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Abstract
5
The present invention relates to engineered multivalent and multispecific binding
proteins, methods of making, and specifically to their uses in the prevention, diagnosis,
and/or treatment of disease.
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PROSTAGLANDIN E2 DUAL VARIABLE DOMAIN IMMUNOGLOBULINS
AND USES THERFEOF

Reference to Related Anplications

This application is a non-provisional application claiming priority 1o U.S.
Provisional Application Ser. No. 61/134,284, filed July 8, 2008, and U.S. Provisional
Application Ser. No. 61/191,711, filed September 11, 2008, the contents of which are

hereby incorporated by reference.

Field of the Invention

The present invention relates 1o multivalent and multispecific binding proteins, at
least one variable domain specifie for prostaglandin B2 (PGE2), methods of making, and
specifically to their uses in the, diagnosis, prevention and/or treatment of acute and
chronie inflammation, autoinmmune discases, cancer, pain, bone, neuronal and other

diseases,

Backrround of the Invention

Engineered proteins, such as multispecific antbodies capable of binding two or

more antigens are known in the art. Such multispecific binding proteing can be senerated

using celf fusion, chemical conjugation, or recombinant DNA techniques.

Bispecific antibodies have been produced using quadroma technology (sce
Milstein, C. and A.C. Cucllo (1983) Nature 305(5934%:537-40) based on the somatic
fusion of two different hybridoma cell lines expressing murine monoclonal antibodies
(mAbs} with the desired specificities of the bispecific antibody. Because of the random
pairing of two different immunoglobulin (Ig) heavy and light chains within the resulting
hybrid-hybridoma (or quadroma) cell line, up to ten different Jg species are generated, of
which only one is the functional bispecific antibody. The presence of mis-pajred by -
products, and significantly reduced production yiclds, means sophisticated purification

procedures are required.

Bispecific antibodies can also be produced by chemical conjugation of two
different mADs (see Stacrz, U.D., et al. (1985) Nature 3146012} 628-31). This approach

does not vicld homogencous preparation. Other approaches have used chemical
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conjugation of two different mAbs or smatler antibody fragments (sce Brennan, M., et al.

(1985) Science 229(4708): 81-3).

Another method used to produce bispecific antibodies is the coupling of two
parental antibodies with a hetero-bifunctional crosslinker, but the resulting bis;wcifﬁic
antibodies suffer from significant molecular heterogeneity because reaction of the
crosslinker with the parental antibodies is not site-directed. To obtain more
homogeneous preparations of bispecific antibodies two different Fab fragments have been
chemically crosslinked at their hinge cysieine residues in a site-dirccted manner (see
Glennie, M., etal. (19873 1. Immunol. 139(7): 2367-75). But this method results in

Fab'2 fragments, not full 1eG melecule.

A wide variety of other recombinant bispecific antibody formats have been
developed (see Kriangkum, J., etal, (2001} Biomol. Eng. 18(2): 31-407. Amongst them
tandem single-chain Fv molecules and diabodies, and various derivatives thereof, are the
most widely used. Routinely, construction of these molecules starts from two single-
chain Fv (scbv) fragments that recognize different antigens (see Economides, AN, ot al.
(2002} Nat. Med. 9(1): 47-52). Tandem scFv molecules (1aFv} represent a
stratghtforward format simply connecting the two scFv molecules with an additional
peptide linker. The two scFv fragments present in these tandem scFv molecules form
separate folding entities. Various linkers can be used to connect the two scFv fragments
and linkers with a length of up to 63 residucs {see Nakanishi, K. et al. (2001) Ann. Rev
Immunol. 19 423-74}. Although the parental scFv fragments can normally be expressed
m scluble form in bactenia, it is, however, often observed that tandem sePv molecules
form insoluble aggregates in bacteria. Hence, refolding protocols or the use of
mammaliag cxpression systems are routinely applied to produce soluble andem scFv
molecules. In a recent study, in vive expression by transgenic rabbits and cattle of a
tandem scFv directed against CD28 and a melanoma-associated proteoglycan was
reported (see Gracie, LA etal (19991 1. Clin, Invest. 104(10%: 1393-401). In this
construct, the two scFv molecules were connected by a CH1 linker and serum
concentrations of up o 100 mg/L. of the bispecific antibody were found. Various
strategies including variations of the domain order or using middle Jinkers with varying
length or flexibility were employed to altow soluble expression in bacteria. A few studies

have now reported expression of soluble tandem scFv molecules in bacteria (see | LEURY,
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B.P., etal (2000) J. Immunol. 164(12): 6495-502; Tto, A, et al. (2003} 1. Immunol.
170(9 ). 4802-9; Karni, A., et al. (2002) J. Neuroimmunol. 125(1-2): 134-40) using cither
a very short Alad Iinker or long glycine/serine-rich linkers. In another recent study,

phage display of a tandem scFv repertoire containing randomized middle linkers with a

LI

fength of 3 or 6 residues was employed to enrich for those molecules that are produced in
soluble and active form in bacteria, This approach resulted in the isolation of a tandem
scFv molecule with a2 6 amino acid residue linker (see Amdt, M. and J. Krauss (2003)
Methods Mol. Biol. 207; 305-21). It is unclear whether this linker sequence represents a
general solution to the soluble expression of andem seFv molecules. Nevertheless, this
10 study demonstrated that phage display of tandem scFv molecules in combination with
directed mutagenesis is a powerful fool 1o enrich for these molecules, which can be

expressed in bacteria in an active form.

Bispecific diabodies (Db} utilize the diabody format for expression. Diabodies
are produced from sclv fragments by reducing the length of the linker connecting the VH

s and VL domain to approximately 5 ressdues (see Peipp. M. and T. Valerius (2002)

Biochem. Soc. Trans. 30{4): 307-11), This reduction of linker size facilitates
dimerization of two polypeptide chains by crossover pairing of the VH and VL domains.
Bispecific diabodies are produced by expressing, two polypeptide chains with, either the
structure VHA-VLEE and VHB-VLA (VIH-VL configuration), or VLA-VHB and VLB-

20 VHA (VL-VH configuration) within the same cell. A large varicty of different bispecific
diabodies have been produced in the past and most of them are expressed in soluble form
in bacteria. However, a recent comparative study demonstrates that the orientation of the
variable domains can influence expression and formation of active binding sites (sce
Mack, M. et al.(1995) Proc. Natl, Acad. Sci. U'S A 92(15); 7021-53. Nevertheless,

25 soluble expression in bacteria represents an important advantage over tandem scFv
molecules. However, since two different polypeptide chaing are expressed within a single
cell mactive homodimers can be produced together with active heterodimers, This
necessitates the implementation of additional purification steps in order (o obtain
homogenous preparations of bispecific diabodies, One approach to force the generation

30 of bispecific diabodies is the production of knob-into-hole diabodies (see Holliger, P., T,
Prospero, and G, Winter (1993 Proc. Natl. Acad. Sci. U S A 90(14): 6444-8.18). This

appreach was demonstrated for & bispecific diabody directed against HER? and CD3. A
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large knob was infroduced in the VH domain by exchanging Val37 with Phe and Leu4s
with Trp and a complementary hole was produced in the VL domain by mutating Phe98
to Metand TyrR7 to Ala, either in the anti- HER2 or the anti-CD3 variable domains. By
using this approach the production of bispecific diabodies could be increased from 72%
by the parental diabody to over Y0% by the knob-into-hole diabody. Importantly,
production yields only slightly decreased as a result of these mutations. However, a
reduction in antigen-binding activity was observed for several constructs, Thus, this
rather elaborate approach requires the analysis of varicus constructs in order to identify
those mutations that produce heteredimeric molecule with unaltered binding activity. In
addition, such an approach requires mutational modification of the immunoglobulin
sequence at the constant region, thus creating a non-native and non-natural form of the
antibody sequence, which may result in increased immunogenicity, poor fn vive stability,

as well as undesirable pharmacokinetics.

Single-chain diabodies (scDb) represent an alternative strateey for improving the
formation of bispecific diabody-tike molecules (see Holliger, P. and G. Winter (1997)
Cancer immunol. Immunother, 43(3-4): 128-30; Wu, A'M ., et al. (1996)
Immunotechnology 201 p. 21-36). Bispecific single-chain diabodies are produced by
connecting the two disbody-forming polypeptide chains with an additional middie lnker
with a length of approximately 15 amino acid residues. Consequently, all molecules with
a molecular weight corresponding to monomeric single-chain diabodies (50-60 kDa) are
bispecific. Several studies have demonstrated that bispecific single chain diabodies are
expressed in bacteria in soluble and active form with the majority of purified molecules
present as monomers (see Holliger, P.and G, Winter {19973 Cancer ITmmunol.
Immunother. 45{3-4): 128-30: Wu. A M., et al. (1996) Immunotechnol. 2(1); 21-36;
Pluckthun, A and P. Pack (19973 Immunotechnol. 3(2): 83-105; Ridgway, }.B., et al.
(1996} Protein Engin. 9(7): 617-21). Thus, single-chain diabodies combine the
advantages of tandem scFvs (all monomers are bispecific) and diabodies (soluble

expression in bacteria),

More recently diabodies have been fused to Fe to generate more Ig-like
molecules, named di-diabodies (see Lu, D, et al. (2004) ] Biol. Chermn, 279(41: 2856-63).

In addition, multivalent antibody construct comprising two Fab repeats in the heavy chain
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of an 1gG and capable of binding four antigen molecules has been described (see WO

0177342A1, and Miller, K, et al. (2003} J. Immunol. 170(9}: 4854-61).

There is aneed in the art for mproved multivalent binding proteins capable of
binding two or more antigens. U.S. Patent Application Serial No, 11/307,050 provides a
novel family of binding proteins capable of binding two or more antigens with high
affinity, which are called dual variable domain immunoglobuling (DVD-Tg™). The
present invention provides further novel binding proteins capable of binding two or more

antigens,

Summary of the Invention

This invention pertains to multivalent binding proteins capable of binding two or
more antigens. The present invention provides a novel family of binding proteins capable

of binding two or more antigens with high affinity.

In one embodiment the invention provides a hinding protein comprising a
polypeptide chain, wherein the polypeptide chain comprises VD I-(X1m-VD2-C-(X2)n,
wherein VDT 13 a first variable domain, VD2 18 a second variable domain, C is 2 constant
domain, X1 represents an amino acid or polypeptide, X2 represents an Fe region and n is
Oor 1. Inanembodiment the VDT and VD2 in the binding protein are heavy chain
variable domains. In another embodiment, the heavy chain variable domain is selected
from the group consisting of a murine heavy chain variable domain. 4 human heavy chain
variable domain, 2 CDR grafted heavy chain variable domain, and a humanized heavy
chain variable domain. In vet another, embodiment VD1 and VD2 are capable of binding
the same antigen. In another embodiment VD] and VD2 are capable of binding different
antigens. In stll another embodiment, C is a heavy chain constant domain. For example,
X1 is a hnker with the proviso that X1 is not CH1. For example, X1 is a linker selected
from the group consisting of AKTTPKLEEGEFSEAR (SEQ 1D NO: 1)
AKTTPKLEEGEFSEARV (SEQ ID NO: 2); AKTTPKLGG (SEQ 1D NO: 3);
SAKTTPKLGG (SEQ ID NO: 4); SAKTTP (SEQ 1D NO: 5); RADAAP (SEQ 1D NO:
61, RADAAPTVS (SEQ ID NO: 7); RADAAAAGGPGS (SEQ 1D NO: 8):;
RADAAAA(G,S), (SEQ ID NO: 9). SAKTTPKLEEGEFSEARV (SEQ 1D NO: 10);
ADAAP (SEQ ID NO: 11); ADAAPTVSIFPP (SEQ ID NO: 12); TVAAP (SEQ ID NO:
L33 TVAAPSVFEIFPP (SEQ ID NO: 145, QPKAAP (SEQ 1D NO: 15):

[
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QPKAAPSVTLEPP (SEQ D NO: 16); AKTTPP (SEQ ID NO: 171 AKTTPPSVTPLAP
(SEQ ID NO: 18); AKTTAP (SEQ ID NO: 193, AKTTAPSVYPLAP (SEQ 1D NO: 20}
ASTKGP (SEQ ID NO: 21); ASTKGPSVFPLAP (SEQ 1D NO: 223,
GGOGSGGGEESGGGGS (SEQ 1D NO: 23y, GENKVEYAPALMALS (SEQ 1D NO: 24):
GPAKELTPEKEAKVS (SEQ 1D NO: 251 and GHEAAAVMOQVOYPAS (SEQ [D NO:
26}, In an embodiment, X2 is an Fe region. In another embodiment, X2 is a variant Fe

region.

In an embodiment the binding protein disclosed hercin comprises a polypeptide
chain, wheremn the polypeptide chain comprises VDI-(X1n-VD2-C(X2)n, wherein VD!
is 4 first heavy chain variable domain, VD2 is a second heavy chain varfable domain, C is
a heavy chain constant domain, X1 is a nker with the proviso that it is not CHL, and X2

s an Fe region.

Inan embodiment, VT and VD2 in the binding protein are light chain variable
domains. In an embodiment, the light chain variable dormain is selected from the group
consisting of a murine light chain variable domain, a human light chain variable domain,
a CDR grafted light chain variable domain, and a humanized light chain variable domain.
In one embodiment VDT and VD2 are capable of binding the same antigen. In another
embodiment VDT and VD2 are capable of binding different antigens. In an embodiment,
C 15 & Tight chain constant domain. In another embodiment, X1 is & linker with the
proviso that X1 is not CLI, In an embodiment, X1 is a linker selected from the group

consisting of AKTTPKLEEGEFSEAR {SEQ 1D NO: 1) AKTTPKLEEGEFSEARVY

(SEQIDNO: 23 AKTTPKLGG (SEQ ID NO: 3y SAKTTPKLGG (SEQ 1D NO: 4
SAKTTP(SEQ ID NG: 5); RADAAP (SEQ ID NO: 6); RADAAPTVS (SEQ ID NO: 7
RADAAAAGGPGS (SEQ TD NO: 8); RADAAAA{GS) (SEQ D NO: 9.

SAKTTPKLEEGEFSEARY (SEQ ID NO: 10}, ADAAP (SEQ ID NO: 11y
ADAAPTVSIFPP (SEQ IDNO: 12 TVAAP (SEQ ID NO: 131 TVAAPSVFIFPP (SEQ
IDNO: 1) QPKAAP (SEQ 1D NO: 15); QPKAAPSVTLFPP (SEQ [D NO: 16):

AKTTPP (SEQ ID NO: 17) AKTTPPSVTPLAP (SEQ ID NO: 18), AKTTAP (SEQ ID
NO: 19y, AKTTAPSVYPLAP (SEQ 1D NO: 20); ASTKGP (SEQ ID NO; 21
ASTRGPSVEPLAP (SEQ 1D NO: 223, GGGGSGGGOSGGGGS (SEQ 1D NO: 23);
GENKVEYAPALMALS (SEQ ID NO: 24); GPAKELTPLKEAK VS (SEQ 1D NO: 258
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and GHEAAAVMOQVQYPAS (SEQ 1D NO: 26). In an embodiment, the binding protein

does not comprise X2,

in an embodiment, both the variable heavy and variable light chain comprise the
same Iinker. In another embodiment, the variable heavy and variable light chain
comprise different linkers. In another embodiment, both the variable heavy and variable
light chain comprise a short {about 6 amine acids) linker. In another embodiment, both
the variable heavy and variable Hight chain comprise a long (greater than 6 amino acids)
linker. In another embodiment, the variable heavy chain comprises a short linker and the
variable light chain comprises a long linker. In another embodiment, the variable heavy

chain comprises a long linker and the variable light chain comprises a short linker.

fn an embodiment the binding protein disclosed herein comprises a polypeptide
chain, wherein the polypeptide chain comprises VD1-(X1mn-VD2-C-(X2)n, wherein VD1
s a first light chain variable domain, VD2 is 2 second fight chain variable domain, Cis a

light chain constant domain, X1 is a linker with the proviso that it is not CH1, and X2

doces not comprise an Fe region.

In another embodiment the invention provides a binding protein comprising two
polypeptide chains, wherein the first polypeptide chain comprises VDX 1 n-VD2-C-
{X2m, 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 & linker with the proviso that
itis not CHI, and X2 is an Fe region: and the second polypeptide chain comprises VI 1-
(X Dn-VIDZ-C-(X2imn, wherein VD1 is a first light chain variable domain, VD2 is a second
hight chain variable domain, C is a light chain constant domain, X1 is & linker with the
proviso that it is not CH 1L and X2 does not comprise an Fe region. In a particular
embodiment, the Dual Variable Domain (DVD) binding protein comprises four
polypeptide chains whercin the first two polypeptide chains comprises VDI1-(X1)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 linkes
with the proviso that it is not CHI, and X2 is an Fc region; and the second two
polypeptide chain comprises VD 1-(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, X! is a linker with the proviso that it is not CH1, and X2 does not

d



N

30

comprise an Fe region. Such a Dual Variable Domain (DVD) protein has four antigen

binding sites.

In another embodiment the binding proteins disclosed herein are capable of
binding one or more targets. In an embodiment, the target is selected from the group
consisting of cytokines, cell surface proteins, enzymes and receptors. In another
embodiment, the binding protein is capable of modulating a biological function of one or
more targets, In another embodiment, the binding protein is capable of neutralizing one
or more targets. The binding protein of the invention is capable of binding cytokines
selected from the group consisting of lymphokines, monockines, polypeptide hormones,
receptors, or tumor markers, For example, the DVD-Tg of the invention is capable of
vinding two or more of the following: muring or hurnan Tumor Necrosis Factor alpha
(ENF-0), Prostaglandin E2 (PGE2), Amyloid beta (Abeta) (seq. 1), Abeta (seq. 2), Abeta
(seq. 3}, Interlenkan 1P (1L-10), Insulin-like Growth Factor Receptor (IGFR), Interleukin
I7A (IL-17A), Interleukin 6 (IL-6), Interleukin 6 receptor (1L-6R}, Interleukin 13 (11~
15}y, Interfeukin 18 (IL-18), Nerve Growth Factor (NGF), Epidermal Growth Factor
Receptor (EGER) (seq. 1), EGFR (seq. 23, vascular endothelial growth factor (VEGF),
and S1P (see also Table 2 and Example 2). In & specific embodiment the binding protein
15 capable of binding pairs of targets selected from the group consisting of mouse or
human TNF and PGE2, NGF and PGE2, 1L-17A and PGE2, TL-Ib and PGE2, 1L-6 and
PGE2 TL-6R and PGEZ, VEGF and PGEZ, Abeta (seq. 1y and PGE2, Abeta (se eq. 2y and
PGE2, Abeta (seq. 3y and PGE2, 1118 and PGE2, PGE2 and PGE2, 1L-15 and PGE2,
SIP and PGE2, EGFR (seq. 1) and PGE2, EGFR {seq. 2} and PGE?, and IGFR and PGF2

(sce Examplesy.

In an embodiment, the binding profein capable of binding murine TNF and
PGEZ comprises a DVD heavy chain amino acid sequence selected from the group
consisting of SEQ ID NO. 86, 92, 94, 96, 98, 100, 102 104, 106, and 108: and a DVD
tight chain amine acid sequence selected from the group consisting of SEQ 1D NO. 89,
93,95,97,99, 101,103, 105, 107, and 109. In an embodiment, the binding protein
capable of binding murine TNF and PGE2 comprises a DVD heavy chain amine acid
scquence of SEQ ID NO, 86 and a DVD light chain amino acid sequence of SEQ 1D NO:
89, In another embodiment, the binding protein capable of binding murine TNF and

PGEZ comprises & DVD heavy chain amino acid sequence of SEQ D NO. 92 and a DVD
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light chain amino acid sequence of SEQ 1D NO: 93. Tn another embodiment, the bindin g
protemn capable of binding murine TNF and PGE2 comprises a DV heavy chain amino
acid sequence of SEQ ID NO. 94 and a DVD light chain amino acid sequence of SEQ 1D
NO: 95, In another embodiment, the binding protein capable of binding murine TNF and
PGEZ comprises a DVD heavy chain amino acid sequence of SEQ 1D NO, 96 and & DVD
light chain amino acid scquence of SEQ 1D NO: 97 In another embodiment, the binding
protein capable of binding murine TNF and PGE2 comprises a DVD heavy chain armino
acid sequence of SEQ 1D NO. 98 and a DVD light chain amino acid sequence of SEQ 1D
NO: 99, In another embodiment, the binding protein capable of binding murine TNF and
PGEZ comprises a DVD heavy chain amino acid sequence of SEQ 1D NO. 100 and a

DV light chain amino acid sequence of SEQ 1D NO: 101, In another embodiment, the
binding protein capable of binding murine TNF and PGE2 comprises a DV heavy chain
amino acid sequence of SEQ [D NO. 102 and a DVD light chain amine acid sequence of
SEQ D NO: 103, In another embodiment, the binding protein capable of binding murine
TNE and PGEZ comprises a DVD heavy chain amino acid sequence of SEQ ID NO. 104
and a DV light cham amine acid sequence of SEQ 1D NO: 105, In another embodiment,
the binding protein capable of binding murine TNF and PGE2 comprises 2 DVD hecavy
chain amino acid sequence of SEQ 1D NO. 106 and 1 DVD light chain amino acid
sequence of SEQ 1D NO: 167 T another embodiment, the binding protein capable of

T

binding murine TNF and PGE2 comprises a DVD heavy chain amino acid sequence of

SEQ 1D NO. 108 and a DVD Light chain amino acid sequence of SEQ 1D NO- 109,

In an embodiment, the binding protein capable of binding human TNF and
PGEZ comprises a DV heavy chain amino acid sequence selected from the group
consisting of SEQ 1D NO. 114, 16, 118, and 120 and 2 DVD light chain amine acid
sequence selected from the group consistung of SEQ IDNO. 115,117, 119, and 121, In
an embodiment, the binding protein capable of binding human TNF and PGE2 COmprises
a DV heavy chain amino acid sequence of SEQ 11 NO. 114 and a DVD light chain
amino acid sequence of SEQ 1D NO: 115, In another embodiment, the binding protein
capable of binding humas TNF and PGE2 comprises a DVD heavy chain amino acid
sequence of SEQ ID NO. 116 and 2 DVD light chain amino acid sequence of SEQ ID
NOt LT, In another embodiment, the binding protein capable of binding human TNF

and PGE2 comprises a DVD heavy chain amine acid sequence of SEQ ID NO. 118 and a
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DVD light cham amino acid sequence of SEQ ID NO: 119, In another embodiment. the
binding protein capable of binding human TNF and PGE2 comprises a DVD heavy chain
amino acid sequence of SEQ ID NO. 120 and a DVD light chain amino acid sequence of

SEQID NG 121,

in an cmbodiment, the binding protein capable of binding VEGF and
PGEZ comprises a DVD heavy chain amino acid sequence selected from the group
consisting of SEQ 1D NO. 128 and SEQ 1D NO. 136; and a DVD light chain amino acid
sequence selected from the group consisting of SEQ 1D NOQ. 129 and SEQ ID NO, 131,
In an erbodiment, the binding protein capable of binding VEGF and PGE2 comprises a
DV heavy chain amine acid sequence of SEQ 1D NO. 128 and a DVD light chain amino
acid sequence of SEQ ID NO: 129, In another embodiment, the binding protein capable
of binding VEGF and PGE2 has a reverse orieniation and comprises a DVD heavy chain
amino acid sequence of SEQ 1D NO. 130 and a DVD light chain amino acid sequence of

SEQ ID NO: 131,

In an embodiment, the binding protein capable of binding NGF and

PGEZ comprises a DVD heavy chain amino acid sequence selected from the group

consisting of SEQ D NO. 132 and SEQ 1D NO. 134; and a DVD light chain amino acid
sequence selected from the group consisting of SEQ T NO. 133 and SEQ D NO. 135

in an embodiment, the binding protein capable of binding NGF and PGE2 comprises 2
DVD heavy chain amino acid sequence of SEQ 1D NO. 132 and 2 DVD light chain amino
acid sequence of SEQ 1D NO: 133, In another embodiment, the binding protein capable
of binding NGF and PGEZ has a reverse orientation and comprises a DVD heavy chain
aming acid sequence of SEQID NO. 134 and & DVD light chain amino acid sequence of

SEQ 1D NO: 135,

I an cmbodiment, the binding protein capable of binding IL-17A and
PGE2 comprises a DVD heavy chain amino acid sequence selected from the group
consisting of SEQ 1D NO. 136 and SEQ 1D NO. 138; and 2 DVD light chain amino acid
sequence selected from the group consisting of SEQ ID NO. 137 and SEQ 1D NO. 139.
I an embodiment, the binding protein capable of binding 11.-17A and PGE2 comprises a
DV heavy chain amino acid sequence of SEQ ID NO, 136 and a DVD light chain amino

ey Ik
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acid sequence of SEQ D NO: 137 In another embodiment, the binding protein capable

