammatory drug(s) also referred to as NSAIDS which include dikgsbuprofen. Other
preferred combinations are corticosteroids including prednisolone; the well knoweffeids of
steroid use can be reduced or even eliminated by tapering the steroid dose required when treating
patients in combination with the DVIQs of this invention. Noilimiting examples of therapeutic
agents for rheumatoid arthritis with which an antibody, or antibody portion, of the invention can
be combined include the following: cytokine suppressiveiaftimmatory drug(s) (CSAIDs);
antibodies to or antagonists of other human cytokines or growth factors, for example, TNF, LT,
IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-15, IL-16, IL-18, IL-21, IL-23, interferons, EMAP
Il, GM-CSF, FGF, and PDGF. Binding proteins of the inventiomnbigen binding portions
thereof, can be combined with antibodies to cell surface molecules such as CD2, CD3, CD4, CD8,
CD25, CD28, CD30, CD40, CD45, CD69, CD80 (B7.1), CD86 (B7.2), CD90, CTLA or their
ligands including CD154 (gp39 or CD40L).

Preferred combinations of therapeutic agents may interfere at different points in the
autoimmune and subsequent inflammatory cascade; preferred examples include TNF antagonists
like chimeric, humanized or human TNF antibodies, D2E7, (PCT PublicatiowR®7/2913},

CA2 (Remicad&"), CDP 571, and soluble p55 or p75 TNF receptors, derivatives, thereof,
(p75TNFR1gG (Enbrél") or p55TNFR1gG (Lenercept), and also TdNEonverting enzyme

(TACE) inhibitors; similarly IL-1 inhibitors (Interleukinl-converting enzyme inhibitors, {LRA

etc.) may be effective for the same reason. Other preferred combinations include Interleukin 11.

Yet another preferred combination inciukley players of the autoimmune response which may act
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parallel to, dependent on or in concert with1I2 function; especially preferred are 18

antagonists including H18 antibodies or soluble 118 receptors, or H18 binding proteins. It

has been siwn that Il-:12 and 1L-:18 have overlapping but distinct functions and a combination of
antagonists to both may be most effective. Yet another preferred combination-aepteiimg
antiCD4 inhibitors. Yet other preferred combinations include antagarfishe cestimulatory
pathway CD80 (B7.1) or CD86 (B7.2) including antibodies, soluble receptors or antagonistic
ligands.

The binding proteins of the invention may also be combined with agents, such as
methotrexate, 81P, azathioprine sulphasalazine, @mezine, olsalazine
chloroquinine/hydroxychloroquine, pencillamine, aurothiomalate (intramuscular and oral),
azathioprine, cochicine, corticosteroids (oral, inhaled and local injection)2lzeteenoreceptor
agonists (salbutamol, terbutaline, salmetesathines (theophylline, aminophylline),
cromoglycate, nedocromil, ketotifen, ipratropium and oxitropium, cyclosporin, FK506, rapamycin,
mycophenolate mofetil, leflunomide, NSAIDs, for example, ibuprofen, corticosteroids such as
prednisolone, phosphodiesase inhibitors, adensosine agonists, antithrombotic agents,
complement inhibitors, adrenergic agents, agents which interfere with signalling by
proinflammatory cytokines such as T&der IL-1 (e.g. IRAK, NIK, IKK , p38 or MAP kinase
inhibitors), IL-18 converting enzyme inhibitors, TNfconverting enzyme (TACE) inhibitors; T
cell signalling inhibitors such as kinase inhibitors, metalloproteinase inhibitors, sulfasalazine,
azathioprinef-mercaptopurines, angiotensin converting enzyme inhibitors, soluble cytokine
receptors and derivatives thereof (e.g. soluble p55 or p75 TNF receptors and the derivatives
p75TNFRIgG (Enbrél and p55TNFRIgG (Lenercept)), sliRI, sIL-1RII, sIL-6R),
antiinflammatory cytokines (e.g. ¥4, IL-10, IL-11, IL-13 and TGB), celecoxib, folic acid,
hydroxychloroquine sulfate, rofecoxib, etanercept, infliximab, naproxen, valdecoxib,
sulfasalazine, methylprednisolone, meloxicam, methylprednisolone acetate, gold sodium
thiomalate, aspirin, triamcinolone acetonide, propoxypmapsylate/apap, folate, nabumetone,
diclofenac, piroxicam, etodolac, diclofenac sodium, oxaprozin, oxycodone hcl, hydrocodone
bitartrate/apap, diclofenac sodium/misoprostol, fentanyl, anakinra, human recombinant, tramadol
hcl, salsalate, sulindac, cyanbatamin/fa/pyridoxine, acetaminophen, alendronate sodium,
prednisolone, morphine sulfate, lidocaine hydrochloride, indomethacin, glucosamine
sulf/chondroitin, amitriptyline hcl, sulfadiazine, oxycodone hcl/acetaminophen, olopatadine hcl,
misoprostol, napren sodium, omeprazole, cyclophosphamide, rituximald, TRAP, MRA,
CTLA4-IG, IL-18 BP, antiL-18, AntiIL15, BIRB-796, SCIQ469, VX-702, AMG-548, VX-740,
Roflumilast, 1IG485, CDG801, and Mesopram. Preferred combinations include methotrexate or

leflunomide and in moderate or severe rheumatoid arthritis cases, cyclospaorine.
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Nonlimiting additional agents which can also be used in combination with a binding
protein to treatheumatoid arthritisnclude, but are not limited to, the following: neteroidal
antrinflammatory drug(s) (NSAIDs); cytokine suppressive @amtammatory drug(s) (CSAIDs);
CDP-571/BAY-10-3356 (humanized anfiNFo antibody; Celltech/Bayer); cA2/infliximab
(chimeric antiTNFa antibody; Centocor); 75 kdTNFRG/etanercept (75 kD TNF ceptorlgG
fusion protein; Immunex; sexg., Arthritis & Rheumatism (1994) Vol. 37, S295]. Invest. Med.
(1996) Vol. 44, 235A); 55 kdTNHGG (55 kD TNF receptelgG fusion protein; Hoffmann
LaRoche); IDEGCE9.1/SB 210396 (nedepleting primatized anrttD4 antibody;
IDEC/SmithKline; see.g., Arthritis & Rheumatism (1995) Vol.38, S185); DAB 486@L -2 and/or
DAB 389IL-2 (IL-2 fusion proteins; Seragen; seg., Arthritis & Rheumatism (1993) Vol.36,
1223); AntiTac (humanized antL -2Ra; Protein Design Labs/Roche);-4(antiinflammatory
cytokine; DNAX/Schering); IE10 (SCH 52000; recombinant-L0, antiinflammatory cytokine;
DNAX/Schering); IL-4; IL-10 and/or 11-4 agonistsd.g., agonist antibodies); HLRA (IL-1
receptor antagonis8ynergen/Amgen); anakinr&iperef /Amgen); TNF-bp/sTNF (soluble TNF
binding protein; see.g., Arthritis & Rheumatism (1996) Vol.39, No. 9 (supplement), S284;
Amer. J. Physiol. - Heart and Circulatory Physiology (1995) Vol.268, pp. 3742); R973401
(phosphodiesterase Type IV inhibitor; seg., Arthritis & Rheumatism (1996) Vol.39, No. 9
(supplement), S282); MR66 (COX2 Inhibitor; seee.g., Arthritis & Rheumatism (1996) Vol.39,
No. 9 (supplement), S81); lloprost (&g, Arthritis & Rheumatism (1996) Vol.39, No. 9
(supplement), S82); methotrexate; thalidomide ésgeArthritis & Rheumatism (1996) Vol.39,
No. 9 (supplement), S282) and thalidomidéated drugse(g., Celgen); leflunomide (anti
inflammatory and cytokine inhibitor; sea., Arthritis & Rheumatism (1996) Vol.39, No. 9
(supplement), S131nflammation Research (1996) Vol.45, pp. 103107); tranexamic acid
(inhibitor of plasminogen activation; seg., Arthritis & Rheumatism (1996) Vol.39, No. 9
(supplement), S284);-814 (cytokne inhibitor; see.g., Arthritis & Rheumatism (1996) Vol.39,
No. 9 (supplement), S282); prostaglandin E1 ésgeArthritis & Rheumatism (1996) Vol.39,
No. 9 (supplement), S282); Tenidap (rsirroidal antinflammatory drug; see.g., Arthritis &
Rheumatism (1996) Vol.39, No. 9 (supplement), S280); Naproxen (+sdaroidal anti
inflammatory drug; see.g., Neuro Report (1996) Vol.7, pp. 12091213); Meloxicam (non
steroidal antinflammatory drug); lbuprofen (nesteroidal antinflammatory drug); Rbxicam
(nonsteroidal antinflammatory drug); Diclofenac (nesteroidal antinflammatory drug);
Indomethacin (nowsteroidal antinflammatory drug); Sulfasalazine (seg., Arthritis &
Rheumatism (1996) Vol.39, No. 9 (supplement), S281); Azathioprifseee.g., Arthritis &
Rheumatism (1996) Vol.39, No. 9 (supplement), S281); ICE inhibitor (inhibitor of the enzyme
interleukin1f converting enzyme); zap0 and/or Ick inhibitor (inhibitor of the tyrosine kinase

zap70 or Ick); VEGF inhibitor and/or VEGR inhibitor (inhibitors of vascular endothelial cell
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growth factor or vascular endothelial cell growth factor receptor; inhgbdbangiogenesis);
corticosteroid antinflammatory drugse.g., SB203580); TNFconvertase inhibitors; anlli-12
antibodies; antiL-18 antibodies; interleukiil (seee.g., Arthritis & Rheumatism (1996) Vol.39,
No. 9 (supplement), S296); interleukid (seee.qg., Arthritis & Rheumatism (1996) Vol.39, No. 9
(supplement), S308); interleukith7 inhibitors (see.g., Arthritis & Rheumatism (1996) Vol.39,
No. 9 (supplement), S120); gold; penicillamine; chloroquine; chlorambucil; hydroxychloroquine;
cyclogorine; cyclophosphamide; total lymphoid irradiation; dhyimocyte globulin; antCD4
antibodies; CDBoxins; orallyadministered peptides and collagen; lobenzarit disodium; Cytokine
Regulating Agents (CRAs) HP228 and HP466 (Houghten PharmaceuticglsiGadv-1
antisense phosphorothioate olideoxynucleotides (ISIS 2302; Isis Pharmaceuticals, Inc.);
soluble complement receptor 1 (TP10; T Cell Sciences, Inc.); prednisone; orgotein;
glycosaminoglycan polysulphate; minocycline; db#R antibodies; mane and botanical lipids
(fish and plant seed fatty acids; seg, DelLucaet al. (1995)Rheum. Dis. Clin. North Am.
21:759-777); auranofin; phenylbutazone; meclofenamic acid; flufenamic acid; intravenous
immune globulin; zileuton; azaribine; mycophenaad (RS61443); tacrolimus (FK606);
sirolimus (rapamycin); amiprilose (therafectin); cladribine®rodeoxyadenosine);
methotrexate; antivirals; and immune modulating agents.
In one embodiment, the binding protein or antipérding portion thereois
administered in combination with one of the following agents for the treatment of rheumatoid
arthritis: small molecule inhibitor of KDR (ABT123), small molecule inhibitor of Ti2;
methotrexate; prednisone; celecoxib; folic acid; hydroxychloroquili@tsurofecoxib;
etanercept; infliximab; leflunomide; naproxen; valdecoxib; sulfasalazine; methylprednisolone;
ibuprofen; meloxicam; methylprednisolone acetate; gold sodium thiomalate; aspirin; azathioprine;
triamcinolone acetonide; propxyphene napsyégiap; folate; nabumetone; diclofenac; piroxicam;
etodolac; diclofenac sodium; oxaprozin; oxycodone hcl; hydrocodone bitartrate/apap; diclofenac
sodium/misoprostol; fentanyl; anakinra, human recombinant; tramadol hcl; salsalate; sulindac;
cyanocobalamin/falridoxine; acetaminophen; alendronate sodium; prednisolone; morphine
sulfate; lidocaine hydrochloride; indomethacin; glucosamine sulfate/chondroitin; cyclosporine;
amitriptyline hcl; sulfadiazine; oxycodone hcl/acetaminophen; olopatadine hcl; misoprostol;
naproxen sodium; omeprazole; mycophenolate mofetil; cyclophosphamide; rituxirdab; IL
TRAP; MRA; CTLA4-IG; IL-18 BP; ABT-874; ABT-325 (antilL 18); antiIL 15; BIRB-796;
SCIO469; VX-702; AMG-548; VX-740; Roflumilast; IC485; CDG801; and mesopram.
Nor+limiting examples of therapeutic agents for inflammatory bowel disease with which a
binding protein of the invention can be combined include the following: budenoside; epidermal
growth factor; corticosteroids; cyclosporin, sulfasalazine; aminosalicyBtesrcaptopurine;

azathioprine; metronidazole; lipoxygenase inhibitors; mesalamine; olsalazine; balsalazide;
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antioxidants; thromboxane inhibitors;-ILreceptor antagonists; adfiti-13 monoclonal

antibodies; antlL-6 monoclonal antibodies; growth factpedastase inhibitors; pyridinyl

imidazole compounds; antibodies to or antagonists of other human cytokines or growth factors,
for example, TNF, LT, IE1, IL-2, IL-6, IL-7, IL-8, IL-15, IL-16, IL-17, IL-18, EMARII, GM-

CSF, FGF, and PDGF. Antibodies bétinvention, or antigen binding portions thereof, can be
combined with antibodies to cell surface molecules such as CD2, CD3, CD4, CD8, CD25, CD28,
CD30, CD40, CD45, CD69, CD90 or their ligands. The antibodies of the invention, or antigen
binding portiors thereof, may also be combined with agents, such as methotrexate, cyclosporin,
FK506, rapamycin, mycophenolate mofetil, leflunomide, NSAIDs, for example, ibuprofen,
corticosteroids such as prednisolone, phosphodiesterase inhibitors, adenosine agonists,
artithrombotic agents, complement inhibitors, adrenergic agents, agents which interfere with
signalling by proinflammatory cytokines such as oi\df IL-1 (e.g. IRAK, NIK, IKK, p38 or

MAP kinase inhibitors), IE1 converting enzyme inhibitors, TNfconverting enzyme inhibitors,
T-cell signalling inhibitors such as kinase inhibitors, metalloproteinase inhibitors, sulfasalazine,
azathioprine, @nercatopurines, angiotensin converting enzyme inhibitors, soluble cytokine
receptors and derivatives thereof (e.g. soluble p55 or p75 TNF recepteifIshIL-1RII, sIL-

6R) and antiinflammatory cytokines (e.g-4..IL-10, IL-11, IL-13 and TGB).

Preferredexamples of therapeutic agents for Crohn’s disease in which a binding protein
can be combined include the following: TNF antagonists, for exampleT BRtiantibodies, D2E7
(PCT Publication NoWO 97/29131; HUMIRA, CA2 (REMICADE), CDP 571, TNFRy
constriets, (p75TNFRIgG (ENBREL) and p55TNFRIgGGENERCEPT) inhibitors and PDE4
inhibitors. Antibodies of the invention, or antigen binding portions thereof, can be combined with
corticosteroids, for example, budenoside and dexamethasone. Binding protessweéntion or
antigen binding portions thereof, may also be combined with agents such as sulfasalazine, 5
aminosalicylic acid and olsalazine, and agents which interfere with synthesis or action of
proinflammatory cytokines such as-1., for example, IE13 converting enzyme inhibitors and-IL
lra. Antibodies of the invention or antigen binding portion thereof may also be used with T cell
signaling inhibitors, for example, tyrosine kinase inhibitoradrcaptopurines. Binding proteins
of the invention, oantigen binding portions thereof, can be combined with1LBinding
proteins of the invention, or antigen binding portions thereof, can be combinechegiiamine,
prednisone, azathioprine, mercaptopurine, infliximab, methylprednisolone sodium syccinate
diphenoxylate/atrop sulfate, loperamide hydrochloride, methotrexate, omeprazole, folate,
ciprofloxacin/dextrosavater, hydrocodone bitartrate/apap, tetracycline hydrochloride,
fluocinonide, metronidazole, thimerosal/boric acid, cholestyramine/sucrpseflaxacin

hydrochloride, hyoscyamine sulfate, meperidine hydrochloride, midazolam hydrochloride,
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oxycodone hcl/acetaminophen, promethazine hydrochloride, sodium phosphate,
sulfamethoxazole/trimethoprim, celecoxib, polycarbophil, propoxyphene napsylate,
hydrocortisone, multivitamins, balsalazide disodium, codeine phosphate/apap, colesevelam hcl,
cyanocobalamin, folic acid, levofloxacin, methylprednisolone, natalizumab and integi@mmna

Nor+limiting examples of therapeutic agents for multiple sclerogis which binding
proteinsof the invention can be combined include the following: corticosteroids; prednisolone;
methylprednisolone; azathioprine; cyclophosphamide; cyclosporine; methotrexate; 4
aminopyridine; tizanidine; interferefpla AVONEX; Biogen);interferonf31b BETASERON
Chiron/Berlex); interferom-n3) (Interferon Sciences/Fujimoto), interferar{Alfa
Wassermann/J&J), interfer@diA-IF (Serono/Inhale Therapeutics), Peginterfexdzb
(Enzon/ScheringPlough), Copolymer 1 (Cep; COPAXONE Teva Piarmaceutical Industries,

Inc.); hyperbaric oxygen; intravenous immunoglobulin; clabribine; antibodies to or antagonists of
other human cytokines or growth factors and their receptors, for example, TNF-LTILH2,

IL-6, IL-7, IL-8, IL-23, IL-15, IL-16, IL-18, EMARII, GM-CSF, FGF, and PDGRinding

proteinsof the invention can be combined with antibodies to cell surface molecules such as CD2,
CD3, CD4, CD8, CD19, CD20, CD25, CD28, CD30, CD40, CD45, CD69, CD80, CD86, CD90 or
their ligands.Binding poteinsof the invention, may also be combined with agents, such as
methotrexate, cyclosporine, FK506, rapamycin, mycophenolate mofetil, leflunomide, NSAIDs, for
example, ibuprofen, corticosteroids such as prednisolone, phosphodiesterase inhibitors,
adensoime agonists, antithrombotic agents, complement inhibitors, adrenergic agents, agents
which interfere with signalling by proinflammatory cytokines such asda’ biFL-1 (e.g. IRAK,

NIK, IKK, p38 or MAP kinase inhibitors), K1 converting enzyme inhibitors, TACE inhibitors,
T-cell signaling inhibitors such as kinase inhibitors, metalloproteinase inhibitors, sulfasalazine,
azathioprine, @nercaptopurines, angiatsin converting enzyme inhibitors, soluble cytokine
receptors and derivatives thereof (e.g. soluble p55 or p75 TNF recepteifIshIL-1RII, sIL-

6R) and antiinflammatory cytokines (e.g-4.-IL-10, IL-13 and TGB).

Preferred examples of therapeutieats for multiple sclerosis in whidsinding proteins
of the invention can be combined tinclude interfegorior example, IFl§1a and IFN31b;
copaxone, corticosteroids, caspase inhibitors, for example inhibitors of cdspaskinhibitors,

TNF inhibitors, and antibodies to CD40 ligand and CD8O0.

Thebinding protein®f the invention, may also be combined with agents, such as
alemtuzumab, dronabinol, Unimed, daclizumab, mitoxantrone, xaliproden hydrochloride,
fampridine, glatiramer acetate, natalizumabnabidol, aimmunokine NNSO3, ABRR15062,
AnergiX.MS, chemokine receptor antagonists, BBR'8, calagualine, CRI189, LEM (liposome

encapsulated mitoxantrone), THC.CBD (cannabinoid agonist)-BIE, mesopram (PDE4
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inhibitor), MNA-715, antilL -6 receptoiantibody, neurovax, pirfenidone allotrap 1258 (RDP
1258), sTNFR1, talampanel, teriflunomide, T@#eta2, tiplimotide, VLA4 antagonists (for
example, TR14035, VLA4 Ultrahaler, AntegraBLAN/Biogen), interferon gamma antagonists,
IL-4 agonists.

Nor+limiting examples of therapeutic agents Amginawith which binding proteinf
the invention can be combined include the followiagpirin, nitroglycerin, isosorbide
mononitrate, metoprolol succinate, atenolol, metoprolol tartrate, amlodipine besylateewufiltia
hydrochloride, isosorbide dinitrate, clopidogrel bisulfate, nifedipine, atorvastatin calcium,
potassium chloride, furosemide, simvastatin, verapamil hcl, digoxin, propranolol hydrochloride,
carvedilol, lisinopril, spironolactone, hydrochlorothiazidealkpril maleate, nadolol, ramipril,
enoxaparin sodium, heparin sodium, valsartan, sotalol hydrochloride, fenofibrate, ezetimibe,
bumetanide, losartan potassium, lisinopril/hydrochlorothiazide, felodipine, captopril, bisoprolol
fumarate.

Nor+limiting exampes of therapeutic agents for Ankylosing Spondylitih which
binding protein®f the invention can be combined include the followibgprofen, diclofenac
and misoprostol, naproxen, meloxicam, indomethacin, diclofenac, celecoxib, rofecoxib,
Sulfasalazie, Methotrexate, azathioprine, minocyclin, prednisone, etanercept, infliximab.

Nor+limiting examples of therapeutic agents Asthmawith which binding proteinof
the invention can be combined include the followiallputerol, salmeterol/fluticasone,
montelukast sodium, fluticasone propionate, budesonide, prednisone, salmeterol xinafoate,
levalbuterol hcl, albuterol sulfate/ipratropium, prednisolone sodium phosphate, triamcinolone
acetonide, beclomethasone dipropionate, ipratropium bromide, azithromiyburterol acetate,
prednisolone, theophylline anhydrous, methylprednisolone sodium succinate, clarithromycin,
zafirlukast, formoterol fumarate, influenza virus vaccine, methylprednisolone, amoxicillin
trinydrate, flunisolide, allergy injection, cromolgodium, fexofenadine hydrochloride,
flunisolide/menthol, amoxicillin/clavulanate, levofloxacin, inhaler assist device, guaifenesin,
dexamethasone sodium phosphate, moxifloxacin hcl, doxycycline hyclate, guaifenesin/d
methorphan, f&phedrine/cod/chlorphenigatifloxacin, cetirizine hydrochloride, mometasone
furoate, salmeterol xinafoate, benzonatate, cephalexin, pe/hydrocodone/chlorphenir, cetirizine
hcl/pseudoephed, phenylephrine/cod/promethazine, codeine/promethazine, cefprozil,
dexamethasone, guaifendgiseudoephedrine, chlorpheniramine/hydrocodone, nedocromil
sodium, terbutaline sulfate, epinephrine, methylprednisolone, metaproterenol sulfate.

Nor+limiting examples of therapeutic agents for COPD with wiiictding proteinf the
invention can be combéd include the followingalbuterol sulfate/ipratropium, ipratropium
bromide, salmeterol/fluticasone, albuterol, salmeterol xinafoate, fluticasone propionate,

prednisone, theophylline anhydrous, methylprednisolone sodium succinate, montelukast sodium,
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budesonide, formoterol fumarate, triamcinolone acetonide, levofloxacin, guaifenesin,

azithromycin, beclomethasone dipropionate, levalbuterol hcl, flunisolide, ceftriaxone sodium,
amoxicillin trinydrate, gatifloxacin, zafirlukast, amoxicillin/clavulanate, feolide/menthol,
chlorpheniramine/hydrocodone, metaproterenol sulfate, methylprednisolone, mometasone furoate,
p-ephedrine/cod/chlorphenir, pirbuterol acetateppedrine/loratadine, terbutaline sulfate,

tiotropium bromide, (R,Rjormoterol, TJAAT, Cilomikst, Roflumilast.

Nor+limiting examples of therapeutic agents for H@ith which binding proteinf the
invention can be combined include the followiigerferonalpha2a, Interferoralpha2b,
Interferonalpha conl, Interferealphanl, Pegylated integfonralpha2a, Pegylated interferen
alpha2b, ribavirin, Peginterferon alab + ribavirin, Ursodeoxycholic Acid, Glycyrrhizic Acid,
Thymalfasin, Maxamine, VX497 and ay compounds that are used to treat HCV through
intervention with the following targetdCV polymerase, HCV protease, HCV helicase, HCV
IRES (internal ribosome entry site).

Non-limiting examples of therapeutic agents diopathic Pulmonary Fibrosisith
which binding protein®f the invention can be combined include the followimgdnisoe,
azathioprine, albuterol, colchicine, albuterol sulfate, digoxin, gamma interferon,
methylprednisolone sod succ, lorazepam, furosemide, lisinopril, nitroglycerin, spironolactone,
cyclophosphamide, ipratropium bromide, actinomycin d, alteplase, flutiegsopionate,
levofloxacin, metaproterenol sulfate, morphine sulfate, oxycodone hcl, potassium chloride,
triamcinolone acetonide, tacrolimus anhydrous, calcium, inteHalima, methotrexate,
mycophenolate mofetil, Interferegammalp.

Nor+limiting exampés of therapeutic agents fidlyocardial Infarctiorwith which
binding protein®f the invention can be combined include the followimsgpirin, nitroglycerin,
metoprolol tartrate, enoxaparin sodium, heparin sodium, clopidogrel bisulfate, carvedilol,
atenobl, morphine sulfate, metoprolol succinate, warfarin sodium, lisinopril, isosorbide
mononitrate, digoxin, furosemide, simvastatin, ramipril, tenecteplase, enalapril maleate,
torsemide, retavase, losartan potassium, quinapril hcl/mag carb, bumetanidzsalepalaprilat,
amiodarone hydrochloride, tirofiban hctmydrate, diltiazem hydrochloride, captopril, irbesartan,
valsartan, propranolol hydrochloride, fosinopril sodium, lidocaine hydrochloride, eptifibatide,
cefazolin sodium, atropine sulfate, amiapmic acid, spironolactone, interferon, sotalol
hydrochloride, potassium chloride, docusate sodium, dobutamine hcl, alprazolam, pravastatin
sodium, atorvastatin calcium, midazolam hydrochloride, meperidine hydrochloride, isosorbide
dinitrate, epinephrineJopamine hydrochloride, bivalirudin, rosuvastatin, ezetimibe/simvastatin,
avasimibe, cariporide.

Nor+limiting examples of therapeutic agents for Psoriasgils which binding protein®f

the invention can be combined include the followisigall moleculenhibitor of KDR (ABT-
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123), small molecule inhibitor of T2, calcipotriene, clobetasol propionate, triamcinolone
acetonide, halobetasol propionate, tazarotene, methotrexate, fluocinonide, betamethasone diprop
augmented, fluocinolone acetonide, acitretin,shampoo, betamethasone valerate, mometasone
furoate, ketoconazole, pramoxine/fluocinolone, hydrocortisone valerate, flurandrenolide, urea,
betamethasone, clobetasol propionate/emoll, fluticasone propionate, azithromycin,
hydrocortisone, moisturizing foula, folic acid, desonide, pimecrolimus, coal tar, diflorasone
diacetate, etanercept folate, lactic acid, methoxsalen, hc/bismuth subgal/znox/resor,
methylprednisolone acetate, prednisone, sunscreen, halcinonide, salicylic acid, anthralin,
clocortolone pralate, coal extract, coal tar/salicylic acid, coal tar/salicylic acid/sulfur,
desoximetasone, diazepam, emollient, fluocinonide/emollient, mineral oil/castor oil/na lact,
mineral oil/peanut oil, petroleum/isopropyl myristate, psoralen, salicylic a@g/tsdbromsalan,
thimerosal/boric acid, celecoxib, infliximab, cyclosporine, alefacept, efalizumab, tacrolimus,
pimecrolimus, PUVA, UVB, sulfasalazine.

Non-limiting examples of therapeutic agents for Psoriatic Arthwits which binding
proteinsof the nvention can be combined include the followingethotrexate, etanercept,
rofecoxib, celecoxib, folic acid, sulfasalazine, naproxen, leflunomide, methylprednisolone acetate,
indomethacin, hydroxychloroquine sulfate, prednisone, sulindac, betamethasompe dipr
augmented, infliximab, methotrexate, folate, triamcinolone acetonide, diclofenac,
dimethylsulfoxide, piroxicam, diclofenac sodium, ketoprofen, meloxicam, methylprednisolone,
nabumetone, tolmetin sodium, calcipotriene, cyclosporine, diclofenac sodiupfosol,
fluocinonide, glucosamine sulfate, gold sodium thiomalate, hydrocodone bitartrate/apap,
ibuprofen, risedronate sodium, sulfadiazine, thioguanine, valdecoxib, alefacept, efalizumab.

Nor+limiting examples of therapeutic agents for Restenosis whiktvbinding proteins
of the invention can be combined include the followsigolimus, paclitaxel, everolimus,
tacrolimus, ABF578, acetaminophen.

Nor+limiting examples of therapeutic agents for Sciatica with whickling protein®of
the invention came combined include the followingydrocodone bitartrate/apap, rofecoxib,
cyclobenzaprine hcl, methylprednisolone, naproxen, ibuprofen, oxycodone hcl/acetaminophen,
celecoxib, valdecoxib, methylprednisolone acetate, prednisone, codeine phosphatefapdpl tra
hcl/acetaminophen, metaxalone, meloxicam, methocarbamol, lidocaine hydrochloride, diclofenac
sodium, gabapentin, dexamethasone, carisoprodol, ketorolac tromethamine, indomethacin,
acetaminophen, diazepam, nabumetone, oxycodone hcl, tizanidinecluferic
sodium/misoprostol, propoxyphene napsylate/apap, asa/oxycod/oxycodone ter,
ibuprofen/hydrocodone bit, tramadol hcl, etodolac, propoxyphene hcl, amitriptyline hcl,
carisoprodol/codeine phos/asa, morphine sulfate, multivitamins, naproxen sodibhemaupne

citrate, temazepam.
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Preferred examples of therapeutic agents for SLE (Lupus) in Wwimndmg protein®f the
invention can be combined include the following: NSAIDS, for example, diclofenac, naproxen,
ibuprofen, piroxicam, indomethacin; COX2 ihhors, for example, Celecoxib, rofecoxib,
valdecoxib; antmalarials, for example, hydroxychloroquine; Steroids, for example, prednisone,
prednisolone, budenoside, dexamethasone; Cytotoxics, for example, azathioprine,
cyclophosphamide, mycophenolate ntibfenethotrexate; inhibitors of PDE4 or purine synthesis
inhibitor, for example CellceptBinding proteinsf the invention, may also be combined with
agents such as sulfasalazingrbinosalicylic acid, olsalazine, Imuran and agents which interfere
with synthesis, production or action of proinflammatory cytokines such-asftir example,
caspase inhibitors like HLB converting enzyme inhibitors and-llra. Binding proteinof the
invention may also be used with T cell signaling inhibitors, for exantptosine kinase
inhibitors; or molecules that target T cell activation molecules, for example, &ig& or anti
B7 family antibodies, arPD-1 family antibodies.Binding proteinsof the invention, can be
combined with I1l-11 or anticytokine antibod#s, for example, fonotolizumab (aiffEiNg
antibody), or antreceptor receptor antibodies, for example,-dntb receptor antibody and
antibodies to Bcell surface molecules. Antibodies of the invention or antigen binding portion
thereof may also be usedth LIP 394 (abetimus), agents that deplete or inactivatellB, for
example, Rituximab (ant€D20 antibody), lymphostd® (antiBlyS antibody), TNF antagonists,
for example, andiTNF antibodies, D2E7 (PCT Publication NWO 97/29131; HUMIRA, CA2
(REMICADE), CDP 571, TNFRg constructs, (p75TNFRIgG (ENBRE&Nd p55TNFRIgG
(LENERCEPT).

The pharmaceutical compositions of the invention may include a "therapeutically
effective amount” or a "prophylactically effective amount” of a binding protein of tlemiion.

A "therapeutically effective amount” refers to an amount effective, at dosages and for periods of
time necessary, to achieve the desired therapeutic result. A therapeutically effective amount of the
binding protein may be determined by a perdoltes! in the art and may vary according to factors
such as the disease state, age, sex, and weight of the individual, and the ability of the binding
protein to elicit a desired response in the individual. A therapeutically effective amount is also
one inwhich any toxic or detrimental effects of the antibody, or antibody portion, are outweighed
by the therapeutically beneficial effects. A "prophylactically effective amount" refers to an
amount effective, at dosages and for periods of time necessachi¢vathe desired prophylactic
result. Typically, since a prophylactic dose is used in subjects prior to or at an earlier stage of
disease, the prophylactically effective amount will be less than the therapeutically effective
amount.

Dosage regimens mae adjusted to provide the optimum desired respange &

therapeutic or prophylactic response). For example, a single bolus may be administered, several
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divided doses may be administered over time or the dose may be proportionally reduced or
increasd as indicated by the exigencies of the therapeutic situation. It is especially advantageous
to formulate parenteral compositions in dosage unit form for ease of administration and uniformity
of dosage. Dosage unit form as used herein refers to physigadrete units suited as unitary
dosages for the mammalian subjects to be treated; each unit containing a predetermined quantity
of active compound calculated to produce the desired therapeutic effect in association with the
required pharmaceutical cari The specification for the dosage unit forms of the invention are
dictated by and directly dependent on (a) the unique characteristics of the active compound and
the particular therapeutic or prophylactic effect to be achieved, and (b) the limiiatiensnt in

the art of compounding such an active compound for the treatment of sensitivity in individuals.

An exemplary, nodimiting range for a therapeutically or prophylactically effective
amount of an binding protein of the invention is-2dlmg/kg,more preferably 110 mg/kg. Itis
to be noted that dosage values may vary with the type and severity of the condition to be
alleviated. It is to be further understood that for any particular subject, specific dosage regimens
should be adjusted over timecording to the individual need and the professional judgment of
the person administering or supervising the administration of the compositions, and that dosage
ranges set forth herein are exemplary only and are not intended to limit the scope or @irttatice
claimed composition.

It will be readily apparent to those skilled in the art that other suitable modifications and
adaptations of the methods of the invention described herein are obvious and may be made using
suitable equivalents without depadifrom the scope of the invention or the embodiments
disclosed herein. Having now described the present invention in detail, the same will be more
clearly understood by reference to the following examples, which are included for purposes of

illustrationonly and are not intended to be limiting of the invention.

Examples
Example 1: Generation of dual variable domain immunoglobulin (DVDIg)

The dual variable domain immunoglobulin (DM®) molecule is designed such that two
different light chain variableamains (VL) from the two different parent mAbs 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

domaing(VH) linked in tandem, followed by the constant domain CH1 and Fc reBigrif).

Example 1.1:Generation of murine monoclonal antibodies to Il-:1a and IL-18
Monoclonal Antibodies to Itla and IL-13 were generated as follows using Hybridoma

technology well known in the art.
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Example 1.1.A: Immunization of mice

Purified recombinant human 4lo and murine 13 (R&D Systems) were used as
immunogens agell as coating antigens in titer assays and screening ELISA. Immunizing
dosages ranged from 5.0 to 2Qgmouse/injection for all antigens for both primary and boost
immunizations. ImmunEasy adjuvant was purchased from Qiagen (Waltham, MA) and used at
Adjuvant /antigen ratio of 20ml ImmunEasy adjuvant per 1€ &ntigen. Each group of animals
to be immunized contained 5-lla3 KO mice obtained from Dr. Yoichiro Iwakura (University of
Tokyo, Minateku, Tokyo, Japan). The mice were immunized accordirapsing schedule
described below. MRG cells were purchased from ATCC (Manassas, VA) and used-fbr IL
bioassay. Human H8 ELISA kits and control mouse aftiL-1o. andf antibodies (MAB200 and
MAB201) were purchased from R&D Systems (Minneapolis, MN).

Briefly, adjuvantantigen mixture was prepared by first gently mixing the adjuvant in a
vial using a vortex. The desired amount of adjuvant was removed from the vial and put into an
autoclaved 1.5mL microcentrifuge tube. The antigen was prepared inrBSne with
concentration ranging from 6B0 mg/ml. The calculated amount of antigen was then added to
the microcentrifuge tube with the adjuvant and the solution was mixed by gently pipetting up and
down 5 times. The adjuvaantigen mixture was gubated at room temperature for 15 min and
then mixed again by gently pipetting up and down 5 times. The adjaatigen solution was
drawn into the proper syringe for animal injection. A total-@0q.g of antigen was injected in a
volume of 56100ul. Each animal was immunized, and then boosted 2 to 3 times depending on
the titer. Animals with good titers were given a final intravenous boost before fusion and
generation of hybridomas.

Example 1.1.B: Screening Hybridomas:

Hybridomas, generated as debed above, were screened and antibody titer determined
using ELISA: Protein antigens were directly coated on ELISA plates for detecting the specific
antibodies using standard ELISA procedures. Briefly, ELISA plates were coated withdf00
either rhil-1a or rhiL-1f (1.0 ug/ml in PBS) overnight at°€. Plates were washed 3 times with
250ul PBS/0.5%Tweesn and blocked with 20@ blocking buffer (2% BSA in PBS with
0.5%Tweeny). Diluted sera or hybridoma supernatant (dP@as addeda each well, and
incubated at room temperature for 2 hrs. Plates were then washed 3 times with
PBS/0.5%Tween, HRRgoat antimurine IgG was used for detection, and binding ODs were
observed at 450nm. Hybridoma clones producing antibodies that showesphigific binding
activity in the ELISA were subcloned and purified, and affinity (Biacore) and potency {MMRC

bioassay) of the antibodies were characterized as follows.
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Example 1.1.C: Characterization of murine monoclonal antibodies to IL-1a and IL-1f:
The following assays were used to characterize the antibodies produced by the
hybridomas described in example 1.1.B.
Example 1.1.C.1: Surface plasmon resonance:
Realtime binding interactions between captured antibody (mouseratitl antibody

captured on a biosensor matrix via goat-amiuse 1gG) and rmH1 were measured by surface

plasmon resonance (SPR) using the BlAcore system (Biacore AB, Uppsala, Sweden) according to
PDOQXIDFWXUHUYYVY LQVWUXFWLRQV D QiGvag Wineg (d BIBSFuis ik FHG XU +

buffer (Biacore AB) and 5Ql aliquots were injected through the immobilized protein matrices at
a flow rate of 5 ml/min. The concentrations of rhiL1 employed were 62.5, 125, 187.5, 250, 375,
500, 750, 1000, 1500 and 2000 nM. To determine the dissociation constaatépfassoaition
constant (ofrate), BIAcore kinetic evaluation software (version 3.1) was used.

Example 1.1.C.2: Anti-IL -1 bioassay:

The MRGS5 cell line is a human lung fibroblast cell line that produce8 ih response to
human IL-1a and IL-1B in a dosedependenmanner (see Dinarello, C. A., K. Muegge, and S. K.
Durum. 2000. Current Protocols in Immunology 6:1). MREells were cultured in 10% FBS
complete MEM and grown at 37 C in a 5% &i@cubator. To determine neutralizing potencies of
the mAbs against reatbinant human Itla or IL-1f, different concentrations {00ug/ml) of
mAb (5Qul) was added to a 9&ell plate and préncubated with 501 of rhiL-1a or rhil-1b (16
50 pg/ml) for 1hr at 37 C. The supernatants were harvested, diluted, @cbihcentrations
measured by ELIS using a standard B8 ELISA kit (R&D Systems). Antibody potency was
determined by its ability to inhibit H8 production by MRS cells.

Based on Biacore and MR&bioassay, a number of murine amili-1a and anthiL-1b
antibodies with high affinityand potency were identified, as shown in Table 1 below:

Table 1. Generation and characterization of murine anthlL -1a/b mAbs.

mAb Clone#  Specificity Ko (M) ICs0 (M)
3D12.E3 hiL-1o 1.11E09 6.70E10
18F4.2C8 hiL-1o 5.78E10 8.90E11
6H3.1A4.3E1! hiL-1o 3.54E10 2.40E10
13F5.G5 hiL-1p 2.91E10 6.00E10
1B12.4H4 hiL-1p 2.13E10 5.30E10
6B12.4F6 hiL-1p 5.54E10 3.20E10
Example 1.1.D: Cloning and sequencing of the murine montmnal antibodies to IL-1a and
IL-1B:

Cloning and sequencing of the variable heavy (VH) and light (VL) genes of alLanti
1a/b mAbs described in Table 1 and additional antibodies were carried out after isolation and
purification of the total RNA from theach hybridoma cell line using Trizol reagent (Invitrogen)
DFFRUGLQJ WR WKH PDQXIDFWXUHUYV LQVWUXFWLRQV
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RXW XVLQJ WKH ,J*9+ DQG ,J 9/ ROLJRBEiKeErGet NavhagerdV TURP WKH
Madison, WI) with Onetube RFPCR kit (Qiagen) as suggested by the manufacturer. DNA
fragments resulting from productive amplifications were cloned into-pORO vector

,QYLWURJHQ DFFRUGLQJ WR WKH PDQXIDFWXUHUTV LQVWUXF
sequened by the dideoxy chain termination method using an ABI 3000 sequencer (Applied
Biosystems, Foster City, CA). The sequences of all mAb VL and VH genes are shown below in
Table 2.

TABLE 2: Murine monoclonal antibodies capable of binding humatdlor IL-18

Protein Sequence Identifier Sequence
12345678901234567890

QIQLVOSGPELKKPGETVKI
SCKASGYTFRNYGMNWVKQA
PGKDLKRMAWINTYTGESTY
VH 3D12.E3 SEQ ID NO.:1 ADDFKGRFAFSLETSASTAY
LOINNLKNEDTATYFCARGI
YYYGSSYAMDYWGQGTSVTV
SS

NIOMTQTTSSLSASLGDRVT
ISCRASQDISNCLNWYQOKP
DGTVKLLIYYTSRLHSGVPS
. RFSGSGSGTDYSLTISNLEQ
SEQ ID NO.:2
VL 3D12.E3 Q EDIATYFCQQGKTLPYAFGG
GTKLEINR

EVOLOOSGAELVKPGASVKL
SCTASGLNIKDTYMHWLKOR
PEQGLEWIGRIDPANGNAKY
VH 18F4.2C8 SEQ ID NO.:3 DPREFLGKATITADTSSNTAY
LOLSSLTSEDTAVYYCARGD
GNFHFDYWGQGTTLTVSS

DIVMTQSQREMSTSVGDRVS
VICKASONVGTNIAWYQQKP
GQOSPRALIYSASYRYSGVPD
SEQ ID NO.:4 RFTGSGSGTDEFTLTISNVQS
VDLAEYFCQQYTRYPLTFEGG
GTKLEIKR

VL 18F4.2C8

OVOLOOPGAELVRPGASVKL
SCKASGYTFTTYWMNWVKQR
PEQGLEWIGRIDPYDSETLY
SEQ ID NO.:5 SQKFKDTAILTVDKSSSTAY
MOLSSLTSEDSAVYYCARYG
FDYWGQGTTLTVSS

VH 6H3.1A4.3E11
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Protein

Sequence Identifier

Sequence
12345678901234567890

VL 6H3.1A4.3E11

SEQ ID NO.:6

QIVLTQSPALMSASPGEKVT
MTCSASSSVNYMYWYQQKPR
SSPKPWIYLTSNLASGVPAR
FSGSGSGTSYSLTISSMEAE
DAATYYCQQWNSNPYTEGGG
TKLEMKR

VH 13F5.G5

SEQ ID NO.:7

QVOLOOSGAELVRPGSSVKI
SCKASGYAFSSYWMNWVKQR
PGOGLEWIGQIYPGDGDTNY
NGKFKGKATLTADKSSSTSY
MOLSGLTSEDSAMYFCVREP
TGNDYYAMDYWGQGTSVTVS
S

VL 13F5.G5

SEQ ID NO.:8

NIVLTQSPASLAVSLGQORAT
ISCRASESVDSYGNSYMHWY
QOKPGOPPKLLIYLASNLES
GVPARFSGSGSRTDFTLTID
PVEADDAATYYCQQONNEDPF
TFGSGTKLEIKR

VH 1B124H4

SEQ ID NO.:9

QVHLKESGPGLVAPSQSLSI
TCTVSGEFSLTDYGVSWIRQP
PGKGLEWLGLIWGGGDTYYN
SPLKSRLSIRKDNSKSQVEL
KMNSLOTDDTAVYYCAKQRT
LWGYDLYGMDYWGQGTSVTV
SS

VL 1B12.4H4

SEQ ID NO.:10

ETTVTQSPASLSMAIGEKVT
IRCITSTDIDVDMNWYQQKP
GEPPKLLISQGNTLRPGVPS
RFSSSGSGTDEVFIIENMLS
EDVADYYCLQSDNLPLTFEFGA
GTKLELKR

VH 6B12.4F6

SEQ ID NO.:11

EVOLOOSGPELVKTGTSVKI
SCKASGYSFTGYYMHWVRQS
HGKSLEWIGYISCYNGFEFTSY
NPKFKGKATFTVDTSSSTAY
IQFSRLTSEDSAVYYCARSD
YYGTNDYWGQGTTLTVSS

VL 6B12.4F6

SEQ ID NO.:12

QIVLTQSPAIMSASPGEKVT
ITCSASSSVSYMHWEFQOKPG
ASPKLWIYSTSNLASGVPAR
FSGSGSGTSYSLTVSRMEAE
DAATYYCQQRSTYPYTFEGGG
TKLETIKR

Example 1.2:Generation and characterization of murinehuman chimeric antibodies
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All mAbs described above were converted to chimeric (with human constant region) and
expressed, piued, and characterized to confirm activity and will be used as controls for
subsequent DVBg analysis. To convert 3D12.E3 into chimeric form, 3D12E3was PCR
amplified using primers P1 and P2; meanwhile human Ck gene (in pBOS vector generated in
houwse at ABC) was amplified using primers P3 and P4. Both PCR reactions were performed
according to standard PCR techniques and procedures. The two PCR products-pernéest|
and used together as overlapping template for the subsequent overlappingae@éh using
primers P1 and P4 using standard PCR conditions. The final PCR product, the chimeric light
chain 3D12.E3/L-hCk, was subcloned into pEF6 TOPO mammalian expression vector

,QYLWURJIHQ E\ 7232 FORQLQJ DFFRUGGuQr@.J Tébke Vghots B Q X ID F V
3&5 SULPHUVY VHTXHQFHYV

Table 3

PL $7* *7* 7&& $&$ *&7 &$* 77& & 1 SEQ ID NO. 13
P2: f *& $*& &$& &*7 $&* &&* *T77 7$7 77& &$* | SEQID NO. 14
P3: f &*7 $&* *7* *&7 *&$ &&S$ 78&7 *7& SEQ ID NO. 15
P4a: 1 7&% $&9$ &&& &&7 *77 *$$ *& SEQ ID NO. 16

To convert 3D12.E3 heavy chain into chimeric form, 3D12E8was PCR amplified
using primers P5 and P6; meanwhile humad Gene (in pBOS vector generatedhimuse at
ABC) was amplified using primers P7 and P8. Both PCR reactions were performed according to
standard PCR techniques and procedures. The two PCR products weueifged, and used
together as overlapping tefafe for the subsequent overlapping PCR reaction using primers P5
and P8 using standard PCR conditions. The final PCR product, the chimeric light chain 3D12.E3
VH-hCyl, was subcloned into pcDNA3.1 TOPO mammalian expression vector (Invitrogen)
accordingtoWKH PDQXIDFWXUHUfV LQVWUXFWLRQV 7TDEOH VKRZV
Table 4:

P5: 1 $7* *&7 7** *7* 7** $&& 77* & SEQ ID NO. 17
P6:  *** &&& T7TT7* *7& *$& *&7 *$* *$* $&* *7* $&7| SEQ ID NO. 18
P7: T *&* 7&* $&& $$* **& &&I & ET7&7& SEQ ID NO. 19
P8: 9§ 7& $77 7%$& &&* *$* $&$ *** $*$ **& SEQ ID NO. 20

Similarly, chimeric 13F5.G%H-Cyl was generated using primers P21/P22 (for VH) and
P7/P8 (for h@l) and cloned into pcDNA3.1 TOPO vecter, and chimeric 13F¥.G&« was
generated using primers P23/P24 (for VL) and P3f&4Ck) and cloned into pEF6 TOPO vector.
Table 5 showsthe PCRULPHUVY VHTXHQFHV
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Table 5:

P21: 9 $79% *$$ 7** $*& 7** *77 77& &7& SEQ ID NO. 21
P22:  *** &&& TT7* *7& *$& *& 7*$ **$ *$& **7 *$& | SEQ ID NO. 22
P23: § $7* *7& &7& $7* 7&& 77* &7* 77& SEQ ID NO. 23
P24: f *& $*& &$& &*7 $&* R&ISTTI7& &$* &77 7* 9 SEQ ID NO. 24

To express chimeric Abs, 13F5.8/% -Ck and 13F5.G5/H-Cyl were ceexpressed in
COS using Lipofectamin (Invitrogen) for 72hr, and the medium collected and IgG purified by
Protein A chromatography. Similarly, 13F5.8%-Ck and 13F5.G5/H-Cyl were ceexpressed
in COS using Lipofectamin (Invitr@m) for 72hr, and the medium collected and 1gG purified by
Protein A chromatography. Both purified chimeric Abs were characterized by Biacore and MRC
5 bioassay to confirm activity. The results showed that these chimeric Abs displayed similar

affinity and potency to that of the original murine mAbs.