1
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of binding 1L-17A and PGE2 has a reverse orientation and comprises a DVD heavy chain
aming acid sequence of SEQ ID NO. 138 and a DVD light chain amino acid sequence of

SEQ IDNO: 139,

[ an embodiment, the binding protein capable of binding 1. 1b and
PGEZ comprises a DVD heavy chain amino acid sequence selected from the group
consisting of SEQ ID NO. 140 and SEQ ID NO, 142; and & DVD light chain amino acid
sequence selected from the group consisting of SEQ 1D NO. 141 and SEQ ID NO. 143,
I an embodiment, the binding protein capable of binding IL-1b and PGE2 comprises a
DVD heavy chain amino acid sequence of SEQ 1D NO. 140 and & DVD light chain amine
acid sequence of SEQ 1D NO: 1410 In another embodiment, the binding protein capable
of binding [L-1b and PGE2 has a reverse orientation and comprises 4 DVD heavy chain
aming acid sequence of SEQ 1D NO. 142 and « DVD light chain amine acid sequence of

SEQ D NO: 142,

in an embodiment, the bindine

o protein capable of binding 116 and

PGE2 compnises 2 DVD heavy chain amino acid sequence selected from the group
consisting of SEQ 1D NO. 144 and SEQ 1D NO. 146; and 2 DVD light chain amino acid
sequence selected from the group consisting of SEQ 1D NGO, 145 and SEQ 1D NO. 147,
In an embodiment, the binding protein capable of binding 1L-6 and PGED comprises a
acid sequence of SEQ 1D NO: 1450 In another embodiment, the binding protein capable
of binding 11-6 and PGE2 has a reverse orientation and comprises a DVD heavy chain
amino actd sequence of SEQ {12 NO. 146 and a DVD Light chain amino acid sequence of

SEQ 1D NG: 147,

In an embodiment, the binding protein capable of binding Abeta {seq. 11 and
PGEZ comprises a DVD heavy chain amino acid sequence selected from the group

consisting of SEQ 1D NO. 148 and SEQ 1D NO. 150 and 2 DVD light chain amino acid

sequence selected from the group congisting of SEQ D NO. 149 and SEQ 1D NQO., 151,

comprises a DVD heavy chain ammo acid sequence of SEQ 1D NO. 148 and a DV Heht

chain amino acid sequence of SEQ 1D NO: 149, In another embodiment, the binding

YL
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comprises a DVD heavy chain amine acid sequence of SEQ 1D NO. 150 and a DVD Hght
chain amino acid sequence of SEQ 1D NO: 151.

in an embodiment, the binding protein capable of binding Abeta (seq. 2) and
PGEZ comprises a DVD heavy chain amino acid sequence selected from the group
conststing of SEQ 1D NO. 152 and SEQ [D NO. 154;and a DVD light chain amino acid
sequence selected from the group consisting of SEQ 1D NO. 153 and SEQ 1D NO. 155,
In an embodiment, the binding protein capable of binding Abeta (seq. 2) and PGE2
comprises a DVD heavy chain amino acid sequence of SEQ ID NO. 152 and a DVD light
chain amino acid sequence of SEQ IDNO: 153, In another embodiment, the binding
protein capable of binding Abeta (seq. 25 and PGE2 has a reverse orientation and
comprises & DVD heavy chain amino acid sequence of SEQ 1D NO. 154 and a DV light

chain amino acid sequence of SEQ D NG 155,

I an cmbodiment, the binding protein capable of binding Abeia (seq. 3) and
PGEZ2 comprises a DVD heavy chain amino acid sequence selected from the group
consisting of SEQ ID NO. 156 and SEQ [D NO. 1538 and & DVD light chain amino acid
sequence selected from the group consistng of SEQ 1D NG, 157 and SEQ 1D NO. 150,

~

[ an embodiment, the binding protein capable of binding Abeta (seq. 3) and PGE

compriscs & DVD heavy chain amino acid sequence of SEQ 1D NGO, 156 and 2 DVD Heht
chain aming acid sequence of SEQ ID NG: 157, In another embodiment, the binding
protein capable of binding Abeta (seq. 3 and PGE2 has a reverse orientafion and
comprises a DVD heavy chain amino acid sequence of SEQ 1D NO. 158 and 2 DV light

chain amino acid sequence of SEQ 1D NO: 159,

In an embodiment, the binding protein capable of binding 1L-1% and
PGE2 comprises a DVD heavy chain amino acid sequence selected from the group
consisting of SEQ 1D NO. 160 and SEQ 1D NO. 162; and a DVD light chain amino acid
sequence selected from the group consisting of SEQ ID NO. 161 and SEQ 1D NO. 163
In an embodiment, the binding protein capable of binding IL-18 and PGE2 comprises 2
DVD heavy chain amino acid sequence of SEQ D NO. 160 and a DVD light chain amino
acid sequence of SEQ ID NO: 161, [n another embodiment, the binding protein capable

of binding IL-18 and PGE2 has a reverse orientation and comprises a DVD heavy chain



amino acid sequence of SEQ ID NO. 162 and 2 DVD light chain amino acid sequence of

SEQ 1D NO: 163.

In an embodiment, the binding protein capable of binding 1L-15 and
PGEZ comprises a DVD heavy chain amine acid sequence selecied from the group
consisting of SEQ ID NO. 164 and SEQ 1D NO. 166; and a DVD light chain amino acid
sequence selected from the group consisting of SEQ 1D NO. 163 and SEQ ID NO. 167.

A

In an embodiment, the binding protein capable of binding 1L-15 and PGE2 comprises a
DVD heavy chain amino acid sequence of SEQ 1D NO. 164 and a DVD light chain amino
acid sequence of SEQ ID NO: 165, In another embodiment, the binding protein capable
i6 of binding IL.-15 and PGEZ has a reverse orientation and comprises a DVD heavy chain
amino acid sequence of SEQ ID NO. 166 and a DVD light chain amino acid sequence of

SEQ D NG 167,

In an cmbodiment, the binding protein capable of binding S1P and

PGEZ comprises a DVD heavy chain amino acid sequence selected from the eroup
15 comsisting of SEQ 1D NO. 168 and SEQ 1D NO. 176; and a DVD light chain amineo acid
sequence selected from the group consisting of SEQ 1D NO. 169 and SEQ ID NO. 171,
In an embodiment, the binding protein capable of binding S1P and PGE2 comprises a
DV heavy chain amino acid sequence of SEQ 1D NO. 168 and a VD Beht chain amine
acid sequence of SEQ D NO: 169, In another embodiment, the binding protein capable
20 of binding S1P and PGE2 has a reverse orientation and comprises a DVD heavy chain
amino acid sequence of SEQ ID NO. 170 and a DVD fight chain amino acid sequence of

SEQ IDNO: 171

in an embodiment, the binding protein capable of binding [L-6R and
PGE2 comprises & DVD heavy chain amino acid sequence selected from the STOUD
25 consisting of SEQ 1D NO. 172 and SEQ 1D NO. 174; and a DVD light chain amino acid
sequence selected from the group consisting of SEQ ID NG, 173 and SEQ 1D NO. 175,
In an embodiment, the binding protein capable of binding 11.-6R and PGE? comprises a
DVD heavy chain amino acid sequence of SEQ ID NO. 172 and a DVD light chain amino
acid sequence of SEQ ID NO: 173, In another embodiment, the binding protein capable

30 of binding IL-6R and PGE2 has a reverse orientation and comprises a DVD heavy chain
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amino acid sequence of SEQ ID NO. 174 and a DVD light chain amino acid sequence of

SEQ ID NO: 175.

In another embodiment, the DVD heavy chain amino acid sequence comprises at
least one VH region selected from the group consisting of SEQ 1D NO. 28, 30, 32, 14, 36,
38, 40,42, 44,406, 48, 50, 52, 34, 536, 38, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, R0, 82, 84,
47,90, 110, and 112; and a DVD light chain amino acid sequence comprising at least one
VL region selected from the group consisting of SEQ 1D NO. 39, 31, 33, 35,37, 30, 41,
43,45, 47,49, 51,53, 55, 57,59, 61,63, 65, 67,69, 71,73, 75,77, 79, 81, 83, 85, 88, 01,
111, and 113,

In another embodiment the invention provides a binding protein comprising a
polypeptide chain, wherein the polypeptide chain comprises VDX 1in-VD2-C-(X2)n,
wherein; VD1 is a first heavy chain variable domain obtained from a first parent antibody
or antigen binding portion thereof, VD2 is a second heavy chain vaniable domain
obtained from a second parent antibody or antigen binding portion thereof: C is a heavy
chain constant domain; (X 1in is a linker with the proviso that it is not CHI, wherein the
(X D 1s cither present or absent; and (X2)n 15 an Fe region, wherein the (X2 ig either

present or absent. In an embodiment, the Fe region is absent from the binding protein.

In another embodiment, the invention provides & binding protein comprising a
polypeptide chain, wherein the polypeptide chain comprises VD1-(X 1 n-VD2.Co(X2)n,
wherein, VD1 is a first light chain variable domain obtained from a first parent antibody
or antigen binding portion thereof; VD2 is a second ght chain variable domain obtained
from a second parent antibody or antigen binding portion thereof: C is a light chain
constant domain; (X 1)n is a linker with the proviso that it is not CH I, wherein the (X1 n
is either present or absent; and (X2n does not comprise an Fe region, wherein the (X2

15 either present or absent. In an embodiment, (X2)n is absent from the binding protein.

in another erabodiment the binding protein of the mvention comprises first and
second polypeptide chains, wherein the first polypeptide chain comprises a first VI 1~
(XTin-VD2-C~{X2)n, wherein VD1 is a first heavy chain variable domain obtained from
& first parent antibody or antigen binding portion thereof; VD2 is a second heavy chain
variable domain obtained from a second parent antibody or antigen binding portion

thereotl Cis a heavy chain constant domain; (X1)n is a lnker with the proviso that it is
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not CHE, wherein the (X1)n is either present or absent; and (X2)n is an Fe region,
wherein the (X2)n is either present or absent; and wherein the second polypeptide chain
comprises a second VDI-(X1m-VD2-CX2n, wherein VDT is & first light chain variable
domain obtained from a first parent antibody or antigen binding portion thereof: VD2 (s a
second light chain variable domain obtained from a sccond parent antibody or antigen
binding portion thereof; C is a light chain constant domain; (X 1)n is a linker with the
proviso that it is not CHI, wherein the (X 1)n is either present or absent; and (X2m doces
not comprise an Fe region, wherein the (X2)n is either present or absent. In another
embodiment, the binding protetn comprises two first polypeptide chains and two second
polypeptide chains, In vet another embodiment, (X2n is absent from the second
polypeptide. In still another embodiment, the Fe region, if present in the first polvpeptide
1s selected from the group consisting of native sequence Fe region and a variant sequence

Feregion. In still another embodiment, the Fo region is selected from the group

consisting of an Fe region from an [eGL 1gG2, TgG3, TG4, feA, 1eM, TeB, and gl
In another embodiment the binding protein of the invention is a DVD-ig capable

of binding two antigens comprising four polvpeptide chains, wherein, first and third
polypeptide chains comprise VDI-(X1n-VD2-C-(X2n, wherein VD1 is a first heavy

chamn variable domain obtained from a first parent antibody oy antigen inding portion

LRSS

thereof: VD2 15 a second heavy chain variable domain obtained frorm a second parent
antibody or antigen binding portion thereof: C is a heavy chain constant domain; (X 1n is
a tinker with the proviso that it 1s not CHI, wherein the (X 1n is either present or absent;
and (X2)n 18 an Fe region, wherein the (X2)n is either present or absent; and wherein
second and fourth polypeptide chains comprise V14X m-VD2-C-{(X2m, wherein VI
i & first light chaimn variable domain obtained from a first parent antibody or antive)
binding portion thereof, VD2 1s a second light chain varable domain obtained from a
second parent antibody or antigen binding portion thereof: C is a light chain constant
domam; (X1)nis a linker with the proviso that it is not CHI, wherein the (X1 )n is cither
present or absent; and (X2)n does not comprise an Fe region, wherein the {X2)n is eithe

present or absent,

In another aspect, the invention provides a humanized binding protein
comprising a polypeptide chain, wherein the polypeptide chain comprises VDI1-(X Din-

VD2-C-(X2)n, wherein VDI i a first humanized variable domain, V2 is a second
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humanized variable domain, C is & constant domain, X1 represents an amino acid or
polypeptide, X2 represents an Fe region and n is 0 or 1, wherein the binding protein binds

prostaglandin E2 and tumor necrosis factor alpha.

In an embodiment, C is & heavy chain constant domain, such as, for cxample, Cis
a human heavy chain constant domain of an antibody class selected from the group
consisting of 1eG1, 1gG2, 19G3, TgG4, IgA, IgAl1, IgA2, 1gD, JgM, IgE, IgY, and 1¢G
mutants. C may be a wild type or mutant heavy chain constant domain. For example, C
comprises the sequence of SEQ 1D NO: 122 or 123, or functional variant or mutant

~

thereof
In another embodiment, C is a light chain kappa constant domain. For example, C
is & human light chain kappa constant domain of an antibody class selected from the

group consisting of 1gG, 1gG1, 1gG2. 1gG3, 1gG4, TgA, TeAl, IgA2, 1o, ToM, 1oE, gV,

o

and mutants thereof. C may be a wild type or mutant Hght chain kappa or lambda
constant domaimn. For example, C comprises the sequence of SEQ 1D NO: 124 or 125, or

functional varant or mutant thereot

In another aspect, the invention provides a binding protein comprising a
polypeptide chain, wherein the polypeptide chain comprises VD I-(X Din-VD2-Co(3( 2n,
wherein VD1 is & first Tight chain variable domain, VD2 is a second light chain variable
domain, C s a light chain constant domain, X1 is a linker with the proviso that it is not
CHI, and X2 docs not comprise an Fe region, wherein the binding protein binds

prostaglandin E2 and mumor necrosis factor alpha,

In another aspect, the invention provides a binding protein comprising first and
second polypeptide chains, wherein the 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 heavy chain constant domain, X1 is 2 linker with the

proviso that it is not CHI, and X2 is an Fe region: and the second polypeptide chain
comprises VD1-{Xin-VD2-C-(X2)n, wherein VD1 is a first light chain variable domain,
VD2 is a second light chain variable domain, Cis a Light chain constant domain, X1 is a
Hnker with the proviso that it is not CH1, and X2 does not comprise an Fe region,

wherein the binding protein binds prostaglandin E2 and rumor necrosis factor alpha.

i34
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In yet another aspect, the invention provides a binding protein comprising four
polypeptide chains, wherein two polypeptide chains comprise VD1-(X1n-VD2-C-{X2)n,
wherein VD1 is a first heavy chain variable domain, VD2 is a second heavy chain
variable domain, C i a heavy chain constant domain, X1 is 2 linker with the proviso that
itis not CHI, and X2 is an Fe region; and two polypeptide chains comprises VD1 (X1 )n-
VD2-C-(XZ)n, wherein VD1 1s a first light chain variable domain, VD2 is 4 second light
chain variable domain, C is a light chain constant domain, X1 is a linker with the proviso
that it is not CHI, and X2 does not comprise an Fe region, wherein the binding protein

binds prostaglandin E2 and tumor necrosis factor alpha.

The invention provides a method of making a DVD-Ig binding protein by
preseleeting the parent antibodies. In an embodiment, the method of making a Dual
Variable Domain Immunoglobulin capable of binding two antigens comprising the steps
of a) obtaining a first parent antibody or antigen binding portion thereof, capable of
binding a first antigen; b} obtaining a second parent antibody or antigen binding portion
thereof. capable of binding a second antigen; ¢) constructing first and third polypeptide
chains comprising VO 1-{X1)p-VD2-C-(X2m, wherein, VD1 is a first heavy chain
variable domain obtained from the first parent antibody or antigen binding portion
thereof: V2 1s a second heavy chain variable domain obrained from the second parent
antibody or antigen binding portion thereof: C is a heavy chain constant domain: (X 1n is
a linker with the proviso that it is not CHI, wherein the (X 1) is cither present or absent
and (X2)n 1s an Fe region, wherein the (X2)n is either present or absent; d) constructing
second and fourth polypeptide chains comprising VDIAX1m-VD2-C-X2m, wherein,
VDT is a first light chain variable domain obtained from the first parent antibody or
anitgen binding portion thereof; VD2 is a second Hght chain variable domain obined
{rom the second parent antibody or antigen binding thereof: € is a light chain constant
domain; (X1m is a linker with the proviso that it is not CHI, wherein the (X 1) is either
present or absent: and (X2)n does not comprise an Fe region, wherein the (X2)n is either
present or absent; ¢) expressing the first, second, third and fourth polypeptide chains;
such that 2 Dual Variable Domain Immunoglobulin capable of binding the first and the

second antigen 18 generated.

&

In still another embodiment, the invention provides a method of generating a Dual

Variable Domain Immunogiobulin capable of binding two antigens with desired
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properties comprising the steps of a) obtaining a first parent antibody or antigen binding
portion thereof, capable of binding a first amigcn and poxsessing at least one desired
parent antibody or amigen binding portion thercof, capablc of b‘mding a second ant%gen
and possessing at least one desired property exhibited by the Dual Variable Domain
Immunoglobulin; ¢ constructing first and third potypeptide chains comprising VD 1-
(X1n-VD2-C~(X2)n, wherein; VDI is a first heavy chain variable domain obtained from
the first parent antibody or antigen binding portion thereof, VD2 is a second heavy chain
variable domain obtained from the second parent antibody or antigen binding portion
thereof; C is a heavy chain constant domain; (X1)n is a linker with the provise that it is
not CHI, wherein the (X1)n is either present or absent; and (X2)n is an Fe region,
wherein the (X2n 1s either present or absent: d) constructing second and fourth
polypeptide chains comprising VDI1-(X1n-VD2-C-(X2)n, wherein; VD1 is a first l1zht
at

chamn variable domain obtained from the first parent antibody or antige:

1 binding portion
thercof; VD2 is a second light chain variable domain obtained from the second parent
antibody or antigen binding portion thercof: € is a light chain constant domain; (X 1)n is a
Imker with the proviso that it ts not CHI, wherein the (X1 m is either present or absent:
and (X2 does not comprise an Fe region, wherein the (X2 is either present or absent;
¢} expressing the first, second, third and fourth polypeptide chains: such that a Dual
Variable Domain Immunoglobulin capable of binding the first and the second antigen

with desired properties is generated.

fn one embodiment, the VDI of the first and second polvpeptide chains disclosed
hercin are obtained from the same parent antibody or antigen binding portion thereof. In
another embodiment, the VDI of the first and second polypeptide chains disclosed herein
ar¢ obtained from different parent antibodies or antigen binding portions thereof, In
another embodiment, the VD2 of the first and second polypeptide chains disclosed herein
are obtaied from the same parent amibody or antigen binding portion thercof. In another
embodiment, the VD2 of the first and second polypeptide chains disclosed herein are

obtained from different parent antibodies or antigen binding portions thereof,

[n one embodiment the first parent antibody or antigen binding portion thereof,

and the second parent antibody or antigen binding portion thereof, are the same antibody.
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In another embodiment the first parent antibody or antigen binding portion thereof. and

the second parent antbody or antigen binding portion thereof, are different antibodies.

i one embodiment the first parent antibody or antigen binding portion thereof,
binds a first antigen and the second parent antibody or antigen binding portion thereof,
binds a second antigen. In a particular cmbodiment, the first and second antigens are the
same antigen. In another embodiment, the parent antibodics bind different epitopes on
the same antigen. In another embodiment the first and second antigens are different
antigens. In another embodiment, the first parent antibody or antigen binding portion
thereof, binds the first antigen with a potency different from the potency with which the
second parent antibody or antigen binding portion thereof, binds the second antigen. In
vet another embodiment, the first parent antibody or antigen binding portion thercof,
binds the first antigen with an affinity different from the affinity with which the second

parent antibody or antigen binding portion thercof, binds the second antigen.

In another embodiment the first parent antibody or antigen binding portion
thereof, and the second parent antibody or amtigen binding portion thereof, are selected
from the group consisting of, human antibody, CDR grafted antibody, and humanized
antibody. [n an embodiment, the antigen binding portions are selected from the Sroup
consisting of a Fab fragment, a F(ab')y fragment, a bivalent fragment comprising two Fab
fragments linked by a disulfide bridge at the hinge region: 2 Fd fragment consisting of the
VH and CHI domains: a Fv fragment consisting of the VL and VH domains of a single
arm of an antibody, a dAb fragment, an isolated complementarity determining region

(CDRY, a single chain antibody, and diabodies.

In another embodiment the binding protein of the invention possesses at least one
desired property exhibited by the first parent antibody or antigen binding portion thereof,
or the second parent antibody or antigen binding portion thereof. Alternatively, the first
parent antibody or antigen binding portion thereof and the second parent antibody or
antigen binding portion thercof possess at least one desired property exhibited by the
Pual Variable Domain Immunoglobulin. In an embodiment, the desired property is
selected from one or more antibody parameters. In another embodiment, the antibody
parameters are selected from the group consisting of antigen specificity, affinity 1o

antigen, potency

v, biological function, epitope
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efficiency, immunogenicity, pharmacokinetics, bioavailability, tissue cross reactivity, and
orthologous antigen binding.In an embodiment the binding protein is multivalent. In
another embodiment, the binding protein is multispecific, The multivalent and or
multispecific binding proteins described herein have desirable properties particularly
from a therapeutic standpoint. For instance, the multivelent and or multispecific binding
protein may (1) be internalized (and/or catabolized) faster than a bivalent antibody by a
cell expressing an antigen to which the antibodies bind: (2) be an agonist antibody; and/or
(3} induce cell death and/or apoptosis of a cell expressing an antigen which the
multivalent antibody is capable of binding to. The "parent antibody™ which provides at
least one antigen binding specificity of the multivalent and or multispecific binding
proteins may be one which is internalized (and/or catabolized) by a cell expressing an
antigen to which the antibody binds; and/or may be an agonist, cell death-inducing,

and/or apoptosis-inducing antibody, and the multivalent and or multispecific binding
protein as described herein may display improvementi(s) in one or more of these
properties. Morcover, the parent antibody may lack any one or more of these propertics,
but may be endowed with them when constructed as a multivalent binding protein as

described herein

Inanother embodiment the binding protein of the invention has an on rate
constant (Kon} 1o the one or more targets selected from the group consisting of at Jeast
about 1(}"‘?»4"5&'3; at least about 10°M 'y ; at Jeast about 1T0"M™'s ar Teast about 107 M s
and at least about 10°M s, as measured by surface plasmon resonance. In an
embodiment, the binding pmtein of the mvention has an on rate constant (Kon) to one or
more targets between 10°M s and 106°M7 5™ between 10°M s and 10°M 1% ; betweer

M and 10°M7 T or between 1°M s and 10°M7s as measured by surface

plasmon resonance.

In another embodiment the binding protein has an off rate constant (Koff) for one
or more targets selected from the group consisting of: at most about 1075 at most about
1075 at most about 107°s'; and at most about 10°% ", as measured by surface plasmon
resonance. In an embodiment, the binding protein of the invention has an off rate
constant (Koff) to one or more taraets of 1077 10 107" of 107 10 1075 or of 107

.
to 107% ' as measured 1 by surface plasmon resonance.

20
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In another embodiment the binding protein has a dissociation constant (Kp to one
or more targets selected from the group consisting of: at most about 107" M: at most about
107" M at most about 1077 M: at most about 1077 M af most about 167 M: at most about
1077 M; and at most 1677 M. In an embodiment, the binding protein of the invention has
a dissociation constant (Kp) to its targets of 10 "Mto 107 M; of 108 Mo 107 M: of 107

Mo 1079M; of 107 w0 107 M: of 1077 M to 1072 M or of 1072 to M 1075 M.

In another embodiment, the binding protein described herein is a conjugate
further comprising an agent selected from the group consisting of an immunoadhesion
molecule, an imaging agent, a therapeutic agent, and & cytotoxic agent. In an
embodiment, the imaging agent is selected from the group consisting of a radiolabel, an
cnzyme, a fluorescent label, a luminescent label, 2 bioluminescent label, a magnetic Jabel,
and biotin. In another embodiment, the imaging agent is a radiolabel selected from the
group consisting oft 3H, 14C, 355, 90Y, 99Te, 111In, 1251, 1211, 17700, 166H0, and
1535m. In vet another embodiment, the therapeutic or cvtotoxic agent is selected from
the group consisting of an anti-metabolite, an alkylating agent, an antibiotic, 2 growth
factor, a cytokine, an anti-angiogenic agent, an anti-mitotic agent, an anthrucvehne, toxin,

and an apoptotic agent,

n another eombodiment, the binding protein descnibed herein 1s 2 orvstailized
binding protein and exists as a crysial. In an embodiment, the crystal is a carrier-frec
pharmaceutical controlied release crystal, In et another embodiment, the erystallized
binding protein has a greater half life in vivo than the soluble counterpart of said binding
protein. In still another embodiment, the crvseallized binding protein retains biological

activity.

in another embodiment, the binding protein described herein is glycosylated. For

ol

example, the glveosylation is a human glveosylation pattern,

Another aspect of the invention pertains to an isolated nucleic acid encoding any
one of the binding proteins disclosed herein. A further embodiment provides a vector
comprising the isolated nucleic acid disclosed herein wherein the vector is selected from
the group consisting of pcDNA; pTT (Durocher et al., Nucleic Acids Research 2002, Vol
36, No.2y; pTT3 (pTT with additional multiple cloning site; pEFBOS (Mizushima, S. and

Nagata, 5., (1990} Nucleic acids Research Vol 18, No, 17y, pBV: plV: pcDNA3.1 TOPO,
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pEF6 TOPO and pBI. In an embodiment, the vector 1s a vector disclosed in US Patent
Application Serial No. 61/021 282,

In another aspect a host cell 18 transformed with the vector disclosed herein. In an
embodiment, the host cell is a prokaryotic cell. In another embodiment, the host cell is
E.Coli. In a related embodiment the host cell is a eukaryotic cell. In another
embodiment, the eukaryotic cell is selected from the group consisting of a protist cell, an
animal cell, an avian cell, a plant cell and a fungal cell. In yet another embodiment, the
host cell 1s a mammalian cell including, but not limited to, CHO, COS: NSO, SpP2,

PER.CH or a fungal cell such as Saccharomyces cerevisiae; or an insect cell such as S0

Inan embodiment, two or more DVD-1gs, e ., with different specificities, are

produced in a single recombinant host cell. For example, the expression of a mixture of

antibodics has been called Oligocionics™ {Merus B.V., The Netherlands) U.S. Patent

Another aspect of the invention provides a method of producing a binding protein
disclosed heremn comprising culturing any one of the host cells also disclosed herein in a
culture medium under conditions sufficient to produce the binding protein. In an
embodiment, 30%-75% of the binding protein produced by this method is a dual specific

7

tetravaient binding protem. o a partcular embodiment, 75%-90% of the binding protein
produced by this method is a dual specific tetravalent binding protein. In g particular
embodiment, 90%-95% of the binding protein produced is a dual specific tetravalent

binding protein.

One emboediment provides a composition for the release of a binding protein
wherein the composition comprises a formulation that in tumn comprises a crystallized
binding protein, as disclosed herein, and an ingredient, and at least one polymeric carrier.
For example, the polymeric carrier is a polymer selected from one or more of the group
comsisting of: poly {acrylic acid), poly (cyanoacrylates), poly (amino acids), poly
{anhydrides}, poly (depsipeptide}, poly {esters), poly (Jactic acid), poly (lactic-co-glycolic
acid} or PLGA, poly (b-hvdroxybutryate), poly (caprolactone), poly (dioxanone); poly
(ethylene glycol), poly ((hydroxypropyly methacrylamide. poly [{organo)phosphazene].
poly {ortho esters), poly (vinyl alcohol), poly (vinylpyrrolidone), maleic anhydride- alkyl
vinyi ether copolymers, pluronic polyols, albumin, alginate, celiulose and cellulose

Y
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derivatives, collagen, fibrin, gelatin, hyaluronic acid, oligosaccharides
glycaminoglycans, sulfated polysaccharides, blends and copolymers thereof, For
example, the ingredient is selected from the group consisting of albumin, sucrose,
trehalose, lactitol, gelatin, hydroxypropyl-f3- cyclodextrin, methoxypolyethylene glyveol
and polyethylene glycol. Ancther embodiment provides a method for treating @ mammal
comprising the step of administering to the mammal an effective amount of the

composition disclosed herein.

The invention also provides a pharmaceutical composition comprising a binding
protein, as disclosed herein and a pharmaceutically acceptable carrier. In a furt
embodiment the pharmaceutical composition comprises at least one additional therapeutic
agent for treating a disorder. For example, the additional agent is selected from the group
consisting of: a therapeutic agent, an imaging agent, a cytoloxic agent, an angiogencsis
mhibitor (including but not limited © an ant-VEGF antibody or & VEGF-trap), a kinase
mhibitor (inchuding but not limited to 2 KDR and a TTE-2 inhibitor), a co-stimulation
molecule blocker (including but not Hmited to anti-B7.1, anti-B7.2, CTLA4-1lg, anti-
CD20), an adhesion molecule blocker (including but not limited to an anti-LFA-1
antibody, an anti-I/L selectin antibody. a small molecule inhibitor), an anti-cytokine
antibody or functional fragment thereof (including but not limited to an ant-1L-18, an
antt-TNF, and an anti-IL-6/cytokine receptor antibudy), methotrexate, cyclosporin,
rapamycin, FK306, a detectable label or reporter, a TNF antagonist, an antichcumatic, 4
muscie relaxant, a narcotic, & non-steroid anti-inflammatory drug (NSAIDY, an analgesic,
an anesthetic, a sedative, a local anesthetic, a newromusculsr blocker, an antimicrobial. an
antipsoriatic, a corticosteriod, an anabolic steroid, an erythropoictin, an immunization, an
immunoglobulin, an immunosuppressive, & growth hormone, a hormone replacement
drug, a radiopharmaceutical, an antidepressant, an antipsychotic, a stimulant, an asthma

edication, a beta agonist, an inhaled steroid, an epinephrine or analog, a cytokine, and a

cytokine antagonist.

In another aspect, the invention provides a method for treating a human subiect
suffering from a disorder in which the target, or targets, capable of being bound by the
binding protein disclosed herein is detrimental. comprising administering to the human
subject a binding protein disclosed herein such that the activity of the target, or targets in

the human subject is inhibited and one of more symptoms is alleviated or treatment s

b2
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achieved. For example, the disorder it selected from the group comprising arthritis,
osteoarthritis, juvenile chronic arthritis, septic arthritis, Lyme arthritis, psoriatic arthritis,
reactive arthritis, spondyloarthropathy, systemic lupus erythematosus, Crohn's discase,
ulcerative colitis, inflammatory bowel discase, insulin dependent disbetes mellitus,
thyroidits, asthma, allergic discases, psoriasis, dermatitis scleroderma, graft versus host
discase, organ transplant rejection, acute or chronic immune disease associated with
organ transplantation, sarcoidosis, atherosclerosis, disseminated intravascular
coagulation, Kawasaki's disease, Grave's disease, nephrotic syndrome, chronic fatigue
syndrome, Wegener's granulomatosis, Henoch-Schoenlein purpurea, microscopic
vasculitis of the kidneys, chronic active hepatitis, uveitis, septic shock, toxic shock
syndrome, sepsis syndrome, cachexia, infectious diseases, parasitic diseases, acquired
immunodeficiency syndrome, acute transverse myelitis, Huntington's chorea, Parkinson’s

disease, Alzheimer's disease, stroke, primary biliary cirrhosis, hemolytic anemia,

mahgnancies, heart failure, myocardial infar . sporadic
polyglandular deficiency type I and polyglandular deficiency type I1, Schmidt's

syndrome, adult (acute] respiratory distress syndrome, alopecia, alopecia areata,
seronegative arthopathy, arthropathy. Reiter's disease, psoriatic arthropathy, ulcerative
colitic arthropathy. eateropathic synovitis, chlamydia, versinia and salmonella associated
arthropathy, spondyloarthopathy, atheromatous disease/arteriosclerosis, atopic allergy,
autoimmune bullous disease, pemphigus valgaris, pemphigus foliaceus, pemphigoid,
hinear leA disease, autoimmunc haemolvtic anacmia, Coombs pustitve hacmolytic
anacria, acquired pernicious anacmia, juvenile pernicious anacmia, myalgic
encephalitis/Roval Free Disease, chronic mucocutaneous candidiasis, giant cell arteritis,
primary sclerosing hepatitis, cryptogenic autoimmune hepatitis, Acquired
immunodeficiency Disease Syndrome, Acquired Immunodeficiency Related Discases,
Hepatitis B, Hepatitis C, common varied immunodeficiency (common variable
hypogammaglobulinacmia), dilated cardiomyopathy, female mfertility, ovarian failure,
premature ovarian failure, fibrotic lung disease, cryptogenic fibrosing alveolitis, post-
mmflammatory interstival lung disease, interstitial pneumonitis, connective tissue disease
associated interstitial lung disease, mixed connective tissue discase associated Jung
disease, systemic sclerosis associated interstitial fung disease, rheumatoid arthritis
associated interstitial lung disease, systemic fupus erythematosus associated lung disease,

SE ey erd

1yGsitis associated luny discase, Sj0gren's discase associated lung
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disease, ankylosing spondytlitis associated lung disease, vasculitic diffuse lung disease,
haemostderosis associated lung disease, drug-induced interstitial fung discase, fibrosis,
radiation fibrosis, bronchiolitis obliterans, chronic eosinophilic pnenmonia, lvmphocytic
mfiftrative fung disease, postinfectious interstitial tung disease, gouty arthritis,
autoimimune hepatitis, type-1 avtoimmune hepatitis (classical avtoimmmume or lapoid
hepatitis), type-2 autoimmune hepatitis (anti-LKM antibody hepatitis), autoimmune
mediated hypoglycacmia. type B insulin resistance with acanthosis nigricans,
hypoparathyroidism, acute immune discase associated with organ transplantation, chronic
immune disease associated with organ transplantation, osteoarthrosis, primary sclerosing
cholangitis, psoriasis type [, psoriasis type 2, idiopathic feucopaenia, autoimmune
neutropacnia, renal disease NOS, glomerulonephritides, microscopic vasulitis of the
kidneys, tyme disease, discoid lupus erythematosus, male infertility idiopathic or NOS,
sperm autoimmunity, multiple sclerosis (all subtypes), sympathetic ophthalmia,

= = s - 5 Aoy & g
pulmonary hypertension secondary to ¢

pulmonary manifestation of polyarteritis nodosa, acute rheumatic fever, rheumatoid
spondyhus, Sall's disease, systemic sclerosis, Sjérgren's syndrome, Talayasu's
disease/arteritis, autoimmune thrombocytopacnia, idiopathic thromboeytopaenia,
agtoimmune thyroid disease, hyperthyroidism, goitrous autoimmune hypothvroidism
(Hashimoto's discase}. atrophic autoimmune hyvpothyroidism, primary myvoedema,
phacogenic uveilis, primary vasculitis, vitiligo acute liver disease, chronic liver diseases,
alcoholic cirrhosis, alcchol-induced liver injury, choleosatatis, idiosyneratic Hver disease,
Drug-Induced hepatitis, Non-alcoholic Steatohepatitis, allergy and asthma, group B
streprococet (GBS) mfection, mental disorders (e.g.. depression and schizophrenia), Th2
Type and Thi Type mediated discases, acute und chronic pain (different forms of pain),
and cancers such as lung, breast, stomach, bladder, colon, pancreas, ovarian, prostate and
rectal cancer and hematopoietic malignancies (leukemia and lymphoma),
Abetalipoprotemia, Acrocyanosis, acute and chronic parasitic or infectious processes,
acute leukemia, acute lvmphoblastic leukemia (ALL)Y, acute myeloid leukemia (AMLY,
acute or chronic bacterial infection, acute pancreatitis, acute renal failure,
adenocarcinomas, aerial ectopic beats, AIDS dementia complex, alcohol-induced
hepatitis, allergic conjunctivitis, allergic contact dermatitis, allergic rhinitis, allograft

rejection, alpha-I- antitrypsin deficiency, amyotrophic lateral sclerosis, anemia, angina
¥ w foed

om, At odl therapy, antiphospholipid syndrome,
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anti-receptor hypersensitivity reactions, acrtic and peripheral aneuryisms, aortic
dissection, arterial hypertension, arteriosclerosis, arteriovenous fistula, ataxia, atrial
fibrillation (sustained or paroxysmal), atrial flutter, atrioventricular block, B cell
lymphoma, bone graft rejection, bone marrow transplant (BMT) refection, bundie branch
biock, Burkitt's lymphoma, Burns, cardiac arrhythmias, cardiac stun syndrome, cardiac
tumors, cardiomyopathy, cardiopulmonary bypass inflammation response, cartilage
transplant rejection, cerebellar cortical degenerations, cerebellar disorders, chactic or
multifocal atrial tachycardia, chemotherapy associated disorders, chronic myelocytic
leukemia (CMLY}, chronic alcoholism, chronic inflammatory pathologies, chronic
lymphocytic leukemia (CLL), chronic obstructive pulmonary disease (COPD), chronic
salicylate intoxication, colorectal carcinoma, congestive heart failure, conjuncrivitis,
contact dermatitis, cor pulmonale, coronary artery disease, Creutzfeldt-Jakob disease
culture negative sepsis, cystic fibrosis, cytokine therapy associated disorders, Dementia

pugilistica, demvelinating discases, dengue hemorrhagi

oy, WL L)

condrtions, diabetes, diabetes mellitus, diabetic ateriosclerotic disease, Diffuse Lowy
body disease, dilated congestive cardiomyopathy, disorders of the basal ganglia, Down's
Svndrome in middle age, drug- induced movernent disorders induced by drugs which
block ONS dopamine receptors, drug sensitiviry, eczema, encephalomyvelitis
endocardius, endocrinopathy, epiglottitis, epstein-barr virus infection, erythromelaleia,
extrapyramidal and cerebellar disorders, familial hematophagoeviic lymphohistivoviosis,
fetal thymus implant rejection, Friedreich's ataxia, functional peripheral arterial disorders,
fungal sepsis, gas gangrene, gastric uleer, glomerular nephritis, eraft rejection of any
OTgAn OT tissue, gram negative sepsis, gram positive sepsis, granulomas due to
mtracellular organisms, hairy cell lcukemia, Hallerrorden-Spatz disease, hashimoto's
thyroiditis, hay fever, heart transplant rejection, hemachromatosis, hemodialysis,
hemolytic uremic syndrome/thrombaolytic thrombocytopenic purpura, hemorrhage,
hepatitis (A), His bundle arrythmias, HIV infection/HIV neuropathy, H odgkin's discase,
hyperkinetic movement disorders, hypersensitity reactions, hypersensitivity pneumonitis,
hypertension, hypokinetic movement disorders, hypothalamic-pituitary-adrenal axis
evaluation, idiopathic Addison's disease, idiopathic pulmonary fibrosis, antibody
mediated cytotoxicity, Asthenia, infantile spinal muscular atrophy, inflammation of the

aorta, influenza a, ionizing radiation exposure, iridocychitis/uveitis/optic neuritis,

ischemia- reperfusion injury, ischemic siroke, juvenile rheumatoid arthritis, juvenile
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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 higtiocytosis,
malignant melanoma, meningitis, meningococcemia, metabolic/idiopathic diseases,
migraine headache, mitochondrial multi.system disorder, mixed connective tissue discase,
monocional gammopathy, multiple myeloma, multiple systems degenerations (Mencel
Dejerine- Thomas Shi-Drager and Machado-Joseph), myasthenia gravis, mycobacterivm
avium intracellulare, mycobacterium tuberculosis, myelodyplastic syndrome, mvocardial
infarction, myocardial ischemic disorders, nasopharyngeal carcinoma, neonatal chronic
tung disease, nephritis, nephrosis, neurodegenerative diseases, neurogenic I muscular
atrophies, neutropenic fever, non- hodgkins lvmphoma, occlusion of the abdominal aorta
and its branches, occlusive arterial disorders, okid therapy, orchitis/epidydimitis,
orchitis/vascctomy reversal procedures, organomegaly, 0steoporosis, pancreas transplant

rejection, pancreatic carcinoma, parancoplastic syndrome/hypercalcemia of mali Snancy,
parathyroid transplant rejection, pelvic inflammatory disease, perennial rhinitis,
pericardial disease, peripheral atherlosclerotic discase, peripheral vascular disorders,
peritonitis. pernicious anemia, pueumocystis carinii pieumonia, pneumonia, POEMS
syndrome (polyneuropathy, organomegaly, endocrinopathy, monoclonal cammopathy,
and skin changes syndrome}, post perfusion syndrome, post pump syndrome, post- M1
cardivtomy syndrome, preeclampsia, Progressive supranucleo Palsy, primary pulmonary
hypertension, radiation therapy, Raynaud's phenomenon and discase, Ravnoud's disease,
Refsum's disease, regular narrow QRS tachycardia, renovascular hypertension,
reperfusion injury, restrictive cardiomyopathy, sarcomas, scleroderma, senile chorea,
Senile Dementia of Lewy body type, seronegative arthropathics, shoek, sickle cell
anemia, skin allograft rejection, skin changes syndrome, small bowel wansplant rejection,
solid tumors, specific arrythmias, spinal ataxia, spinocerebellar degencrations,
streptococcal myositis, structural lesions of the cerebellum. Subacute sclerosing
panencephalitis, Syncope, syphilis of the cardiovascular system, systemic anaphalaxis,
systemic inflammatory response syndrome, systemic onset juvenile rheumatoid arthritis,
T-cell or FAB ALL, Telangiectasia, thromboangitis obliterans, thrombocytopenia,
toxicity, transplants, trauma/hemorrhage, type {1 hypersensitivity reactions, type [V
hypersensitivity, unstable angina, uremia, urosepsis, urticaria, valvular heart diseases,

VAricose veins, ,vasculitis, venous diseases, venous thrombosis, ventricular fibritlation,
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viral and fungal infections, vital encephalitis/aseptic meningitis, vital-associated
hemaphagocytic syndrome, Wemicke- Korsakoff syndrome, Wilson's disease, xenograft
rejection of any organ or tissue, acute coronary syndromes, acute idiopathic polyneuritis,
acute inflammatory demyclinating polyradiculoneuropathy, acute ischemia, adult Stifl’s
discase, alopecia areata, anaphylaxis, anti-phospholipid entibody syndrome, aplastic
anemia, arteriosclerosis, atopic cczema, atopic dermatitis, autolmmune dermatitis,
autoimmune disorder associated with streptococcus infection, autoimmune enteropathy,
autoimmune hearing loss, autoimmune lymphoproliferative syndrome (ALPS),
autoimmune myocarditis, autcimmune premature ovarian failure, blepharitis,
bronchiectasis, bullous pemphigoid, cardiovascular disease, catastrophic antiphospholipid
syndrome, celiac disease, cervical spondylosis, chronic ischemia, cicatricial pemphigoid,
climeally isolated syndrome (cis) with risk for multiple sclerosis, conjunctivitis,

childhood onset psychiatric disorder, chronic obstructive pulmonary disease (COPD),

dacryocystitis, dermatomyosits, diabetic retinopathy, diabetes mellitus, disk herniation,

disk protaps, drug induced immune hemolytic anemia, endocarditis, endometriosis,
endophthalmitis, episcleritis, erythema multiforme, erythema multiforme major,
gestational pemphigoid, Guillain-Barré syadrome (GBS), hay fever, Hughes syadrome,
whopathic Parkinson’s disease, diopathic interstitial pneurmnonia, feb-mediated allerey,
mrnune hemolytic anemia, inclusion body myositis, infectious ocular mflammatory
discase, inflammatory demyvelinating disease, inflammatory heart discase, inflammatory
kidney disease, IPF/UIP, ritts, keratitis, keratojuntivitis sicca, Kussmaul discase or
Kussmaul-Meiter disease, Landry's paralysis, Langerhan's cell histiooytosis, livedo
reticularis, macular degencration, microscopic polvangiitis, morbus bechterev, motor
neuron disorders, mucous membranc permphigoid, multiple organ failure. myasthenia
gravis, myelodysplastic syndrome. myocarditis, nerve root disorders, neuropathy. non-A
non-B hepatitis, optic neuritis, osteolysis, ovarian cancer, pauciarticular JRA. peripheral
artery occlusive disease (PAOD), peripheral vascular disease {PVD), peripheral artery,
disease (PAD), phiebitis, polyarteritis nodosa (or periarteritis nodosa), polvchondritis,
polymyalgia rheumatica, poliosis, polyarticular JRA, polyendocrine deficiency syndrome,
polyvmyositis. polymyalgia rheumatica (PMR), post-pump syndrome, primary
Parkinsonism, prostate and rectal cancer and hematopoietic malignancies (leukemia and

lymphoma), prostatitis, pure red cell aplasia, primary adrenal insufficiency, recurrent

aeuromyelitis optica, restenosis, riicuinatic heart disease, sapho (synovits, acne,
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pustulesis, hyperostosis, and osteitis), scleroderma, secondary amyloidosis, shock lung,
scleritis, sciatica, secondary adrenal insufficiency, silicone associated connective tissue
disecase, sneddon-wilkinson dermatosis, spondilitis ankylosans, Stevens-JTohnson
syndrome (SIS}, systemic inflammatory response syndrome, temporal arteritis,
toxoplasmic retinitis, toxic epidermal necrolysis, transverse myelitis, TRAPS (tumor
necrosis factor receptor, type 1 allergic reaction, type 1 diabetes, urticaria, usual
interstitial pneumonia (UIP), vasculitis, vernal conjunctivitis, viral retinitis, Vogt-
Koyapagi-Harada syndrome (VKH syndrome}), wet macular degeneration, wound healing,

yersinia and saimonellia associated arthropathy.

in an cmbediment, diseases that can be treated or diagnosed with the compositions
and methods of the invention include, but are not limited to, primary and metastatic
cancers, inchuding carcinomas of breast, colon, rectum, lung, oropharynx, hypopharynx,
esophagus, stomach, pancreas, liver, gallbladder and bile ducts, small intestine, urinary
tract (including kidney, biadder and urothelium), female genital fract (including cervix,
uterus, and ovaries as well as choriocarcinoma and gestational trophoblastic disease),
male genital tract (inchuding prostate, seminal vesicles, testes and germ cell tumorsy,
endocrine glands (neluding the thyroid, adrenal, and pituitary glands), and skin, as well
as hemangromas, melanomas, sarcomas (including those arising from bone and soft
fissues as well as Kaposi's sarcoma). tumors of the brain, nerves, eves, and meninges
(including astrocytomas, ghomas, glioblastomas, retinoblastomas, neuromas,
neuroblastomas, Schwannomas, and meningiormas}, solid tumors arising from
hematopoietic malignancies such as leukemias, and lvmphomas (both Hodgkin's and non-
Hodgkin's lvmphomas),

The DVD-Igs of the invention may also treat one or more of the following
discases: Acute coronary syndromes, Acute Idiopathic Polvneuritis, Acute Inflammatory
Demyelinating Polyradiculoneuropathy, Acute ischemia, Adult Stil’s Disease, Alopecia
arcata, Anaphylaxis, Ant-Phospholipid Antibody Svndrome, Aplastic anemia,
Arteriosclerosis, Atopic eczema, Atopic dermatitis, Autoimmune dermatitis, Autoimmune
disorder associated with Streptococcus infection, Autoimmune hearingloss, Autoimmune
Lymphoproliferative Syndrome (ALPS), Autoimmune myocarditis, autoimmune
thrombocytopenia (AITP), Blepharitis, Bronchiectasis, Bullous pemphigoid,