Example 1.3:  Construction, expression, and purification of IL-1a/p dual variable domain
immunoglobulin (DVD-Ig)

The construct used to generate D{Pcapable of binding hikla and hil-1f is
illustrated inFig.1B. Briefly, parent mAbs including two high affinity murine Abs, anli—1o
(clone 3D12.E3) and anfilL-1f (clone 13F5.G5), were obtained by immunizing Balb/c mice
with recombinant IE1a protein (rhil-1o) and recombinant K1 protein (rhil-18),
respectively. The VL/VH genes of these two hybridoma clones were isolatedBZRTsing
the mouse Ig Primer KilNovagen, Madison, WI). The VL/VH genes were first converted into
chimeric antibodies (with human constant regions) to confirm activity and potency. To generate
DVD1-lg, the VH and VL of 13F5.G5 was directly fused to théehninus of the VH and VL of
3D12.E3, respectively (as shown in Fig.1B). The DVID2vas constructed similarly, except that
it had a linker between the two variable domains in both the light chain (the linker sequence is
ADAAP) and the heavy chain (the linker sequence is AKTTPP). Téexpgences were selected
from the Ntermini of murine Ck and CH1 sequences. These linker sequences, selected from the
N-termini of murine Ck and CH1, are natural extension of the variable domains and exhibit a
flexible conformation without significant seedary structures based on the analysis of several

Fab crystal structures. The detailed procedures of the PCR cloning is described below:

Example 1.3.A: Molecular cloning of hiL-1a/bDVD1-Ig:
13F5.G5VH was PCR amplified using primers P21 and P25; medav@i)12.E3VH-
hCyl was amplified using primers P14 and P8. Both PCR reactions were performed according to

standard PCR techniques and procedures. The two PCR products wpueifgeel, and used
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together as overlapping template for the subsequent ogartpPCR reaction using primers P21

and P8 using standard PCR conditions. The final PCR product, the -RMidavy chain hik

1a/bDVD1XVH-hCyl, was subcloned into pcDNA3.1 TOPO mammalian expression vector
,QYLWURJHQ DFFRUGLQJ WRFWIKRQYDQKDEBW X U NKRZ W QWU 3

sequences:

Table 6

P14: YCAG ATC CAG TTG GTGCAG TCT GG SEQ ID NO. 25

P25: 1 &$& &$$ &7* *$7 &7* 7*$ **$ *$& **7 *$&| SEQ ID NO. 26

To generate hlitla/bDVDZIIg light chain, 13F5.G%/L was PCR ampfied using primers
P23 and P26; meanwhile 3D12:8 -hCk was amplified using primers P16 and P4. Both PCR
reactions were performed according to standard PCR techniques and procedures. The two PCR
products were ggburified, and used together as overlapping template for the subsequent
overlapping PCR reactionsing primers P23 and P4 using standard PCR conditions. The final
PCR product, the hHla/bDVDZIg light chain hil-1a/bDVD1:VL-hCk, was subcloned into pEF6
7232 PDPPDOLDQ H[SUHVVLRQ YHFWRU ,QYLWURJHQ DFFRUG!
Table VKRZV WKH 3&5 SULPHUVY VHTXHQFHYV
Table 7
P16: T $$7 $7& &$* $7* $&% &$* $&7 $&$ 7&& 1| SEQID NO.27
P26.  *7*7 &$7 &7* *$7 $77 &&* 777 7$7 77& & SEQ ID NO.28

Example 1.3.B: Molecular cloning of hiL-1a/bDVD2-Ig:
13F5.G5VH was PCR mplified using primers P21 and P17; meanwhile 3D12/E3

hCyl was amplified using primers P18 and P8. Both PCR reactions were performed according to
standard PCR techniques and procedures. The two PCR products weueifged, and used
together as overlapping template for the subsequent overlapping PCRrresiig primers P21
and P8 using standard PCR conditions. The final PCR product, the RQMViEavy chain hlk
1a/bDVD2VH-hCyl, was subcloned into pcDNA3.1 TOPO mammalian expression vector

,QYLWURJHQ DFFRUGLQJ WR WKH PDQMKREW WKIHI B\ 3. GUW B I
sequences:
Table 8
P17: TGG GGG TGT CGT TTIGGC TGA GG | SEQ ID NO.29
P18: T *&& $$$ $&* $&% &&& &&$ &$* $7& &$* 77 SEQ ID NO.30

To generate hitla/bDVD2Ig light chain, 13F5.G%L was PCR amplified using prime
P23 and P19; meanwhile 3D12-F8 -hCk was amplified using primers P20 and P4. Both PCR

reactions were performed according to standard PCR techniques and procedures. The two PCR
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products were ggburified, and used together as overlapping template for the subsequent
overlapping PCR reactionsing primers P23 and P4 using standard PCR conditions. The final

PCR product, the hila/bDVD2lg light chain hil-1a/bDVD2VL-hCk, was subcloned into pEF6

7232 PDPPDOLDQ H[SUHVVLRQ YHFWRU ,QYLWURJHQ DFFRUG
Table VKRZV WKH 3&5 SULPHUVY VHTXHQFHYV

Table 9
P19:  7** 7*& $*& $7& $*& &&* 777 7%$7 77& 91| SEQ IDNO.31
P20: T *&7 *$7 *&7 *&$ &&$ $$7 $7& &$* $7* $8 SEQ ID NO.32

The final sequences of MLa/bDVDZIg and hil-1a/bDVD2Ig are described indble10:

Table 10: Amino acid sequence of hitla/DVD1-1g and hiL -1a/gDVD2-Ig

Protein Sequence

Protein region Sequence Identifier 12345678901234567890

OVQLOQSGAELVRPGSSVKI
SCKASGYAFSSYWMNWVKQR
DVD HEAVY PGOGLEWIGQIYPGDGDTNY
VARIABLE SEQ ID NO.:33 MOLSGL T SEDSAMY FCVRED
hiL -1a/bDVDI-lg TGNDYYAMDYWGQGTSVTVS
SQIQLVQSGPELKKPGETVK
ISCKASGYTFRNYGMNWVKQ
APGKDLKRMAWINTYTGEST
YADDFKGRFAFSLETSASTA
YLQINNLKNEDTATYFCARG
IYYYGSSYAMDYWGQGTSVT
VSS
VH 13F5.G5 | SEQ ID NO.:7 QVOLOQSGAELVRPGSSVKI
SCKASGYAFSSYWMNW
VKQRPGQGLEWIGQIYPGDG
DTNYNGKFKGKATLTADKSS
STSYMQLSGLTSEDSA
MYFCVRFPTGNDYYAMDYWG
QGTSVTVSS

Linker None

3D12.E3 VH SEQ ID NO.:1 QIQLVQSGPELKKPGETVKI
SCKASGYTFRNYGMNWVKQA
PGKDLKRMAWINTYTGESTY
ADDFKGRFAFSLETSASTAY
LQINNLKNEDTATYFCARGI
YYYGSSYAMDYWGQGTSVTV
SS

CH SEQ ID NO.:34 ASTKGPSVEFPLAPSSKSTSG
GTAALGCLVKDYFPEPVTVS
WNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSSLGTQT
YICNVNHKPSNTKVDKKVEP
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Sequence Identifier

Sequence
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KSCDKTHTCPPCPAPELLGG
PSVFLFPPKPKDTLMISRTP
EVTCVVVDVSHEDPEVKENW
YVDGVEVHNAKTKPREEQYN
STYRVVSVLTVLHQODWLNGK
EYKCKVSNKALPAPTIEKTIS
KAKGOQPREPQVYTLPPSREE
MTKNQVSLTCLVKGEFYPSDT
AVEWESNGQPENNYKTTPPV
LDSDGSFFLYSKLTVDKSRW
QQOGNVESCSVMHEALHNHYT
QKSLSLSPGK

DVD LIGHT
VARIABLE
hiL -1a/bDVD1-1g

SEQ ID NO.:35

NIVLTQSPASLAVSLGQRAT
ISCRASESVDSYGNSYMHWY
QOKPGOPPKLLIYLASNLES
GVPARFSGSGSRTDFTLTID
PVEADDAATYYCQQONNEDPF
TFGSGTKLEIKRNIQMTQTT
SSLSASLGDRVTISCRASQD
ISNCLNWYQQKPDGTVKLLI
YYTSRLHSGVPSRESGSGSG
TDYSLTISNLEQEDIATYFC
QQOGKTLPYAFGGGTKLEINR
R

13F5.G5 VL

SEQ ID NO.:8

NIVLTQSPASLAVSLGQRAT
ISCRASESVDSYGNSYMHWY
QOKPGOPPKLLIYLASNLES
GVPARFSGSGSRTDFTLTID
PVEADDAATYYCQQONNEDPEF
TFGSGTKLEIKR

Linker

None

3D12.E3 VL

SEQ ID NO.:2

NIOMTQTTSSLSASLGDRVT
ISCRASQDISNCLNWYQQKP
DGTVKLLIYYTSRLHSGVPS
REFSGSGSGTDYSLTISNLEQ
EDIATYFCQQGKTLPYAFGG
GTKLEINR

CL

SEQ ID NO.:36

TVAAPSVFIFPPSDEQLKSG
TASVVCLLNNEFYPREAKVQOW
KVDNALQSGNSQESVTEQDS
KDSTYSLSSTLTLSKADYEK
HKVYACEVTHQGLSSPVTKS
FNRGEC

DVD HEAVY
VARIABLE
hiL -1a/bDVD2-Ig

SEQ ID NO.:37

QVOLOOSGAELVRPGSSVKI
SCKASGYAFSSYWMNWVKQR
PGOGLEWIGQIYPGDGDTNY
NGKFKGKATLTADKSSSTSY
MOLSGLTSEDSAMYFCVREP
TGNDYYAMDYWGQGTSVTVS
SAKTTPPQIQLVQSGPELKK
PGETVKISCKASGYTFRNYG
MNWVKQAPGKDLKRMAWINT
YTGESTYADDFKGREFAFSLE
TSASTAYLQINNLKNEDTAT
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Sequence Identifier

Sequence
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YFCARGIYYYGSSYAMDYWG
QGTSVTVSS

13F5.G5 VH

SEQ ID NO.:7

QVOLOOSGAELVRPGSSVKI
SCKASGYAFSSYWMNWVKQR
PGOGLEWIGQIYPGDGDTNY
NGKFKGKATLTADKSSSTSY
MOLSGLTSEDSAMYFCVREP
TGNDYYAMDYWGQGTSVTVS
S

Linker

SEQ ID NO.:38

AKTTPP

3D12.E3 VH

SEQID NO.:1

QIQLVQSGPELKKPGETVKI
SCKASGYTFRNYGMNWVKQA
PGKDLKRMAWINTYTGESTY
ADDFKGRFAFSLETSASTAY
LOINNLKNEDTATYFCARGI
YYYGSSYAMDYWGQGTSVTV
SS

CH

SEQ ID NO.:34

ASTKGPSVFPLAPSSKSTSG
GTAALGCLVKDYFPEPVTVS
WNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSSLGTQT
YICNVNHKPSNTKVDKKVEP
KSCDKTHTCPPCPAPELLGG
PSVEFLFPPKPKDTLMISRTP
EVTCVVVDVSHEDPEVKENW
YVDGVEVHNAKTKPREEQYN
STYRVVSVLTVLHQODWLNGK
EYKCKVSNKALPAPTIEKTIS
KAKGOQPREPQVYTLPPSREE
MTKNQVSLTCLVKGEFYPSDI
AVEWESNGQPENNYKTTPPV
LDSDGSFFLYSKLTVDKSRW
OQOGNVEFSCSVMHEALHNHYT
QKSLSLSPGK

DVD LIGHT
VARIABLE H IL -
1a/bDVD2-Ig

SEQ ID NO.:39

NIVLTQSPASLAVSLGQORAT
ISCRASESVDSYGNSYMHWY
QOKPGOPPKLLIYLASNLES
GVPARFSGSGSRTDFTLTID
PVEADDAATYYCQQONNEDPF
TFGSGTKLEIKRADAAPNIQ
MTQTTSSLSASLGDRVTISC
RASQDISNCLNWYQQOKPDGT
VKLLIYYTSRLHSGVPSRES
GSGSGTDYSLTISNLEQEDI
ATYFCQQOGKTLPYAFGGGTK
LEINR

13F5.G5 VL

SEQ ID NO.:8

NIVLTQSPASLAVSLGQORAT
ISCRASESVDSYGNSYMHWY
QOKPGOPPKLLIYLASNLES
GVPARFSGSGSRTDFTLTID
PVEADDAATYYCQONNEDPF
TFGSGTKLEIKR

Linker

SEQ ID NO.:40

ADAAP

3D12.E3 VL

SEQ ID NO.:2

NIOMTQTTSSLSASLGDRVT
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Protein region Sequence Identifier 12345678901234567890

ISCRASQDISNCLNWYQQKP
DGTVKLLIYYTSRLHSGVPS
RESGSGSGTDYSLTISNLEQ
EDIATYFCQQGKTLPYAFGG
GTKLEINR
TVAAPSVFIFPPSDEQLKSG
TASVVCLLNNEFYPREAKVQW
KVDNALQSGNSQESVTEQDS
KDSTYSLSSTLTLSKADYEK
HKVYACEVTHQGLSSPVTKS
EFNRGEC

CL SEQ ID NO.:36

Example 1.3.C: Expression and Purification of hiL-1a/bDVD1-Igs

The heavy and light chain of each construct was subclione¢cDNA3.1 TOPO and
pPEF6 TOPO vectors (Invitrogen Inc.), respectively, and sequenced to ensure accuracy. The
plasmids encoding the heavy and light chains of each construct were transiently expressed using
Lipofectamine 2000 and 293fectin reagentspeesively in COS cells as well as human
embryonic kidney 293 cells (American Type Culture Collection, Manassas, VA). The cell culture
media was harvested 72-post transient transfection and antibodies purified using protein A
chromatography (Pierce, R0tlRUG ,/ DFFRUGLQJ WR PDQXIDFWXUHUTV LQ
analyzed by SD®AGE and quantitated by A280 and BCA (Pierce, Rockford, IL). Table 11
shows that the expression levels of i/bDVD1:Ig and hil-1a/bDVD2Ig are comparable to
that of the bimeric Abs, indicating that the D\AIY can be expressed efficiently in mammalian

cells.

Table 11. Expression and molecular weight analysis of hitla/bDVD-Ig

15

Expression level (ng/ml) Molecular mass (Dalton)

— COS | Freestle 293 Light Chain | Heavy Chain| Full length

3D12.E3Ch 2788 3886 23,696 49,914 147,220

13F5.G5Ch 3260 3562 24,084 49,518 147,204
35,797 64,380 200,346

DVD1-lg 2988 3300 (35,790) (64,371) (200,521)
36,222 64,976 202,354

DVD2-Ig 2433 3486 (36,220) (64,973) (202,573)

The molecular mass of the light chain, heavy chain, and full length of Bly@ahd DVD2lg determined

experimentally by mass spectrometry are shown in parenthesis.

Example 1.4:Mass spectrometry and SEC analysis of hitla/b DVD-Ig
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For measuring moletar weight (MW) of light and heavy chains of DD, 10 uL of
DVD-Ig (0.8 ug/uL) was reduced by 1.0 M DTT solution (5 uL). A PERRBu, 4000A, and
1x150 mm protein column (Michrom BioResource, Auburn, MA) was used to separate heavy and
light chains of D\D-Ig. Agilent HP1100 Capillary HPLC (Agilent Technologies Inc., Pala Alto,
CA) was used with the mass spectrometer QSTAR (Applied Biosystems, Foster City, CA). The
valco valve was set at 10 minutes to switch the flow from waste to MS for desalting.sample
Buffer A was 0.02% TFA, 0.08% FA, 0.1% ACN and 99.8% HFHZO. Buffer B contained
0.02% TFA, 0.08% FA, 0.1% HPLB20, and 99.8% ACN. The HPLC flow rate was 50 uL/min,
and the sample injection volume was 8.0 mL. The temperature of the column oweet aias
60 C, and separation gradient was: 5%B for 5 minutes; 5%B to 65%B for 35 minutes; 65%B to
95%B for another 5 minutes, and 95%B to 5%B for 5 minutes. TOFMS scan was from 800 to
2500 amu, and cycles were 3600. To determine the MW of full length-DV®Protein
MicroTrap cartridge (Michrom BioResource, Auburn, MA) was used for desalting the sample.
The HPLC gradient was: 5%B for 5 minutes; 5%B to 95%B in 1 minutes; and from 95%B to 5%B
in another 4 minutes. The QSTAR TOFMS scan was from 20000@ &%u, and cycles were
899. All MS raw data were analyzed using the Analyst QS software (Applied Biosystems). For
SEC analysis of the DVAly, purified DVD-Ig and chimeric Abs, in PBS, were applied on a
Superose 6 10/300 G2, 300 x 10 mm column (AmerdBiascience, Piscataway, NJ). An HPLC
instrument, Model 10A (Shimadzu, Columbia, MD) was used for SEC. All proteins were
determined using UV detection at 280 nm and 214 nm. The elution was isocratic at a flow rate of
0.5 mL/min. For stability study, sagies in the concentration range of-0.2 mg/ml in PBS
underwent 3 freezthaw cycles betwees80 C and 25 C, or were incubated at 4 C, 25 C, or
40 C, for 4 weeks and 8 weeks, followed by SEC analysis.

DVD-Ig and chimeric Abs were purified by protein Aramatography. The purification
yield (3-5mg/L) was consistent with higG quantification of the expression medium for each
protein. The composition and purity of the purified D3 and chimeric Abs were analyzed by
SDSPAGE in both reduced and noaduce conditions. In nomeduced condition, each of the
four proteins migrated as a single band. The BlgProteins showed larger M.W. than the
chimeric Abs, as expected. In nmducing condition, each of the four proteins yielded two
bands, one heavy dineand one light chain. Again, the heavy and light chains of the-Q}¢D
were larger in size than that of the chimeric Abs. The-BBGE showed that each DVIg is
expressed as a single species, and the heavy and light chains are efficiently paireciol fiis
like molecule. The sizes of the heavy and light chains as well as thenfgth protein of two
DVD-Ig molecules are consistent with their calculated molecular mass based on amino acid

sequences (see Table 11).
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In order to determine the preei molecular weight of DVilg, mass spectrometry was
employed. As shown in Table I, the experimentally determined molecular mass of eadg,DVD
including the light chain, heavy chain, and the-fefigth protein, is in good agreement with the
predicted alue. To further study the physical properties of D\Dn solution, size exclusion
chromatography (SEC) was used to analyze each protein. Both chimeric Abs anddVD2
exhibited a single peak, demonstrating physical homogeneity as monomeric protesns.
3D12.E3 chimeric Ab showed a smaller physical size then 13F5.G5 chimeric Ab, indicating that
3D12.E3 chimeric Ab adopted a more compact, globular shape. myf2vealed a major peak
as well as a shoulder peak on the right, suggesting that a pdriddfDd.-1g is possibly in an
aggregated form in current buffer condition.

Example 1.5:Analysis ofin vitro stability of hiL -1a/b DVD-Igs
The physical stability of DVEg was tested as followsRurified antibodies in the

concentration range of 624 mginl in PBS underwent 3 freezhaw cycles betweet80 C and
25 C, or were incubated at 4 C, 25 C, or 40 C, for 4 weeks and 8 wdekswed by analysis

using size exclusion chromatograpl8EC) analysigsee Table 12).

Table 12. in vitro stability analysis of hiL-1a/b DVD-Ig by SEC

3D12.E3Ch 13F5.G5Ch DVD1-Ig DVD2-Ig

Agg | Ab | Frgm | Agg | Ab | Frgm | Agg | Ab | Frgm | Agg | Ab | Frgm
3xFreeze 98.2 465 | 535 100.
Thaw |1.72 |8 0.00 |13.0 | 870 |00 |0 0 000 |00 |0 0.0
4'C@ 4 99.1 424 | 56.6 100.
Wks 085 | 5 000 |42 |958 |00 |3 3 094 |00 |0 0.0
25"C@ 98.7 100. 456 | 54.3 100.
4Wks |129 |1 000 |00 |0 00 |6 4 000 |00 |0 0.0
40"C @ 08.3 36.7 | 59.4 100.
4Wks |165 |5 000 | 203|781 |16 |0 2 388 |00 |0 0.0
4'C@8 0.3 38.1 | 56.9 100.
Wks 535 | 3 432 |22 |978 |00 |8 1 491 |00 |o 0.0
25C@ 60.5 24.4 | 67.3 100.
8Wks |1.11 |5 3834 | 1.4 | 975 |10 |2 9 819 |00 |0 0.0
40"C @ 81.4 205 | 67.1 100.
8Wks |474 |7 13.79 | 346 | 654 |00 |5 6 1229 00 |0 0.0

The degree of aggregation and fragmentation are shown in percentage, whereas the percentage o
represents intact moleleu

Agg: aggregates;

Ab: intact antibody;

Frgm: fragments.

Both chimeric Abs showed minor degrees of aggregation and fragmentation, normal for a
regular IgG molecule. DVDIg showed some aggregation on SCE after purification. In the

stability analyss, DVD1-Ig also showed aggregations in PBS under different conditions; however
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the percentage of aggregated form of DVIDHid not increase during prolonged storage or at
higher temperatures. The percentage of the fragmented form of IjRdre in thenormal
range, similar to that of the chimeric 3D12.E3 Ab. In contrast, D\{>showed exceptional
stability. Neither aggregation nor fragmentation was detected for ByDRall conditions

tested, and 100% of DVDBE maintained as intact monomeric maléx

Example 1.6:Determination of antigen binding affinity of hiL -1a/bDVD-Igs

The kinetics of DVDIg binding to rhiLta and rhiLEp was determined by surface
plasmon resonandeased measurements with a Biacore 3000 instrument (Biacore AB, Uppsala,
Sweda) using HBSEP (10 mM HEPES, pH 7.4, 150 mM NacCl, 3 mM EDTA, and 0.005%
surfactant P20) at 2&. All chemicals were obtained from Biacore AB (Uppsala, Sweden) or
otherwise from a different source as described herein. Approximately, 5000 RU of goat anti
human IgG Fgfragment specific polyclonal antibody (Pierce Biotechnology Inc, Rockford, IL)
diluted in 10 mM sodium acetate (pH 4.5) was directly immobilized across a CM5 research grade
ELRVHQVRU FKLS XVLQJ D VWDQGDUG DPLQHSsHKRIOB@LI NLW DF
procedures at 25 mg/ml. Unreacted moieties on the biosensor surface were blocked with
ethanolamine. Modified carboxymethyl dextran surface in flowcell 2 and 4 was used as a reaction
surface. Unmodified carboxymethyl dextran without gaitlauman 1gG in flow cell 1 and 3
was used as the reference surface. For kinetic analysis, rate equations derived from the 1:1
Langmuir binding model were fitted simultaneously to association and dissociation phases of all
ten injections (using global fanalysis) using the Bioevaluation 4.0.1 software. Purified EXyD
samples were diluted in HEPHBffered saline for capture across goat-antnan IgG Fc
specific reaction surfaces and injected over reaction matrices at a flow rate of 5 ml/min. The
asso@tion and dissociation rate constants, kori#1) and koff (s1) were determined under a
continuous flow rate of 25 ml/min. Rate constants were derived by making kinetic binding
measurements at ten different antigen concentrations ranging from 1@30teM. The
equilibrium dissociation constant (M) of the reaction between EyBnd rhiL1/B was then
calculated from the kinetic rate constants by the following formula: KD = koff/kon. Aliquots of
rhiL1o/pB samples were also simultaneously injected @vielank reference and reaction CM
surface to record and subtract any nonspecific binding background to eliminate the majority of the
refractive index change and injection noise. Surfaces were regenerated with two subsequent 25
ml injections of 10 mM Glgine (pH 1.5) at a flow rate of 5 ml/min. The aRt antibody
immobilized surfaces were completely regenerated and retained their full capture capacity over

twelve cycles. The apparent stoichiometry of the captured-RQVEnhIL1o/B complex was
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calculated under saturating binding conditions (stesadie equilibrium) using the following

formula:
rhiL1o/p response (RU) DVID MW)
6WRLFKLRPHWU\ WWWWWWWWWWW [ WWWWWWWWWWW
DVD response (RU) rht/p MW

The Biacore analysis indicated the chimeric Abs possessed similar binding kinetics and
affinities to IL-1 as the original hybridoma mAbs, indicating that the correct VL/VHiseces
had been isolated (Table Ill). The overall binding parameters of the twel§8/© hiL-1a were
similar, with the affinities of the DVBgs being only 23 fold less than that of the chimeric
3D12.E3 Ab. The binding affinity of DVDR to hiL-1p was slightly less than the chimeric Ab
13F5.G5, but 3old higher than that of DVD1g. The affinity of the two DVDBIgs to hiL-1 as
compared to the affinity of chimeric Abs to hllwas similar as indicated by the evaluation of the
stoichiometry to IL1. Bah chimeric Abs, being bivalent monospecific, bound telkk and

IL-1p on Biocore with a stoichiometry of 1.6 and 1.7, respectively. This is common for an IgG

due to intermolecular interference when antibodies are immobilized densely on the Biacore sense

chip resulting in stoichiometry being in the range frbmto 2.0. The stoichiometry of both
DVD-Igs for hiL-1a and hiL=-18 were similar to that of the two chimeric Abs, indicating that
both DVD-Igs possessed bivalent binding capability to each antigen.