Cardiovascular Disease, Catastrophic Antiphospholipid Syndrome, Celiac Discase,

29
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Cervical Spondylosis, Chronic ischemia, Cicatricial pemphigoid, Clinically isolated
Syadrome (CIS) with Risk for Multiple Sclerosis, Conjunctivitis, Childhood Onset
Psychiatric Disorder, Chronic obstructive pulmonary disease (COPD), Dacryocystitis,
dermatomyositis, Diabetic retinopathy, Diabetes mellitus, Disk herniation, Disk prolaps,
Drug induced immune hemolytic anemia, Endocarditis, Endometriosis, endophthalmitis, |
Episclerits, Erytherma multiforme, erythema muliforme major, Gestational pemphigoid,
Guillain-Barré Syndrome (GBS), Hay Fever, Hughes Syndrome | Idiopathic Parkinson’s
Disease, idiopathic interstitial pneumonia, [gE-mediated Allergy, [mmune hemolytic
anemia, Inclusion Body Myositis, Infectious ocular inflammatory disease, Inflammatory
demyelinating disease, Inflammatory heart disease, Inflammatory kidnev disease,
IPF/UIP, Iritis, Keratitis, Keratojuntivitis sicca, Kussmaul disease or Kussmaul-Meier
Disease, Landry's Paralysis, Langerhan's Cell Histiocytosis, Livedo reticularis, Macular
Degeneration, malignancies. Microscopic Polyangiitis, Morbus Bechterev, Motor Neuron
Disorders, M i fathure
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Myelodysplastic Syndrome, Myocarditis, Nerve Root Disorders, Neuropathy, Non-A
Non-B Hepattis, Optic Neuritis, Osteolysis, Ovarian cancer, Pauctarticutar JRA,
peripheral artery occlusive disease (PAOD), peripheral vascular disease (PVD),
peripheral artery disease (PAD), Phiebits, Polyarieritis nodosa (or periarteritls nodosa),
Polychondritis, Polvmyalgia Rheumatica. Poliosis, Polvarticutar IRA, Polyvendocrine
Deficiency Syndrome, Polymyositis, polymyalgia theumatica (PMR), Post-Pump
syndrome, primary parkinsonism, prostate and recial cancer and hematopoietic
malignancies {leukemia and lymphoma), Prostatitis, Pure red cell aplasia, Primary
Adrenal Insufficiency, Recurrent Neuromyelitis Optica, Restenosis, Rheumatic heart
discase, SAPHO (synovitis, acne, pustulosis, hyperostosis, and osteitis}, Scleroderma,
Secondary Amyloidosis, Shock lung, Scleritis, Sciatica, Secondary Adrenal Insufficiency,
Silicene associated connective tissue discase, Sneddon-Wilkinson Dermatosis, spondilitis
ankylosans, Stevens-Johnson Syndrome (SIS), Systemic inflammatory response
syndrome, Temporal arteritis, toxoplasmic retinitis, toxic epidermal necrolysis,
Transverse myelitis, TRAPS (Tumor Necrosis Factor Receptor, Type | allergic reaction,
Type i Diabetes, Urticaria, Usual interstitial pneumonia (UTP), Vasculitis, Vernal
conjunctivitis, viral retinitis, Vogt-Koyanagi-Harada syndrome (VIKH syndrome), Wet

macular degeneration, and Wound healing.
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in an embodiment, the antibodies of the invention or antigen-binding portions
thereof, are used to treat cancer or in the prevention of metastases from the tumors
deseribed herein either when used alone or in combination with radiotherapy and/or other

chemotherapeutic agents.

in another aspect the invention provides a method of treating a patient suffering
from a disorder comprising the step of administering any one of the binding proteins
disclosed herein before, concurrent, or after the administration of a second agent, 4s
discussed herein. In a particular embodiment the second agent is sclected from the group
consisting of budenoside, epidermal growth factor, corticosteroids, cyclosporin,
sulfasalazine, aminosalicylates, 6-mercaptopurine, azathioprine, metronidazole,
lipoxygenase inhibitors, mesalamine, olsalazine, balsalazide, antioxidants, thromboxane
mhibitors, [L-1 receptor antagonists, anti-IL-15 mAbs, anti-IL-6 or [L-6 receptor mAbs,
growth factors, elastase inhibitors, pyridinyl-imidazole compounds, antibodies or agonists
Of TNF, LT, IL-1, 1L-2, TL-6, 1L-7, 118, 1112, [L-13, 1L-15, 1116, 1L-18, 1L.-23,
EMAP-IL, GM-CSF, FCF, and PDGF, antibodies of CD2, CD3, CD4, CDE, CD-19.
CD25, €025, CD30, CD4A0, CD4S, CD6Y, CDY0 or their ligands, methotrexate,
cyclosporin, FK306, rapamycin, mycophenolate mofeul, leflunomide, NSAIDs,
ibuprofen, corticosteroids, prednisclone, phosphodiesterase inhibitors, adensosine
agonists, antithrombotic agents, complement inhibitors, adrencrgic agents, IRAK, NIK,
IKK, p38, MAP kinase inhibitors, {L-10 converting enzyme inhibitors, TNFaconverting
enzyme imhibitors, T-cell signalling inhibitors, metalloproteinase inhibitors, sulfasalazine,
azathioprine, 6-mercaptopurines, angiotensin converting enzyme inhibitors, soluble
cylokine receptors, soiuble pS3 TNF receptor, soluble p75 TNF receptor, slL-1R1, 81T~

PRIY, sIL-6R, antiinflammatory cytokines, [L-4, [L-10, IL-11, TL-13 and TGFR.

In & particular embodiment the pharmaceutical compositions disclosed herein are
administered to the patient by at least one mode selected from parenteral, subcutaneous,
intramuscular, intravenous, intrarticular, intrabronchial, intraabdominal, intracapsular,
intracartitaginous, intracavitary, intracelial, intracerebellar, intracerebroventricular,
intracolic, intracervical, intragastric, intrahepatic, intramyocardial, intraosteal, intrapelvic,
ntrapericardiac, intraperitoneal, intrapleural, intraprostatic, intrapulmonary. intrarcctal,
intrarenal, intraretinal, intraspinal, intrasynovial, intrathoracic, intravterine, intravesical,

bolus, vaginal, rectal, buccal, sublingual, intranasal, and transdermal.

e



One aspect of the invention provides at least one anti-idiotype antibody to at least
one binding protein of the present invention. The anti-idiotype antibody includes any
protein or peptide containing molecule that comprises at least a portion of an

immunoglobulin molecule such as, but not limited to, at least one complementarily

(]

determining region (CDR) of a heavy or light chain or a ligand binding portion thercof, a
heavy chain or light chain variable region, a heavy chain or light chain constant region, a
framework region, or any portion thereof, that can be incorporated into a binding protein

of the present mvention.

Brief Description of the Drawings

10 The foregoing and other objects, features and advantages of the present invention,
as well as the invention itself, will be more fully understood from the foltowing
deseription of preferred embodiments when read together with the accompanying

«

drawings, in which:

Figure 1A 1s a schematic representation of Dual Variable Domain (IDVID)-Ig constructs

5 and shows the strategy for generation of a DVD-1g from two parent antibodies:

Figure 18, 15 a schematic representation of a TNF/PGE2 DVD-Tg, without (DVD1-lg)

and with (DVDZ-1g) linkers, and two parental mono-specific antibodies: anti- TNF D2E7

{o) and anti-PGE2 2B5-8.0 (B).

Figure 2 shows ELISA data of binding of 2B5-7.0, 2B5-8.0, 2B5-9.0, and 2B5-10.0 to

26 PGEZ-biotin.
Figure 3 shows EP4 bioassay data of binding of 2B5-8.0 relative to a 2BS and 1gG1.

Figure 4 shows the effect of anti-TNF mAb 8C11 and anti-PGE2 mAb 2B5, alone and in

combination, on mean arthritic score in mice injected twice weekly over a 15 day period.

Figure 5 shows temperature-induced unfolding of Adalimumab (JgG13. Three unfolding
25 transitions can be shown, demonstrating unfolding of 3 domains as typical for antibodies.,

Trn values are 56.9 °C. 67.4 °C, and 76.75 “C (pH 4.3 buffer).
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Figure 6 shows temperature-induced unfolding of D2E7-SL-Hu2B3.7 DVD-lg. Four
unfolding transitions can be shown, demonstrating unfolding of 4 domains. Tm values

are 58.8°C, 68.6°C, 75.0°C, and 83.4°C (pH 6.0 buffer).

Figure 7 shows temperature-induced unfolding of Adalimumab (IgG1), Three u nfolding
transitions can be shown, demonstrating unfolding of 3 domains as typical for antibodies.

T values are 68.3 °C, 754 °C, and 83.1 °C (pH 6.1 buffer).

Detailed Desceription of the Invention

This invention pertains to multivalent and/or multispecific binding proteins
capable of binding two or more antigens. Specifically, the invention relates 10 dual
variable domain immunoglobulins (DVD-Ig}, and pharmaceutical compositions thereof,
as well as nucleic acids, recombinant expression vectors and host cells for making such

DVD-lgs. Methods of using the DVD-Igs of the invention to detect specific antigens,

cither in vitro or in vivo are also encompassed by the invention.

Unless otherwise defined herein, scientfic and technical terms used in
connection with the present invention shall have the meanings that are commonly
understood by those of ordinary skill in the art, The meaning and scope of the terms
should be clear, however, in the event of any latent ambiguity, definitions provided
herein take precedent over any dictionary or extrinsic definition. Further, unless
otherwise required by context, singular terms shall include pluralities and plural terms
shall include the singular. In this application. the use of "or™ means "and/or” unless
stated otherwise. Furthermore, the use of the term "including”, as well as other forms,
such as "includes” and "included”, is not imiting.  Also, terms such as "element” or
"component” encompass both elements and components comprising one unit and
elements and compoenents that comprise more than one subunit unless specifically stated

otherwise.

Generally, nomenclatures used in connection with, and techniques of. cell and
tissue culture, molecular biology, immunology, microbiology, genetics and protein and
nucleic acid chemistry and hybridization described herein are those well known and
commonly used in the art. The methods and techniques of the present invention are

crafly performed according to ¢
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described in various general and more specific references that are cited and discussed
throughout the present specification unless otherwise indicated. Fnzymatic reactions and
purification techniques are performed according to manufacturer's specifications, as
commoniy accomplished in the art or as described herein. The nomenclatures used in
connection with, and the laboratory procedures and techniques of, analytical chemistry,
synthetic organic chemistry, and medicinal and pharmaceutical chemistry described
herein are those well known and commonly used in the art. Standard techniques are used
for chemical syntheses, chemical analyses, pharmaceutical preparation, formulation, and

delivery, and treatment of patients,

That the present invention may be more readily understood, select terms are

defined below.

The term “polypeptide™ as used herein, refers to any polymeric chain of smino
acids. The terms “peptide” and “protein” are used interchangeably with the term
polypeptide and alse refer to a polymeric chain of amino acids. The term “polypeptide™
encompasses native or artificial proteins, protein fragments and polypeptide analogs of a
protein sequence. A polypeptide may be monomerie or polymeric, Use of “polypeptide”
herein is mtended 1o encompass polvpeptide and fragments and varians { meluding
fragments of variants) thereof, unless otherwise contradicted by context. For an antigenic
potypeptide, a fragment of polypeptide optionally contains at least one CORUZUOUS or
nonbinear epitope of polypeptide. The precise boundaries of the at least one cpitope
fragment can be confirmed using ordinary skill n the art. The fragment comprises at
teast about 5 contiguous amino acids, such as at least about 10 contiguous amino acids, st
feast about 15 contiguous amino acids, or at least about 20 contiguous amino acids. A

variant of polypeptide is as described herein.

The term “isolated protein” or “isofated polypeptide™ is a protein or polypeptide
that by virtue of its origin or source of derivation is not associated with natrally
associated components that accompany it in its native state; is substantially free of other
proteins from the same species: is expressed by a cell from a different species: or does not
oceur in nature. Thus, a polypeptide that is chemically synthesized or synthesized in a
cetlutar system different from the cell from which it naturally originates will be "isolated”

from its naturally associated components, A protein may also he rendered substantiaily
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free of naturally associated components by isolation, using protein purification technigues

well known in the art.

o

The term “recovering™ as used herein, refers to the process of rendering a
chemical specics such as a polypeptide substantially free of naturally associated

components by isclation, e.g., using protein purification techniques well known in the art.

“Biological activity” as used herein, refers to any one or more inherent biclogical
properties of @ molecule. (whether present naturally as found in vivo, or provided or
enabled by recombinant means). Biological properties inciude but are not limited to
binding receptor; induction of cell proliferation, inhibiting cell erowth, inductions of
other cytokines, induction of apoptosis, and enzymatic activity. Biological activity also

mcludes activity of an Ty molecule

The terms “specific binding” or “specifically binding”, as used herein, in
reference to the interaction of an antibody, a protein, or a peptide with a second chemical
species, mean that the interaction is dependent upon the presence of a particular structure
(e.g., an antigenic determinant or epitope) on the chemical species; for example, an

antibody recognizes and binds to a specific protein structure rather than to protins

1

generatly, Hoan antibody 1s speaific for epitope "A", the presence of & 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 (o the antibody.

The term “antibody™, as used herein, broadly refers to any immunoglobulin (1g)
molecule comprised of four polypeptide chains, two heavy () chains and two licht (L)
chaing, or any functional fragment, mutant, variant, or derivation thereof, which retaing
the essential epitope binding features of an Ig molecule. Such mutant, variant, or
derivative antibody formats are known in the art. Nonlimiting embodiments of which are

discussed below,

In a full-length antibody, each heavy chain is comprised of a heavy chain variable
region (abbreviated herein as HCVR or VH) and a heavy chain constant region. The
heavy chain constant region i comprised of three domains, CHI, CH2 and CH3, Each
light chain 18 comprised of a light chain variable region (abbreviated herein as LCVR or

VoL -4 11L ol H PRSI

VILy and a light chain constant region. The light chain constant region is comprised of

LN
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one domam, CL. The VH and VL regions can be further subdivided into regions of
hypervartability, termed complementarity determining regions (CDR), interspersed with
regions that are more conserved, termed framework regions (FR). Each VH and VL is
composed of three CDRs and four FRs, arranged from amino-terminus 1o carboxy-
terminus in the following order: FR1, CDRI, FR2, CDR2, FR3, CDR3, FR4,
Immunoglobulin molecules can be of any type (e.g., 1gG, IgE, [gM, IgD, IgA and 1gY),

class (e.g., IgG 1, TgG2, IgG 3, [gG4, IgAT and 1gA2) or subclass.

o

The term “Fe region™ 18 used to define the C-terminal region of an
immmmgiobuiin heavy chain, which may be generated by papain digestion of an intact
antibody. The Fe region may be a native sequence Fe region or a variant Fe region. The
Fe region of an immunogiobulin generally comprises two constant domains, a CH2
domain and 2 CH3 domain, and optionally comprises a CH4 domain, Replacements of
amino acid residues in the Fe portion to alter antibody effector function are known in the
art (Winter, 7 of. US Patent Nos 5,648 260 and 3,624 821). The Fe portion of an antibody
mediates several important effector functions e.g. cytokine induction, ADCC,
phagocytosis, complement dependent c:‘ymmxicity (CDC) and half-life/ clearance rate of
antibody end anfigen-antibody complexes. In some cases these effector functions are

desirable for therapeutic antibody but in other cases might be unnecessary or even
defetericus, depending on the therapentic objectives. Certain humen 1eG isotypes,
particularly 1gG1 and [gG3, mediate ADCC and CDC via binding to FovRs and
complement Clg. respectively. Neonatal Fe receptors (FeRn) are the eritical components
determining the circulating half-life of antibodies. In stil] another embodiment at least
one amino acid residue is replaced in the constant region of the antibody, for example the
Fe region of the antibody, such that effector functions of the antibody are altered. The
dimerization of two identical heavy chains of an immunogiobulin is mediated by the
dimerization of CH3 domains and is stabilized by the disulfide bonds within the hinge
ragi(m (Huber et al. Nature: 264; 415-20; Thies et al 1999 J Mol Biol; 293: 67-79.3,
chain disuifide bonds will destabilize dimeration of CH3 domains. Residues responsible
for CH3 dimerization have been identified (Dall” Acqua 1998 Biochemistry 37: 9266-73.).
Therefore, it is possible to generate a monovalent half-Tg. Interestingly, these

monovalent halt 1

1%

molecules have been found in nature for both 1¢G and IgA subciasses

{
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{Seligman 1978 Ann Immunol 129: 855-70;Bicwenga ct al 1983 Clin Exp Immunol 51
395-400%. The stoichiometry of FeRn: Tg Fe region has been determined to be 2:1 {West
et al 2000 Biochemistry 39 9698-70%), and half Fe is sufficient for mediating FeRn
binding (Kim et al 1994 Eur J Immunol; 24: 342-548.). Mutations to distupt the
dimerization of CH3 domain may not have greater adverse effect on its FcRn binding as
the residues mmportant for CH3 dimerization are located on the inner interface of CH3 b
sheet structure, whereas the region responsible for FeRn binding is focated on the outside
interface of CH2-CH3 domains. However the half g molecule may have certain
advantage in tissue penetration due to 1t8 smaller size than that of a regular antibody. In
one embodiment at least one amine acid residue 1s replaced in the constant region of the
binding protein of the invention, for example the Fo region, such that the dimerization of
the heavy chains 18 disrupted, resulting in half DVD Ig molecules. The anti-inflammatory
activity of 1gG 1s completely dependent on sialviation of the N-linked glycan of the TG
Fe fragment. The precise glycan requirements for anti-inflammatory activity has been
determined, such that an appropriate 1eGl Fe fragment can be created, thereby generating
a fully recombinant, sialylated 1¢G1 Fo with greatly enhanced potency {Anthony, R.M. at

al. {2008} Science 320:373-376}.

The term “antigen-binding portion” of an antibody {or simply "antbody portion™)
as used herein, vefers o one or more fragments of an antibody that retain the ability t©
specifically bind to an antigen. 1t has been shown that the antigen-binding function of an
antibody can be performed by fragments of a full-length antibody. Such antibody
embodiments may also be bispecific, dual specific, or multi-specific formats; specifically
binding to two or more different antigens. Examples of binding ﬁ"agn‘lcms encompassed
within the term "antigen-binding portion” of an antibody include (13 & Fab fragment, a
monovalent fragment consisting of the VL, VH, CL and CHY domains; (ity a Flab')p
fragment, 2 bivalent fragment comprising two Fab fragments linked by a disulfide bridge
at the hinge region; (1ii) a Fd fragment consisting of the VH and CHI domains; (ivy a Fv
fragment consisting of the VL and VH domains of a single arm of an antibody, (v) a dAD
fragment (Ward ef al., (1989) Nature 341:544-346, Winter et al., PCT publication WO
90/05144 A1), which comprises a single variable domain; and (vi) an isolated
complementarity determining region (CDRY. Furthermore, although the two domains of

the Fv fragment, VL and VH, are coded for by separate genes, they can be joined, using
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recombinant methods, by a synthetic linker that enables them to be made as a single
protemn chain in which the VL and VH regions pair to form monovalent molecules (known
as single chain Fv (scFvy; see e.g., Bird er al (1988} Science 242:423-426; and Huston et
al. (Y988) Proc. Natl Acad. Sci, USA 85:5879-5883). Such single chain antibodies arce
also intended to be encompassed within the term "antigen-binding portion” of an

antibody. Other forms of single chain antibodies, such as diabodies are also

encompassed. Diabodies are bivalent, bispecific antibodies in which VH and VL domains
are expressed on a single polypeptide chain, but using a linker that is 100 short to allow
for pairing between the two domains on the same chain, thereby forcing the domains to
pair with complementary domains of another chain and creating two antigen binding sites
(see e.g.. Hothger, P, er al. (1993) Proc. Nail. Acad. Sci. US4 90:6444-6448: Poljak, R.J.,
et al. (1994 Structure 2:1121-1123). Such anubody binding portions are known in the

(Kentermann and Dubel eds., Antibodv Engincering (2001 Springer-Verlag. New York.

790 po. (ISBN 3-540-41354-5). In addition single chain antibodies also include "linear
antibodies” comprising a pair of tandem Fv segments (VH-CHI-VH-CH Y which,
together with complementary light chain ;%)Eypcpticfc& form a pair of antigen binding
regions (Zapata ot al. Protein Eng. 80103 10537-1062 (1995); and US Patent No.

5,641 8700,

The term "multvalent binding protein” 15 used throughout this specification o
denote s binding protein comprising two or more amigen binding sies. [n an
embodiment, the multivalent binding protein 18 engineered to have the three or more
antigen binding sites, and is generally not a naturally occurring antibody. The term
“muliispecific binding protein” refers to a binding protein capable of binding two or more
related or unrelated targets. Dual variable domain (DVD) binding proteins of the
ivention comprise two or more antigen binding sites and are tetravalent or multivalent
binding proteins. DVDs may be monospecifie, i.e., capable of binding one antigen or
multispecific, i.e. capable of binding two or more antigens, DVD binding proteins
comprising two heavy chain DVD polypeptides and two light chain DVD polypeptides
are referred to as DVD-lg. Each half of a DVD-Ig comprises a heavy chain DVD
polypeptide, and a light chain DVD polypeptide, and two antigen binding sites. Each
binding site comprises a heavy chain variable domain and a lght chain variable domain

with a total of 6 CDRs invelved in antigen binding per antigen binding site.
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The term "bispecific antibodv”, as used herein, refers to full-length antibodies that
are generated by quadroma technology (see Milstein, C. and A.C. Cuello, Nature, 1983,
305(5934): p. 537-46), by chemical conjugation of two different monoclonal antibodies
(see Staerz, U.D. et al, Nature, 1985, 314(6012): p. 628-31), or by knob-into-hole or
simitar approaches which introduces mutations in the Fe region (see Holliger, P, T.
Prospero, and G. Winter, Proc Natl Acad Sc1 U S A, 1993, 90(14Y: p. 6444-8.18),
resulting in multiple different immunoglobulin species of which only one is the functional
bispecific antibody. By molecular function, a bispecific antibody binds one antigen (or

epitope) on one of its two binding arms {(one pair of HC/LC), and binds a different

antigen (or epitope) on its second arm (a different pair of HC/LC), By this definition, a

bispecific antibody has two distinet antigen binding arms (in both specificity and CIDR

sequences), and 18 monovalent for cach antigen it binds to.

The term "dual-specific antibody”, as used herein, refers to full-length antibodies
that can bind two different antigens (or epitopes) in cach of its two binding arms (a pair of
HC/LCY (see PCT publication WO 02/02773), Accordinegly a dual-specific binding

. gly [ g
protein has two identical antigen binding arms, with identical specificity and identical

CDR sequences, and is bivalent for each antigen it binds to.

i

A "functional antigen binding site” of 2 binding protein is one that is capable of

necessarily as strong as the parent antibody from which the antigen binding sise is
derived, but the abifity to bind antigen must be measurable using any one of a variety of
methods known for evaluating antibody binding to an antigen. Moreover, the antigen
binding affinity of each of the antigen binding sites of a multivalent antibody herein need

not be guantitatively the same.

The term "cviokine" is a generic term for proteins released by one cell population.
which act on another cell population as intercellutar mediators, Examples of such
cytokines are lymphekines, monokines, and traditional polypeptide hormenes. Included
among the cytokines are growth hormone such as human growth hormone, Nemethionyl
human growth hormone, and bovine growth hormone; parathyroid hormone; thyroxine;
insulin: proinsulin: relaxin; prorelaxing glycoprotein hormones such as follicle stimulating

hormone (FSHY, thyroid stimulating hormone (TSH), and huteinizing hormone (LHD:
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hepatic growth factor; fibroblast growth factor; prolactin; ptacental lactogen; tumor
necrosis factor-alpha and - beta; mullerian-inhibiting substance; mouse gonadotropin-
associated peptide: inhibin; activin; vascular endothehal growth factor; integting
thrombopoietin (TPO); nerve growth factors such as NGF-alpha; platelet-growth factor;
placental growth factor, transforming growth factors (TGFs) such as TGF- alpha and
TGF-beta; msulin-fike growth factor-1 and -11; erythropoietin (EPO); osteoinductive
factors; interferons such as interferon-alpha, -beta and -gamma colony stimulating factors
(CSFs) such as macrophage-CSF (M-CSF); granulocyte macrophage-CSF (GM-CSF);
and granulocyie-CSF (G-CSFY; interleukins (10s) such ag 1L-1, 12, TL-3, [L-4, 1L.-5, TL-
6, [L-7. 1L-8, IL-9, TL-16, B~ 11, JL-12, TE-13, TE-15, TL-18, [L-21, [L-22, 1L-23, 11.-33: &
tumor necrosis factor such as TNF-alpha or TNF-beta; and other polypeptide factors
meluding LIF and kit ligand (KL ). As used herein, the torm cytokine includes proteins
from natural sources or from recombinant cell culture and biologically active cquivalents

AFITIA ALY, RN
of the native sequence cytokin

The term “hinker™ 15 used to denote pelypeptides comprising fwo or more amino
acid residues joined by peptide bonds and are used to link one or more antigen binding
portions. Such linker polvpeptides are well known in the art (see ez, Holliger, P, er al.
(19933 Proc. Nuil Acad. Sci. USA 90:6444-644%; Poliak, BRI er al (1994 Siruciure
2:1121-1123% Exemplary bnkers include, but are not himited 1o,
AKTTPKLEEGEFSEAR (SEQ ID NO: 1y AKTTPKLEEGEFSEARV (SEQ 1D NO: 21
AKTTPKLGG (SEQ ID NO: 3y SAKTTPRKLGG (SEQ D NG: 4y SAKTTP (SEQ 1D
NGO 53 RADAAP (SEQ 1D NO: 6); RADAAPTVS (SEQ 1D NG 7y
RADAAAAGGPGS (SEQ TD NO: Ry RADAAAALGS L (SEQ 1D NO: 9y,
SAKTTPKLEEGEFSEARV (SEQ D NG 10y ADAAP (SEQID NO: 11y
ADAAPTVSIFPP (SEQ ID NO: 12); TVAAP (SEQ 1D NO: 13y TVAAPSVFIFPP (SEQ
D NO: 14}, QPKAAP (SEQID NO: 15); QPKAAPSYTLEPP (SEQ ID NO: 163,
AKTTPP (SEQ ID NO: 17 AKTTPPSVTPLAP (SEQ 1D NG 18), AKTTAP (SEQ ID
NO: 195 AKTTAPSVYPLAP (SEQ ID NG: 20); ASTKGP (SEQ 1D NG: 217,
ASTKGPSVEPLAP (SEQ 1D NO: 22y, GGGGSGGGGSGGGES (SEQ 1D NO: 23,
GENKVEYAPALMALS (SEQ 1D NO: 24y GPAKELTPLKEAKVS (SEQ D NO: 25y,
and GHEAAAVMOVOQYPAS (SEQ ID NO: 263

40
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An “immunoglobulin constant domain” refers to a heavy or light chain constant
domain. Human 1gG heavy chain and light chain constant domain amino acid sequences

are known in the art,

The term "monocclonal antibody” or “mAb” as used herein refers to an amibody
obtained from a population of substantially homogeneous antibodies, 1.e., the individual
antibodies comprising the population are identical except for possible naturally occurring
mutations that may be present in minor amounts. Monoclonal antibodies are highly
specific, being directed against a single antigen. Furthermore, in contrast to polycional
antibody preparations that typically include different antibodies directed against different
determinants (epitopes), cach mAb is directed against a single determinant on the antigen.
The modifier "monoclonal” is not to be construed as requiring production of the antibody

by any particular method,

O include antibodies

man antibody”, as used hercin, is intends
having variable and constant regions derived from human germline immunoglobulin
scquences. The human antibodies of the invention may include amino acid residucs not
encoded by human germline immunoglobulin sequences (e.g., muiations introduced by
random or site-specific mutagenesis in vitro or by somatic mutation in vive), for example
in the CDRs and in particular CDR3. However, the term "human antibodv”, s used
herein, 1$ not intended to include amibodies in which CDR sequences derived from the

germiine of another mammalian specics, such as a mouse, have been grafied onto hurman

framework sequences.

The term "recombinant human antibody"”, as used herein, is intended 10 include all
human anubodies that are prepared, expressed, created or isolated by recombinant means,
such as antibodics expressed using a recombinant expression vector transfected into a
host cell {described further in Section I1 C, below), antibodies isolated from a
recombinant, combinatorial human antibody library (Hoogenboom H.R. (1997 TIB
Tech. 15:62-70; Azzazy H., and Highsmith W.E. (2002) Clin. Biocherm. 35:425-445;

I

Gavilondo J.V_, and Larrick J.W. (2002 BioTechniques 29:128-145; Hoogenboom H.,

and Chames P. (2000) Immunology Today 21:371-378 4, antibodics isolated from an

animal (e.g., a mousc) that is transgenic for human immunoglobulin genes (sce, Taylor,

B
o

L. D, eral (1992) Nucl. Acids Res. 20:6287-6295: Kellermann S-A. and Green L.L,



(2002} Current Opinion in Biotechnology 13:593-597; Little M. et al. {2000}
Immunology Today 21:364-370) or antibodies prepared. expressed, created or isolated by
any other means that involves splicing of human immunoglobulin gene sequences to

other DNA sequences. Such recombinant human antibodies have variable and constant

£

regions derived from human germline immunoglobulin sequences. In certain
embodiments, however, such recombinant human antibodies are subjected to in vitro
mutagencsis (or, when an animal transgenic for human Ig sequences is used, in vivo

somatic mutag

et

enesis) and thus the amino acid sequences of the VH and VL regions of the
recombinant antibodies are sequences that, while derived from and related to human
10 germline VH and VL sequences, may not naturally exist within the human antibody

germline repertoire in vivo,

An "affiity matured” antibody is an antibody with one or more alterations in one
or more CDRs thereof which result an improvement in the affinity of the antibody for
antigen, compared to a parent antibody which does not possess those altcration(s).
Exemplary affinity matured antibodies will have nanpomolar or even picomolar affinities
for the target antigen, Affinmity matured antibodies are produced by procedures known in
the art, Marks et al. BidITechnology 10:779-783 (1992} describes affinity maturation by
VH and VL domain shuffiing. Random mutagenesis of CDR andior framework residues

is described by: Barbas et al. Proc Nat. Acad. Sci, USA 91:3800-3813 (1994 Schier ot

20 al Gene 169:147- 155 (1995); Yelton et al. | Immunol. 155:1994-2004 (1995); Jackson
etal, J Immunol. 1534(7%:3310-9 (1995); Hawkins et al, 1. Mol. Biol 226:889-896 (1992}
and selective mutation at selective mutagenesis positions, contact or hypermutation
positions with an activity enhancing amino acid residue as deseribed in US patent US

691412881,
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chain variable region sequences from one species and constant region sequences from
ancther species, such as antibodies having murine heavy and light chain variable regions

finked to human constant regions.

The term “CDR-grafied antibody™ refers to antibodies which comprise heavy and
30 light chain variable region sequences from one species but in which the sequences of one

or more of the CDR regions of VH and/or VL are replaced with CDR sequences of
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another species, such as antibodies having murine heavy and light chain variable regions
in which one or more of the murine CDRs (e.g., CDR3) has been replaced with human

CDR sequences.

The term “humanized antibody™ refers to antibodies which comprise heavy and
light chain variable region sequences from a non-human species (e.g . a mouse) but in
which at least a portion of the VH and/or VL sequence has been altered to be more
“human-like”, i.e., more similar to human germline variable sequences. One type of
humanized antibody is a CDR-grafted antibody, in which human CDR sequences are
introduced into non-human VH and VL sequences to replace the corresponding
nonhuman CDR sequences. Also "humanized antibody"is an antibody or 2 variant,
derivative, analog or fragment thereof which immunospecificaily binds to an antigen of
mterest and which comprises a framework (FR) region having substantially the amino
acid sequence of a human antibody and a complementary determining region (CIDR
having substantially the amino acid sequence of a non-human antibody. As used herein,
the term "substantially” in the context of & CDR refers to a CDR having an amine acid
sequence at least 8094, at least 85%,, at Ieast 909, at least 95%, at least 989% or af least
99% 1dentical 1o the amino acid sequence of a non-human antibody CDR. A humanized
antibody comprises substantially all of at least one, and typically two, variable domains
(Fab, Fab', Fab'} 2, FabC, Fv) m which all or substannally all of the CDR regions
correspond to those of 2 non-human immunoglobulin {i.e., donor antibody ) and all or
substantially ali of the framework regions are those of a human immunoglobulin
consensus sequence. In an embodiment, a humanized antibody also comprises at least a
portion of an immunoglobulin constant region (Fe), tvpically that of 2 human
immunoglobulin. In some embodiments, a humanized antibody contains both the light
chain as well as at Jeast the variable domain of a heavy chain. The antibody also may
include the CHI, hinge, CH2, CH3, and CH4 regions of the heavy chain. In some
embodiments, a humanized antibody only contains a humanized light chain, In some
embodiments, a humanized antibody only containg a humanized heavy chain. In specific
embodiments, & humanized antibody only containg a humanized variable demain of a light

chain and/or humanized heavy chain.

The terms "Kabat numbering”, "Kabat definitions” and "Kabat labeling™ are used

e han o ol e wodie £y 0 cvetmm of
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numbering amino acid residues which are more variable (7. e. hypervariable) than other
amino acid residues in the heavy and hight chain variable regions of an antibody, or an
antigen binding portion thereof (Kabat er of. (1971) Ann. NY dead, Sei. 190:382-391 and,
Kabat, FLA., er al. (1991) Sequences of Proteins of Immunological interest, Fifth Edition,
U.S. Department of Health and Human Services, NIH Publication No. 91-3242), For the
heavy chain variable region, the hypervariable region ranges from amine acid positions
31 to 35 for CDR1, amino acid positions 50 to 65 for CDR2, and amino acid positions 95
to 102 for CDR3. For the light chain variable region, the hypervariable region ranges

from amino acid positions 24 to 34 for CDR1, amino acid positions 30 to 56 {for CDR2,

and amine acid positions 89 to 97 for CDR3.

As used herein, the term "CDR" refers to the complementarity determining region
within antibody variable sequences. There are three CDRs in cach of the variable regions
of the heavy chain and the hght chain, which are designated CDRY, CDR2 and CDR3, for
cach of the variable regions. The term “CDR set™ as used herein refers to a group of three
CDRs that occur in a single variable region capable of binding the antigen. The exact
boundaries of these CDRs have been defined differently according to different systems.
The system described by Kabat (Kabat et al,, Sequences of Proteins of Immunological
Interest (National Instifutes of Health, Bethesda, Md. (19873 and (1991)) not only
provides an unambiguous residue numbering system apphcable fo any vanable 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, |
Mol Biol, 196:901-917 (1987 and Chothia et al., Nature 342:877-883 {1989 found that
certain sub- portions within Kabat CDRs adopt nearly identical peptide backbone
conformations, despite having great diversity at the level of amino acid sequence. These
sub-poriions were designated as LT, L2 and 1.3 or HI, H2 and H3 where the "L" and the
"H" designates the light chain and the heavy chains regions, respectively. These regions
may be referred to as Chothia CDRs, which have boundaries that overlap with Kabat
CDRs. Other boundaries detining CORs overlapping with the Kabat CDRs have been
described by Padlan (FASEB I 9:133-139 (19953} and MacCallum (] Mol Biol
26205):732-45 (1996)). Sall other CDR boundary definitions may not strictly follow one
of the herein systems, but will nonetheless overlap with the Kabat CDRs, although they
may be shortened or lengthened in light of prediction or experimental findings that

particular residucs or groups of residues or even entire CDRs do not significantly impact

44



antigen binding. The methods used herein may utilize CDRs defined according to any of

these systems, although certain embodiments use Kabat or Chothia defined CDRs.

Ag used herein, the term "framework” or "framework sequence” refors o the

remaining sequences of a variable region minus the CORS. Because the exact definition of

Ly

a CDR sequence can be determined by different svstems, the meaning of a framework
sequence is subject to correspondingly different interpretations. The six CDRs (CDR-LI,
-L2, and -1.3 of light chain and CDR-H1, -H2, and -H3 of heavy chain) also divide the
framework regions on the light chain and the heavy chain into four sub-regions (FR1,
FRZ, FR3 and FR4) on each chain, in which CDRY is positioned between FR T and FR2,
i CDRZ between FR2 and FR3, and CDR3 between FR3 and FR4. Without specifying the
particular sub-regions 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
occurring immunoglobulin chain, Ag used herein, a FR represents one of the four sub-

regions, and FRs represents two or more of the four sub- regions constituting a framework

Lt

124 STON.

As used herein, the term "germiine amibody gene” or “gene fragment” refers to an
immunoglobulin sequence encoded by non- lvmphoid cells that have not undergone the
particular immunoglobulin. (See, ez, Simpiro et al, Crit. Rev. Immunol. 22(3): 183200

20 (2002); Marchalonis et al, Adv Exp Med Biol. 484:13-30 (2001)). One of the advantages
provided by various cmbodiments of the present invention stems from the recognition that
germline antibody genes are more likely than mature antibody genes to conserve essential
amine acid sequence structures characteristic of individuals in the species, hence less

fikely to be recognized as from a foreign source when used therapeutically in that species.

25 As used herein, the term “neutralizing” refers to counteracting the biological
activity of an antigen when a binding protein specifically binds the antigen. In an
embudiment, the neutralizing binding protein binds the eytokine and reduces its

biologically activity by at feast about 20%, 40%, 60%. 80%, 85% or more.

The term "activity” includes activities such as the binding specificity and affinity

36 of a DVD-Ig for two or more antigen
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The term "eprtope” includes any polypeptide determinant capable of specific
binding to an immunoglobulin or T-cell receptor. In certain embodiments, epitope
determinants include chemically active surface groupings of molecules such as amino
acids, sugar side chains, phosphoryl, or sulfonvi, and, in certain embodiments, may have
specific three dimensional structural characteristics, and/or specific charge
characteristics. An epitope is a region of an antigen that is bound by an antibody. In
certain embodiments, an antibody specifically binds an antigen when it recognizes s
target antigen in & complex mixture of proteing and/or macromolecules. Antibodies “bind
io the same epttope”™ if the antibodies cross-compete (one prevents the binding or
modulating effect of the other). In addition structural definitions of epitopes
{overlapping, similar, wentical) are informative, but functional definitions are oftenr more
relevant as they encompass structural (binding) and functional (modulation, competition)

DArameters.

The term "surface plasmon resonance”, as used herein, refers to an optical
phenomenon that allows for the analysis of real-time biospectic interactions by detection
of alierations in protein concentrations within a biosensor matrix, for example using the
BlAcorest system (BiAcore International AB, a GE Healthcare company, Uppsala,
Sweden and Piscataway, NIn For further deseriptions, see Jonsson, U er ol (1993 Ann.
Fiol. Clin, 31:19-26; Jonsson, UL, er al. {1991 Biotechnigues 1 1.620-627; Johnsson, B,
ei al. (1995).J. Mol Recogrit. 3:125-131; and lohnnson, B, er al. (1991} 4nal. Biochem.

198:268-277.

The term "Kn". as used herein, 1s intended to refer 1o the on rate constant for
on

association of a binding protein (e.g., an antibody) 1o the antigen to form the, e.g.,
antibody/antigen complex as is known in the art. The “Kon™ also 1§ known by the terms
“association rate constant™, or “ka”, as used interchangeably herein. This value
indicating the binding rate of an antibody to its target antigen or the rate of complex

formation between an antibody and antigen also is shown by the equation below:

Antibody ("Ab™) + Antigen (CAgTY Ab-Ag.

&

The term "Koff", as used herein, 1s imtended to refer to the off rate constant for
dissociation, or “dissoctation rate constant”, of a binding protein (e.g., an antibody) from

the, e.g., antibody/antigen complex as is known in the art. This value indicates the
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dissociation rate of an antibody from its target antigen or separation of Ab-Ag complex

over time into free antibody and antigen as shown by the equation below;
Al »Ab-Ag.

The term “KD™ as used herein, is intended to refer to the “equilibrium
dissociation constant”, and refers (o the value obtained in a titration measurement at
equilibrium, or by dividing the dissociation rate constant (koff) by the association rate
constant {kon). The association rate constant, the dissociation rate constant and the
equilibrium dissociation constant are used to represent the binding affinity of an
antibody to an antigen. Methods for determining association and dissociation rate
constants are well known in the art, Using fluorescence--based rechniques offers high
sensitivity and the ability to examine samples in physiological buffers at equilibrium.
Other experimental approaches and instruments such as a BlAcore'® (biomolecular
mmieraction analysisy assay can be used (e.g., instrument available from BlAcore
International AB, a GE Healthcare company, Uppsala, Sweden). Additionally, a
KinExA® (Kinetic Exclusion Assay) assay, available from Sapidyne Instruments (Boise,

tdaho) can also be used,

“Label™ and “detectable label” mean a motety attached to a specific binding

pariner, such as an antibody or an analvie, ¢.g., to render the reaction between members

of & specific binding pair, such as an antibody and an analvie, detectable, and the specific
binding parier, e.g., antibody or analyte, so labeled is referred to as “detectably
fabeled.” Thus, the term “labeled binding protein™ as used herein, refers 1o a protein
with & label incorporated that provides for the identification of the binding protein. In an
embodiment, the label s a detectable marker that can produce a signal that is detectable
by visual or instrumental means, e.g., incorporation of a radiolabeled amino acid or
attachment to a polypeptide of biotiny] moieties that can be detected by marked avidin
{2.g., streptavidin containing a fluorescent marker or enzymatic activity that can be
detected by optical or colorimetric methods). Examples of labels for polypeptides
inchude, but are not limited to, the following: radioisotopes or radionuclides (e.g., 3H,
14C, 358,907, 99Tc, 111In, 1251, 1311 17700, 166Ho, or 133Sm); chromogens,
fluorescent labels (e.g., FITC, rhodamine, lanthanide phosphors), enzymatic labels (e.g.,

horseradish peroxidase, huciferase, alkaline phosphatacel; chemilumimescent markers:
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biotinyl groups; predetermined polvpeptide epitopes recognized by a secondary reporter
{e.g., leucine zipper pair sequences, binding sites for sccondary antibodies, metal binding
domains, epitope tags); and magnetic agents, such as gadolinium chelates,

Representative examples of labels commonly employed for immunassays include
moieties that produce light, e.g., acridinivn compounds, and moieties that produce
fluorescence, e.g., fluorescein. Other labels are described herein, In this regard, the
motety itself may not be detectably labeled but may become detectable upon reaction
with yet another moiety. Use of “detectably labeled” is intended to encompass the latter

type of detectable tabeling.

The term “conjugate” refers to a binding protein, such as an antibody, chemically
linked 10 a second chemical moicty, such as a therapeutic or eytofoxic agent, The term
"agent" is used herein to denote a chemical compound, & mixture of chemical compounds,
a biological macromolecule, or an extract made from biological materials. In an
embodiment, the therapeutic or cytotoxic agents include, but are not limited to, pertussis
toxin, taxol, cytochalasin B, gramicidin D, ethidium bromide, emetine, mitomycin,
ctoposide, tenoposide, vineristine, vinblastine, colchicin, doxorubicin, daunorubicin,
dihydroxy anthracin dione, mitoxantrone, mithramycin, actinomycin I, 1-

i

dehydrotestosterone, glucocorticoids, procaine, tetracaine, lidocaine, propranclol, and

puromvein and analogs or homologs thereof. When emploved in the context of an
tmmunoassay, the conjugate antibody may be a detectably labeled antibody used as the

detection antibody.

The terms “crystal™ and “crystallized™ as used herein, refer o a binding protein
(e.g., an antibody), or antigen binding portion thereof, that exists in the form of a
crystal. Crystals are one form of the solid state of matter, which is distinct from other
forms such as the amorphous solid state or the liquid erystalline state. Crystals are
composed of regular, repeating, three-dimensional arrays of atoms, ions, molecules
(e.g., proteins such as antibodies), or molecular assemblies (e.g., antigen/antibody
complexes). These three-dimensional arrays are arranged according to specific
mathematical relationships that are well-understood in the field. The fundamental unit,
or building block, that is repeated in a crystal is called the asymmetric unit, Repetition
of the asymmetric unit in an arrangement that conforms to a given, well-defined

crystaliographic symmetry provides the "unit celi" of the crystal. Repetition of the unit
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cell by regular transtations in all three dimensions provides the erystal. See Giege, R.
and Ducruix, A, Barrett, Crystallization of Nucleic Acids and Proteins, a Practical
Approach, 2nd ea., pp. 20 1-16, Oxford University Press, New York, New York,
(19997

The term "polynucieotide” means a polymeric form of two or more nucleotides,
cither ribonucleotides or deoxvnucleotides or a modified form of either type of

nucleotide. The term includes single and double stranded forms of DNA.

The term "isolated polynucleotide” shall mean a polynucleotide (e.g., of genomic.
cDNA, or synthetic origin, or some combination thereof) that, by virtue of its origin | the
“solated polynucleotide™ is not associated with ail or a portion of a polynucicotide with
which the "isolated polynucleotide™ is found in nature; is operably tinked to 2
polynucieotide that it is not linked to in nature; or does not oecur in nature as part of a

et - ™~

LATECT SCUChce.

ot

The term "vector", is intended to refer to a nucleic acid molecule capable of
transporting another nucleic acid to which it has been linked. One type of vector is a
"plasmid®, which refers to a circular double stranded DNA loop into which additional
DNA segments may be ligated. Another type of vector is & viral vector, wherein
additional DNA segments may be ligated into the viral genome. Certain vectors are
capuble of antonomous replication in a host cell into which they are imroduced (c.o.,
bacterial vectors having a bacterial origin of replication and episomnal mammalian
vectors). Other vectors (e.g.. non-episomal mammalian vectors) can be integrated into the
genome of a host cell upon introduction into the host ¢ell, and thereby are replicated
along with the host genome. Moreover, certain vectors are capable of directing the
expression of genes to which they are operatively linked. Such vectors are referred to
herein as "recombinant expression vectors” (or simply, "expression vectors™). In general,
expression vectors of utility in recombinant DNA techniques are often in the form of
plasmids. In the present specification, "plasmid” and "vector” may be used
interchangeably as the plasmid is the most commonly used form of vector. However, the
mvention is intended to include such other forms of expression vectors, such as viral
vectors (e.g., rephication defective retroviruses, adenoviruses and adeno-associated

Fal

ich serve equivalent functions,

VITUSES Y,
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The term "operably linked" refers to a juxtaposition whercin the components
described are in a relationship permitting them to function in their intended manner. A
control sequence "operably linked" to a coding sequence is ligated in such a way that
expression of the coding sequence is achieved under conditions compatible with the
control sequences. "Operably linked" sequences include both expression control
sequences that are contiguous with the gene of interest and expression control sequences
that act in frans or at a distance 1o control the gene of interest. The term "expression
contrel sequence” as used herein refers to polynucleotide sequences that are necessary to
effect the expression and processing of coding sequences to which they are ligated.
Expression control sequences include appropriate transeription initiation, termination,
promoter and enhancer sequences: efficient RNA processing signals such as splicing and
polyadenylation signals; sequences that stabilize cytoplasmic mRNA; sequences that

enhance translation efficiency (i.e., Kozak consensus sequence); sequences that enhance

of such control sequences differs depending upon the host organism: in prokaryotes, such
control sequences generally mclude promoter, ribosomal binding site, and transeription
termination sequence; in cukaryotes, senerally, such control sequences include promuters
and transcription termination sequence. The term "contral sequences” is intended to
mciude components whose presence is essential for expression and processing, and can
also mclude addinonal components whose presence is advantageous, for example, leader

sequences and fusion par(ner sequences.

“Transformation”, refers to any process by which exogenous DNA enters a host
cell. Transformation may occur under natural or artificial conditions using various
methods well known n the art. Transformation may rely on any known method for the
sertion of foreign nucleic acid sequences mto a prokaryotic or evkaryotic host cell. The
method is selected based on the host cell being transformed and may include, but is not
limited to, viral infection, electroporation, lipofection, and particle bombardment. Such
“ransformed” cells mclude stably transformed cells in which the inserted DNA is capable
of rephication either as an autonomously replicating plasmid or as part of the host
chromosome, They also include cells which wansiently express the inserted DNA or RNA

for imited periods of time.
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The term "recombinant host cell" {or simply "host cell™), is intended to refer to a
cell into which exogenous DNA has been introduced. In an embodiment, the host cell
comprises two more more {e.g., multiple} nucleic acids encoding antibodies, such as the
host celis deseribed in US Patent No. 7,262,028, for example. It should be understood
that such terms are intended to refer not only to the particular subi yect cel, but also to the
progeny of such a cell. Because certain modifications may occur in succeeding
generations due to either mutation or environmental influences, such progeny may not, in
fact, be identical to the parent cell, but are still included within the scope of the term "host
cell” as used herein. In an embodiment, host cells include prokaryotic and cukarvotic
cells selected from any of the Kingdoms of life. In another embodiment, eukaryotic celis
mnclude protist, fungal, plant and animal cells. In another embodiment, host cells inchude
but are not limited to the prokaryotic cell line F.Coli; mammalian cell lines CHO, HEK

293, COS, NSO, SP2 and PER.C6; the insect cell line Sf9; and the fungal cell

Standard techniques may be used for recombinant DNA, oligonucieotide
synthesis, and tissue culture and transformation (e.g.. electroperation, lipofection).
Enzymatic reactions and purification techniques may be perfurmed according 1o
manufacturer's specifications or as commonly accomplished in the art or as deseribed
herein. The foregoing techniques and procedures may be weneraliy performed according
to conventional methoeds well known in the art and as described in various general and
more specific references that are cited and discussed throughout the present specification.
See e.g., Sambrook et al. Molecular Cloning: A Laboratory Manual (2d ed., Cold Spring

Harbor Laboratory Press, Cold Spring Harbor, N.Y. (19897,

“Transgenic organism”, as known in the art, refers 10 ap organism having cells
that contain a transgene, wherein the fransgene introduced into the organism (or an
ancestor of the organism) expresses a polypeptide not naturally expressed in the
organism. A “transgene” is a DNA construct, which is stably and operably integrated
into the genome of a cell from which a transgenic organism develops, directing the
expression of an encoded gene product in one or more cell fypes or tissues of the

transge onic Ui":lﬁi’s}n
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The term "regulate"and “modulate™ are used interchangeably, and, as used herein,
refers to a change or an alteration in the activity of a molecule of interest {¢.¢., the
biological activity of a cytokine). Modulation may be an increase or & decrease in the

magnitude of a certain activity or function of the molecule of interest. Exemplary

LA

activities and functions of a molecule include, but are not Hmited to, binding

characteristics, enzymatic activity, cell receptor activation, and signal transduction,

Correspondingly, the term "modulator™ is a compound capable of changing or
altering an activity or function of a molecule of interest (e.g., the biological activity of a
cytokine}. For example, a modulator may cause an increase or decrease in the magnitude

10 of acertain activity or function of a molecule compared to the magaitude of the activity

or function observed in the absence of the modulator. In certain embodiments, a
modulator 1s an imhibitor, which decreases the magnitude of at least one activity or
function of a molecule. Exemplary inhibifors include., but are not imited to, proteins,
pepudes, antibodies, peptibodies, carbohydrates or small organic molecules. Peptibodies

15 are desceribed, eg, in WOOT/R3525.