Table 13. Functional characterization of antlL -1 DVD-Ig molecule

Kon Kot Ky Potency

Antigen | (M-1s1) (s1) (M) Stoichiometry | 1Cso (M)

3D13.E3 hiL-1a 6.43E+05 | 7.13E04 | 1.11E09 2.0 6.70E10
3D12.E3Ch | hIL-1a 4.12E+05 | 5.52E04 | 1.34E09 1.6 7.00E10
DVD1-lg hiL-1a 3.70E+04 | 1.05E04 | 2.83E09 1.8 2.30E09
DVD2-Ig hiL-1a 7.35E+04 | 2.52E04 | 3.42E09 2.0 2.90E09
13F5.G5 hiL-1p 2.13E+06 | 6.21E04 | 2.91E10 1.8 6.00E10
13F5.G5Ch | hIL-1B 1.41E+06 | 6.54E04 | 4.62E10 1.7 5.30E10
DVD1-lg hiL-1p 6.09E+05 | 1.59E03 | 2.60E09 1.5 3.10E09
DVD2-Ig hiL-13 1.19E+06 | 9.50E04 | 7.98E10 1.8 1.60E09

Affinity and stoichiometry were measured by Biacore; Potency)Mas determined by MRS bioassay.

In addition, tetravalent dualpecific antigen binding of DVily was also analyzed by
Biacore (Table 14). DVBg was first captured via a goat aiftuman Fc antibody on the Biacore

sensor chip, and the first antigen was injected and a binding signal observed. As thg a4

saturated by the first antigen, the second antigen was then injected and the second sigedl observ

This was done either by first injecting-LB then IL-1ca or by first injecting |11 followed by

101



10

15

20

25

IL-1pB for DVD2-lg. In either sequence, a ddmhding activity was detected. Similar results

were obtained for DVD4g. Thus each DVEg was able to Imd both antigens simultaneously as

a dualspecific tetravalent molecule. As shown in Table IV, the stoichiometry of both-Q\V®

the first antigen, either hilLa. or hiL-1p3, were larger than 1.5, similar to that of mespecific

bivalent binding. Uponhie injection of the second antigen, while DMpwas already occupied

by the first antigen, the stoichiometry of both DM@ to the second antigen (i.e. Flk or

hiIL-1B) was between 1.0 and 1.3. Thus DVis able to bind two k1o and two I3

molecuks. DVDIg was first captured via a goat ahtiman Fc antibody on the Biacore sensor

chip, and the first antigen was injected and a binding signal observed, followed by the injection of

the second antigen.

Table 14. Stoichiometry analysis of hl1a/b DVD-Ig in tetravalent dual-specific binding
to IL -1a/P

Response Unit Stoichiometry
Captured Ab 1st antigen 2nd antigen hiL-10:DVD-Ig hiL-18:DVD-Ig
DVD1-lg: 932 | hiL-1a: 190 hiL-18: 75 2.3 1.0
DVD1-lg: 1092 | hiL-1p: 141 hiL-1a: 107 11 15
DVD2-lg: 1324 | hiL-1a: 209 hiL-1p3: 137 1.8 1.3
DVD2-lg: 11& | hIL-1B: 159 hiL-1o: 131 1.2 1.6

Example 1.7:Determination of functional homogeneity of DVDIg

Because DVD2g was purified by Protein A chromatography instead of tasgetific
affinity chromatography, any potential misfolded and/or mismatched Mldomains, if present,
can be assessed by binding studies against the 2 different antigens. Such binding analysis was
conduced by size exclusion liquid chromatography (SEC). D\palone or after a 12fin
incubation period at 37 C with Hla, IL-18, or both IL-1a and IL-18, in equal molar ratio, were
applied to the column. Each of the antigens was also run alone as controls. The SEC results
indicated that DVDZAg was able to bind Hla and IL-1f in solution, and such binding resulted in
a shift to theSEC signal indicating an increase in the dynamic size of D\Dghen it was in
complex with either antigen. The shift of the D\ARPsignal was 100%, not partial, suggesting
all DVD2-lg molecules were able to bind the antigen. In the presence oflbaithand IL-1j,
there was a further and complete shift of the DMB2ignal, indicating all DVDAg molecules
were able to bind both antigens in a uniform fasion. This experiment demonstrated thé&g DVD
was expressed as a functionally homogeneous proféiis. has significant implications as it
demonstrates that D\AY can be produced as a homogeneous single, functional species, which
differs from all previously described-bpecific, multispecific, and multvalent immunoglobulin

like and immunoglobulirderived molecules.
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Example 1.8:Determination of biological activity of DVD-Ig

The biological activity of DVDBIg was measured using MR&bioassay. The MRS cell
line is a human lung fibroblast cell line that produces b response to human-La and IL-1
in a dosedependent manner. MR&cells were obtained from ATCC and cultured in 10% FBS
complete MEM at 37 C in a 5% CO2 incubator. To determine neutralizing activity of theldVD
against human HKla or IL-18, 50ul of Ab (1E7 to 1E12 M) in MEM/10%FBS was added to a
96 well plate and prencubated with 50ul of hitla or hiL-1f (200pg/ml) for 1hr at 37 C, 5%
CO2. MRGS cells at a concentration of 1E5/ml were then added (100ul) to all wells and the
plates were incubated overnight at 37 Giib% CO2 incubator. The supernatants were
harvested, and human-B_production measured by standard ELISA (R&D Systems, Minneapolis,
MN). Neutralizing activity of the DVEIg was determined by its ability to inhibit4&
production.

As shown in Table 13oth DVD-Igs were able to neutralize hilLa and hiL-1p.

Consistent with the binding affinity to hlla, the neutralizing activities of DVDIg and DVD2
Ig against hlk-1a were also similar, i.e.-®ld less than that of the chimeric Abs (see Table IlI).
Consistent with its binding affinity fdnlL—1p, the neutralizing activity of DVD¥g to hiL-1p is
slightly less than that of the chimeric Ab 13F5.G5, bidl8 higher than that of DVD1g.

Overall there was no significant decrease in the biological activities of-Ig\iiblecules
compared to t original mAbs.

To determine if DVDBIg was able to inhibit IE8 production in the presence of both-llo
and IL-1B, equal amounts of hitla and hil--1p were added in the same culture system of MRC
5 assay. Both DVD1g and DVD2Ig were able to inhibitl-8 synthesis by MR& cells in the
presence of both lla and IL-18, with activities similar to that of morassays where only one
cytokine was present (Table 13). In this assay where beth Bnd IL-13 were present, the dual
inhibition activity of DVD2-Ig (1.2 nM) was higher than that of DVB{ (2.2 nM).

Example 2:  Analysis of linker size and variable domain orientation in the DVDIg

molecule

Additional DVD-Ig molecules with different parent mAb pairs, as shown in Table 15,
were constructed. For dapair of mAbs, four different DVEQg constructs were generated: 2
with a short linker and 2 with a long linker, each in two different domain orientatidr€: a
(alphabetaconstant domain) anddC (betaalphaconstant domain). The linker sequencesgwe
derived from the Nerminal sequence of human Ck or CH1 domain, as follows:

Short linker: light chain: TVAARSEQ ID NO:44) heavy chain: ASTKGRSEQ ID
NO:42)
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Long linker: light chain: TVAAPSVFIFPPSEQ ID NO:50) heavy chain:
ASTKGPSVFPLAP(SEQ ID NO48)

All heavy and light chain constructs were subcloned into the pBOS expression vector, and
expressed in COS cells or freestyle 293 cells.

To construct new DVD clones, the variable domains of the two mAbs, both light chain
and heavy chain, were firstijged in tandem using overlapping PCR as described for hiL
1abDVDZIg and hil-1abDVD2Ig. The jointed pieces were then subcloned in pBOS vecter using
homologous recombination. Briefly, vectors were linearized by restriction digestion (2ug of
pBOShCk vedor were digested with FspAl and BsiWI in O+ buffer, and 2ug of pBO5z,non
a vector was digested with FspAl and Sall in O+ buffer). The digested samples were run on 1%
agarose gel and the backbone fragment purified in 50ul water. For homologous recombination and
transformation, DH& competent cells were thaw on ice, aniked with 2050ng jointed PCR
product and 260 ng of linearized vector (in every 50ul DidBells). The mixture was mixed
gently and incubated on ice for 45 minutes, followed by heat shock at 42 C for 1 minute. Then
100ul SOC medium were added and ind¢aldaat 37 C for 1 hour. The transformation culture was
inoculated on LB/Agar plates containing Ampicilin and incubated at 37 C f&0U8ours. The
bacterial clones were isolated, from which DNA was purified and subjected to sequencing
analysis. The finassequenceverified clones were ctransfected (matching HV and LC of the
same Ab pair) in COS or 293 cells for Ab expression and purification, as previously described.

Characteristics of the purified DAYy proteins are summarized in Table 16. The left
section of the table 16 shows the specificity, binding affinity, and neutralization potency of the 2
pairs of mAbs used for the construction of the téw1a/DVD-Ig molecules. Antibodies
18F4.2C8 and 1B12.4H4 (see example 1.1.D) were used to comslria/lDVD3alg, hiL-
la/lbVD4a-lg, hiL-1a/bVD3b-Ig, andhiL-1a/tDVD4b-lg. hiL-1a/iDVD3alg andhiL-
la/DVD4a-lg were in ab-C orientation, with a short and long linker, respectiveéiiL. -
la/lbVvD3b-lg andhIL-1a/lDVD4b-Ig were in ba-C orientation, with &hort and long linker,
respectively. Antibodies 6H3.1A4 and 6B12.4F6 were used to conkttutb/DVD5alg, hiL-
la/lbVD6earlg, hiL-1a/bVD5b-Ig, andhiL-1a/tDVD6b-Ig. hiL-1a/DVD5aIlg andhiL-
1la/DVD6a-lg were in ab-C orientation, with a short and lghinker, respectivelyhliL-
la/lbVvD5b-1g andhIL-1a/DVD6b-Ig were in ba-C orientation, with a short and long linker,
respectively. The molecular cloning of these additionalTdlbDVD-Igs were performed using
the procedure previously described for 41&/bDVDXIg (see example 1.3), using overlapping
PCR procedures. The amino acid sequences of these additiofa/bVD-Igs are disclosed in
Table 15.
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Table 15: Amino acid sequence of heavy chain and light chain sfix DVD Ig capable of
binding IL -1a and IL-1P.

Protein Sequence

Protein region Sequence Identifier 12345678901234567890

EVOLOOSGAELVKPGASVKL
SCTASGLNTKDTYMHWLKQR
PEQGLEWIGRIDPANGNAKY
DVD HEAVY SEQ ID NO.:41 DPRFLGKATITADTSSNTAY
VARIABLE LOLSSLTSEDTAVYYCARGD
GNFHFDYWGQGTTLTVSSAS
hiL -1a/b DVD3alg TKGPQVHLKESGPGLVAPSQ
SLSITCTVSGFSLTDYGVSW
TRQOPPGKGLEWLGLIWGGGD
TYYNSPLKSRLSTRKDNSKS
OVFLKMNSLOTDDTAVYYCA
KORTLWGYDLYGMDYWGQGT
SVTVSS

18F4.2C8 VH SEQ ID NO.:3 EVOLOOSGAELVKPGASVKL
SCTASGLNIKDTYMHWLKQOR

PEQGLEWIGRIDPANGNAKY
DPRFLGKATITADTSSNTAY
LOLSSLTSEDTAVYYCARGD
GNFHEFDYWGQ

GTTLTVSS

LINKER SEQ ID NO.:42 ASTKGP

1B12.4H4 VH SEQ ID NO.:9 QVHLKESGPGLVAPSQSLST
TCTVSGFSLTDYGVSWIRQP
PGKGLEWLGLIWGGGDTYYN
SPLKSRLSIRKDNSKSQVFL
KMNSLQTDDTAVYYCAKQRT
LWGYDLYGMDYWGQGTSVTV
SS

CH SEQ ID NO.:34 ASTKGPSVFPLAPSSKSTSG
GTAALGCLVKDYFPEPVTVS
WNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSSLGTQT
YICNVNHKPSNTKVDKKVEP
KSCDKTHTCPPCPAPELLGG
PSVFLFPPKPKDTLMISRTP
EVTCVVVDVSHEDPEVKENW
YVDGVEVHNAKTKPREEQYN
STYRVVSVLTVLHQDWLNGK
EYKCKVSNKALPAPIEKTIS
KAKGQPREPQVYTLPPSREE
MTKNQVSLTCLVKGFYPSDI
AVEWESNGQPENNYKTTPPV
LDSDGSFFLYSKLTVDKSRW
QQOGNVFSCSVMHEALHNHYT
QKSLSLSPGK

SEQ ID NO.:43 DIVMTQSQRFMSTSVGDRVS
VTCKASQNVGTNIAWYQQKP
GOSPRALIYSASYRYSGVPD
RFTGSGSGTDFTLTISNVOS
VDLAEYFCQQYTRYPLTFGG

10t



Protein

Protein region

Sequence Identifier

Sequence

12345678901234567890

DVD LIGHT
VARIABLE H IL -
la/b DVD3alg

GTKLEIKRTVAAPETTVTQS
PASLSMAIGEKVTIRCITST
DIDVDMNWYQQOKPGEPPKLL
ISQGNTLRPGVPSRESSSGS
GTDEFVFIIENMLSEDVADYY
CLOSDNLPLTFGAGTKLELK
RR

18F4.2C8 VL

SEQ ID NO.:4

DIVMTQSQREMSTSVGDRVS
VITCKASONVGTNIAWYQQKP
GQOSPRALIYSASYRYSGVPD
REFTGSGSGTDETLTISNVQS
VDLAEYFCQQYTRYPLTFEGG
GTKLEIKR

LINKER

SEQ ID NO.:44

TVAAP

1B12.4H4 VL

SEQ ID NO.:10

ETTVTQSPASLSMAIGEKVT
IRCITSTDIDVDMNWYQQKP
GEPPKLLISQGNTLRPGVPS
REFSSSGSGTDEVFITIENMLS
EDVADYYCLQSDNLPLTFGA
GTKLELKR

CL

SEQ ID NO.:36

TVAAPSVFIFPPSDEQLKSG
TASVVCLLNNEFYPREAKVQW
KVDNALQSGNSQESVTEQDS
KDSTYSLSSTLTLSKADYEK
HKVYACEVTHQGLSSPVTKS
ENRGEC

DVD HEAVY
VARIABLE
hiL -1a/b DVD3b-

g

SEQ ID NO.:45

QVHLKESGPGLVAPSQSLSI
TCTVSGEFSLTDYGVSWIRQP
PGKGLEWLGLIWGGGDTYYN
SPLKSRLSIRKDNSKSQVEL
KMNSLOTDDTAVYYCAKQRT
LWGYDLYGMDYWGQGTSVTV
SSASTKGPEVQLOQOSGAELV
KPGASVKLSCTASGLNIKDT
YMHWLKQRPEQGLEWIGRID
PANGNAKYDPRFLGKATITA
DTSSNTAYLQLSSLTSEDTA
VYYCARGDGNFHFDYWGQGT
TLTVSS

1B12.4H4 VH

SEQ ID NO.:9

QVHLKESGPGLVAPSQSLSI
TCTVSGFSLTDYGVSWIRQP
PGKGLEWLGLIWGGGDTYYN
SPLKSRLSIRKDNSKSQVEFL
KMNSLOTDDTAVYYCAKQRT
LWGYDLYGMDYWGQGTSVTV
SS

LINKER

SEQ ID NO.:42

ASTKGP

18F4.2C8 VH

SEQ ID NO.:3

EVOLOOSGAELVKPGASVKL
SCTASGLNIKDTYMHWLKOR
PEQGLEWIGRIDPANGNAKY
DPREFLGKATITADTSSNTAY
LOLSSLTSEDTAVYYCARGD
GNFHFDYWGQGTTLTVSS

CH

SEQ ID NO.:34

ASTKGPSVFPLAPSSKSTSG

10¢€




Protein

Protein region

Sequence Identifier

Sequence

12345678901234567890

GTAALGCLVKDYFPEPVTVS
WNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSSLGTQT
YICNVNHKPSNTKVDKKVEP
KSCDKTHTCPPCPAPELLGG
PSVFLFPPKPKDTLMISRTP
EVTCVVVDVSHEDPEVKENW
YVDGVEVHNAKTKPREEQYN
STYRVVSVLTVLHQODWLNGK
EYKCKVSNKALPAPTIEKTIS
KAKGOQPREPQVYTLPPSREE
MTKNQVSLTCLVKGEFYPSDT
AVEWESNGQPENNYKTTPPV
LDSDGSFFLYSKLTVDKSRW
QOGNVESCSVMHEALHNHYT
QOKSLSLSPGK

DVD LIGHT
VARIABLE H IL -
1a/b DVD3b-Ig

SEQ ID NO.:46

ETTVTQSPASLSMAIGEKVT
IRCITSTDIDVDMNWYQQKP
GEPPKLLISQGNTLRPGVPS
RFSSSGSGTDEVFIIENMLS
EDVADYYCLQSDNLPLTFEFGA
GTKLELKRTVAAPDIVMTQS
QREMSTSVGDRVSVTCKASQ
NVGTNIAWYQOKPGQSPRAL
IYSASYRYSGVPDRETGSGS
GTDFTLTISNVQSVDLAEYF
COOYTRYPLTFGGGTKLEIK
R

1B12.4H4 VL

SEQ ID NO.:10

ETTVTQSPASLSMAIGEKVT
IRCITSTDIDVDMNWYQQKP
GEPPKLLISQGNTLRPGVPS
RFSSSGSGTDEVFIIENMLS
EDVADYYCLQSDNLPLTFEFGA
GTKLELKR

LINKER

SEQ ID NO.:44

TVAAP

18F4.2C8 VL

SEQ ID NO.:4

DIVMTQSQREMSTSVGDRVS
VICKASONVGTNIAWYQQKP
GQOSPRALIYSASYRYSGVPD
RFTGSGSGTDEFTLTISNVQS
VDLAEYFCQQYTRYPLTFEGG
GTKLEIKR

CL

SEQ ID NO.:36

TVAAPSVFIFPPSDEQLKSG
TASVVCLLNNEYPREAKVQOW
KVDNALQSGNSQESVTEQDS
KDSTYSLSSTLTLSKADYEK
HKVYACEVTHQGLSSPVTKS
FNRGEC

DVD HEAVY
VARIABLE h IL -
1a/b DVD4alg

SEQ ID NO.:47

EVOLOOSGAELVKPGASVKL
SCTASGLNIKDTYMHWLKQOR
PEQGLEWIGRIDPANGNAKY
DPREFLGKATITADTSSNTAY
LOLSSLTSEDTAVYYCARGD
GNFHEFDYWGQGTTLTVSSAS
TKGPSVFPLAPQVHLKESGP




Protein

Protein region

Sequence Identifier

Sequence

12345678901234567890

GLVAPSQSLSITCTVSGESL
TDYGVSWIRQPPGKGLEWLG
LIWGGGDTYYNSPLKSRLSI
RKDNSKSQVEFLKMNSLQTDD
TAVYYCAKQRTLWGYDLYGM
DYWGQGTSVTVSS

18F4.2C8 VH

SEQ ID NO.:3

EVOLOOSGAELVKPGASVKL
SCTASGLNIKDTYMHWLKOR
PEQGLEWIGRIDPANGNAKY
DPRFLGKATITADTSSNTAY
LOLSSLTSEDTAVYYCARGD
GNFHFDYWGQGTTLTVSS

LINKER

SEQ ID NO.:48

ASTKGPSVFPLAP

1B12.4H4 VH

SEQ ID NO.:9

QVHLKESGPGLVAPSQSLSI
TCTVSGEFSLTDYGVSWIRQP
PGKGLEWLGLIWGGGDTYYN
SPLKSRLSIRKDNSKSQVEL
KMNSLOTDDTAVYYCAKQRT
LWGYDLYGMDYWGQGTSVTV
SS

CH

SEQ ID NO.:34

ASTKGPSVFPLAPSSKSTSG
GTAALGCLVKDYFPEPVTVS
WNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSSLGTQT
YICNVNHKPSNTKVDKKVEP
KSCDKTHTCPPCPAPELLGG
PSVFLFPPKPKDTLMISRTP
EVTCVVVDVSHEDPEVKENW
YVDGVEVHNAKTKPREEQYN
STYRVVSVLTVLHQDWLNGK
EYKCKVSNKALPAPIEKTIS
KAKGQPREPQVYTLPPSREE
MTKNQVSLTCLVKGEFYPSDT
AVEWESNGQPENNYKTTPPV
LDSDGSFFLYSKLTVDKSRW
QOGNVESCSVMHEALHNHYT
OKSLSLSPGK

DVD LIGHT
VARIABLE H IL -
1a/bDVD4alg

SEQ ID NO.:49

DIVMTQSQREMSTSVGDRVS
VICKASONVGTNIAWYQQKP
GOSPRALIYSASYRYSGVPD
RFTGSGSGTDEFTLTISNVQS
VDLAEYFCQQYTRYPLTFEGG
GTKLEIKRTVAAPSVFIFPP
ETTVTQSPASLSMAIGEKVT
IRCITSTDIDVDMNWYQQKP
GEPPKLLISQGNTLRPGVPS
RFSSSGSGTDEVFITIENMLS
EDVADYYCLQSDNLPLTFEFGA
GTKLELKR

18F4.2C8 VL

SEQ ID NO.:4

DIVMTQSQREMSTSVGDRVS
VICKASONVGTNIAWYQQKP
GQOSPRALIYSASYRYSGVPD
RFTGSGSGTDEFTLTISNVQS
VDLAEYFCQQYTRYPLTEGG
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Protein

Protein region

Sequence Identifier

Sequence

12345678901234567890

GTKLEIKR

LINKER

SEQ ID NO.:50

TVAAPSVFIFPP

1B12.4H4 VL

SEQ ID NO.:10

ETTVTQSPASLSMAIGEKVT
IRCITSTDIDVDMNWYQQKP
GEPPKLLISQGNTLRPGVPS
RESSSGSGTDEVFITIENMLS
EDVADYYCLQSDNLPLTFGA
GTKLELKR

CL

SEQ ID NO.:36

TVAAPSVFIFPPSDEQLKSG
TASVVCLLNNEFYPREAKVQW
KVDNALQSGNSQESVTEQDS
KDSTYSLSSTLTLSKADYEK
HKVYACEVTHQGLSSPVTKS
ENRGEC

DVD HEAVY
VARIABLE h IL -
1a/b DVD4b g

SEQ ID NO.:51

QVHLKESGPGLVAPSQSLSI
TCTVSGEFSLTDYGVSWIRQP
PGKGLEWLGLIWGGGDTYYN
SPLKSRLSIRKDNSKSQVEL
KMNSLOTDDTAVYYCAKQRT
LWGYDLYGMDYWGQGTSVTV
SSASTKGPSVFPLAPEVQLQ
QOSGAELVKPGASVKLSCTAS
GLNIKDTYMHWLKQRPEQGL
EWIGRIDPANGNAKYDPRFEL
GKATITADTSSNTAYLQLSS
LTSEDTAVYYCARGDGNFHFE
DYWGQGTTLTVSS

1B12.4H4 VH

SEQ ID NO.:9

QVHLKESGPGLVAPSQSLSI
TCTVSGFSLTDYGVSWIRQP
PGKGLEWLGLIWGGGDTYYN
SPLKSRLSIRKDNSKSQVEFL
KMNSLOTDDTAVYYCAKQRT
LWGYDLYGMDYWGQGTSVTV
SS

LINKER

SEQ ID NO.:48

ASTKGPSVFPLAP

18F4.2C8 VH

SEQ ID NO.:3

EVOLOOSGAELVKPGASVKL
SCTASGLNIKDTYMHWLKOR
PEQGLEWIGRIDPANGNAKY
DPREFLGKATITADTSSNTAY
LOLSSLTSEDTAVYYCARGD
GNFHFDYWGQGTTLTVSS

CH

SEQ ID NO.:34

ASTKGPSVFPLAPSSKSTSG
GTAALGCLVKDYFPEPVTVS
WNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSSLGTQT
YICNVNHKPSNTKVDKKVEP
KSCDKTHTCPPCPAPELLGG
PSVFLFPPKPKDTLMISRTP
EVTCVVVDVSHEDPEVKENW
YVDGVEVHNAKTKPREEQYN
STYRVVSVLTVLHQDWLNGK
EYKCKVSNKALPAPTIEKTIS
KAKGQPREPQVYTLPPSREE
MTKNQVSLTCLVKGFYPSDT