The term "agomst”, refers to a modulator that, when contacted with a molecule of
mterest, causes an mnercase m the magnitede of a certaln activity or fungtion of the
molecule compared to the magnitude of the acuviry or function observed m the aheence
of the agonist. Particular agonists of interest may include, but are not limited to,

20 polypeptides, nucleic acids, carbohvdrates, or any other molecules that bind to the

antigen.

The term "antagonist™ or Vinhibitor®, refer (o a modulator that, when contacted
with a molecule of mterest causes a decrease in the magnitude of a cortain activity or

function of the molecule compared 1o the magnitude of the activity or function observed

¥

25 inthe absence of the antagonist. Particular antagonists of interest include those that block
or modulate the biological or immunclogical activity of of the antigen. Antagonists and
inhibitors of antigens may include, but are not limited to, proteins. nucleic acids,

carbohydrates, or any other molecules, which bind 1o the antigen,

As used herein, the term "effective amount” refers 1o the amount of a therapy
30 which s sufficient to reduce or ameliorate the severity and/or duration of a disorder or

one or more symptoms thereof, prevent the advancement of a disorder, cause regression of
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a disorder, prevent the recurrence, development, onset or progression of one or more
symptoms associated with a disorder, detect & disorder, or enhance or improve the
prophylactic or therapeutic effect(s) of another therapy (e.g., prophylactic or therapeutic

agent).

“Patient” and “subject” may be used interchangeably herein 1o refer to an animal,
such as a mammal, including a primate (for example, a human, 2 monkey, and a
chimpanzee), a non-primate (for example, a cow, a pig, a camel, a llama, a horse, a gout,
a rabbit, a sheep. a hamster, a guinea pig, a cat, a dog, a rat, a mouse, a whale), a bird
(e.g., aduck or a goose), and a shark. Preferably, the patient or subject is a human, such
as a human being treated or assessed for a disease, disorder or condition, a human at risk
for a disease, disorder or condition, & human having a discase, disorder or condition,

and/or human being treated for a disease, disorder or condition.

L3 - :

The term "sample”, as used herein, 1% used in s broadest sense. A “bivlogical
sample”, as used herein, includes, but is not fimited 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 imited to, blood. (e.g., whole blood), plasma, serum, wrine, amniotic fluid,
synovial fluid, endothelial eells, leukocytes, monocytes, other cells, orouns, tissues, bone

marrow, lymph nodes and spleen.

“Component,” “components,” and “at least one component,” refer gencrally to a
capture antibody, a detection or conjugate amibody, a control, a calibrator, a series of
calibrators, a sensitivity panel, a container, 2 buffer, a diluent,  salt. an SNTYME, & CO-
factor for an enzyme, a detection reagent, a pretreatment reagent/solution, a substrate
(e.g., as a solution), a stop solution, and the fike that can be included in a kit for assay of a
test sample, such as a patient urine, serum or plasma sample, in accordance with the
methods deseribed herein and other methods known in the art. Thus, in the context of the

3

present disclosure, “at teast one component,” “component.” and “components” can
include & polypeptide or other analyie as above, such as a composition comprising an
analvte such as polypeptide, which is optionally immobilized on a solid support, such as
by binding to an anti-analyte (e.g., anti-polypeptide) antibody. Some components can be

it solution or fvophilized for reconstitution for use in an assay.

54
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“Control” refers to a composition known to not analyte (“negative control™) or to
contain analyte (“positive control™). A positive control can comprise a known
concentration of analyte. “Control,” “positive control,” and “calibrator”™ may be used
interchangeably herein (o refer to a composition comprising a known concentration of
analyte. A “positive control” can be used to establish assay performance characteristics

and 1% a useful indicator of the integrity of reagents (c.g., analytes).

“Predetermined cutoff” and “predetermined level” refer generally to an assay
cuteff value that is used to assess diagnostic/prognostic/therapeutic efficacy results by
comparing the assay results against the predetermined cutoffflevel, where the
predetermined cutoffilevel already has been linked or associated with various clinical
parameters (e.g., severity of disease, progression/nonprogression/improvement, ete. ).
While the present disclosure may provide exemplary predetermined levels, it is well-
antibodies emploved, ete.). It further is well within the ordinary skill of one in the art o
adapt the disclosure herein for other immunoassays (o obtain immunoassay-specific
cutoff values for those other immunoassays based on this disclosure. Whereas the precise
value of the predetermined cutoffilevel may vary between assays, correlations ag

deseribed herein (if any) should be generally applicable.

“Pretreatment reagent,” e.g., lysis, precipitation and/or solubilization reagent, as
used in g diagnostic assay as described herein 1s one that lyses any cells and/or solhubilizes
any analyte that 18/are present in a test sample. Pretreatment is not necessary for all
samples, as described further herein. Among other things, solubilizing the analvte (e.g.,
polypeptide of interest) may entail release of the analvte from any endogenous binding
proteins present in the sample. A pretreatment reagent may be homogenecus {not
requiring a separation step) or heterogenecus (requiring a separation step. With use of a
heterogencous pretreatment reagent there 18 removal of anv precipitated analyie binding

proteins from the test sample prior to proceeding to the next step of the assay.

“Quality control reagents™ in the context of immunoassays and kits deseribed
herein, include, but are not limited 1o, calibrators, controls, and sensitivity pancls, A
“calibrator” or “standard” typically is used (e.g., one or more, such as a plurality) in order

to establish calibration (standard) curves for interpolation of the concentration of an

ERS
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analyte, such as an antibody or an analyte. Aliernatively, a single calibrator, which is
near a predetermined positive/negative cutoff, can be used. Multiple calibrators (i.e.,
more than one calibrator or a varying amount of calibrator(s)) can be used in conjunction

e

SO 4% o comprise a “sensitivity panel

“Risk™ refers to the possibility or probability of a particular event occurring either
presently or at some point in the future. “Risk stratification” refers to an array of known
clinical risk factors that allows physicians to classify patients into a low, moderate, high

or highest risk of developing a particular disease, disorder or condition.

“Specific” and “specificity” in the context of an interaction between members of a
specific binding pair (c.g., an antigen (or fragment thereof) and an antibody {or
antigemcally reactive fragment thereof)) refer o the selective reactivity of the interaction.
The phrase “specifically binds 107 and analogous phrases refer to the ability of antibodies

/ AT T il i o i .
Lo antigemcany realtiuve ragiments icreo

+

i

10 DING SPeCHCallyY 10 analyvie (or a fragiment
Jed &

thereot) and not bind specifically to other entities.

“Specific binding partner” is a member of a specific binding pair. A specific
binding pair comprises two different molecules, which specifically bind tw cach other
through chemical or physical means. Therefore, in addition to antiven and antibody
specific binding pairs of common immunoassays, other specific binding pairs can include
biotin and avidin {or streptavidin}, carbohydrates and lecting, complerentary nucleotide
sequences, effector and receptor molecules, cofactors and enzymes, enzyme inhibitors
and enzymes, and the like. Furthermore, specific binding pairs can include members that
are analogs of the original specific binding members, for example, an analyte-analog.
Immunoreactive specific binding members include antigens, antigen fragments, and
antibodies, including monoclonal and polyclonal antibodies as well as complexes,
fragments, and variants (including fragments of variants) thereof, whether isolated or

recombinantly produced.

“Variant” as used herein means a polvpeptide that differs from a given
polypeptide (e.g.. IL-18, BNP, NGAL or HIV polypeptide or anti-polypeptide antibody)
in amine acid sequence by the addition (e.g., insertion), deletion, or conservative

substitution of amino acids, but that retains the biological activity of the given

polypepude (e.g., a variant IL-18 can compete with anti-IL-18 antibody for binding to 1L-

A1
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18). A conservative substitution of an amino acid, i.e., replacing an amino acid with a
different amino acid of similar properties (¢.g., hydrophilicity and degree and distribution
of charged regions) is recognized in the art as typically involving a minor change. These
minor changes can be dentified, in part, by considering the hyémpaméﬁ index of amino
acids, as understood in the art (sce, e.g., Kyte et al., J. Mol. Biol. 157: 105-132 (1982)).
The hydropathic index of an amino acid is based on a consideration of its hydrophobicity
and charge. It is known in the art that amino acids of similar hydropathic indexes can be
substituted and stil] retain protein function. In one aspect, amino acids having
hydropathic indexes of = 2 are substituted. The hydrophilicity of amino acids also can be
used to reveal substitutions that would result in proteins retaining biolegical function. A
consideration of the hydrophilicity of amino acids in the context of a peptide permits
-alculation of the greatest tocal average hvdrophilicity of that peptide, a useful measure
that has been reported to correlate well with antigenicity and immunogenicity (see, ¢.g.,
V.S, Pat No. 4,554,101 which 13 incorporsted herein by reflerence). Substitution of
amino acids having similar hydrophilicity values can result in peptides retaining
biological activity, for example immunogenicity, as is understood n the art. In one
aspect, substitutions are performed with amino acids having hydrophilicity values within
2 of each other. Both the hydrophobicity index and the hydrophilicity value of amino
acids are influenced by the particular side chain of that amino acid. Consistent with that
observation, amino acid substitutions that are compatible with biological function are
understood 1o depend on the relative simifarity of the amine acids, and particularly the
side chains of those amino acids, as revealed by the hydrophobicity, hydrophiticity,
charge, size, and other propertics. “Variant” also can be used to describe a polypeptide or
fragment thereof that has been differentially processed, such as by proteolysis,
phosphorylation, or other post-translational modification, vet retains its biological activity
or antigen reactivity, e.g., the ability to bind to 1L-18, Use of “variant” herein is intended

1o encompass fragments of a variant unless otherwise contradicted by context,
I. Generation Of DVD Binding Protein

The invention pertains to Dual Variable Domain (DVD) binding proteins capable
of binding one or more targets and methods of making the same. In an embodiment, the
binding protein comprises a polypeptide chain. wherein the polypeptide chain comprises

VDI-{(XIn-VD2Z-CHXZn, wherein VD1 is a first variable domain, VD2 is a second

36
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variable domain, Cis a constant domain, X1 represents an amino acid or polypeptide, X2
represents an Fe region and n 18 O or 1. The binding protein of the invention can be
generated using various techniques. The invention provides expression vectors, host cell

and methods of generating the binding protein.
i.A: Generation Of Parent Monocional Antibodies

The variable domains of the DVD binding protein can be obtained from parent
antibodies, mchuding polyclonal and mAbs capable of binding antigens of interest. These

antibodies may be naturally occurring or may be generated by recombinant technology.

N

MADs can be prepared using a wide variety of techniques known in the art
including the use of hybridoma, recombinant, and phage display technologies, ora
combination thereof. For example, mAbs can be produced using hybridoma techniques
mchuding those known in the art and taught, for example, in Harlow et al. | Antibodies: A
Laboratory Manual, (Cold Spring Harbor Laboratory Press, 2nd ed, 1988} Hammerling,
et al., in: Monoclonal Antibodies and T-Cell Hybridomas 563-681 (Elsevier, N.Y.. 1081,
The term "monoclonal antbody™ as used herein is not Iimited to antibodies produced
through hybridoma technology. The term "monoclonal antibody” refers o an antibody
that 1s derived from g single clone, including any eukaryotic, prokaryotic, or phage clone,
and not the method by which it is produced. Hybridomas are selecied, cloned and further
sereened for desirable characteristics, including robust hybridoma growth, high antibody
production and desirable antibody characteristics, as discussed in Fxample 1below.
Hybridomas may be cultured and expanded in vivo in syngeneic animals, in animals that
lack an Tmmune system, e.g., nude mice, or in cell culture in virro. Methods of sclecting,
cloning and expanding hybridomas are well known to those of ordinary skill in the art. In
a particular embodiment, the hybridomas are mouse hybridomas. In another embodiment,
the hybridomas are produced in a non-human, non-mouse specics such as rats, sheep,
pigs, goats, cattle or horses. In another embodiment, the hybridomas are human
hybridomas, in which a human non-gsecretory myeloma is fused with a hurnan cell

expressing an antibody capable of binding a specific antigen,

Recombinant mAbs are also generated from single, 1solated lvmphocytes using a
procedure referred to in the art as the selected lyvmphocyte antibody method (SLAM)Y, as

described in ULS. Patent No. 5,627,052, PCT Publication WO 92/62351 and Babcock, 1.8,
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et al. (1996 Proc. Nail. Acad. Sci. USA 93:7843-7848. In this method, single cells
secreting antibodies of interest, e.g., lymphocytes derived from an immunized animal, arc
dentified, and, heavy- and light-chain variable region ¢DNAs are rescued from the cells
by reverse transeriptase-PCR and these varniable regions can then be expressed, in the
context of appropriate immunoglobulin constant regions (e.g., hwman Constant regions),
in mammalian host cells, such as COS or CHO cells. The host cells transfected with the
amplified immunoglobulin sequences, derived from in vivo selected lvmphocytes, can
then undergo further analysis and selection in vitro, for example by panning the
transfected cells to isolate cells expressing antibodies to the antigen of interest. The
amplified immunoglobulin sequences further can be manipulated in vinro, such as by in
vitro affinity maturation methods such as those described in PCT Publication WO

Y7:/26131 and PCY Publication WO 00/56772.

Monoclonal antibodies are also prodaced by immunizing a non-human animal
comprising some, or all, of the human immunoglobulin locus with an antigen of interest.
In an embodiment, the non-human animal is a XENOMGOUSE transgenic mouse, an

engincered mouse strain that comprises large fragments of the human immmunoglobulin
loct and 1s defictent m mouse antibody production. See, e.g., Green ot al. Nafwre
Genetics 7:13-21 (1994 and United States Patents Nog. 5 916,771, 5,939 308,

S9E5.615 5998 204, 6.07: L6091 06T, 6,114 5398 and 6,130,364, See also WO
91/10741, published July 25,1991, WO 94/02602, published February 3, 1994, W
96/34096 and WO 96/337335, both published October 31, 1996, WO 98/16654,
published April 23, 1098, WO 98/24893, published June 11, 1998, WO 98/50433,
published November 12, 1998, WO 99/4503 1, published September 10, 1999, WO
96/53049, published October 21, 1999, WO 060 095360, published February 24, 2000 and
WO 00/037504, published June 29, 2000, The XENOMOUSE transgenic mouse
produces an adult-like human repertoire of fully human antibodics, and generates
antigen-specific hurman monocional antibodies. The XENOMOUSE transgenic mouse
contains approximately 80% of the human antibody repertoire through introduction of
megabase sized, germiine configuration YAC fragments of the human heavy chain toci
and x light chain loci, See Mendez et al., Nature Genetics 15:146-156 (1997), Green

and Jakobovits J. Exp. Med. 188:483-495 (1998).
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In vitro methods also can be used 1o make the parent antibodies, wherein an
antibody library is screened to identify an antibody having the desired binding specificity.
Methods for such screening of recombinant antibody libraries are well known in the art
and mchude methods described m, for example, Ladner e of. U.S. Patent No. 3,223,409,
Kang et al. PCT Publication No. WO 92/18619: Dower ef ¢l PCT Publication No. WO
91717271 Winter ef o/, PCT Publication No. WO 92/20791; Markland er af. PCT
Publication No. WO 92/15679; Breitling er ¢f. PCT Publication No. WO 93/01288;
McCafferty er al. PCT Publication No. WO 92/01047; Garrard e «l. PCT Publication No.
WO 92/09690; Fuchs er af. (1991) Bio/Technology 9:1370-1372; Hay ef al. (1992) Hum
Antibod Hybridomas 3:81-85; Huse er al. (1989) Science 246:1275-1281; McCafferty er
al., Nature (1990} 348:552-554, Griffiths ef ol (1993) EAMMBO J 12:725-734; Hawkins ef

al. (1992) PNAS 89:3576-3580; Garrad er al. (1991) Bio/Te.(:hm)f()g_\f 9:1373-1377;

3 3 ) o "} PRl T R
Hoogenboom e al. (1991} Nuc Acid Res 19:4133-4137; and Barbas er al. (1991} PNAS

§8:7978-7982, US patent application publication 20030186374, and PCT Publication No.
WO 97720131,

Parent antibodies of the present invention can alse be generated using various
phage display methods known in the art, In phage display methods, functional antibody
domains are displayed on the surface of phage particies that carry the polynucleotide
sequences encoding them. In a particular, such phage can be utilized to display antiges
binding domains expressed from a repertoire or combinatorial antibody library (e. g.,
human or murine). Phage expressing an antigen binding domain that binds the antigen of
mterest can be selected or identified with antigen, e.g., using labeled antigen or antigen

bound or captured to a solid surface or bead, Phage

Z'D

used in these methods are typically
filamentous phage including fd and M13 binding domains expressed from phage with
Fab, Fv or disulfide stabilized Fv antibody domains recombinantly fused to cither the
phage gene 13 or gene VI protein. Examples of phage display methods that can be used
to make the antibodies of the present invention include those disclosed in Brinkman et al.,
Fodmmunel. Methods 182:41-50 {1995); Ames et al., ] Immunol. Methods 184:177-186
(19957 Kettleborough et al., Eur. I Trnmunol, 24:952-938 (1994); Persic et al., Gene 187
9-18 (1997); Burton et al., Advances in Immunology 57:191-280 (1994y; PCT application
No. PCT/GBY1/01134; PCT publications WO 90/02800; WO 91710737 WO 92/01047;
WO 92/18619; WO 93/11236; WO 95/15982; WO 95/20401; and U.S. Pat. Nos.
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3,698 426; 5,223,400; 5.403.484; 5,580.717; 5,427 908; 5,750,753, 5,821,047; 5.571.,698%;
5,427 .908; 5,516,637; 5,780, 225. 5,658,727, 5,733,743 and 5,969,108,

After phage selection, the antibody coding regions from the phage can be isolated
and used 1o generate whole antibodies including human antibodies or any other desired
antigen binding fragment, and expressed in any desired host, including mammalizn cells,
insect cells, plant cells, yeast, and bacteria, e.g., as described in detail below. For
example, techniques to recombinantly produce Fab, Fab' and F(ab')2 fragments can also
be employed using methods known in the art such as those disclosed in PCT publication
WO 92/22324; Mullinax et al., BioTechniques 12(61864-869 (1992); and Sawai ot al.,
AJRT 34:26-34 (1995); and Better et al., Science 240:1041-1043 (1988). Exampies of
techniques which can be used to produce single-chain Fvs and antibodies include those

described m U.S. Pat. 4,946,778 and 3,258, 498; Huston et al., Methods in Enzymology
203:46-88 (1991); Shu et al., PNAS 90:7995-7996 {1993): and Skerra et al., Science
240:1038-1040 (198%).

Alternative to screening of recombinant antibody libraries by phage display, other
methodologies known in the art for screening large combinatorial libraries can be applied
ta the identification of parent antibodies. One type of alternative expression system is
one m which the recombinant antibody library is expressed as RNA-protein fusions, as
described m PCT Publication No, WO 98/31700 by Szostak and Roberts, and in Roberts,
R.W. and Szostak, LW (1997) Proc. Natl. Acad, Sci. US4 84:12297-12302. In this
system, a covalent fusion is created between an mRNA and the peptide or protein that it
encodes by in vitro transiation of synthetic mRNAx that carry puromycin, a peptidy]
acceptor antibiotic, at their 37 end. Thus, a specific mRNA can be enriched from a
complex mixture of mRNAs (e.g., a combinatorial library) based on the properties of the
encoded peptide or protein, e.g., antibody, or portion thereof, such as binding of the
antibody, or portion thereof, to the dual specificity antigen. Nucleic acid sequences
encoding antibodies, or portions thereof, recovered from screening of such libraries can
be expressed by recombinant means as described herein (e.g., in mammalian host cells)
and, moreover, can be subjected to further affinity maturation by either additional rounds
of screening of mRNA-peptide fusions in which mutations have been introduced into the
originally selected sequence(s), or by other methods for affinity maturation in virro of

recombinant antibodies, as described herein.

&4
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In another approach the parent antibodies can also be generated using veast
display methods known in the art. In yeast display methods, genetic methods are used to
tether antibody domains to the veast cell wall and display them on the surface of veast. In
particular, such yeast can be utilized to display antigen-binding domains expressed from a
repertoire or combinatorial antibody library (e.g., human or murine). Examples of yeast
display methods that can be used 1o make the parent antibodies include those disclosed in

Wittrup, ¢t al. U.S. Patent No. 6,699,658,

The antibodies described herein can be further modified to generate CDR grafted
and humanized parent antibodies. CDR-grafted parent antibodies comprise heavy and
light chain variable region sequences from a human antibody wherein one or more of the
CDR regions of Vg and/or Vi are replaced with CDR sequences of murine antibodies
capable of binding antigen of interest. A framework sequence from any human antibody
may serve as the template for COR 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
possibihity that combining the murine CDRs with the human framewaork will introduce
distortions in the CDRs that could reduce affinity. Therefore, in an embodiment, the
human variable frameworl that 1s chosen to replace the murine variabie framework aparr
from the TORs have at least a 65% sequence identity with the murine antibody variable
region framework. In an embodiment, the human and murine variable regions apart from
the CIRs have at Jeast 70% sequence identify. In & particular embodiment, that the
human and murine variable regions apart from the CDRs have at least 75% sequence
identity. In another embodiment, the human and murine variable regions apart from the
CDRs have at least 80% sequence identity. Methods for producing such antibodies are
known in the art ( see EP 239,400; PCT publication WO 91/09967; U.S. Pat. Nos.
5,225,539; 5,530,101 and 5,585,089}, veneering or resurfacing (EP 592,106; EP $19.596:
Padian, Mojecular Immunology 28(4/5%:489-498 (1991}, Studnicka et al., Protein
Engineering 7(6):805-814 (1994); Roguska et al., PNAS 91:969-973 (1994)), and chain

shuffling (U.S. Pat, No. 5,565,332}, and anti-idiotypic antibodies.

Humanized antibodies are antibody molecules from non-human species antibody
that binds the desired antigen having one or more complementarity determining regions

{CDRs) from the non-human species and framework regions from a human
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immunogiobulin molecule. Known human Ig sequences are disclosed, e.g.,
www.nchinlmanih.govientrez- /query fogi; www atce.org/phage/hdb htmi:
www.sciquest.cony/; www.abcam.com/; www antibodyresource com/onlinecomp himi;
wivw. public.iastate.edw/ about.pedro/research tools html; www.mgen.uni-

heidelberg de/SD/ATAT html; www whireeman.com/immunology/CH- 05/kuby05. itm;
www library thinkquest.org/ 12429/ Immune/Antibody html;

www hhmiorg/grants/lectures/1996/viab/; www path.cam ac.uk/ about. mre7/m-
tkeimages.htmi; www antbodyresource.comy/; meb harvard.edu/BioLinks/Tmmuno-
logy. htmlwww immunologylink.com/; pathbox. wustl.edu/ about. heenter/index.- html;
www biotech.ufl.edu/ about hel/; www pebio.com/pa/340913/340913 html- ;

www nalusda.gov/awic/pubs/antibody/: www m.chime-wacip/.about.vasuhito-

/Elisa html; www biodesign.com/table asp; www icnet uk/axp/facs/davies/in- ks html:
www biotech.ufl.edu/ about focl/protocolhiml; www isac-net.org/sites_geo himl;
aximtbimtuni-marburg.de/ about rek/AEP- Start html;

baserv.uct kunnl/about jraats/linksLhtml; www recab uni-hd. de/immuno. bme. nwu.edu/;
www.mre-cpe.cam.ac uk/mit-doc/pu- blic/INTRO hitml;

www ibtunanmx/vir'V_mice html: imgt.onusc {8104/

www biochem.uelac.uk/ about. martin/abs/index html; antibody bath.ac.uk/;
abgen.cvm.tarmu.cdu/lab/wwwabgen html www unizh.ch/ about honegger/ AHOsem-
mar/Shide01 huml; www cryst.bblac.uk/ about ubcg07s/;

wvw nimrre.ac.uk/CClecacwg/ccacwy htm; www path.cam.ac.uk/.about.mre7/h-
umanisation/TAHHP html www ibtunam.ms/vis/structure/stat_aim htmi:

www. biosc. missouri, edu/smithep/index html; www cryst.bioc.cam.ac.uk/ abo-

ut. fmoling/Web-pages/Pept/spottech. html; www . jerini.de/fr roducts. htm;

www . patents.ibm.com/ibm.html.Kabat et al., Sequences of Proteins of Immunological
interest, ULS. Dept. Health (19¥3). Such imported sequences can be used to reduce
immunogenicity or reduce, enhance or modify binding, affinity, on-rate, off-rate, avidity,

specificity, half-life, or any other suitable characteristic, as known in the art.

-
—~
L

ramework residues in the human framework regions may be substituted with the
corresponding residue from the CDR donor antibody to alter, e.g., improve, antigen
binding. These framework substitutions are identified by methods well known in the art,

e.¢., by modeting of the interactions of the CDR and framework residues to identify

&
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framework residues important for antigen binding and sequence comparison 1o identify
unusual framework residues at particular positions. (See, e.g., Queen et al., U1.S. Pat. No.
5.585,089; Riechrann et al., Nature 332:323 (1988}, Three-dimensional
immunoglobulin models are commonly available and are familiar to those skilled in the
art. Computer programs are available which iHlustraic and display probable three-
dimensional conformational structures of selected candidate immunoglobulin sequences.
Inspection of these displays permits analysis of the likely role of the residues in the
functioning of the 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
estdues can be selected and combined from the consensus and import sequences so that
the desired antibody characteristic, such as increased affinity for the target antigen(s), is
achicved. In general, the CDR residues are directly and most substantially involved in
influencing antigen binding. Antibodies can be humanized using a variety of techniques
escribed in fones etal., Nature 321:522
(1986); Verhoeyen et al., Science 239:1534 (1988)). Sims ctal., J. Immunol. 151: 2296
(1993); Chothia and Lesk, . Mol Biol. 196:901 {1987), Carter ¢t al., Proc. Natl. Acad.
Sci. U.S.A 8914285 (19925 Presta et al, I Immunol. 151:2623 (1993}, Padlan,
Molecular Immunology 28(4/57:489-498 (1991); Studnicka ot al., Protein Engineering
T61805-814 (1994 Roguska. et al | PNAS 91:969-973 (1904} PCT publication WO
109967, PCT/ USOR/I6ZEG, US96/18878, USYTA9630, USHLO593Y, USV4/01234,
GBRY/O1334, GBYL/O1134, GBO2/O1735, WO 14443, WOO/ 14424, WO/ 14430, Bp

229246, EP 592.106; EP 519,596, EP 239,400, 11.S. Pat. 5,565,332, 5,723,323,
5976862, 5,824 514, 3817 483, 5814476, 5763162, 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,

[ another approach the parcnt antibodies can also be generated using standard
molecule biology techniques based on the solved protein sequence for any antibodies,
Protein sequence of any antibodies can be solved by a combination of Fdman
degradation, mass spectrum and BLAST analysis described in Edman, P, Acta Chem.
Scand. 4: 283 (1950}, Nialt HD Methods Enzymol. 27: 942-1010 (1973), Vicki H.W. et
al. Methods 35: 211-222 (2005) and NCBI Blast program:

http://www.nebinim.nih. gov/blast/about/.

i.B: Criteria for seleciing parent monocional antibodies
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An embodiment of the invention pertains to selecting parent antibodics with at
least one or more properties desired in the DVD-Ig molecule. In an embodiment, the
desired property is selected from one or more antibody parameters. In another
embodiment, the antibody paramcters are selected from the group consisting of antigen
specificity, affinity to antigen, potency, biclogical function, epitope recognition, stability,
solubility, production efficiency, immunogenicity, pharmacokinetics, bicavailability,

tissue cross reactivity, and orthologous antigen binding,
LB.i: Affinity to Anfigen

The desired affinity of a therapeutic mAb may depend upon the nature of the
antigen, and the desired therapeutic end-point. In an embodiment, monoclonal antibodies
have higher affinities (Kd = 0.01 - 0.50 pM) when blocking a cytokine-cytokine receptor
interaction as such interaction are usually high affinity interactions (e.g.,<pM ~ <nM
ranges). in such instances, the mAb affinity for its target should be equal to or better than
the affinity of the cytokine (figand) for its receptor. On the other hand, mAb with lesser

affinity (> nM range} could be therapeutically effective e.g. in clearing circulating
potemially pathogenic proteins e.g..monoclonal antibodies that bind to, sequester, and
clear crrenfating species of A-B amyloid. In other instances, reducing the affinity of an
existing high affinity mAb by site-dirccted mutagenesis or using a mAb with lower
affinity for its target could be used to avoid potential side-effects ¢.g.,a high affinity mAb
may sequester/neutralize all of its intended target, thereby completely
depleting/eliminating the function(s) of the targeted protein. In this scenario, a low
affmity mAb may sequester/neutralize a fraction of the target that may be responsible for
the disease symptoms (the pathological or over-produced levels), thus allowing a fraction
of the target to continue to perform its normal physiological function(s). Therefore, it
may be possible to reduce the Kd to adjust dose and/or reduce side-effects. The affinity of
the parental mADb might play a role in appropriately targeting cell surface molecules to
achicve desired therapeutic out-come. For example, if a target is expressed on cancer
cells with high density and on normal cells with low density, a lower affinity mAb will
bind a greater number of targets on wmor cells than normat cells, resulting in tumor cell

climination via ADCC or CDC, and therefore might have therapeutically desirable
effects. Thus selecting a mAb with desired affinity may be relevant for both soluble and

surface targets.
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Signaling through a receptor upon interaction with its igand may depend upon the
affinity of the receptor-ligand interaction. Similarly, it is conceivable that the affinity of a
mAb for a surface receptor could determine the nature of intracellular signaling and
whether the mADb may deliver an agonist or an antagonist signal. The affinity-based
nature of mAb-mediated signaling may have an impact of its side-cffect profile.
Therefore, the desired affinity and desired functions of therapeutic monoclonal antibodies

need to be determined carcfully by in vitro and in vive experimentation.

The desired Kd of a binding protein (e.g., an antibody may be determined
experimentally depending on the desired therapeutic outcome. In an embodiment parent
antibodies with affinity (Kd) for a particular antigen equal to, or better than, the desired
affimity of the DVD-Ig for the same antigen are selected. The antigen binding affinity
and kinetics arc assessed by BIAcore or another similar technique. In one embodiment,
each parent antibody has a dissociation constant (Kd) (o its antigen selected from the
group consisting of® at most about 107 M: at most about 107 M. at most about 10°° M at
most about 10717 M: at most about 107" M: at most about 1077 M. and at most 1077 M.
First parent antibody from which VD1 is obtained and second parent antibody from
which V22 is obtained may have similar or different affinity (Kp) for the respective
antigen. Each parent antibody has an on rate constant (Kon) to the antigen selected from

the group consisting of: at least about 10°M7s™"; at least about 16°M 57" at Teast ahout
E{}'“‘M’iﬁ'?; at least about 10°M s’ and at least about E{'}é,s\fi"af{g, as measured by surface
plasmon resonance. The first parent antibody from which VD1 is obtained and the
second parent antibody from which VD2 is obtained may have similar or different on rate
constant (Kon} for the respective antigen. In one embodiment, cach parent antibody has
an off rate constant (Koff) to the antigen selected from the group consisting oft at most
about 30';’5’!; at most about i{)’*‘s"i; at most about 1078 E'; and at most about 16°% ", as
measured by surface plasmon resonance. The first parent antibody from which VI 1 is
obtained and the second parent antibody from which VD2 is obtained may have gimilar or

different off rate constants (KofY) for the respective antigen.
i.B.2: Potency

The desired affinity/potency of parental monoclonal antibodies will depend on the
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affinity (kd} is equal to or better than the R-L kd (pM range}. For simple clearance of a
pathologic circulating protein, the kd could be in low nM range ¢.g. clearance of various
species of circulating A-P peptide. In addition, the kd will also depend on whether the

target expresses muitiple copies of the same epitope ¢.g a mAb targeting conformational

cpitope in AP oligomers.

Where VDI and VD2 bind the same antigen, but distint epitopes, the DVD-1g will
contain 4 binding sites for the same antigen, thus increasing avidity and thereby the
apparent kd of the DVD-Ig. In an embodiment, parent antibodies with equal or lower kd
than that desired in the DVD-Ig are chosen.  The affinity considerations of a parental
mAb may also depend upon whether the DVD-Ig contains four or more identical antigen
binding sites {1.e; a DVD-Ig from a single mAb). In this case, the apparent kd would be
greater than the mAD due to avidity. Such DVD-Igs can be employed for cross-linking
surface receptor, increase neutralization potency, enhance clearance of pathological

DrOICINS efC,

in an embodiment parent antibodies with neutralization potency for specific
antigen cqual to or better than the desired neutralization potential of the DVD-Ig for the
same antigen are selected. The neutrahization potency can be assessed by a target-
dependent bioassay where cells of appropriate type produce s measurable signal (1.¢.
proliferation or cytokine production) in response to target stimulation, and target

neutralization by the mAb can reduce the signal in & dose-dependent manner.
1.B.: Bislogical Functions

Monoclonal antibodies can perform potentally several functions. Some of these
functions are listed in Table 1. These functions can be assessed by both in vitro assays

{e.g., cell-based and biochemical assays) and in vivo animal models.

b

Table 1: Some Potential Applications For Therapeutic Antibodies

Target (Class) Mechanism of Action (target)
Soluble Neutralization of activity (e.g., a cytokine}
{cytokines,other) Enhance clearance (¢.g., AR oligomers)

Increase half-life (e.o., GLP 1)

Cell Surface Agonist{e.g, GLPI R, EPOR; etc )
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Target (Class)

Mechanism of Action (target)

{Receptors, other)

Antagonist (e.g., integrins; ete.)
Cytotoxic (CD 20; etc)

Protein deposits Enhan

rance/degradation (
amyloid deposits)

oo

MADs with distinet functions described in the examples herein in Table 1 can be

selected to achieve desired therapeutic outcomes. Two or more selected parent

monoclonal antibodices can then be used in DVD-Ig format 1o achieve two distinct

functions in a single DVD-lg molecule. For example, 2 DVD-Io can be sencrated b
g £ & g hg

selecting a parent mAD that neutralizes function of a specific cytokine, and selecting a

parent mAb that enhances clearance of & pathological protem, Similarly, we can select

two parent monoclonal anuibodies that recognize two ditferent cell surface receptors, one

mAb with an agonist function on one receptor and the other mAb with an antagonist

function on a different receptor. These two selected monoclonal antibodies cach with a

distinet function can be used to construct a single DVD-Ig molecule that will possess the

two distinet functions (agonist and antagonist) of the selected monoclonal antibodies in a

single molecule. Similarly, two antagonistic monocional antibodies to cell surface

receptors each blocking binding of respective receptor higands (e e EGF and 1GF) can be

used i a DVD-Ig format. Conversely, an antagonistic anu-receptor mAb (c.g.

EGFR) and a neutralizing anti-soluble mediator (¢ ¢ anti-IGF 12y mAb can be s¢

make a DVD-]

o
-

1.B.4: Epitope Recognition:

Different regions of proteins may perform different funpctions. For example

fect:

anti-

s

dio

specific regions of a cytokine interact with the cytokine receptor to bring about receptor

activation whereas other regions of the protein may be required for stabilizing the

cytokine. in this instance one may select a mAb that binds specifically to the receptor

interacting region(s) on the cytokine and thereby block cytokine-receptor interaction. In

some cases, for example certain chemokine receptors that bind multiple ligands, 2 mAb

that binds to the epitope (region on chemokine recepior) that interacts with only one

ligand can be selected. In other instances, monoclonal antibodies can bind 1o epitopes on

o farorpt that arn mont d“'nl\*lw- ey,
a :,&3_5&‘_-\ Tar are oot iib\.ﬂ_&_\/ P
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binding of a mAb to these regions could cither interfere with physiological functions
(steric hindrance} or alter the conformation of the protein such that the protein cannot
function (mAb to receptors with multiple ligand which alter the receptor conformation
such that none of the ligand can bind). Anti-cytokine monoclonal antibodies that do not
block binding of the cytokine to its receptor, but block sienal transduction have also been

wdentified (e.g., 125-2H, an anti-IL-18 mAb).

Examples of epitopes and mAb functions include, but are not Himited to, blocking
Receptor-Ligand (R-L) interaction (neutralizing mAb that binds R-interacting site); steric
hindrance resulting in diminished or no R-binding. An Ab can bind the target at 2 site
other than a receptor binding site. but still interferes with receptor binding and functions
of the target by inducing conformational change and eliminate function {c.g., Xolair),

binding to R but block signaling (125-2H).

in an embodiment, the parental mAD needs to target the appropriate epitope for
maximum efficacy. Such epitope should be conserved in the DVD-ig. The binding
epitope of 2 mAb can be determined by several approaches, including co-crystallography,
limited proteolysis of mAb-antigen complex plus mass spectrometric peptide mapping
{Legros V. ct al 2000 Protein Sci. 9:1002-10). phage displayed peptide libraries
{O'Connor KH et al 2005 I Immunol Methods. 299:21-35), as well as mutagenesis (Wa

C.etal, 2003 J Immunol 170:3571-7).
1.B.5: Physicochemical And Pharmaceutical Properties

Therapeutic treatment with antibodies often requires administration of high doses,
often several mg/ke (due 0 a low potency on a mass basis as a consequence of a typically
large molecular weight). In order to accommodate patient compliance and to adequately
address chronic disease therapies and outpationt treatment, subcutancous (8.¢.) or
intrarmuscular (i.m.) administration of therapeutic mAbs is desirable. For example, the
maximum desirable volume for s.c. administration is ~1.0 ml., and therefore,
cencentrations of »100 mg/mL arc desirable to limit the number of injections per dose.

In an embodiment, the therapeutic antibody 1s administered in one dose. The
development of such formulations is constrained, however, by protein-protein interactions
{e.g.. aggregation, which potentially increases immunogenicity risks) and by limitations

during processing and delivery (e.g., viscosity). Consequently, the large quantities
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required for clinical efficacy and the associated development constraints Himit full
exploitation of the potential of antibody formulation and s.c. administration in high-dose
regimens. It s apparent that the physicochemical and pharmaceutical properties of a
protein molecule and the protein solution are of utmost importance, e.g. stability,

sofubility and viscosity features.
1.B.5.1: Stability

A "stable” antibody formulation is one 1 which the antibody therein essentially
retains its physical stability and/or chemical stability and/or biological activity upon
storage. Stability can be measured at 2 selected temperature for a selected time period. In
an embodiment,, the antibody i the formulation is stable at room temperature (about
30°C) or at 40°C for at least | month and/or stable at about 2-8°C. for at leagt | year for at
least 2 vears. Furthermore, in an embodiment, the formulation is stable following

Feommioe (10 o o OO et thasdng of the Syrminilation hereimaiior referrad 10 6c a
freczing (1o, e.q., ST Uy and thdwnig of the formulation, hereinafier referred 1 as a

"

“freeze/thaw cycle.” In another example, a "stable” formulation may be one wherein less
than about 10% and less than about 5% of the protein i present as an aggregate in the

formulation.

A DVD-Ig stable in vitro at various femperatures for an extended time period is
desirable. One can achieve this by rapid screening of parenital mAbs stable in vitro at
clevated temperature, e.g..a1 40°C for 2-4 weeks, and then assess stability. During storge
at 2-87C, the protein reveals stability for at least 12 months, ¢.g.. at least 24 months.
Stability (% of monomeric, intact molecule) can be assessed using various techniques
such as cation exchange chromatography, size exclusion chromatography, SRS-PAGE, as
well as bicactivity testing. For a more comprehensive hist of analvtical technigues that
may be emploved to analyze covalent and conformational modifications see Jones, A, 1.
S. {1993y Analviical methods for the assessment of protein formulations and delivery
systems. In: Cleland, J. L.; Langer, R., editors, Formulation and delivery of peptides and
proteins, 1V edition, Washingion, ACS, pg. 22-45; and Pearlman, R.; Nguyen, T.

delivery, Ist edition, New York, Marcel Dekker, Inc., pg. 247-301.

Heterogeneity and aggregate formation: stability of the antbody may be such that

the formulation may reveal less than about 10%, and, in an embodiment, less than about
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5%, in another embodiment, less than about 2%, or, in an embodiment, within the range
of .5% to 1.5% or less in the GMP antibody material that is present as aggregate. Size
exclusion chromatography 1s a method that is sensitive, reproducible, and very robust in

the detection of protein aggregates.

in addition to jow aggregate levels, the antibody must | in an embodiment, be
chemically stable. Chemical stability may be determined by ion cxchange
chromatography (e.g..cation or anion exchange chromatography), hvdrophobic interaction
chromatography, or other methods such as isoclectric focusing or capillary
electrophoresis. For instance, chemical stability of the antibody may be such that after
storage of at least 12 months at 2-8°C the peak representing unmodified antibody in a
cation exchange chromatography may increase not more than 20%, in an embodiment,

not more than 10%, or, in another embodiment, not more than 5% as compared to the

antibody solution prior to storage testing.

In an embodiment, the parent antibodics display structural integrity; correct
disulfide bond formation, and correet folding: Chemical instability due to changes in
secondary or tertiary structure of an antibody may impact antibody activity. For instance,
stability as indicated by activity of the antibody may be such that after storage of at least
12 months at 2-8°C the activity of the anthody may decrease not more than 50%, in an
embodiment not more than 30%. or even not more than 10%, or in an embodiment not
more than 5% or 1% as compared to the antibody solution prior to storage testing.

Suitable antigen-binding assays can be employed o determine antibody activity.
1.B.5.2: Solubility

The "solubility” of a mAb correlates with the production of correctly folded,
monomeric [gG. The solubility of the T¢G may therefore be assessed by HPLC. For
example, soluble (monoemericy IgG will give rise to a single peak on the HPLC
chromatograph, whereas insoluble (e.g., multimeric and aggregated) will give rise to a
plurality of peaks. A person skilled in the art will therefore be able 1o detect an increase
or decrease in solubility of an IgG using routine HPLC technigues. For 2 more
comprehensive list of analytical techniques that may be employed (o analyze solubility
{sce Jones. A, G. Dep. Chem. Biochem. Eng., Univ. Coll. London, London, UK.

Editor(sy: Shamlou, P. Ayazi. Process. Solid-Lig, Suspensions (19933, 93-117.
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Publisher: Butterworth-Heinemann, Oxford, UK and Pearlman, Rodney; Nguyen, Tue H,
Advances in Parenteral Sciences (1990), 4 (Pept. Protein Drug Delivery), 247-301),
Solubihity of a therapeutic mAb is eritical for formulating to high concentration often
required for adequate dosing. As outlined herein, solubilities of >100 mg/mL may be
required o accommodate efficient antibody dosing. For instance, antibody solubility may
be not less than about 5 mg/mL in early research phase, in an embodiment not less than
about 25 mg/mL in advanced process science stages, or in an embodiment not less than
about 100 mg/mL, or in an embodiment not less than about 150 meg/mL. Tt is obvious to a
person skilled in the art that the intrinsic properties of a protein molecule are important
the physico-chemical properties of the protein solution, e.g. stability, solubility, viscosity.
However. a person skilled in the art will appreciate that a broad variety of excipients exist
that may be used as additives to beneficially impact the characteristics of the final protein
formulation. These excipients may include: (1) liquid solvents, cosolvents (e.g..alcohols

cyrch ac nrhe
PCOLOE £ G SN G $1

aming acid
buffers); (iit) sugars or sugar alcohols (e.g. sucrose, trehalose, fructose, raffinose,
mannitol, sorbitol, dextrans); (iv) surfactants (e.g.,polysorbate 20, 40, 60, 86,
poloxamers): (v) isotonicity modifiers {e.g..salts such as NaCl, sugars, sugar alcohols’;

and (vij others (e.g.preservatives, chelating agents, antioxidants, chelating substances

(e.g..EDTA), biodegradable polymers, carrier molecules (e.g HSA, PEGs).

Viscosity 1s a parameter of high importance with regard 1o antibody manufacture
and antibody processing {e.g. diafiltration/ultrafiltration), fill-finish processes (pumping
aspects, filtration aspects) and delivery aspects {syringgability, sophisticated device
delivery). Low viscosities enable the liquid solution of the antibody having & higher
concentration. This enables the same dose may be administered in smaller volumes. Small
injection volumes inhere the advantage of lower pain on injection sensations, and the
solutions not necessarily have to be isotonic to reduce pain on injection in the patient. The
viscosity of the antibody solution may be such that at shear rates of 100 (1/s) antibody
solution viscosity 1s below 200 mPa s. in an embodiment befow 125 mPa s, in another
embodiment below 70 mPa s, and in vet another embodiment below 25 mPa s or even

below 10 mPa s

1.B.5.3: Production Efficiency
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The generation of a DVD-Ig that is efficiently expressed in mamnmalian cells, such
as Chinese hamster ovary cells (CHO}, will in an embodiment require two parental
monoclonal antibodies which are themselves expressed efficiently in mammalian cells,
The production vield from a stable mammalian line (i.e. CHO) should be above about
0.5¢/1
about 2-5 g/L or more (Kiprivanov SM, Little M. 1999 Mol Biotechnol. 12:173-201;

L

Carroll S, Al-Rubeai M. 2004 Expert Opin Biol Ther. 4:1821-9),

., in an embodiment above about 1¢/L, and in another embodiment in the range of

Production of antibodies and Ig fusion proteins in mammalian cells is influenced
by several factors. Engincering of the expression vector via incorporation of strong
promoters, enhancers and selection markers can maximize transcription of the gene of
mterest from an integrated vector copy. The identification of vector integration sites that
are permissive for high levels of gene transcription can augment protein expression from
avector (Wurm et al, 2004, Nature Biotechnology , 2004, Vol/lss/Pe. 22/11 (1393-

1398)). Furthermore, levels of production are affected by the ratio of antibody heavy and
light chains and various steps in the process of protein assembly and secretion (Jiang et

al, 20006, Biotechnology Progress, Jan-Feb 20006, vol, 22, no. 1, p. 313-8).
1.B.G: Immunogenicity

Admimstration of a therapeutic mADb may results i certain incidence of an
immumne response (ie, the formation of endogenous antibodies directed against the
therapeutic mAb). Potential elements that might induce immunogenicity should be
analyzed duning selection of the parental monocional antibodies, and steps to reduce such
risk can be taken to optimize the parental monoclonal aniibodies prior to DVD-Ig
construction. Mouse-derived antibodies have been found 1o be highlv immunogenic in
patients, The generation of chimeric antibodies comprised of mouse variable and human
constant regions presents a logical next step to reduce the immunogenicity of therapeutic
antibodies (Morrison and Schlom, 1990). Alternatively, immunogenicity can be reduced
by transferring murine CDR sequences into a human antibody framework
(reshaping/CDR grafting/humanization), as described for a therapeutic antibody by
Rigchmann et al, 1988, Another method is referred 1o as “resurfacing” or “veneering™,
starting with the rodent variable Tight and heavy domains, only surface-accessible

framework amino acids are altered 1o human ones, whi
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remain from the parental rodent antibody (Roguska et al., 1996). In another type of
humanization, instead of grafting the entire CDRs, one technique erafts only the
“specificity-determining regions”™ (SDRs), defined as the subset of CDR residues that are
mvolved in binding of the antibody to its target (Kashmiri et al,, 2005). This necessitates
wlentification of the SDRs either through analysis of available three-dimensional
structures of antibody-target complexes or mutational analysis of the antibody CDR
residues to determine which interact with the target. Alternatively, fully human antibodies
may have reduced immunogenicity compared to murine, chimeric or humanized

antibodies,

Another approach to reduce the immunogenicity of therapeutic antibodies is the
elimination of certain specific sequences that are predicted to be immunogenic. In one
approach, after a first generation biologic has been tested in humans and found to be
unacceptably immunogenic, the B-cell epitopes can be mapped and then altered to avoid
mmmune detection. Another approach uses methods to predict and remove potential T-cell
epitopes. Computational methods have been developed to scan and 1o identify the peptide
sequences of biologie therapeutics with the potential to bind to MHC proteins (Desmet et
al., 2005}, Alternatively a human dendritic cell-based method can be used o identify

CD4 T-cell epitopes in potential protein allergens (Stickler et al,, 2005; S.1. Morrison

)

and . Sehlom, Important Adv. Oncol. (19903, pp. 3--18; Ricchmann, L., Clark, M.,

e

Waldrpann, H. and Winter, G. "Reshaping human antibodies for therapy.” Nature (1988

Laad

37: 323327, Roguska-M-A, Pedersen-1-T, Henry-A-H, Searle-S-M, Roja-C-M,

Avery-B, Hoffee-M, Cook-S, Lambert-I-M, Blitler-W-A, Rees-A-R, Guild-B-C. A
comparison of two murine mAbs humanized by CDR-grafting and variable domain
resurfacing Protein engineering, {Protein-Eng}, 1996, vol. 9, p. 895-904; Kashmiri-Syed-
V-5, De-Pascalis-Roberto, Gonzales-Noreen-R, Schlom-Jeffrey. SDR grafting--a new
approach to antibody humanization. Methods (San Dicgo Califl), {Methods?!, May 2005,
vol. 36, no. 1, p. 25-34: Desmet-Johan, Mcersseman-Geert, Boutonnet-Nathalic,
Pletinckx-Jurgen, De-Clercg-Krista, Debulpaep-Maja, Braeckman-Tessa, Lasters-
ignace. Anchor profiles of HLA-specific peptides: analysis by a novel affinity scoring
method and experimental validation. Proteins, 2005, vol. 58, p. 33-69; Stickler-M-M,

Estell-D-A, Harding-F-A. CD4+ T-cell epitope determination using unexposed human

|
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donor peripheral blood mononuclear cells. Journal of immunotherapy 2000, vol. 23, p.