Protein

Protein region

Sequence Identifier

Sequence

12345678901234567890

AVEWESNGQPENNYKTTPPV
LDSDGSFFLYSKLTVDKSRW
QQOGNVESCSVMHEALHNHYT
QKSLSLSPGK

DVD LIGHT
VARIABLE H IL -
1a/b DVD4bg

SEQ ID NO.:52

ETTVTQSPASLSMAIGEKVT
IRCITSTDIDVDMNWYQQKP
GEPPKLLISQGNTLRPGVPS
REFSSSGSGTDEVFITIENMLS
EDVADYYCLQSDNLPLTFEFGA
GTKLELKRTVAAPSVFIFPP
DIVMTQSQREMSTSVGDRVS
VICKASONVGTNIAWYQQKP
GQSPRALIYSASYRYSGVPD
RFTGSGSGTDEFTLTISNVQS
VDLAEYFCQQYTRYPLTFEGG
GTKLEIKR

1B12.4H4 VL

SEQ ID NO.:10

ETTVTQSPASLSMAIGEKVT
IRCITSTDIDVDMNWYQQKP
GEPPKLLISQGNTLRPGVPS
RFSSSGSGTDEVFIIENMLS
EDVADYYCLQSDNLPLTFEFGA
GTKLELKR

LINKER

SEQ ID NO.:50

TVAAPSVFEIFPP

18F4.2C8 VL

SEQ ID NO.:4

DIVMTQSQREMSTSVGDRVS
VICKASONVGTNIAWYQQKP
GQOSPRALIYSASYRYSGVPD
RFTGSGSGTDEFTLTISNVQS
VDLAEYFCQQYTRYPLTFEGG
GTKLEIKR

CL

SEQ ID NO.:36

TVAAPSVFIFPPSDEQLKSG
TASVVCLLNNEFYPREAKVQOW
KVDNALQSGNSQESVTEQDS
KDSTYSLSSTLTLSKADYEK
HKVYACEVTHQGLSSPVTKS
FNRGEC

DVD HEAVY
VARIABLE hIL -
1a/b DVD5alg

SEQ ID NO.:53

QVOLOOPGAELVRPGASVKL
SCKASGYTFTTYWMNWVKQOR
PEQGLEWIGRIDPYDSETLY
SQOKFKDTAILTVDKSSSTAY
MOLSSLTSEDSAVYYCARYG
FDYWGQGTTLTVSSASTKGP
EVOLOQOSGPELVKTGTSVKI
SCKASGYSFTGYYMHWVRQS
HGKSLEWIGYISCYNGETSY
NPKFKGKATFTVDTSSSTAY
IQFSRLTSEDSAVYYCARSD
YYGTNDYWGQGTTLTVSS

6H3.1A4.3E11
VH

SEQ ID NO.:5

QVOLOOPGAELVRPGASVKL
SCKASGYTFTTYWMNWVKQR
PEQGLEWIGRIDPYDSETLY
SOQKFKDTAILTVDKSSSTAY
MOLSSLTSEDSAVYYCARYG
FDYWGQGTTLTVSS

LINKER

SEQ ID NO.:42

ASTKGP

11C




Protein

Protein region

Sequence Identifier

Sequence

12345678901234567890

6B12.4F6 VH

SEQ ID NO.:11

EVOLOOSGPELVKTGTSVKI
SCKASGYSFTGYYMHWVRQS
HGKSLEWIGYISCYNGETSY
NPKFKGKATFTVDTSSSTAY
IQFSRLTSEDSAVYYCARSD
YYGTNDYWGQGTTLTVSS

CH

SEQ ID NO.:34

ASTKGPSVEFPLAPSSKSTSG
GTAALGCLVKDYFPEPVTVS
WNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSSLGTQT
YICNVNHKPSNTKVDKKVEP
KSCDKTHTCPPCPAPELLGG
PSVFLFPPKPKDTLMISRTP
EVTCVVVDVSHEDPEVKENW
YVDGVEVHNAKTKPREEQYN
STYRVVSVLTVLHQODWLNGK
EYKCKVSNKALPAPTIEKTIS
KAKGOQPREPQVYTLPPSREE
MTKNQVSLTCLVKGEFYPSDI
AVEWESNGQPENNYKTTPPV
LDSDGSFFLYSKLTVDKSRW
OQOGNVFEFSCSVMHEALHNHYT
QKSLSLSPGK

DVD LIGHT
VARIABLE H IL -
1a/b DVD5alg

SEQ ID NO.:54

QIVLTQSPALMSASPGEKVT
MTCSASSSVNYMYWYQQKPR
SSPKPWIYLTSNLASGVPAR
FSGSGSGTSYSLTISSMEAE
DAATYYCQQWNSNPYTFEFGGG
TKLEMKRTVAAPQIVLTQSP
ATIMSASPGEKVTITCSASSS
VSYMHWFQOKPGASPKLWIY
STSNLASGVPARFEFSGSGSGT
SYSLTVSRMEAEDAATYYCQ
ORSTYPYTFGGGTKLEIKR

6H3.1A4.3E11

VL

SEQ ID NO.:6

QIVLTQSPALMSASPGEKVT
MTCSASSSVNYMYWYQOKPR
SSPKPWIYLTSNLASGVPAR
FSGSGSGTSYSLTISSMEAE
DAATYYCQQWNSNPYTEGGG
TKLEMKR

LINKER

SEQ ID NO.:44

TVAAP

6B12.4F6 VL

SEQ ID NO.:12

QIVLTQSPAIMSASPGEKVT
ITCSASSSVSYMHWEQOKPG
ASPKLWIYSTSNLASGVPAR
FSGSGSGTSYSLTVSRMEAE
DAATYYCQQRSTYPYTFEGGG
TKLEIKR

CL

SEQ ID NO.:36

TVAAPSVFIFPPSDEQLKSG
TASVVCLLNNEFYPREAKVQW
KVDNALQSGNSQESVTEQDS
KDSTYSLSSTLTLSKADYEK
HKVYACEVTHQGLSSPVTKS
FNRGEC

EVOLOOSGPELVKTGTSVKI
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Protein

Protein region

Sequence Identifier

Sequence

12345678901234567890

DVD HEAVY
VARIABLE h IL -
1a/b DVD5b-Ig

SEQ ID NO.:55

SCKASGYSFTGYYMHWVRQS
HGKSLEWIGYISCYNGFEFTSY
NPKFKGKATFTVDTSSSTAY
IQFSRLTSEDSAVYYCARSD
YYGTNDYWGQGTTLTVSSAS
TKGPOQVOLOQPGAELVRPGA
SVKLSCKASGYTEFTTYWMNW
VKOQRPEQGLEWIGRIDPYDS
ETLYSQKFKDTAILTVDKSS
STAYMQLSSLTSEDSAVYYC
ARYGEDYWGQGTTLTVSS

6B12.4F6 VH

SEQ ID NO.:11

EVOLOOSGPELVKTGTSVKI
SCKASGYSFTGYYMHWVRQS
HGKSLEWIGYISCYNGFEFTSY
NPKFKGKATFTVDTSSSTAY
IQFSRLTSEDSAVYYCARSD
YYGTNDYWGQGTTLTVSS

LINKER

SEQ ID NO.:42

ASTKGP

6H3.1A4.3E11
VH

SEQ ID NO.:5

QOVOLOOPGAELVRPGASVKL
SCKASGYTFTTYWMNWVKQR
PEQGLEWIGRIDPYDSETLY
SQKFKDTAILTVDKSSSTAY
MOLSSLTSEDSAVYYCARYG
FDYWGQGTTLTVSS

CH

SEQ ID NO.:34

ASTKGPSVFPLAPSSKSTSG
GTAALGCLVKDYFPEPVTVS
WNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSSLGTQT
YICNVNHKPSNTKVDKKVEP
KSCDKTHTCPPCPAPELLGG
PSVFLFPPKPKDTLMISRTP
EVTCVVVDVSHEDPEVKENW
YVDGVEVHNAKTKPREEQYN
STYRVVSVLTVLHQDWLNGK
EYKCKVSNKALPAPIEKTIS
KAKGQPREPQVYTLPPSREE
MTKNQVSLTCLVKGFYPSDT
AVEWESNGQPENNYKTTPPV
LDSDGSFFLYSKLTVDKSRW
QOGNVESCSVMHEALHNHYT
OKSLSLSPGK

DVD LIGHT
VARIABLE H IL -
1la/b DVD5bIg

SEQ ID NO.:56

QIVLTQSPAIMSASPGEKVT
ITCSASSSVSYMHWEQOKPG
ASPKLWIYSTSNLASGVPAR
FSGSGSGTSYSLTVSRMEAE
DAATYYCQQRSTYPYTFEGGG
TKLEIKRTVAAPQIVLTQSP
ALMSASPGEKVTMTCSASSS
VNYMYWYQQOKPRSSPKPWIY
LTSNLASGVPAREFSGSGSGT
SYSLTISSMEAEDAATYYCQ
QWNSNPYTEFGGGTKLEMKR

6B12.4F6 VL

SEQ ID NO.:12

QIVLTQSPAIMSASPGEKVT
ITCSASSSVSYMHWEQQKPG
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Protein region

Sequence Identifier

Sequence

12345678901234567890

ASPKLWIYSTSNLASGVPAR
FSGSGSGTSYSLTVSRMEAE
DAATYYCQORSTYPYTFEGGG
TKLEIKR

LINKER

SEQ ID NO.:44

TVAAP

6H3.1A4.3E11
VL

SEQ ID NO.:6

QIVLTQSPALMSASPGEKVT
MTCSASSSVNYMYWYQQKPR
SSPKPWIYLTSNLASGVPAR
FSGSGSGTSYSLTISSMEAE
DAATYYCQQWNSNPYTEGGG
TKLEMKR

CL

SEQ ID NO.:36

TVAAPSVEFIFPPSDEQLKSG
TASVVCLLNNEFYPREAKVQW
KVDNALQSGNSQESVTEQDS
KDSTYSLSSTLTLSKADYEK
HKVYACEVTHQGLSSPVTKS
FNRGEC

DVD HEAVY
VARIABLE h IL -
1a/b DVD6alg

SEQ ID NO.:57

QVOLOOPGAELVRPGASVKL
SCKASGYTFTTYWMNWVKQR
PEQGLEWIGRIDPYDSETLY
SQKFKDTAILTVDKSSSTAY
MOLSSLTSEDSAVYYCARYG
FDYWGQGTTLTVSSASTKGP
SVFPLAPEVQLOQOSGPELVK
TGTSVKISCKASGYSFTGYY
MHWVRQSHGKSLEWIGYISC
YNGFTSYNPKFKGKATETVD
TSSSTAYIQFSRLTSEDSAV
YYCARSDYYGTNDYWGQGTT
LTVSS

6H3.1A4.3E11
VH

SEQ ID NO.:5

OVOLOOPGAELVRPGASVKL
SCKASGYTFTTYWMNWVKQR
PEQGLEWIGRIDPYDSETLY
SQKFKDTAILTVDKSSSTAY
MOLSSLTSEDSAVYYCARYG
FDYWGQGTTLTVSS

LINKER

SEQ ID NO.:48

ASTKGPSVFPLAP

6B12.4F6 VH

SEQ ID NO.:11

EVOLOOSGPELVKTGTSVKI
SCKASGYSFTGYYMHWVRQS
HGKSLEWIGYISCYNGFEFTSY
NPKFKGKATFTVDTSSSTAY
IQFSRLTSEDSAVYYCARSD
YYGTNDYWGQGTTLTVSS

CH

SEQ ID NO.:34

ASTKGPSVFPLAPSSKSTSG
GTAALGCLVKDYFPEPVTVS
WNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSSLGTQT
YICNVNHKPSNTKVDKKVEP
KSCDKTHTCPPCPAPELLGG
PSVFLFPPKPKDTLMISRTP
EVTCVVVDVSHEDPEVKENW
YVDGVEVHNAKTKPREEQYN
STYRVVSVLTVLHQDWLNGK
EYKCKVSNKALPAPTIEKTIS

11¢
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Protein region

Sequence Identifier

Sequence

12345678901234567890

KAKGOQPREPQVYTLPPSREE
MTKNQVSLTCLVKGEFYPSDT
AVEWESNGQPENNYKTTPPV
LDSDGSFFLYSKLTVDKSRW
QQGNVESCSVMHEALHNHYT
QKSLSLSPGK

DVD LIGHT
VARIABLE H IL -
1a/b DVD 6alg

SEQ ID NO.:58

QIVLTQSPALMSASPGEKVT
MTCSASSSVNYMYWYQQKPR
SSPKPWIYLTSNLASGVPAR
FSGSGSGTSYSLTISSMEAE
DAATYYCQQWNSNPYTEGGG
TKLEMKRTVAAPSVFEFIFPPQ
IVLTQSPAIMSASPGEKVTI
TCSASSSVSYMHWEFQQOKPGA
SPKLWIYSTSNLASGVPAREFE
SGSGSGTSYSLTVSRMEAED
AATYYCQQORSTYPYTEFGGGT
KLEIKRR

6H3.1A4.3E11
VL

SEQ ID NO.:6

QIVLTQSPALMSASPGEKVT
MTCSASSSVNYMYWYQQOKPR
SSPKPWIYLTSNLASGVPAR
FSGSGSGTSYSLTISSMEAE
DAATYYCQQWNSNPYTEGGG
TKLEMKR

LINKER

SEQ ID NO.:50

TVAAPSVFEIFPP

6B12.4F6 VL

SEQ ID NO.:12

QIVLTQSPAIMSASPGEKVT
ITCSASSSVSYMHWEQOKPG
ASPKLWIYSTSNLASGVPAR
FSGSGSGTSYSLTVSRMEAE
DAATYYCQQORSTYPYTFEGGG
TKLEIKR

CL

SEQ ID NO.:36

RTVAAPSVFIFPPSDEQLKS
GTASVVCLLNNFYPREAKVQ
WKVDNALQSGNSQESVTEQD
SKDSTYSLSSTLTLSKADYE
KHKVYACEVTHQGLSSPVTK
SEFNRGEC

DVD HEAVY
VARIABLE h IL -
1a/b DVD6b-Ig

SEQ ID NO.:59

EVOLOQOSGPELVKTGTSVKI
SCKASGYSFTGYYMHWVRQS
HGKSLEWIGYISCYNGETSY
NPKFKGKATFTVDTSSSTAY
IQFSRLTSEDSAVYYCARSD
YYGTNDYWGQGTTLTVSSAS
TKGPSVFPLAPQVQLQQOPGA
ELVRPGASVKLSCKASGYTF
TTYWMNWVKQRPEQGLEWIG
RIDPYDSETLYSQKFKDTAI
LTVDKSSSTAYMQLSSLTSE
DSAVYYCARYGFDYWGQGTT
LTVSS

6B12.4F6 VH

SEQ ID NO.:11

EVOLOOSGPELVKTGTSVKI
SCKASGYSFTGYYMHWVRQS
HGKSLEWIGYISCYNGFEFTSY
NPKFKGKATFTVDTSSSTAY
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Protein

Protein region

Sequence Identifier

Sequence

12345678901234567890

IQFSRLTSEDSAVYYCARSD
YYGTNDYWGQGTTLTVSS

LINKER

SEQ ID NO.:48

ASTKGPSVFPLAP

6H3.1A4.3E11
VH

SEQ ID NO.:5

QVOLOOPGAELVRPGASVKL
SCKASGYTFTTYWMNWVKQR
PEQGLEWIGRIDPYDSETLY
SQKFKDTAILTVDKSSSTAY
MOLSSLTSEDSAVYYCARYG
FDYWGQGTTLTVSS

CH

SEQ ID NO.:34

ASTKGPSVFPLAPSSKSTSG
GTAALGCLVKDYFPEPVTVS
WNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSSLGTQT
YICNVNHKPSNTKVDKKVEP
KSCDKTHTCPPCPAPELLGG
PSVEFLFPPKPKDTLMISRTP
EVTCVVVDVSHEDPEVKENW
YVDGVEVHNAKTKPREEQYN
STYRVVSVLTVLHQODWLNGK
EYKCKVSNKALPAPTIEKTIS
KAKGOQPREPQVYTLPPSREE
MTKNQVSLTCLVKGEFYPSDI
AVEWESNGQPENNYKTTPPV
LDSDGSFFLYSKLTVDKSRW
OQOGNVFEFSCSVMHEALHNHYT
QKSLSLSPGK

DVD LIGHT
VARIABLE H IL -
1a/b DVD6b-g

SEQ ID NO.:60

QIVLTQSPAIMSASPGEKVT
ITCSASSSVSYMHWEQQOKPG
ASPKLWIYSTSNLASGVPAR
FSGSGSGTSYSLTVSRMEAE
DAATYYCQQORSTYPYTFEFGGG
TKLEIKRTVAAPSVFEIFPPQ
IVLTQSPALMSASPGEKVTM
TCSASSSVNYMYWYQQKPRS
SPKPWIYLTSNLASGVPARF
SGSGSGTSYSLTISSMEAED
AATYYCQOWNSNPYTFGGGT
KLEMKRR

6B12.4F6 VL

SEQ ID NO.:12

QIVLTQSPAIMSASPGEKVT
ITCSASSSVSYMHWEQQKPG
ASPKLWIYSTSNLASGVPAR
FSGSGSGTSYSLTVSRMEAE
DAATYYCQQORSTYPYTFEFGGG
TKLEIKR

LINKER

SEQ ID NO.:50

TVAAPSVFIFPP

6H3.1A4.3E11
VL

SEQ ID NO.:6

QIVLTQSPALMSASPGEKVT
MTCSASSSVNYMYWYQQKPR
SSPKPWIYLTSNLASGVPAR
FSGSGSGTSYSLTISSMEAE
DAATYYCQQWNSNPYTFEFGGG
TKLEMKR

CL

SEQ ID NO.:36

TVAAPSVFIFPPSDEQLKSG
TASVVCLLNNEFYPREAKVQOW
KVDNALQSGNSQESVTEQDS
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Protein Sequence

Protein region Sequence Identifier 12345678901234567890

KDSTYSLSSTLTLSKADYEK
HKVYACEVTHQGLSSPVTKS
EFNRGEC

Characteristics of the new DVD constructs are summarized in Table 16. Affinity (Kd)
and biological activity (IC50) were determined by Biacore and MiRflbassay, respectively.
SDSPAGE analysis of all new DVD proteins showed normal migration patterns in both reduced

and norreduced conditions, similar to a regular antibody and DVB4./2

Table 16. Characterization of new DVDIg molecules derived fromnew mAb pairs

Affinity (K o) | Fotency
M (ICSO)

M

. Kq IC 50 . .

mADb Specif. M) M) DVD | Orient. | Linker | IL-1a | IL-1B | IL-1a | IL-1B

8.37E | 6.37E | 7.50E
DvD3a | ab-C short 10 08 10 NA
rhiL- | 5.95E | 3.30E 7.01E | 9.30E | 3.50E | 1.00E
18F4.2C8 1o 10 10 DVD4a | ab-C long 10 10 10 08
1B12.4H | rhiL- | 2.61E | 6.00E 1.24E | 1.90E | 7.00E | 4.00E
4 1p | 10 | 10 |PVD3b) b&C | short | Tagm ) Tyt | 0 | 10
5.60E | 1.28E | 3.50E | 5.00E
DVD4b | b-aC long 10 10 10 10
5.08E | 1.25E | 2.60E | 1.90E
DVD5a | ab-C short 10 08 09 08
rhiL- | 3.54E | 2.40E 1.06E | 2.09E | 2.30E | 7.00E
6H3.1A4 1o 10 10 DVD6a | ab-C long 09 09 09 08
rhiL- | 5.54E | 4.00E 1.32E | 6.71F | 3.30E | 2.50E
6B12.4F6 1 10 10 DVD5b | b-aC | short 08 10 09 10
8.20E | 6.97E | 1.00E | 7.50E
DVD6b | b-aC long 10 10 09 10

NA: no neutralization activity detected.

The function&characterization of the new DVD molecules revealed that with either
orientation, DVDs with the long linker performed better than the ones with the short linker in
terms of binding and neutralizing of both antigens. With respect to DVDs with the l&Bgglin
those with the {&-C orientation showed good binding to and neutralization of both antigens, while
the DVDs with an @-C orientation showed good binding to and neutralization dfdland
reduced binding to and neutralization of1p (e.g. DVD4b vs. DVD4a). The DVily molecule,
DVD4b, bound and neutralized both-1o and IL-1p with subnM and fully retained the binding

and neutralizing characteristics of the parent mADs.
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Example 3: Generation of DVD-lg capable of binding IL-12 and 1L-18

DVD-Ig molecules capable of binding-Il2 and 1-18 were constructed as described
above using two parent mAbs, one against humét?jp40 (ABT874), and the other against
human 1-:18 (ABT325). Four dferent antilL12/18 DVD-Ig constructs were generated: 2 with
short linker and 2 with long linker, each in two different domain orientation$842 and 1812-
C (Table VI). The linker sequences, derived from theihinal sequence of humar/C, or
CH1 domain, were as follows:

For DVD1218 constructs (ABT874 has @V

light chain ¢):Short linker: QPKAARSEQ ID NO:88) Long linker: QPKAAPSVTLFPP

(SEQ ID NO:92)

heavy chainyl): Short linker: ASTKGRSEQ ID NO:42) Long linker:
ASTKGPSWPLAP (SEQ ID NO:48)

For DVD1812 constructs (ABT325 has @V

light chain ):Short linker: TVAAP(SEQ ID NO:44); Long linker: TVAAPSVFIFPP

(SEQ ID NO:50)

heavy chainyl): Short linker: ASTKGRSEQ ID NO:42) Long linker:
ASTKGPSVFPLAP

(SEQ ID NO48)

All heavy and light chain constructs were subcloned into the pBOS expression vector, and
expressed in COS cells or freestyle 293 cells, followed by purification by Protein A
chromatography. The purified materials were subjected teFA&E and SEC,ra their
profiles were similar to that of the DVBA.

The table 17 below describes the heavy chain and light chain constructs used to express
each antiL12/IL18 DVD-Ig protein.

Table 17. Constructs to express aniL12/IL18 DVD -Ig proteins

DVD-Ig protein Heavy chain construct Light chain construct
DVD1218SL DVD1218HGSL DVD1218LGSL
DVD1218LL DVD1218HGLL DVD1218LGLL
DVD1812SL DVD1812HGSL DVD1812LGSL
DVD1812LL DVD1812HGLL DVD1812LGLL

Example 3.1.1Molecular cloning of DNA constructs for DVD1218SL and DVD1218LL
To generate heavy chain constructs DVD1218HCand DVD1218HGSL, VH domain

of ABT-874 was PCR amplified using primers Primer 1 and Primer 2L or Primer 2S respectively;

meanwhile VH domain of ABB25 was amplified using primers Prim@t or Primer 3S and
Primer 4 respectively. Both PCR reactions were performed according to standard PCR techniques

and procedures. The two PCR products werepgdfied, and used together as overlapping
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template for the subsequent overlapping PCR m@actsing primers Primer 1 and Primer 4 using
standard PCR conditions. The overlapping PCR products were subcloned into Srf | and Sal |
double digested pBOBCy1,z nora mammalian expression vector (Abbott) by using standard
homologous recombination appoba

To generate light chain constructs DVD1218LCand DVD1218LCSL, VL domain of
ABT-874 was PCR amplified using primers Primer 5 and Primer 6L or Primer 6S respectively;
meanwhile VL domain of ABI325 was amplified using primers Primer 7L or Primer A8 a
Primer 8 respectively. Both PCR reactions were performed according to standard PCR techniques
and procedures. The two PCR products werepgdfied, and used together as overlapping
template for the subsequent overlapping PCR reaction using primiees 3 and Primer 8 using
standard PCR conditions. The overlapping PCR products were subcloned into Srf | and Not |
double digested pBOBCk mammalian expression vector (Abbott) by using standard homologous
recombination approach. The primers used fes¢éhconstructions are listed below in table 18:
Table 18:

Primerl: TAGAGATCCCTCGACCTCGAGATCCATTGTGCCCGGGCGCQ SEQ ID NO.:61
CCATGGAGTTTGGGCTGAGC

Primer2 SEQ ID NO.:62
S:CACCTCTGGGCCCTTGGTCGACGCTGAAGAGACGGTGACCATTGT

Primer2 SEQ ID NO.:63
L:GGGTGCCAGGGGGAAGACCGATGGGCCCTTGTCGACGCTGAAGA
GACGGTGACCATTGT

Primer3 SEQ ID NO..64
S:TCTTCAGCGTCGACCAAGGGCCCAGAGGTGCAGCTGGTGCAGTCIT

Primer3 SEQ ID NO.:65

L:GCGTCGACCAAGGGCCCATCGGTCTTCCCCCTGGCACCCGAGGT(
CAGCTGGTGCAGTCT

Primer 4:.GTAGTCCTTGACCAGGCAGCC SEQ ID NO.:66

PrimerSTAGAGATCCCTCGACCTCGAGATCCATTGTGCCCGGGCGCC/ SEQ ID NO.:67
CCATGACTTGGACCCCACTC

Primer 6 SEQ ID NO.:68
S:TATTTCGGGGGCAGCCTTGGGCTGACCTAGTACTGTGACCTTGGT
Primer6 SEQ ID NO.:69

L:GGGCGGGAACAGAGTGACCGAGGGGGCAGCCTTGGGCTGACCTA
GTACTGTGACCTTGGT

Primer? SEQ ID NO.:70
S:CTAGGTCAGCCAAGGCTGCCCCCGAAATAGTGATGACGCAGTCT

Primer? SEQ ID NO.:71
L:CAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCGAAATA
TGATGACGCAGTCT

Primer8:GTCCCAGGTGGGGACCCTCACTCTAGAGTCGCGGCCGCCT/A SEQ ID NO.:72

ACACTCTCCCCTGTTGAA

Similar approach has been used toggate DVD1812SL and DVD1812LL as described below:

Example 3.1.2:Molecular cloning of DNA constructs for DVD1812SL and DVD1812LL

11€
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To generate heavy chain constructs DVD181AHCand DVD1812HGSL, VH domain
of ABT-325 was PCR amplified using primers Primieand Primer 9L or Primer 9S respectively;
meanwhile VH domain of ABB74 was amplified using primers Primer 10L or Primer 10S and
Primer 4 respectively. Both PCR reactions were performed according to standard PCR techniques
and procedures. The two PQRoducts were ggburified, and used together as overlapping
template for the subsequent overlapping PCR reaction using primers Primer 1 and Primer 4 using
standard PCR conditions. The overlapping PCR products were subcloned into Srf | and Sal |

double dgested pBOS$Cyl,z nora mammalian expression vector (Abbott) by using standard

KRPRORJRXV UHFRPELQDWLRQ DSSURDFK 7KH IROORZLQJ DUFE

To generate light chain constructs DVD1812LCand DVD1812LCSL, VL domain of
ABT-325 was PCR amplé#d using primers Primer 11 and Primer 12L or Primer 12S respectively;
meanwhile VL domain of ABI874 was amplified using primers Primer 13L or Primer 13S and
Primer 14 respectively. Both PCR reactions were performed according to standard PCR
techniques ad procedures. The two PCR products werepgeified, and used together as
overlapping template for the subsequent overlapping PCR reaction using primers Primer 11 and
Primer 14 using standard PCR conditions. The overlapping PCR products were suinttoSed
I and Not | double digested pB&fk mammalian expression vector (Abbott) by using standard
homologous recombination approach. The primers used for these constructions are listed below in
table 19:

Table 19:

Primer 9S: SEQ ID NO.:73
CACCTGTGGGCCCTTGGTCGACGCTRAGAGACGGTGACCATTGT
Primer 9L SEQ ID NO.:74

GGGTGCCAGGGGGAAGACCGATGGGCCCTTGGTCGACGCTGAAGA

ACGGTGACCATTGT
Primer 10 SEQ ID NO.:75
S:TCTTCAGCGTCGACCAAGGGCCCACAGGTGCAGCTGGTGGAGTCIT
Primer 10 SEQ ID NO.:76
L:GCGTCGACCAAGGGCCCATCGGTCTTCCCCCTGGCACCCCAGGT(
CAGCTGGTGGAGTCT

Primer 11: SEQ ID NO.:77
TAGAGATCCCTCGACCTCGAGATCCATTGTGCCCGGGCGCCACCAT(
GAAGCCCCAGCGCAGCTT

Primer 12S: SEQ ID NO.:78
AGACTGTGGTGCAGCCACAGTTCGTTTAATCTCCAGTCGTGT
Primer 12 SEQ ID NO.:79

L:.TGGCGGGAAGATGAAGACAGATGGTGCAGCCACAGTTCGTTTAAT
CTCCAGTGGTGT

Primer 13S: SEQ ID NO.:80
AAACGAACTGTGGCTGCACCACAGTCTGTGCTGACTCAGCCC

11¢



Primer 13

TGACTCAGCCC

L:ACTGTGGCTGCACCATCTGTCTTCATCTTCCCGCCACAGTCTGTG(

SEQ ID NO.:81

Primer 14:

ATTCTGTAGGGGC

GTCCCAGGTGGGGACCCTCACTCTAGAGTCGCGGCCGCTCATGAAC

SEQ ID NO.:82

The final DNA sequences for eight heavy and light chain constructs df aafil -18

DVD-Ig are as shown in table 20:

Table 20: Amino acid sequence of DVD binding proteins capable of binding L2 and IL-18

Protein

Protein region

Seglence ldentifier

Sequence

12345678901234567890

DVD HEAVY
VARIABLE
DVD1218HC-SL

SEQ ID NO.:83

QVOLVESGGGVVQPGRSLRL
SCAASGFTEFSSYGMHWVRQA
PGKGLEWVAFIRYDGSNKYY
ADSVKGRFTISRDNSKNTLY
LOMNSLRAEDTAVYYCKTHG
SHDNWGQGTMVTVSSASTKG
PEVQLVQSGTEVKKPGESLK
ISCKGSGYTVTSYWIGWVRQO
MPGKGLEWMGEFIYPGDSETR
YSPTFQGQVTISADKSENTA
FLOWSSLKASDTAMYYCARV
GSGWYPYTFDIWGQGTMVTV
SS

ABT-874 VH

SEQ ID NO.:84

QVOLVESGGGVVQPGRSLRL
SCAASGEFTFSSYGMHWVRQA
PGKGLEWVAFIRYDGSNKYY
ADSVKGREFTISRDNSKNTLY
LOMNSLRAEDTAVYYCKTHG
SHDNWGQGTMVTVSS

LINKER

SEQ ID NO.:42

ASTKGP

ABT-325 VH

SEQ ID NO.:85

EVOLVQOSGTEVKKPGESLKI
SCKGSGYTVTSYWIGWVROM
PGKGLEWMGFIYPGDSETRY
SPTEFQGQVTISADKSENTAF
LOWSSLKASDTAMYYCARVG
SGWYPYTEFDIWGQGTMVTVS
S

CH

SEQ ID NO.:34

ASTKGPSVFPLAPSSKSTSG
GTAALGCLVKDYFPEPVTVS
WNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSSLGTQT
YICNVNHKPSNTKVDKKVEP
KSCDKTHTCPPCPAPEAAGG
PSVFLFPPKPKDTLMISRTP
EVTCVVVDVSHEDPEVKENW
YVDGVEVHNAKTKPREEQYN
STYRVVSVLTVLHQODWLNGK
EYKCKVSNKALPAPTEKTIS
KAKGOQPREPQVYTLPPSREE
MTKNQVSLTCLVKGEFYPSDT
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Protein

Protein region

Seqlence ldentifier

Sequence

12345678901234567890

AVEWESNGQPENNYKTTPPV
LDSDGSFFLYSKLTVDKSRW
QQOGNVESCSVMHEALHNHYT
QKSLSLSPGK

DVD LIGHT
VARIABL E
DVD1218LC-SL

SEQ ID NO.:86

MIWTPLLEFLTLLLHCTGSLS
QSVLTQPPSVSGAPGQRVTI
SCSGSRSNIGSNTVKWYQOL
PGTAPKLLIYYNDQRPSGVP
DRFSGSKSGTSASLAITGLQ
AEDEADYYCQSYDRYTHPAL
LEFGTGTKVTVLGQPKAAPET
VMTQSPATLSVSPGERATLS
CRASESTISSNLAWYQQOKPGQ
APRLFIYTASTRATDIPARF
SGSGSGTEFTLTISSLOSED
FAVYYCQQYNNWPSITEFGQG
TRLEIKR

ABT-874 VL

SEQ ID NO.:87

QOSVLTQPPSVSGAPGQRVTI
SCSGSRSNIGSNTVKWYQOL
PGTAPKLLIYYNDQRPSGVP
DREFSGSKSGTSASLAITGLQ
AEDEADYYCQSYDRYTHPAL
LEFGTGTKVTVLG

LINKER

SEQ ID NO.:88

QPKAAP

ABT-325 VL

SEQ ID NO.:89

EIVMTQSPATLSVSPGERAT
LSCRASESISSNLAWYQQKP
GOAPRLFIYTASTRATDIPA
REFSGSGSGTEFTLTISSLQS
EDFAVYYCQQYNNWPSITFEG
QGTRLEIKR

CL

SEQ ID NO.:36

TVAAPSVFIFPPSDEQLKSG
TASVVCLLNNEFYPREAKVQW
KVDNALQSGNSQESVTEQDS
KDSTYSLSSTLTLSKADYEK
HKVYACEVTHQGLSSPVTKS
ENRGEC

DVD HEAVY
VARIABLE
DVD1218HC-LL

SEQ ID NO.:90

QVOLVESGGGVVQPGRSLRL
SCAASGEFTFSSYGMHWVRQA
PGKGLEWVAFIRYDGSNKYY
ADSVKGREFTISRDNSKNTLY
LOMNSLRAEDTAVYYCKTHG
SHDNWGQGTMVTVSSASTKG
PSVFPLAPEVQLVQSGTEVK
KPGESLKISCKGSGYTVTSY
WIGWVROMPGKGLEWMGEIY
PGDSETRYSPTFQGQVTISA
DKSENTAFLOWSSLKASDTA
MYYCARVGSGWYPYTFEDIWG
QGTMVTVSS

ABT-874 VH

SEQ ID NO.:84

QVQLVESGGGVVQPGRSLRL
SCAASGFTFSSYGMHWVRQA
PGKGLEWVAFIRYDGSNKYY
ADSVKGREFTISRDNSKNTLY
LOMNSLRAEDTAVYYCKTHG
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Protein

Protein region

Seqlence ldentifier

Sequence

12345678901234567890

SHDNWGQGTMVTVSS

LINKER

SEQ ID NO.:48

ASTKGPSVFPLAP

ABT-325 VH

SEQ ID NO.:85

EVOLVQSGTEVKKPGESLKI
SCKGSGYTVTSYWIGWVROM
PGKGLEWMGFIYPGDSETRY
SPTEFQGQVTISADKSENTAFE
LOWSSLKASDTAMYYCARVG
SGWYPYTEFDIWGQGTMVTVS
S

CH

SEQ ID NO.:34

ASTKGPSVFPLAPSSKSTSG
GTAALGCLVKDYFPEPVTVS
WNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSSLGTQT
YICNVNHKPSNTKVDKKVEP
KSCDKTHTCPPCPAPEAAGG
PSVEFLFPPKPKDTLMISRTP
EVTCVVVDVSHEDPEVKENW
YVDGVEVHNAKTKPREEQYN
STYRVVSVLTVLHQODWLNGK
EYKCKVSNKALPAPTIEKTIS
KAKGOQPREPQVYTLPPSREE
MTKNQVSLTCLVKGEFYPSDI
AVEWESNGQPENNYKTTPPV
LDSDGSFFLYSKLTVDKSRW
OQOGNVFEFSCSVMHEALHNHYT
QKSLSLSPGK

DVD LIGHT
VARIABLE
DVD1218LC-LL

SEQ ID NO.:91

QOSVLTQPPSVSGAPGQRVTI
SCSGSRSNIGSNTVKWYQOL
PGTAPKLLIYYNDQRPSGVP
DREFSGSKSGTSASLAITGLQ
AEDEADYYCQSYDRYTHPAL
LEFGTGTKVTVLGQPKAAPSV
TLEFPPEIVMTQSPATLSVSP
GERATLSCRASESISSNLAW
YOOKPGOAPRLFIYTASTRA
TDIPARFSGSGSGTEFTLTI
SSLOSEDFAVYYCQQYNNWP
SITFGOGTRLEIKR

ABT-874 VL

SEQ ID NO.:87

OSVLTQPPSVSGAPGQRVTI
SCSGSRSNIGSNTVKWYQOQOL
PGTAPKLLIYYNDQRPSGVP
DREFSGSKSGTSASLAITGLQ
AEDEADYYCQSYDRYTHPAL
LEFGTGTKVTVLG

LINKER

SEQ ID NO.:92

QPKAAPSVTLFPP

ABT-325 VL

SEQ ID NO.:89

EIVMTQSPATLSVSPGERAT
LSCRASESISSNLAWYQQKP
GOAPRLFIYTASTRATDIPA
REFSGSGSGTEFTLTISSLQS
EDFAVYYCQQYNNWPSITFEG
QGTRLEIKR

CL

SEQ ID NO.:36

TVAAPSVFIFPPSDEQLKSG
TASVVCLLNNEFYPREAKVQOW
KVDNALQSGNSQESVTEQDS
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Protein Sequence
Protein region Seqence Identifier 12345678901234567890
KDSTYSLSSTLTLSKADYEK

HKVYACEVTHQGLSSPVTKS
FNRGEC

DVD HEAVY
VARIABLE
DVD1812HC-SL

SEQ ID NO.:93

EVOLVQSGTEVKKPGESLKI
SCKGSGYTVTSYWIGWVRQOM
PGKGLEWMGEFIYPGDSETRY
SPTEFQGQVTISADKSENTAFE
LOWSSLKASDTAMYYCARVG
SGWYPYTEFDIWGQGTMVTVS
SASTKGPQVQLVESGGGVVQ
PGRSLRLSCAASGFETESSYG
MHWVRQAPGKGLEWVAFIRY
DGSNKYYADSVKGRFTISRD
NSKNTLYLOMNSLRAEDTAV
YYCKTHGSHDNWGQGTMVTV
SS

ABT-325 VH

SEQ ID NO.:85

EVOLVQSGTEVKKPGESLKI
SCKGSGYTVTSYWIGWVRQOM
PGKGLEWMGEFIYPGDSETRY
SPTFQGOQVTISADKSENTAF
LOWSSLKASDTAMYYCARVG
SGWYPYTFDIWGQGTMVTVS
S

LINKER

SEQ ID NO.:42

ASTKGP

ABT-874 VH

SEQ ID NO.:84

QVOLVESGGGVVQPGRSLRL
SCAASGEFTFSSYGMHWVRQA
PGKGLEWVAFIRYDGSNKYY
ADSVKGRETISRDNSKNTLY
LOMNSLRAEDTAVYYCKTHG
SHDNWGQGTMVTVSS

CH

SEQ ID NO.:34

ASTKGPSVFPLAPSSKSTSG
GTAALGCLVKDYFPEPVTVS
WNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSSLGTQT
YICNVNHKPSNTKVDKKVEP
KSCDKTHTCPPCPAPEAAGG
PSVFLFPPKPKDTLMISRTP
EVTCVVVDVSHEDPEVKENW
YVDGVEVHNAKTKPREEQYN
STYRVVSVLTVLHQDWLNGK
EYKCKVSNKALPAPIEKTIS
KAKGQPREPQVYTLPPSREE
MTKNQVSLTCLVKGEFYPSDT
AVEWESNGQPENNYKTTPPV
LDSDGSFFLYSKLTVDKSRW
QOGNVESCSVMHEALHNHYT
QOKSLSLSPGK

DVD LIGHT
VARIABLE

SEQ ID NO.:94

EIVMTQSPATLSVSPGERAT
LSCRASESISSNLAWYQQKP
GOAPRLFIYTASTRATDIPA
RFSGSGSGTEFTLTISSLQS
EDFAVYYCQQYNNWPSITFEG
QOGTRLEIKRTVAAPQSVLTQ
PPSVSGAPGQRVTISCSGSR
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Protein Sequence
Protein region Seqence Identifier 12345678901234567890
DVD1812LC-SL SNIGSNTVKWYQQOLPGTAPK
LLTIYYNDQRPSGVPDRESGS
KSGTSASLAITGLOAEDEAD

YYCQSYDRYTHPALLEFGTGT
KVTVLG

ABT-325 VL

SEQ ID NO.:89

EIVMTQSPATLSVSPGERAT
LSCRASESISSNLAWYQQKP
GOAPRLFIYTASTRATDIPA
RESGSGSGTEFTLTISSLQS
EDFAVYYCQQYNNWPSITFEG
QGTRLETKR

LINKER

SEQ ID NO.:44

TVAAP

ABT-874 VL

SEQ ID NO.:87

QSVLTQPPSVSGAPGQRVTI
SCSGSRSNIGSNTVKWYQOL
PGTAPKLLIYYNDQRPSGVP
DREFSGSKSGTSASLAITGLQ
AEDEADYYCQSYDRYTHPAL
LEFGTGTKVTVLG

CL

SEQ ID NO.:36

TVAAPSVFIFPPSDEQLKSG
TASVVCLLNNEFYPREAKVQW
KVDNALQSGNSQESVTEQDS
KDSTYSLSSTLTLSKADYEK
HKVYACEVTHQGLSSPVTKS
ENRGEC

DVD HEAVY
VARIABLE
DVD1812HC-LL

SEQ ID NO.:95

EVOLVQOSGTEVKKPGESLKI
SCKGSGYTVTSYWIGWVROM
PGKGLEWMGFIYPGDSETRY
SPTEFQGQVTISADKSENTAF
LOWSSLKASDTAMYYCARVG
SGWYPYTEFDIWGQGTMVTVS
SASTKGPSVEFPLAPQVQLVE
SGGGVVQPGRSLRLSCAASG
FTFSSYGMHWVRQAPGKGLE
WVAFIRYDGSNKYYADSVKG
REFTISRDNSKNTLYLQOMNSL
RAEDTAVYYCKTHGSHDNWG
QOGTMVTVSS

ABT-325 VH

SEQ ID NO.:85

EVOLVQSGTEVKKPGESLKI
SCKGSGYTVTSYWIGWVROM
PGKGLEWMGFIYPGDSETRY
SPTFQGQVTISADKSENTAF
LOWSSLKASDTAMYYCARVG
SGWYPYTFDIWGQGTMVTVS
S

LINKER

SEQ ID NO.:48

ASTKGPSVFPLAP

ABT-875 VH

SEQ ID NO.:84

QVQLVESGGGVVQPGRSLRL
SCAASGEFTFSSYGMHWVRQA
PGKGLEWVAFIRYDGSNKYY
ADSVKGREFTISRDNSKNTLY
LOMNSLRAEDTAVYYCKTHG
SHDNWGQGTMVTVSS

CH

SEQ ID NO.:34

ASTKGPSVFPLAPSSKSTSG
GTAALGCLVKDYFPEPVTVS
WNSGALTSGVHTFPAVLQSS
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Protein

Protein region

Seqlence ldentifier

Sequence

12345678901234567890

GLYSLSSVVTVPSSSLGTQT
YICNVNHKPSNTKVDKKVEP
KSCDKTHTCPPCPAPELLGG
PSVFLFPPKPKDTLMISRTP
EVTCVVVDVSHEDPEVKENW
YVDGVEVHNAKTKPREEQYN
STYRVVSVLTVLHQODWLNGK
EYKCKVSNKALPAPTEKTIS
KAKGOQPREPQVYTLPPSREE
MTKNQVSLTCLVKGEFYPSDT
AVEWESNGQPENNYKTTPPV
LDSDGSFFLYSKLTVDKSRW
QQOGNVESCSVMHEALHNHYT
QOKSLSLSPGK

DVD LIGHT
VARIABLE
DVD1812LC-LL

SEQ ID NO.:96

EIVMTQSPATLSVSPGERAT
LSCRASESISSNLAWYQQKP
GOAPRLFIYTASTRATDIPA
REFSGSGSGTEFTLTISSLQS
EDFAVYYCQQYNNWPSITEG
QOGTRLEIKRTVAAPSVFIFP
POSVLTQPPSVSGAPGQRVT
ISCSGSRSNIGSNTVKWYQO
LPGTAPKLLIYYNDQRPSGV
PDREFSGSKSGTSASLAITGL
QAEDEADYYCQSYDRYTHPA
LLFGTGTKVTVLG

ABT-325 VL

SEQ ID NO.:89

EIVMTQSPATLSVSPGERAT
LSCRASESISSNLAWYQQKP
GOAPRLFIYTASTRATDIPA
REFSGSGSGTEFTLTISSLQS
EDFAVYYCQQYNNWPSITEG
OGTRLEIKR

LINKER

SEQ ID NO.:50

TVAAPSVFEIFPP

ABT-874 VL

SEQ ID NO.:87

QSVLTQPPSVSGAPGQRVTI
SCSGSRSNIGSNTVKWYQOL
PGTAPKLLIYYNDQRPSGVP
DREFSGSKSGTSASLAITGLQ
AEDEADYYCQSYDRYTHPAL
LFGTGTKVTVLG

CL

SEQ ID NO.:36

TVAAPSVFIFPPSDEQLKSG
TASVVCLLNNEFYPREAKVQOW
KVDNALQSGNSQESVTEQDS
KDSTYSLSSTLTLSKADYEK
HKVYACEVTHQGLSSPVTKS
FNRGEC

Example 3.2.: Determination of antigen binding affinity of IL -12/IL-18 DVD lgs

The bindirg affinity of antilL-12/18 DVDgs to hiL-12 and hll-18 were determined by

Biacore (Table 21). The neutralization activity against® was determined by K& assay

(Konishi, K., et al.,). Briefly, IE18 samples (in a final concentration of 2 ng/mlyavpre

incubated with DVDBIg (in final concentrations between 0 and 10 mg/ml) at 37 C for 1 hr, and
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then added to K@ cells (3x1&ml) in RPMI medium containing 10 ng/ml hTNF, followed by
incubation at 37 C for 120 hr. The culture supernatants werdemted and human IR}

production in each sample was determined by ELISA (R&D Systems). Inhibition activities of the
DVD molecules against H18, presented as @values, are shown in Table VI. To determine the
inhibition activities of antiL-12/18 DVD molecules against{12, an Il-12-induced IFNy
SURGXFWLRQ DVVD\ IURP DFWLYDWHG 3+%$ EODVW FHOOV ZDV F
production of human IFN, PHA blast cells were incubated for 18 hours with humabh2LSub
maximal stimulation (555% of maximum) was olined with a human H12 concentration of

200 pg/mL. Supernatants were assayed forjlkiNing a specific human IFNELISA (Endogen,
Cambridge, MA). Neutralizing H12 DVDs interfere with IE12 induced IFNy production. The
neutralization activity of DWW is determined by measuring the DVD concentration required to

inhibit 50% of the IFNy production by human PHA blast cells, as shown in Table 21.

Table 21. Characterization of anttlL -18/IL-12 DVD-Ig molecules

Affinity Potency

(Kg, M) (ICs0,M)
MAb | Specif. (}|§/|d) '(%5)0 DVD Orient. | Linker | IL-12 | IL-18 | IL-12 | IL-18
DVD1218 | 12-18 short 3.81E | 6.22E | 6.93E | 1.8E

SL C 11 10 12 10
ABT87 | hiL- | 6.47E | 5.0 | DVD1218 | 12-18 long 2.38E | 6.64E | 3.04E | 1.8
4 12 11 12 LL C 11 10 12 10
ABT32 | hiL- | 1.37E | 3.0 | DVD1812 | 18-12- short 1.82E | 1.91E | 3.66E | 4.0
5 18 10 10 SL C 09 10 10 11
DVD1812 | 18-12- long 1.13E | 1.62E | 1.18E | 7.8

LL C 10 10 10 11

Affinity (Kd) was determined by Biacore and potency (IC50) determined byl K@assay (IL18)
and PBMC assay (H12).

Table 21 sbhws the specificity, binding affinity, and neutralization activity of the 2 fully
human mAbs used for the construction of the-dntl2/IL-18 DVD molecules. As shown in the
Table VI, these mAbs have high affinity and neutralization activity. A sumniaheo
characterization of the arti-18/IL-12 DVD constructs is shown in Table VI. SIPAGE
analysis of all new DVD proteins showed normal migration patterns in both reduced and non
reduced conditions, similar to a regular antibody and DVEJ/2SEC aalysis indicated all
molecules were normal, exhibiting peaks in the 200 kD region. The Biacore binding data are

consistent with the neutralization activity in the biological assays.

Example 3.3:Biological activity of anti-IL -12/IL-18 DVD-1g in vivo
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Both IL-12 and 11-18 are required to produce optimal kN response to various stimuli.
The biological activity of antiL-12/IL-18 DVD-Ig in vivo was determined using the huPBMC
SCID mouse model. In this model, ahti-12 antibody (ABF874) antilL-18 antibody (ABF325)
or the antilL-12/antilL-18 DVD-Ig were injected i.p. or i.v. (250 mg/mouse each) followed by
transfer of freshly purified human PBMCs (huPBMC) i.p. into SCID mice. Fifteen minutes later,
mice were challenged with dristhphylococcus aureus cells (SAC) to induce human IFN
production. Aninals (n=7#8/group) were sacrificed 130 hrs later and serum hullzrMevels were
determined by ELISA. ABT 874 and AB325 inhibited SAGnduced IFN by approximately
70% which represents maximum l=Mhibition with each compound in this model. However,
treatment of mice with AB1874 + ABT-325 and antlL-12/anttIL-18 DVD-Ig inhibited IFN
production by almost 100%. These results suggest that thik at2iantilL-18 DVD-Ig molecule

is functionally active in vivo.

Example 3.4 Pharmacokinetic and pharmacod/namic studies of antilL -12/1L-18 DVD-Ig
The overall Pharmacokinetic and pharmacodynaroéle of antilL-12/IL-18 DVD-Ig

was similar to the parent mAbs in mice, i.e 73% bioavailability, comparable to regular IgG.
Similar pharmacokinetics, i.e. rapitearance after day-&, was also observed for other mAbs
(e.g. human, rat etc,) probably due to dmiman IgG response.

Male SD rats were dosed with afiti-12/IL-18 DVD-Ig at 4mg/kg either i.v. or s.c. The
early part of the PK curves looked normal amedy similar to those of other human antibodies.
An accurate halfife in both groups could not be derived because of the rapid clearance of DVD
Ig beginning on day 6. The sudden drop in DMxoncentration after day 6 may be due to the
RAHA response However, similar profile has also been observed for one of the parent antibodies
(ABT-874) used for construction of this DVIQ in this particular experiment, as well as other
monaspecific human antibodies previously studied. Based on-Midncentratia up to day 6
in both s.c and i.v. groups, bioavailability of DM was estimated. Two out of three rats

showed 8095% bioavailability, and the average bioavailability in the three mice was 73%

Example 3.5:Physical/Chemical Characterization of antil L-12/anti-IL -18 DVD-Ig

Results of physical and chemical characterization of 29deeiVed, protein A purified,
antiIL-12/anttlL-18 DVD-Ig are summarized in Table 22.

Table 22. Physical/Chemical Characterization of antiL -12/anti-IL -18 DVD-Ig

Parameters Tested | Assay/Methodology Findings/Comments

Affinity (Kd)
o |L-12 Biacore e 38 pM (65 pM for ABTF874)
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e IL-18

Potency (1C50)
o |IL-12
e IL-18

M.W

Amino acid sequence
Disulfide bonds
Glycosylation profile

Charge
heterogeneity

Pl

Dynamic size
Purity/aggregates

Stability
(freeze/thaw)

PK profile
Bioavailability

Biacore

o PHA-Blast Assay
o KG-1 Assay

MS

Sequencing MS
Peptide mapping

Cation
(WCX-10)
clEF

DSL
SDSPGE

SEC

AUC

SEC

Rati.v. & s.c.
Rat iv. vs s.c.

Exchange

e 622 pM (137 pM for ABT325)

7 pM (5 pM for ABT874)
180 pM (300 pM for ABT325)

e HC: 64130 (theo. 64127)

e LC: 36072 (theo. 36072)

All matched

All 20 disulfide bonds are matched

Similar to other irFhouse fully human antibodies
NGAZ2F and NGAL1F observed as the major forr
Homogeneity

9.42 (ABT-874: 9.46)

7.69nM (5.34 nM for ABT325)

¢ Homogeneity on both reducing (~64Kd F
ard ~ 36Kd LC bands) and narducing (one
band) gels

e One peak (~ 100%) observed immediat
after protein A purification by SEC

e ~ 1617% aggregates observed after 2 cyc
of freezethaw by AUC

~ 5% aggregates after 2 freedbaw cycles,

increased to ~13% after additional 10 fredzaw

cycles. The reason for that is unsolved (proct

related, sequenespecific, or LC lamda/kapp

hybrid)

Similar to (or limited by) parental mAbs.

Average 73%; Overall similar to parental mAbs

Example 3.6:Generation of an additional anti12/anti-18 DVD-1g (1D4.1-ABT325)

An additional antiL-12/IL-18 DVD-Ig molecule with a different parent alti-12 mAb
(clone# 1D4.1), as shown in Ble 23, was constructed. The 1DABT325 DVD-Ig construct

was generated with a short linker derived from theeishinal sequence of human Ck and CH1

domain, as follows:

Short linker: light chain: TVAARSEQ ID NO:44) heavy chain: ASTKGRSEQ ID

NO:42)

All heavy and light chain constructs were subcloned into the pBOS expression vector,

expressed in COS cells or freestyle 293 cells, and characterized as described above. 1D4.1
ABT325 DVD-Ig fully retains the activities of the two original mAbs (Table 24).
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Table 23: Amino acid sequence diD4.1-ABT325 DVD-Ig

Protein Sequence

Protein region Sequence Identifier 12345678901234567890

SEQ ID NO.:114 EVTLRESGPALVKPTQTLTL
TCTFSGFSLSKSVMGVSWIR
QPPGKALEWLAHIYWDDDKY
1D4.1-ABT325 YNPSLKSRLTISKDTSKNQV

VLTMTNMDPVDTATYYCARR
DVD-lg HEAVY GIRSAMDYWGQGTTVTVSSA
VARIABLE STKGPEVQLVQSGTEVKKPG
ESLKISCKGSGYTVTSYWIG
WVROMPGKGLEWMGFIYPGD
SETRYSPTFQGQVTISADKS
FNTAFLOWSSLKASDTAMYY
CARVGSGWYPYTFDIWGQGT
MVTVSS

1D4.1 VH SEQ ID NO.:115 EVTLRESGPALVKPTQTLTL
TCTFSGFSLSKSVMGVSWIR
QPPGKALEWLAHIYWDDDKY
YNPSLKSRLTISKDTSKNQV
VLTMTNMDPVDTATYYCARR
GIRSAMDYWGQGTTVTVSS

LINKER SEQ ID NO.:42 ASTKGP

ABT-325 VH SEQ ID NO.:85 EVQLVQSGTEVKKPGESLKI
SCKGSGYTVTSYWIGWVROM
PGKGLEWMGFIYPGDSETRY
SPTFOGQVTISADKSENTAF
LOWSSLKASDTAMYYCARVG
SGWYPYTEFDIWGQGTMVTVS
S

CH SEQ ID NO.:34 ASTKGPSVFPLAPSSKSTSG
GTAALGCLVKDYFPEPVTVS
WNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSSLGTQT
YICNVNHKPSNTKVDKKVEP
KSCDKTHTCPPCPAPEAAGG
PSVEFLFPPKPKDTLMISRTP
EVTCVVVDVSHEDPEVKENW
YVDGVEVHNAKTKPREEQYN
STYRVVSVLTVLHQODWLNGK
EYKCKVSNKALPAPTIEKTIS
KAKGOQPREPQVYTLPPSREE
MTKNQVSLTCLVKGEFYPSDI
AVEWESNGQPENNYKTTPPV
LDSDGSFFLYSKLTVDKSRW
OQGNVEFSCSVMHEALHNHYT
QKSLSLSPGK

SEQ ID NO.:116 DIVMTQSPDSLAVSLGERAT
INCKASQSVSNDVAWYQQKP
GOPPKLLIYYASNRYTGVPD
RFSGSGSGTDFTLTISSLOA
1D4.1-ABT325 EDVAVYYCQQDYNSPWTFGG
DVD-Ig LIGHT GTKVEIKRTVAAPETVMTQS

PATLSVSPGERATLSCRASE
VARIABLE SISSNLAWYQQKPGQAPRLF
IYTASTRATDIPARFSGSGS
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Protein Sequence

Protein region Sequence Identifier 12345678901234567890

GTEFTLTISSLOSEDFAVYY
COQYNNWPSITFGQGTRLET
KR
1D4.1 VL SEQ ID NO.:117 DIVMTQSPDSTLAVSLGERAT
INCKASQSVSNDVAWYQOQOKP
GOPPKLLIYYASNRYTGVPD
RESGSGSGTDFTLTISSLOA
EDVAVYYCQODYNSPWTFGG
GTKVEIKR

LINKER SEQ ID NO.:44 TVAAP
ABT-325 VL SEQ ID NO.:89 ETVMTQSPATLSVSPGERAT
LSCRASESISSNLAWYQQKP
GOAPRLFIYTASTRATDIPA
REFSGSGSGTEFTLTISSLOS
EDFAVYYCQOQYNNWPSITFEFG
OGTRLEIKR
CL SEQ ID NO.:36 TVAAPSVFIFPPSDEQLKSG
TASVVCLLNNEFYPREAKVOW
KVDNALQSGNSQESVTEQDS
KDSTYSLSSTLTLSKADYEK
HKVYACEVTHQGLSSPVTKS

ENRGEC

Table 24. Characterization 1D4.1ABT325 DVD-Ig molecule

. (AIITH) Potency (ICso M)
IL-12 IL-18 IL-12 IL-18
1D4.1 1.20E10 NIA 4.18E10 N/A
ABT325 N/A 1.91E10 N/A 6.87E11
1D4.:-ABT325 DVD-lg | 1.33E10 1.59E10 2 17E10 1.20E10

Affinity (Kd) was determined by Biacore and potency (IC50) determined byl Ki®assay (IL
18) and PBMC assay (iL2).

Example 4: Generation of ant-rCD20/anti-CD3 DVD-Ig
Anti-CD20/anttCD3 DVD-Igs were generated using murine antmanCD20 (clone

5F1) and anthumanCD3 (clone OKT3) parent antibodies. The initial constructs included 2
DVD-Igs with different domain orientations. The a@3/antiCD20 DVD-lg was constructed
in the order of \pz-linker-V ¢pye-constant, and an€D20anttCD3 DVD-lg was constructed in
the order of \{parlinker-Vcps-constant. However, in a preliminary cell surface binding study,
ant-CD20 binding activity was diminished in the a@iD3/anttCD20 DVD-Ig molecule, even
though the amttCD3 activity was onserved in this design. In contrast, both-@3 and anti
CD20 binding activities were fully conserved in the #f20/antitCD3 DVD-lg molecule,

indicating this is the optimal domain orientation for these two mAbs/targets combination in a
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DVD-Ig forma. Therefore the arttD20/anttCD3 DVD-Ig construct was chosen for subsequent
studies.

The antiCD20/anttCD3 DVD-Ig was generated as chimeric Ig i.e the constant region was
a human constant region. For binding analysis, human T cell line Jurkat afidiBecRaji were
blocked with human IgG and then stained with murine-d@D3 mAb OKT3, murine antiCD20
mAb 1F5, and aCD20/antiCD3 DVD-Ig. Cells were then washed and stained with FITC
labeled goat amtinurine 1gG (with no anthigG crossreactivty). Anti-CD20/CD3 DVDIg
bound both T and B cells, whereas CD3 and CD20 mAbs bound only T or B cells, respectively.
The amino acid sequence of CD20/CD3 DW{[Js disclosed in Table 25.

Table 25: Amino acid sequence c€D20CD3DVD-Ig

Protein Sequence

Protein region Sequence Identifier 12345678901234567890

SEQ ID NO.:97 QVQLRQPGAELVKPGASVKM
SCKASGYTFTSYNMHWVKQT
PGQGLEWIGAIYPGNGDTSY

DVD HEAVY MOLSSLTSEDSAVY Y CARSH
VARIABLE YGSNYVDYFDYWGQGTTLTV

CDH20CD3DbVD g SSAKTTAPSVYPLAPQVQLQ
QSGAELARPGASVKMSCKAS
GYTFTRYTMHWVKQRPGQGL
EWIGYINPSRGYTNYNQKFK
DKATLTTDKSSSTAYMQLSS
LTSEDSAVYYCARYYDDHYC
LDYWGQGTTLTVSS
5F1 VH SEQ ID NO.:98 QVQLRQPGAELVKPGASVKM
SCKASGYTFTSYNMHWVKQT
PGQGLEWIGAIYPGNGDTSY
NQKFKGKATLTADKSSSTAY
MQLSSLTSEDSAVYYCARSH
YGSNYVDYFDYWGQGTTLTV
SS

LINKER SEQ ID NO.:99 AKTTAPSVYPLAP
OKT3 VH SEQ ID NO.:100 QVOLOOSGAELARPGASVKM
SCKASGYTFTRYTMHWVKQR
PGQGLEWIGYINPSRGYTNY
NQKFKDKATLTTDKSSSTAY
MQLSSLTSEDSAVYYCARYY
DDHYCLDYWGQGTTLTVSS
CH SEQ ID NO.:34 ASTKGPSVFPLAPSSKSTSG
GTAALGCLVKDYFPEPVTVS
WNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSSLGTQT
YICNVNHKPSNTKVDKKVEP
KSCDKTHTCPPCPAPELLGG
PSVFLFPPKPKDTLMISRTP
EVTCVVVDVSHEDPEVKENW
YVDGVEVHNAKTKPREEQYN
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Protein Sequence

Protein region Sequence Identifier 12345678901234567890

STYRVVSVLTVLHODWLNGK
EYKCKVSNKALPAPTIEKTIS
KAKGQPREPQVYTLPPSREE
MTKNQVSLTCLVKGFYPSDI
AVEWESNGQPENNYKTTPPV
LDSDGSFFLYSKLTVDKSRW
QQGNVFSCSVMHEALHNHYT
OKSLSLSPGK
SEQ ID NO.:101 OIVLSQSPAILSASPGEKVT
MTCRASSSLSFMHWYQQKPG
SSPKPWIYATSNLASGVPAR
FSGSGSGTSYSLTISRVEAE
CD20CD3DVD-lg DAATYFCHQWSSNPLTFGAG
LIGHT VARIABLE TKLELKRADAAPTVSIFPPQ
IVLTQSPATIMSASPGEKVTM
TCSASSSVSYMNWYQQKSGT
SPKRWIYDTSKLASGVPAHF
RGSGSGTSYSLTISGMEAED
AATYYCQQWSSNPFTFGSGT
KLEINR
5F1 VL SEQ ID NO.:102 QIVLSQSPAILSASPGEKVT
MTCRASSSLSFMHWYQQKPG
SSPKPWIYATSNLASGVPAR
FSGSGSGTSYSLTISRVEAE
DAATYFCHQWSSNPLTFGAG
TKLELKR
LINKER SEQ ID NO.:103 ADAAPTVSIFPP
OKT3 VL SEQ ID NO.:104 QIVLTQSPAIMSASPGEKVT
MTCSASSSVSYMNWYQQKSG
TSPKRWIYDTSKLASGVPAH
FRGSGSGTSYSLTISGMEAE
DAATYYCQQWSSNPFTFGSG
TKLEINR
CL SEQ ID NO.:36 TVAAPSVFIFPPSDEQLKSG
TASVVCLLNNEFYPREAKVQW
KVDNALQSGNSQESVTEQDS
KDSTYSLSSTLTLSKADYEK
HKVYACEVTHQGLSSPVTKS
FNRGEC

Example 5: Generation of miL-1a/BDVD-Ig

To study key issues concerning pharmacokinetics, in vivo efficacy, tissue penetration, and
immunogenicity of DVDIg molecules, mousantimouse Il-1o/p DVD-Ig molecules were

constructed as described below.

Example 5.1:Construction of miL -1o/8DVD-Ig
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Mouseantimouse Il-10/p DVD-Ig molecules were constructed using two mouse anti
mouse Il-1a/p mAbs (9H10 and 10G11) generated fromlk double KO mice. Mouse anti
mouse -1, and mouse antnouse Il-1, monoclonal antibodiewere generated by imumizing
IL-10/p double KO mice with mouse HlLa, or mouse [:13, respectively. One mouse anti
mouse ll-1a. (Clone 9H10), and one mouse aminuse I-13 mAb (clone 10G11), were selected
and used to generate mllo/ DVD-Ig molecules. Various linker sizeaddifferent domain
orientations were tested. The final functional it/ DVD-Ig molecules was constructed in a
orientation of V(antimlIL-1)-linker-V(anti-mIL-13)-murine constant region {Za and &).. The
cloning, expression, and purification procezkiwere similar to that of the hilo/3 DVD-Ig. The
cloning of miL-1a/f DVD-Ig was carried out using similar overlapping PCR and homologous
recombination as described for Rlk/f DVD3-lg. The sequences of mila/f DVD-Ig are

shown below in Table 26:

Table 26: Amino acid sequence ahlL -1a/ DVD-Ig

Protein Sequence

Protein region Sequence Identifier 12345678901234567890

SEQ ID NO.:105 EVQLQOQSGPELVKPGTSVKM
SCKTSGYTFTSYVMHWVKQK
PGQGLEWIGYIIPYNDNTKY
NEKFKGKATLTSDKSSSTAY
HrE”’&V%(a/ B DVD-lg MELSSLTSEDSAVYYCARRN
EYYGSSFFDYWGQGTTLTVS
VARIABLE SAKTTAPSVYPLAPQVILKE
SGPGILOPSQTLSLTCSFSG
FSLSTYGTAVNWIRQPSGKG
LEWLAQIGSDDRKLYNPFLK
SRITLSEDTSNSQVFLKITS
VDTEDSATYYCANGVMEYWG
LGTSVTVSS
10G11 VH SEQ ID NO.:106 EVQLOQSGPELVKPGTSVKM
SCKTSGYTFTSYVMHWVKQK
PGQGLEWIGYIIPYNDNTKY
NEKFKGKATLTSDKSSSTAY
MELSSLTSEDSAVYYCARRN
EYYGSSFFDYWGQGTTLTVS
S
LINKER SEQ ID NO.:99 AKTTAPSVYPLAP
9H10 VH SEQ ID NO.:107 QVILKESGPGILQPSQTLSL
TCSFSGFSLSTYGTAVNWIR
QPSGKGLEWLAQIGSDDRKL
YNPFLKSRITLSEDTSNSQV
FLKITSVDTEDSATYYCANG
VMEYWGLGTSVTVSS

CH SEQ ID NO.:108 AKTTAPSVYPLAPVCGDTTG
SSVTLGCLVKGYFPEPVTLT
WNSGSLSSGVHTFPAVLQSD
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Protein

Protein region

Sequence Identifier

Sequence

12345678901234567890

LYTLSSSVTVTSSTWPSQST
TCNVAHPASSTKVDKKIEPR
GPTIKPCPPCKCPAPNLLGG
PSVFIFPPKIKDVLMISLSP
IVTCVVVDVSEDDPDVQISW
FVNNVEVHTAQTQTHREDYN
STLRVVSALPTIQHQDWMSGK
EFKCKVNNKDLPAPTERTIS
KPKGSVRAPQVYVLPPPEEE
MTKKQVTLTCMVTDFMPEDT
YVEWTNNGKTELNYKNTEPV
LDSDGSYFMYSKLRVEKKNW
VERNSYSCSVVHEGLHNHHT
TKSFSRTPGK

miL -1a/p DVD-Ig
LIGHT VARIABLE

SEQ ID NO.:109

DIOMTQSPASLSASVGETVT
ITCRGSGILHNYLVWYQQKQ
GKSPQLLVYSAKILADGVPS
REFSGSGSGTQYSLKINSLQP
EDFGSYYCQHEWSTPFTFEGS
GTKLEIKRADAAPTVSIFPP
SIVMTQTPKEFLLVSAGDRVT
ITCKASQSVNHDVAWYQQMP
GOSPKLLIYFASNRYTGVPD
REFTGSGYGTDFTFTISTVQA
EDLAVYFCQQDYSSPYTFEGG
GTKLEIKR

10G11 VL

SEQ ID NO.:110

DIOMTQSPASLSASVGETVT
ITCRGSGILHNYLVWYQQKQO
GKSPQLLVYSAKILADGVPS
REFSGSGSGTQYSLKINSLQP
EDFGSYYCQHEWSTPFTEGS
GTKLEIKR

LINKER

SEQ ID NO.:111

ADAAPTVSIFPP

9H10 VL

SEQ ID NO.:112

SIVMTQTPKEFLLVSAGDRVT
ITCKASQSVNHDVAWYQQMP
GOSPKLLIYFASNRYTGVPD
REFTGSGYGTDFTFTISTVQA
EDLAVYFCQQDYSSPYTFEGG
GTKLEIKR

CL

SEQ ID NO.:113

ADAAPTVSIFPPSSEQLTSG
GASVVCEFLNNEFYPKDINVKW
KIDGSERQNGVLNSWTDQDS
KDSTYSMSSTLTLTKDEYER
HNSYTCEATHKTSTSPIVKS
FNRNEC

Murine miL-1o/p DVD-Ig retained affinity/in vitro potency against both1kx and IL-18.
Table 27 shows the characterization of mAbs 9H10atltt1a), 10G11 (antimIL-1B), and

miL-1a/p DVD-Ig.
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Table 27. Characterization of mDVD4lg

Antigen Kp (M) ICs0 (M)
9H10 miL-1o 1.73E10 2.00E10
10G11 miL-1 2.30E10 3.70E10

miL-1a/BDVD-Ig miL-1o 7.66E10 2.00E09
miL-1B 6.94E10 8.00E10

Example 5.2:1n vivo activity of miL -1a/BDVD-Ig in arthritis model:

The therapeutic effects of asli-1lalpha, antiL-1beta, corhined antlL -1-alpha/antilL -
lbeta, and murine anili -1alpha/beta DVD4g, were evaluated in a collagémuced arthritis
mouse model well known in the art. Briefly, male DBAnice were immunized with bovine type
Il collagen in CFA at the base of tralt The mice were boosted with Zymosan intraperitoneally
(i.p) at day 21. After disease onset at day2Z4mice were selected and divided into separate
groups of 10 mice each. The mean arthritis score of the control group, angtakitie groups
wascomparable at the start of treatment. To neutralizg, linice were injected every other day
with 1-3 mg/kg of antilL-1alpha mAb, antlL-1beta mAb, combination of arti -1-alpha/ant
IL-1beta mAbs, or murine anti-lalpha/beta DVD4g intraperitoneall. Mice were carefully
examined three times a week for the visual appearance of arthritis in peripheral joints, and scores
for disease activity determined.

Blockade of 1l-1 in the therapeutic mode effectively reduced the severity of arthritis, with
antiIL-1beta showing greater efficacy (24% reduction in mean arthritis score compared to control
group) than amiL -1-alpha (10% reduction). An additive effect was observed betweeflatHi
alpha and antiL -1beta, with a 40% reduction in mean arthritis edgarmice treated with both
antilL-1alpha and ardiL -1beta mAbs. Surprisingly, at the same dose level, the treatment of
mDVD-Ig exhibited 47% reduction in mean arthritis score, demonstrating the in vivo therapeutic
efficacy of mDVDIg. Similar efficacyweas also observed in the measurements of joint swelling
in this animal model.

The present invention incorporates by reference in their entirety techniques well known in
the field of molecular biology and drug delivery. These techniques include goubidimited to,
techniques described in the following publications:

Ausubel et al. (eds.furrent Protocols in Molecular Biologyohn Wiley &Sons, NY (1993);
Ausubel, F.M. et al. edsShort Protocols In Molecular Biolog#th Ed. 1999) John Wiley &
Sms, NY. (ISBN 0471-32938X).

Controlled Drug Bioavailability, Drug Product Design and PerformaBo®len and Ball (eds.),
Wiley, New York (1984);
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Giege, R. and Ducruix, A. Barreftrystallization of Nucleic Acids and ProtejresPractical
Approach, 2neka., pp. 20 1.6, Oxford University Press, New York, New York, (1999);
Goodson, irMedical Applications of Controlled Relegs®l. 2, pp. 115138 (1984);

Hammerling, et al., inMonoclonal Antibodies and-Cell Hybridomas$63681 (Elsevier, N.Y.,
1981;

Harlow et al. Antibodies: A Laboratory Manua{Cold Spring Harbor Laboratory Press, 2nd ed.
1988);

Kabat et al. Sequences of Proteins of Immunological Inte(Bsitional Institutes of Health,
Bethesda, Md. (1987) and (1991);

Kabat, E.A. et al. (1991)Sequences of Proteins of Immunological Interésth Edition, U.S.

Department of Health and Human Services, NIH Publication N3292;
Kontermann and Dubel edé&ntibody Engineering2001) Springeierlag. New York. 790 pp.
(ISBN 3540413545).

Kriegler, Gene Transfer and Expression, A Laboratory Manual, Stockton Press, NY (1990);

Lu and Weiner edsCloning and Expression Vectors for Gene Function AnalZ161)
BioTechniques Press. Westborough, MA. 298 pp. (ISBB8129921-X).

Medical Applicationf Controlled Releasd anger and Wise (eds.), CRC Pres., Boca Raton, Fla.
(1974);

Old, R.W. & S.B. PrimroseRrinciples of Gene Manipulation: An Introduction To Genetic
Engineering3d Ed. 1985) Blackwell Scientific Publications, Boston. Studies irrddiology;
V.2:409 pp. (ISBN 6632-013184).

Sambrook, J. et al. ed#dplecular Cloning: A Laboratory Manu&2d Ed. 1989) Cold Spring
Harbor Laboratory Press, NY. Vols:31 (ISBN 387969309-6).

Sustained and Controlled Release Drug Delivery Syst@RisRobinson, ed., Marcel Dekker,
Inc., New York, 1978

Winnacker, E.LFrom Genes To Clones: Introduction To Gene Technd®§87) VCH
Publishers, NY (translated by Horst Ibelgaufts). 634 pp. (ISEB9%73614-4).
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We claim;

1. A binding protein comprising first and second polypeptide chains, wherein said first polypeptide
chain comprises VD1-(X1)n-VD2-C-(X2)n, wherein VD1 is a first heavy chain variable domain, VD2 is
a second heavy chain variable domain, C is a constant domain, X1 is a linker with the proviso that it is not
a constant domain, and X2 is an Fc region; and said second polypeptide chain comprises VD1-(X1)n-
VD2-C-(X2)n, wherein VD1 is a first light chain variable domain, VD2 is a second light chain variable
domain, C is a constant domain, X1 is a linker with the proviso that it is not a constant domain, and X2
does not comprise an Fc region; wherein n is 0 or 1; and wherein said two polypeptide chains of said

binding protein form two functional binding sites.

2. The binding protein according to claim 1, wherein said binding protein is capable of binding one

or more targets.

3. The binding protein according to claim 2, wherein the target is selected from the group consisting
of ABCF1; ACVR1; ACVR1B; ACVR2; ACVR2B; ACVRL1; ADORA2A; Aggrecan; AGR2; AICDA,;
AIF1; AlIG1; AKAPL; AKAP2; AMH; AMHR2; ANGPT1; ANGPT2; ANGPTL3; ANGPTL4; ANPEP;
APC; APOC1; AR; AZGP1 (zinc-a-glycoprotein); B7.1; B7.2; BAD; BAFF; BAGL; BAIl; BCL2,;
BCL6; BDNF; BLNK; BLR1 (MDR15); BlyS; BMP1; BMP2; BMP3B (GDF10); BMP4; BMP6; BMPS;
BMPR1A; BMPR1B; BMPR2; BPAG1 (plectin); BRCAL; C190rfl10 (IL27w); C3; C4A; C5; C5R1;
CANTL1; CASP1; CASP4; CAV1; CCBP2 (D6 / JAB61); CCL1 (1-309); CCL11 (eotaxin); CCL13
(MCP-4); CCL15 (MIP-1d); CCL16 (HCC-4); CCL17 (TARC); CCL18 (PARC); CCL19 (MIP-3b);
CCL2 (MCP-1); MCAF; CCL20 (MIP-3a); CCL21 (MIP-2); SLC; exodus-2; CCL22 (MDC / STC-1);
CCL23 (MPIF-1); CCL24 (MPIF-2 / eotaxin-2); CCL25 (TECK); CCL26 (eotaxin-3); CCL27 (CTACK/
ILC); CCL28; CCL3 (MIP-1a); CCL4 (MIP-1b); CCL5 (RANTES); CCL7 (MCP-3); CCL8 (mcp-2);
CCNAL; CCNA2; CCND1; CCNEL; CCNE2; CCR1 (CKR1/HM145); CCR2 (mcp-1RB / RA);CCR3
(CKR3/CMKBR3); CCR4; CCR5 (CMKBR5 / ChemR13); CCR6 (CMKBR6 / CKR-L3 / STRL22/
DRY®6); CCR7 (CKR7 / EBI1); CCR8 (CMKBR8 / TER1 / CKR-L1); CCR9 (GPR-9-6); CCRL1
(VSHK1); CCRL2 (L-CCR); CD164; CD19; CD1C; CD20; CD200; CD-22; CD24; CD28; CD3; CD37;
CD38; CD3E; CD3G; CD3Z; CD4; CD40; CD40L; CD44; CD45RB; CD52; CD69; CD72; CD74;
CD79A; CD79B; CD8; CD80; CD81; CD83; CD86; CDH1 (E-cadherin); CDH10; CDH12; CDH13;
CDH18; CDH19; CDH20; CDH5; CDH7; CDHS8; CDH9; CDK2; CDK3; CDK4; CDK5; CDK6; CDKY7,
CDKJ9; CDKN1A (p21Wap1/Cipl); CDKN1B (p27Kipl); CDKN1C; CDKN2A (p16INK4a); CDKN2B;
CDKN2C; CDKN3; CEBPB; CER1; CHGA; CHGB; Chitinase; CHST10; CKLFSF2; CKLFSF3;
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CKLFSF4; CKLFSF5; CKLFSF6; CKLFSF7; CKLFSF8; CLDN3; CLDN7 (claudin-7); CLN3; CLU
(clusterin); CMKLR1; CMKORL1 (RDC1); CNR1; COL18ALl; COL1A1; COL4A3; COL6AL; CR2; CRP;
CSF1 (M-CSF); CSF2 (GM-CSF); CSF3 (GCSF); CTLA4; CTNNBL (b-catenin); CTSB (cathepsin B);
CX3CL1 (SCYD1); CX3CR1 (V28); CXCL1 (GRO1); CXCL10 (IP-10); CXCL11 (I-TAC/ IP-9);
CXCL12 (SDF1); CXCL13; CXCL14; CXCL16; CXCL2 (GR0O2); CXCL3 (GRO3); CXCL5 (ENA-78/
LIX); CXCL6 (GCP-2); CXCL9 (MIG); CXCR3 (GPRY/CKR-L2); CXCR4; CXCR6 (TYMSTR
/STRL33/Bonzo); CYB5; CYC1; CYSLTRL1; DAB2IP; DES; DKFZp451J0118; DNCL1; DPP4; E2F1;
ECGF1; EDG1; EFNAL; EFNA3; EFNB2; EGF; EGFR; ELAC2; ENG; ENO1; ENO2; ENO3; EPHB4;
EPO; ERBB2 (Her-2); EREG; ERKS; ESR1; ESR2; F3 (TF); FADD; FasL; FASN; FCER1A; FCERZ2;
FCGR3A; FGF; FGF1 (aFGF); FGF10; FGF11; FGF12; FGF12B; FGF13; FGF14; FGF16; FGF17;
FGF18; FGF19; FGF2 (bFGF); FGF20; FGF21; FGF22; FGF23; FGF3 (int-2); FGF4 (HST); FGF5;
FGF6 (HST-2); FGF7 (KGF); FGF8; FGF9; FGFR3; FIGF (VEGFD); FIL1 (EPSILON); FIL1 (ZETA);
FLJ12584; FLJ25530; FLRT1 (fibronectin); FLT1; FOS; FOSL1 (FRA-1); FY (DARC); GABRP
(GABAa); GAGEB1; GAGEC1; GALNACA4S-6ST; GATAS3; GDF5; GFI1; GGT1; GM-CSF; GNASI;
GNRH1; GPR2 (CCR10); GPR31; GPR44; GPR81 (FKSG80); GRCC10 (C10); GRP; GSN (Gelsolin);
GSTP1; HAVCR2; HDAC4; HDACS5; HDACT7A; HDAC9; HGF; HIF1A; HIP1; histamine and histamine
receptors; HLA-A; HLA-DRA; HM74; HMOX1; HUMCYT2A; ICEBERG; ICOSL,; ID2; IFN-a; IFNAZ;
IFNA2; IFNA4; IFNAS; IFNAG; IFNAT7; IFNB1; IFNgamma; IFNW1; IGBP1; IGF1; IGF1R; IGF2;
IGFBP2; IGFBP3; IGFBP6; IL-1; IL10; IL10RA; IL10RB; IL11; IL11RA; IL-12; IL12A; IL12B;
IL12RB1; IL12RB2; IL13; IL13RA1L; IL13RAZ2; 1L14; IL15; IL15RA,; IL16; IL17; IL17B; IL17C;
IL17R; IL18; IL18BP; IL18R1; IL18RAP; IL19; IL1A; IL1B; IL1F10; IL1F5; IL1F6; IL1F7; IL1FS;
IL1IF9; IL1IHY1; IL1RY1; IL1R2; ILIRAP; ILIRAPLY; ILIRAPLZ;ILIRLL;ILIRL2 ILIRN; IL2; IL20;
IL20RA; IL21R; IL22; IL22R; IL22RAZ2; 1L23; IL24; IL25; IL26; IL27; IL28A; IL28B; 1L29; IL2RA;
IL2RB; IL2RG; IL3; IL30; IL3RA; IL4; ILAR; IL5; IL5RA; IL6; IL6R; IL6ST (glycoprotein 130); IL7;
IL7R; IL8; IL8RA; IL8RB; IL8RB; IL9; ILOR; ILK; INHA; INHBA; INSL3; INSL4; IRAKL; IRAK2;
ITGAL; ITGAZ2; ITGA3; ITGAG (a6 integrin); ITGAV; ITGB3; ITGB4 (b 4 integrin); JAGL; JAKZ;
JAKS3; JUN; K6HF; KAIL; KDR; KITLG; KLF5 (GC Box BP); KLF6; KLK10; KLK12; KLK13;
KLK14; KLK15; KLK3; KLK4; KLK5; KLK6; KLK9; KRT1; KRT19 (Keratin 19); KRT2A; KRTHB6
(hair-specific type Il keratin); LAMADS; LEP (leptin); Lingo-p75; Lingo-Troy; LPS; LTA (TNF-b); LTB;
LTB4R (GPR16); LTB4R2; LTBR; MACMARCKS; MAG or Omgp; MAP2K7 (c-Jun); MDK; MIB1,;
midkine; MIF; MIP-2; MKI67 (Ki-67); MMP2; MMP9; MS4A1; MSMB; MT3 (metallothionectin-I11);
MTSS1; MUC1 (mucin); MYC; MYDB88; NCK2; neurocan; NFKB1; NFKB2; NGFB (NGF); NGFR;
NgR-Lingo; NgR-Nogo66 (Nogo); NgR-p75; NgR-Troy; NME1 (NM23A); NOX5; NPPB; NROB1;
NROB2; NR1D1; NR1D2; NR1H2; NR1H3; NR1H4; NR1I2; NR1I3; NR2C1; NR2C2; NR2E1; NR2E3;
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NR2F1; NR2F2; NR2F6; NR3C1; NR3C2; NR4AL; NR4A2; NR4A3; NR5AL; NR5A2; NR6AL; NRP1,;
NRP2; NT5E; NTN4; ODZ1; OPRD1; P2RX7; PAP; PART1; PATE; PAWR; PCA3; PCNA; PDGFA;
PDGFB; PECAML1,; PF4 (CXCL4); PGF; PGR; phosphacan; PIAS2; PIK3CG; PLAU (uPA); PLG;
PLXDC1; PPBP (CXCLY7); PPID; PR1; PRKCQ; PRKD1; PRL; PROC; PROK2; PSAP; PSCA; PTAFR,;
PTEN; PTGS2 (COX-2); PTN; RAC2 (p21Rac2); RARB; RGS1; RGS13; RGS3; RNF110 (ZNF144);
ROBO2; S100A2; SCGB1D2 (lipophilin B); SCGB2A1 (mammaglobin 2); SCGB2A2 (mammaglobin
1); SCYEL1 (endothelial Monocyte-activating cytokine); SDF2; SERPINAL; SERPINA3; SERPINBS5
(maspin); SERPINEL (PAI-1); SERPINF1; SHBG; SLA2; SLC2A2; SLC33A1; SLC43A1; SLIT2; SPP1,;
SPRR1B (Sprl); ST6GALL; STABL; STAT6; STEAP; STEAP2; TB4R2; TBX21; TCP10; TDGF1;
TEK; TGFA; TGFB1; TGFB1I1; TGFB2; TGFB3; TGFBI; TGFBR1; TGFBR2; TGFBR3; THI1L;
THBSL1 (thrombospondin-1); THBS2; THBS4; THPO; TIE (Tie-1); TIMP3; tissue factor; TLR10; TLRZ2;
TLR3; TLR4; TLR5; TLR6; TLR7; TLR8; TLR9; TNF; TNF-a; TNFAIP2 (B94); TNFAIP3;
TNFRSF11A; TNFRSF1A; TNFRSF1B; TNFRSF21; TNFRSF5; TNFRSF6 (Fas); TNFRSF7;
TNFRSF8; TNFRSF9; TNFSF10 (TRAIL); TNFSF11 (TRANCE); TNFSF12 (APO3L); TNFSF13
(April); TNFSF13B; TNFSF14 (HVEM-L); TNFSF15 (VEGI); TNFSF18; TNFSF4 (OX40 ligand);
TNFSF5 (CD40 ligand); TNFSF6 (FasL); TNFSF7 (CD27 ligand); TNFSF8 (CD30 ligand); TNFSF9 (4-
1BB ligand); TOLLIP; Toll-like receptors; TOP2A (topoisomerase lia); TP53; TPM1; TPM2; TRADD;
TRAF1; TRAF2; TRAF3; TRAF4; TRAF5; TRAF6; TREM1; TREM2; TRPC6; TSLP; TWEAK; VEGF;
VEGFB; VEGFC; versican; VHL C5; VLA-4; XCL1 (lymphotactin); XCL2 (SCM-1b); XCR1 (GPR5/
CCXCR1); YY1; and ZFPM2.

4. The binding protein according to claim 1, wherein said binding protein is capable of binding two
targets, wherein the two targets are selected from the group consisting of CD138 and CD20; CD138 and
CD40; CD20 and CD3; CD38 & CD138; CD38 and CD20; CD38 and CD40; CD40 and CD20; CD19
and CD20; CD-8 and IL-6; PDL-1 and CTLA-4; CTLA-4 and BTNO2; CSPGs and RGM A; IGF1 and
IGF2; IGF1/2 and Erb2B; IL-12 and IL-18; IL-12 and TWEAK; IL-13 and ADAMS; IL-13 and CL25;
IL-13 and IL-1beta; IL-13 and IL-25; IL-13 and IL-4; IL-13 and IL-5; IL-13 and IL-9; IL-13 and LHR
agonist; IL-13 and MDC; IL-13 and MIF; IL-13 and PED2; IL-13 and SPRR2a; IL-13 and SPRR2b; IL-
13 and TARC; IL-13 and TGF-; IL-1a. and IL-13; MAG and RGM A; NgR and RGM A; NogoA and
RGM A; OMGp and RGM A; RGM A and RGM B; Te38 and TNFa; TNFa and IL-12; TNFa and IL-
12p40; TNFo and 1L-13; TNFa and IL-15; TNFa and IL-17; TNFo and 1L-18; TNFa and IL-1beta;
TNFo and IL-23; TNFo and MIF; TNFa and PEG2; TNFa and PGE4; TNFa and VEGF; and VEGFR
and EGFR; TNFa and RANK ligand; TNFa and Blys; TNFa and GP130; TNFa and CD-22; and TNFa.
and CTLA-4.
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5. The binding protein according to claim 2, wherein the binding protein is capable of modulating a

biological function of one or more targets.

6. The binding protein according to claim 2, wherein the binding protein is capable of neutralizing

one or more targets.

7. The binding protein according to claim 2, wherein the target is selected from the group consisting
of cytokine, chemokine, cell surface protein, enzyme and receptor.

8. The binding protein according to claim 7 wherein the cytokine is selected from the group
consisting of lymphokines, monokines, and polypeptide hormones.

9. The binding protein according to claim 8, wherein said cytokines are IL-1a and IL-1p.

10. The binding protein according to claim 9, wherein the binding protein comprises a DVD heavy
chain amino acid sequence selected from the group consisting of SEQ ID NO. 33, SEQ ID NO. 37, SEQ
ID NO. 41, SEQ ID NO. 45, SEQ ID NO. 47, SEQ ID NO. 51, SEQ ID NO. 53, SEQ ID NO. 55, SEQ ID
NO. 57, and SEQ ID NO. 59; and a DVD light chain amino acid sequence selected from the group
consisting of SEQ ID NO. 35, SEQ ID NO. 39, SEQ ID NO. 43, SEQ ID NO. 46, SEQ ID NO. 49, SEQ
ID NO. 52, SEQ ID NO. 54, SEQ ID NO. 56, SEQ ID NO. 58, and SEQ ID NO. 60.

11. The binding protein according to claim 8, wherein said cytokines are TNF-a. and 1L-13.

12. The binding protein according to claim 8, wherein said cytokines are IL-12 and 1L-18.

13. The binding protein according to claim 12, wherein the binding protein comprises a DVD heavy
chain amino acid sequence selected from the group consisting of SEQ ID NO. 83, SEQ ID NO. 90, SEQ
ID NO. 93, SEQ ID NO. 95, and SEQ ID NO. 114; and a DVD light chain amino acid sequence selected
from the group consisting of SEQ ID NO. 86, SEQ ID NO. 91, SEQ ID NO. 94, SEQ ID NO. 96, and

SEQ ID NO. 116.

14. The binding protein according to claim 7 wherein the chemokine is selected from the group
consisting of CCR2, CCR5 and CXCL-13.
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15. The binding protein according to claim 7 wherein the cell surface protein is an integrin.

16. The binding protein according to claim 7 wherein the cell surface proteins are CD-20 and CD3.

17. The binding protein according to claim 16, wherein the binding protein comprises a DVD heavy
chain amino acid sequence that is SEQ ID NO. 97, and a DVD light chain amino acid sequence that is
SEQ ID NO. 101.

18. The binding protein according to claim 7 wherein the enzyme is selected from the group
consisting of kinases and proteases.

19. The binding protein according to claim 7 wherein the receptor is selected from the group
consisting of lymphokine receptor, monokine receptor, and polypeptide hormone receptor.

20. The binding protein according to claim 7, wherein said binding protein has an on rate constant
(Kon) to said one or more targets selected from the group consisting of: at least about 10°M™s™; at least
about 10°Ms: at least about 10*M™s™: at least about 10°M™s™; and at least about 10°M™s™, as measured

by surface plasmon resonance.

21. The binding protein according to claim 7, wherein said binding protein has an off rate constant
(Koff) to said one or more targets selected from the group consisting of: at most about 10°s™*; at most

about 10™s™: at most about 10°s™; and at most about 10°s™, as measured by surface plasmon resonance.

22. The binding protein according to claim 7, wherein said binding protein has a dissociation constant
(Kp) to said one or more targets selected from the group consisting of: at most about 107 M; at most
about 10® M; at most about 10 M; at most about 10™° M; at most about 10™ M; at most about 10™ M;
and at most 10™ M.

23. A binding protein conjugate comprising a binding protein described in claim 1, said binding

protein conjugate further comprising an agent selected from the group consisting of: an immunoadhension

molecule, an imaging agent, a therapeutic agent, and a cytotoxic agent.
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24. The binding protein conjugate according to claim 23, wherein said agent is an imaging agent
selected from the group consisting of a radiolabel, an enzyme, a fluorescent label, a luminescent label, a

bioluminescent label, a magnetic label, and biotin.

25. The binding protein conjugate according to claim 24, wherein said imaging agent is a radiolabel
selected from the group consisting of: °H, *C, S, Y, *Tc, *!In, *#I, **!1, *""Lu, **Ho, and ***Sm.

26. The binding protein conjugate according to claim 24, wherein said agent is a therapeutic or
cytotoxic agent 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, a
toxin, and an apoptotic agent.

217. A binding protein as described in claim 1, wherein said binding protein is produced according to
a method comprising culturing a host cell comprising a vector encoding said binding protein in culture

medium under conditions sufficient to produce said binding protein.

28. A pharmaceutical composition comprising the binding protein described in any one of claims 1,

3, and 23, and a pharmaceutically acceptable carrier.

29. The pharmaceutical composition of claim 28 further comprising at least one additional

therapeutic agent.

30. The pharmaceutical composition of claim 29, wherein said additional agent is selected from the
group consisting of: Therapeutic agent, imaging agent, cytotoxic agent, angiogenesis inhibitors; kinase
inhibitors; co-stimulation molecule blockers; adhesion molecule blockers; anti-cytokine antibody or
functional fragment thereof; methotrexate; cyclosporin; rapamycin; FK506; 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 corticosteroid, 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.
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31. A binding protein comprising first and second polypeptide chains, wherein:

said first polypeptide chain comprises VD1-(X1)n-VD2-C-(X2)n, wherein VD1 is a first variable
domain, VD2 is a second variable domain, C is a constant domain, X1 is a linker with the proviso that it
is not a constant domain, X2 is an Fc region, and niis 0 or 1; and

said second polypeptide chain comprises VD1-(X1)n-VD2-C, wherein VD1 is a first variable
domain, VD2 is a second variable domain, C is a constant domain, and X1 is a linker with the proviso that
it is not a constant domain, and nis 0 or 1;

wherein said two polypeptide chains of said binding protein form two functional binding

domains.

32. The binding protein according to any one of claims 1, 2-8, 12, 13, and 31, wherein the linker X1
is selected from the group consisting of AKTTPKLEEGEFSEAR (SEQ ID NO:118);
AKTTPKLEEGEFSEARYV (SEQ ID NO:119); AKTTPKLGG (SEQ ID NO:120); SAKTTPKLGG (SEQ
ID NO:121); SAKTTP (SEQ ID NO:122); RADAAP (SEQ ID N0:123); RADAAPTVS (SEQ ID
NO:124); RADAAAAGGPGS (SEQ ID NO:125); RADAAAA(G,S)4 (SEQ ID NO:126);
SAKTTPKLEEGEFSEARV (SEQ ID NO:127); ADAAP (SEQ ID NO:40); ADAAPTVSIFPP (SEQ ID
NO:103); TVAAP (SEQ ID NO:44); TVAAPSVFIFPP (SEQ ID NO:50); QPKAAP (SEQ ID NO:88);
QPKAAPSVTLFPP (SEQ ID NO:92); AKTTPP (SEQ ID NO:38); AKTTPPSVTPLAP (SEQ ID
NO:128); AKTTAP (SEQ ID NO:129); AKTTAPSVYPLAP (SEQ ID NO:99); ASTKGP (SEQ ID
NO:42); ASTKGPSVFPLAP (SEQ ID NO:48); GGGGSGGGGSGGGGS (SEQ 1D NO:130);
GENKVEYAPALMALS (SEQ ID NO:131); GPAKELTPLKEAKVS (SEQ ID NO:132); and
GHEAAAVMQVQYPAS (SEQ ID NO:133).

33. The binding protein according to claim 1 or claim 31, wherein C in said first polypeptide chain is
CH1, and wherein C in said second polypeptide chain is CL.

34. The binding protein according to claim 1 or claim 31, wherein C in said first polypeptide chain is

CL, and wherein C in said second polypeptide chain is CHL.

35. The binding protein according to claim 31, wherein
VD1 of said first polypeptide chain is an immunoglobulin variable domain,
VD2 of said first polypeptide chain is an immunoglobulin variable domain,
VD1 of said second polypeptide chain is an immunoglobulin variable domain, and

VD2 of said second polypeptide chain is an immunoglobulin variable domain.
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36. The binding protein according to claim 31, wherein
VD1 of said first polypeptide chain is a non-immunoglobulin variable domain,
VD2 of said first polypeptide chain is an immunoglobulin variable domain,
VD1 of said second polypeptide chain is a non-immunoglobulin variable domain, and

VD2 of said second polypeptide chain is an immunoglobulin variable domain.

37. The binding protein according to claim 31, wherein
VD1 of said first polypeptide chain is a non-immunoglobulin variable domain,
VD2 of said first polypeptide chain is a non-immunoglobulin variable domain,
VD1 of said second polypeptide chain is a non-immunoglobulin variable domain, and
VD2 of said second polypeptide chain is a non-immunoglobulin variable domain.

38. The binding protein according to claim 36 or claim 37, wherein VD1 of said first polypeptide

chain and VD1 of said second polypeptide chain form a ligand binding domain of a receptor.

39. The binding protein according to claim 37, wherein VD1 of said first polypeptide chain and VD1
of said second polypeptide chain form a ligand binding domain of a receptor, and wherein VD2 of said
first polypeptide chain and VD2 of said second polypeptide chain form a ligand binding domain of a

receptor.

40. The binding protein according to claim 1 or claim 31, wherein said binding protein is a

crystallized binding protein.

41. The crystallized binding protein according to claim 40, wherein said crystal is a carrier-free

pharmaceutical controlled release crystal.

42. The crystallized binding protein according to claim 40, wherein said binding protein has a greater

half life in vivo than the soluble counterpart of said binding protein.

43. The crystallized binding protein according to claim 40, wherein said binding protein retains

biological activity.
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44, A method of producing a binding protein, comprising expressing the binding protein of claim 1

or 31 in culture medium under conditions sufficient to produce the binding protein.

45, The method of claim 44, wherein 50%-75% of the binding protein produced is a dual specific

tetravalent binding protein.

46. The method of claim 44, wherein 75%-90% of the binding protein produced is a dual specific
tetravalent binding protein.

47. The method of claim 44, wherein 90%-95% of the binding protein produced is a dual specific
tetravalent binding protein.
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