654-60.)
LB.7: In Vive Efficacy

To generate a DVD-Ig molecule with desired in vivo efficacy, it is important to
5 generate and sclect mAbs with similarly desired in vivo efficacy when given in
combination. However, in some instances the DVD-Ig may exhibit in vivo efficacy that
cannot be achieved with the combination of two separate mAbs. For instance, a DVD-Ig
may bring two targets in close proximity leading to an activity that cannot be achieved
with the combination of two separate mAbs. Additional desirable biclogical functions are
10 described herein in sectton B 3. Parent antibodies with characteristics desirabie in the
DVD-Ig melecule may be selected based on factors such as pharmacokinetic t V4: tissue
distribution; soluble versus cell surface targets; and target concentration- soluble/density

o .
—surface.
LB.E: In Vive Tissue Distribution

13 To generate & DVD-Ig molecule with desired in vive tissue distribution, in an
embodiment parent mAbs with similar desired in vivo tissue distribution profile must be
selected. Aliernatively. based on the mechanism of the dual-specific targeting strategy. it
may at other times not be required to sclect parent mAbs with the similarly desired in
vivo tissue distribution when given in combination. For instance, in the case of a DVD-Ig

2 owhich one binding component targets the DVD-Ig o a specific site thereby bringing

the second binding component to the same target site. For example, one binding

specificity of a DVD-Ig could target pancreas (islet cells) and the other specificity could

bring GLP1 to the pancreas to induce insulin.

25 1.B.9: Isotype

To generate a DVD-Ig molecule with desired properties tncluding, but not limited
to, Isotype, Effector functions and the circulating half-life, in an embodiment parent
mAbs with appropriate Fe-cffector functions depending on the therapeutic utility and the

desired therapeutic end-point are seiecicd. There are five main heavy-chain classes or
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isotypes some of which have several sub-types and these determine the effector functions
of an antibody molecule. These effector functions reside in the hinge region, CH2 and
CH3 domains of the antibody molecule. However, residues in other parts of an antibody
molecule may have effects on effector functions as well. The hinge region Fe-effector
functions inciude: (i) antibody-dependent cellular cytotexicity, (i1} complement (Clq)
binding, activation and complement-dependent eytotoxicity (CDCY, (iii)
phagocytosis/clearance of antigen-antibody complexes, and (iv) cytokine release in some
instances. These Fe-effector funetions of an antibody molecule are mediated through the
interaction of the Fe-region with a set of class-specific cell surface receptors. Antibodies
of the [¢G1 isotype are most active while [gG2 and [gG4 having minimal or no effector
functions. The effector functions of the TgG antibodies are mediated through interactions
with three structurally homologous cellular Fe receptor types (and sub-types) (FegR 1,
FegRIT and FegRHT). These effector functions of an [gG1 can be eliminated by mutating
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required for FegR and Clg binding. Amino acid residues in the Fe region, in particular
the CH2-CH3 domains, also determine the circulating half-life of the antibody molecule.
This Fe function is mediated through the binding of the Fe-region to the neonatal Fo
receptor (FeRny, which is responsible for recyeling of antibody molecules from the acidic
lysosomes back o the general circulation. In another embodiment, the activity of the Fe
fragment can be greatly enhanced by sulylation of the N-linked glvean of the Fe portion
(e.g., with 2 6-linkage to the penultimate galactose on the complex, biantennary glyean
found at Asn 297 in impnmoglobulin G (1gGYy (Anthonv, RM (2008) Science 320:373-

3763

Whether a mAb should have an active or an inactive isotype will depend on the
desired therapeutic end-point for an amibody. Some examples of usage of isotypes and

desired therapeutic outcome are listed below:

a) Ifthe desired end-point is functional neutralization of a soluble cytokine then an

inactive isotype may be used;

b} If the desired out-come is clearance of a pathological protein an active isotype

may be used:

~.}
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¢) If the desired cut-come 1s clearance of protein aggregates an active isotype may be

nsed;

dy If the desired outcome 18 to antagonize a surface receptor an inactive isotype is

: g sy b Y s gtedn o Tocf I
UsCid {T‘y’:}ai}fl, }gcw, GGt o, mutated 1G]

¢
—

If the desired outcome 1s to eliminate target cells an active isotype 1s used

(Herceptin, IgG1 (and with enhanced effector functions); and

f) 1f the desired outcome is to clear proteins from circulation without entering the

CNS an 1gM isotype may be used (e.g. clearing circulating Ab peptide species).

The Fe effector functions of a parental mAb can be determined by various in vitro

methods well known in the art,

As discussed, the selection of isotvpe, and thereby the effector functions will
depend upon the desired therapeutic end-point. In cases where simple neutralization of a
circulating target 1s desired, for example blocking receptor-ligand interactions, the
effector functions may not be required. In such instances isotypes or mutations in the Fe-
region of an antibody that eliminate effector functions are desirable. In other instances
where elimination of target cells is the therapeutic end-point, for example elimination of
tumor cells, isotypes or mutations or de-fucosylation in the Fe-region that enhance
effector functions are desirable (Presta GL, Adv. Drug Delivery Rev. $8:640.656, 2006;
Satoh M., lida 5, Shitara K. Expert Opinion Biol. Ther. 6111611173, 2006}, Simmlarly,
depending up on the therapeutic utility, the civculating half-life of an antibody molecule
can be reduced/proionged by modulating antibody-FeRn interactions by mtroducing
specific mutations in the Fe region (Dall’ Acqua WF, Kiener PA, Wu H. J. Biol. Chem.
281:23514-23524, 2006; Petkova SB., Akilesh S, Sproule Tl et al. Internat. Immunol.
18:1759-1769, 2006; Vaccaro C., Bawdon R., Wanjie S et al. PNAS 103:18706-1%714,
2007,

The published information on the various residues that influence the different
effector functions of & normal therapeutic mAb may need 10 be confirmed for DVD-lg. It
may be possible that in a DVD-lg format additional (different) Fe-region residues, other
than those identified for the modulation of monoeclonal aptibody effector functions, may

be important.
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Overall, the decision as to which Fe-effector functions (isotype) will be critical in
the final DVD-Ig format will depend up on the disease indication, therapeutic target,
deswred therapeutic end-point and safety considerations. Listed below are exemplary

appropriate heavy chain and light chain constant regions including, but not Limited to:

5 o IgGl - allotype: Gimz
o IgGI mutant - A234, A23
o 1gG2 - allotype: G2im(n-}
o Kappa —Km3
o Lambda
0 Fe Receptor and Clq Studies: The possibility of unwanted antibody-dependent

cell-mediated cyiotoxicity (ADCC) and complement-dependent eytotoxicity (CDC) by
antibody complexing to any overexpressed target on cell membranes can be abrogated by
the (for example, L234A, L23SA) hinge-region mutations. These substituted amino
acids. present in the IgG1 hinge region of mAb, are expected to result in diminished

$  binding of mAb to human Fe receptors (but not FeRa), as FegR binding is thought to

occur within overlapping sties on the 1eGl hinge region

s feature of mAb may lead
to an wmproved safety profile over antibodies containing 2 wild-type feG. Binding of

g
mAb to human Fe receptors can be determined by flow cviometry experiments using cell
ines (e.g., THP-1, K562) and an enginecred CHO cell line that expresses FegRIb (or

2 other FegRs). Compared to IgG T control monoclonal antibodies, mAb show reduced

binding to FegRI and FegRila whereas binding to FegRIIb is unaffected. The binding

and activation of Clg by antigen/IgG immune complexes triggers the classical
complement cascade with consequent inflammatory and/or immunoregulatory responses.

The Clg binding site on 1gGs has been localized to residues within the 1gG hinge region.

Clq binding to increasing concentrations of mAb was assessed by Clg ELISA. The

subts demonstrate that mAb is unable to bind to Clg, as expected when compared to the
binding of a wildtype control 1gG1. Overall, the L234A, L235A hinge region mutation
abolishes binding of mAb to FegRI, FegRITa and Clq but does not impact the interaction

of mAb with FegRITb, This data suggests that in vivo, mAb with mutant Fe will interact
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normally with the mhibitory FegRIIb but will likely fail to interact with the activating

FegRI and FegRITa receptors or Clg.

Human FeRn binding: The neonatal receptor (FeRnj is responsible for transport

of [g( across the placenta and to control the catabolic half-life of the 1g( molecules. T

LA

might be desirable to increase the terminal half-life of an antibody to improve efficacy, to
reduce the dose or frequency of administration, or to improve localization to the target.
Alternatively, it might be advantageous to do the converse that is, (o decrease the terminal
half-life of an antibody to reduce whole body exposure or 1o improve the target-to-non-
target binding ratios. Tailoring the interaction between 1gG and its salvage receptor,
10 FeRn, offers a way to increase or decrease the terminal half-life of 1gG. Proteins in the
circulation, including IgG, are taken up in the fluid phase through micropinocytosis by
certain cells, such as those of the vascular endothelia, 1¢G can bind FeRa in endosomes
under shightly acidic conditions (pH 6.0-6.5) and can recycle to the cell surface, where it
18 released under almost neutral conditions (pH 7.0--7.4). Mapping of the Fe-region-
pinding site on FeRn&BO, 16, 17 showed that two histidine residues that are conserved
across species, His3 10 and H1s435, are responsible for the pH dependence of this
mteraction. Using phage-display technology, a mouse Fe-region mutation that increases
binding to FeRn and extends the half-life of mouse {90 was idenufied (see Victor, (5. et
al., Nature Biotechnology (1997), 15(7}. 637-640). Fc-recion munations that increase the
20 binding affinity of human g for FeRan at pH 6.0, but not at pH 7.4, have akso been
identified {see Dall’Acqua William F et al., Journal of Immunclogy (20023, 169(9). 5171-
®0}. Moreover, in one case, a similar pH-dependent increase in binding (up to 27-fold)
was also observed for rhesus FeRn, and this resulted in a twofold increase in serum half-
life in rhesus monkeys compared with the parent TeG (see Hinton, Paul R. et al., Journal
25 of Biological Chemistry (2004), 279(3), 6213-6216). These findings indicate that it is
feasible to extend the plasma half-life of antibody therapeutics by tailoring the interaction
of the Fe region with FeRn. Conversely, Fe-region mutations that attenuate interaction

with FeRn can reduce antibody half-life.
1.8.18: Pharmacekinetics (PK)

30 To generate a DVD-Ig molecule with desired pharmacokinetic profile, in an

cmbodiment parent mAbs with the simi
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One consideration s that immunogenic response to monoclonal antibodics (e, HAHA,
human anti-human antibody response; HACA, human anti-chimeric antibody response}
further complicates the pharmacokinetics of these therapeutic agents. In an embodiment,

monoclonal antibodies with minimal or no immunogenicity are used for constructing

i

DVD-1Ig molecules such that the resulting DVD-Tgs will also have minimal or no
immunogenicity. Some of the factors that determine the PK of a mAb include, but are not
fimited to, Intrinsic properties of the mAb (VH amino acid sequence); immunogenicity;

FcRn binding and Fe functions,

The PK profile of selected parental menoclonal antibodies can be easily
16 determined in rodents as the PK profile in rodents correlates well with (or closely

predicts} the PK profile of monoclonal antibodies in cvnomolgus monkey and humans.

The PK profile is determined as described in Example section 1.3.3.1.

i

Afier the parental monocional antibodies with desired PK characteristics (and

other desired functional propertics as discussed herein) are selected, the DVD-lg is

15 construcied. As the DVD-Ig molecules contain two antigen-binding domains from two
parental monoclonal antibodies, the PK properties of the DVD-Ig are assessed as well.
Therefore, while determining the PK properties of the DVD-Tg, PK assavs may be
employed that determine the PK profile based on functionality of both antigen-hinding
domains derived from the 2 parent monoclonal antibodies. The PR profile of a DV -Ig

26 can be determined as described in Example 1.3.3.1. Additional factors that may impact
the PK profile of DVD-lIg include the antigen-binding domain (CDR) orientation: Linker
size; and Fo/ FeRn interactions. PK characteristics of parent antibodies can be evaluated
by assessing the following parameters: absorption, distribution, metabolism and

excretion,

25 Absorption: To date, administration of therapeutic monoclonal antibodies is via
parenteral routes (e.g., intravenous [[V], subcutaneous [SCY, or intramuscular [IM1),
Absorpticn of a mADb into the systemic circulation following either SC or IM
administration from the interstitial space is primarily through the lymphatic pathway.
Saturable, presystemic, proteolytic degradation may result in variable absolute

30 bicavailability following extravascular administration. Usually, increases in absolute

bioavailability with increasing doses of monaclonal antibodies mav he olwerved due i

749



At

1

20

saturated proteolytic capacity at higher doses. The absorption process for a mAb is
usually quite slow as the lymph fluid drains slowly into the vascular system, and the
duration of absorption may occur over hours to several davs The absclute bioavailability
of monoclonal antibodies following SC administration generally ranges from 50% to

106%,

Distribution: Following IV administration, monoclonal antibodies usually follow
a biphasic serum (or plasma} concentration-time profile, beginning with a rapid
distribution phase, followed by a slow elimination phase. In general, a biexponential
pharmacokinetic model best describes this kind of pharmacokinetic profile. The volume
of distribution in the central compartment (Ve for a mAD is usually equal to or slightly
larger than the plasma volume (2-3 Jiters). A distinet biphasic pattern in serum (plasma)
concentration versus time profile may not be apparent with other parenteral routes of
administration, such as IM or SC, because the distribution phase of the serum (plasma)
concentration-time curve is masked by the long absorption portion. Many factors,
mcluding physicochemical propertics, site-specific and target-oriented receptor mediated
uptake, binding capacity of tissue, and mADb dose can influence biodistribution of 2 mAb.

Some of these factors can contribute to nonlinearity in biodistribution for a mAb.

Metabeolism and Excretion: Duc (0 the molecular size,| intact monocionel
antibodies are nof excreted into the urine via kidney. They are primarily mactivated by
metabolism (e.g., catabolism). For IgG-based therapeutic monoclonal antibodies, half-
lives typically ranges from hours or 1-2 davs to over 20 davs. The climination of a mAb
can be affected by many factors, including, but not limited to, affinity for the FeRn
receptor, immunogenicity of the mAb, the degree of glycosylation of the mAD, the

susceptibility for the mADbD to proteolysis, and receptor-mediated elimination,

S0
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LB.11: Tissue Cross-Reactivity Pattern On Haman And Tox Species

[dentical staining pattern suggests that potential human toxicity can be evaluated

in tox species. Tox species are those animal in which unrelated toxicity is studied.

The individual antibodies are selected to meet two criteria, (1) Tissue staining
appropriate for the known expression of the antibody target. {2) Similar staining pattern

between human and tox species tissues from the same organ.

Criterion I Immunizations and/or antibody selections typically employ
recombinant or synthesized antigens (proteins, carbohydrates or other molecules).
Binding to the natural counterpart and counterscreen against unrelated antigens are ofien
part of the screening funnel for therapeutic antibodies. However, screening against a
multitude of antigens is often unpractical. Therefore tissue cross-reactivity studies with
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any unrelated antigens.

Criterion 2: Comparative tissue cross reactivity studies with human and fox
species tssues (cynomelgus monkey, dog, possibly rodents and others, the same 36 or |
tissues are being tested as in the human studyy help to validate the selection of 2 tox
species. In the typical tissue cross-reactivity studies on frozen fissues sections therapeutic
antibodies may demonstrate the expected binding to the known antigen and/or 10 a lesser
degree binding to tissues based either on low level interactions {(unspecific binding, low
level binding to similar antigens, low level charge based interactions ete.). In any case the
most relevant toxicology animal species is the one with the hizhest degree of coincidence

of binding to ruman and animal tissue.

Tissue cross reactivity studies follow the appropriate regulatory guidelines
inchuding EC CPMP Guideline 111/5271/94 “Production and guality control of mAbs™ and
the 1997 US FDA/CBER “Points to Consider in the Manufacture and Testing of
Monoclonal Antibody Products for Human Use™ . Cryosections (5 um) of human
tissues obtained at autopsy or biopsy were fixed and dried on object glass. The
peroxidase staining of tissue sections was performed, using the avidin-biotin system.

FDA’s Guidance “Poinis to Consider in the Manufacture and Testing of Monoclonal
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Antibody Products for Human Use”. Relevant references include Clarke J 2004, Boon L.
2002a, Boon L 2002b, Ryan A 1999,

Tissue cross reactivity studies are ofien done in two stages, with the first stage
typically: Adrenal Gland, Gastrointestinal Tract,
Prostate, Bladder, Heart, Skeletal Muscle, Blood Celis, Kidney, Skin, Bone Marrow,
Cortex, Ovary, Thymus, Colon, Pancreas, Thyroid, Endothelium, Parathyroid, Urcter,
Eye, Pituitary, Uterus, Fallopian Tube and Placenta) from one human donor. In the
second phase & full cross reactivity study is performed with up to 38 tissues (including
adrenal, blood, blood vessel, bone marrow, cerebellum, cerebrum, cervix, esophagus, eye,
heart, kidney, large mtestine, liver, lung, lvmph node, breast mammary gland, ovary,
oviduct, pancreas. parathyroid, peripheral nerve, pituitary, placenta, prostate. salivary
gland, skin, small intestine, spinal cord, spleen, stomach, striated muscle, testis, thymus,
thyroid, tonsil, ureter, urinary bladder, and uterus) from 3 unrelated adults. Studies are

done typically at minimally two dose levels.

The therapeutic antibody (i.e. test article) and isotype matched control antibody
may be biotinylated for avidin-biotin complex (ABC) detection: other detection methods
may include tertiary antibody detection for 2 FITC (or otherwise) labeled test arficle, or

precomplexing with a labeled anti-human IgG for an uniabeled test article.

Briefly, cryosections (about 5 um) of human tissues obtained at autopsy or biopsy
are fixed and dried on object glass. The peroxidase staining of tissue seetions is
performed, using the avidin-biotin systemn. First (in case of a precomplexing detection
systemn), the test article is incubated with the secondary biotinylated anti-human [g(F and
developed into mmune complex. The immune complex at the final concentrations of 2
and 10 pg/mi of test article is added onto tissue scetions on object glass and then the
tissue sections were reacted for 30 minutes with a avidin-biotin-peroxidase kit,
Subsequently, DAB (3,3"-diaminobenzidine), a substrate for the peroxidase reaction, was
applied for 4 minutes for tissue staining. Antigen-Sepharose beads are used as positive

coentrol fissue sections,

Any specific staining is judged to be either an expected (e.g.,consistent with
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antigen in question. Any staining judged specific is scored for intensity and frequency.

Antigen or serum competion or blocking studies can assist further in determining whether

observed staining is specific or nonspecific.
F NN DS IL SSE.L S SN <SS SO I T PR v et - L.
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tissue staining, matching staining between human and toxicology animal specific tissue -

they can be selected for DVD-Ig generation.

The tissue cross reactivity study has to be repeated with the final DVD-Ig
construct, but while these studies follow the same protocol as outline herein, they are
more complex to evaluate because any binding can come from any of the two parent
antibodies, and any unexplained binding needs to be confirmed with complex antigen

competition studies,

it is readily apparent that the complex undertaking of tissue crossreactivity studies
with a multispecific molecule like a DVD-Ig is greatly simplified if the two parental
antibodies are selected for {1 lack of unexpected tissue cross reactivity findings and (2)
for appropriate simifarity of tissue cross reactivity findings between the corresponding

human and toxicology animal species Hssues.
1.B.12: Specificity And Selectivity

o generate o DVD-Ig molecule with desired specificity and s
io generate and sclect parent mAbs with the similarly desired specificity and selectivity

profile.

Binding studies for specificity and selectivity with a DVD-Ig can be complex due
i the four or more binding sites, two each for each antigen. Briefly, binding studies using
ELISA, BlAcore. KinExA or other interaction studics with a DVD-lg need to monitor the
binding of one, two or more antigens to the DVD-Tg molecule, While BlAcore
technology can resolve the sequential, independent binding of multiple antigens, more
traditional methods including ELISA or more modern technigues like KinExA cannot.
Therefore careful characterization of each parent antibody 1s critical. After cach
individual antibody has been characterized for specificity, confirmation of specificity

retention of the individual binding sites in the DVD-1g molecule is greatly simplified.

0
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It is readily apparent that the complex undertaking of determining the specificity
of a DVD-Ig s greatly simplified if the two parental antibodies are selected for specificity

prior to being combined into a DVD-1g

Antigen—antubody interaction studies can tuke many forms, including many
classical protein protein interaction studies, including ELISA (Enzyme linked
imraunosorbent assay), Mass spectrometry, chemical cross linking, SEC with light
scattering, equilibrium dialysis, gel permeation, ultrafiltration, gel chromatography, large-
zone analytical SEC, micropreparative ultracentrigugation (sedimentation equilibrium),
spectroscopic methods, titration microcalorimetry, sedimentation equilibrium (in
analytical ultracentrifuge), sedimentation velocity (in analvtical centrifuge), surface
plasmon resonance (including BlAcore). Relevant references include “Current Protocols
in Protein Science”, John E. Coligan, Ben M. Dunn, David W. Speicher, Paul T,
Wingfield (eds.) Volume 3, chapters 19 and 20, published by John Wiley & Sons Inc.,
and references included therein and “Current Protocols in immunol ogy”, John E. Coligan,
Barbara E. Bierer, David H. Margulies, Ethan M. Shevach, Warren Strober {eds.)

published by John Wiley & Sons Inc and relevant references included therein.

Cytokine Release in Whole Blood: The interaction of mAb with human blood
cells can be mvestigated by a cytokine release assay (Wing, M. G. Therapeutic
Immunology (1995}, 2(4), 183-190: “Current Protocols in Pharmacology™ S.1. Enna,
Michael Williams, John W, Ferkany, Terry Kenakin, Paul Moser, (eds.} published by
John Wiley & Sons Inc; Madhusudan, S, Clinical Cancer Research (2004), 10(19), 6528-
6534; Cox, I Methods (2006), 38(4), 274-282; Choi, 1. European Journal of Immunolo 0Ly
(20013, 311y, 94-106). Briefly, various concentrations of mAb arc incubated with human
whole bloed for 24 hours. The concentration tested should cover a wide range including
final concentrations mimicking typical blood levels in patients (including but not limited
to 100 ng/ml - 106ug/ml).  Following the incubation, supernatams and cell lysates were
analyzed for the presence of IL-1Ro, TNF-o, IL-1b, 1L-6 and IL-8. Cytokine
concentration profiles generated for mAb were compared to profiles produced by a
negative human 1gG control and a positive LPS or PHA control. The cytokine profile
displayed by mAb from both cell supematants and cell lysates was comparable to control
human [gG. In an embodiment, the monoclonal antibody does not interact with human

blood cells to spontaneously release inflammatory cvtokines.
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Cytokine release studies for a DVD-Ig are complex due to the four or more
binding sites, two each for each antigen. Briefly, cytokine release studics as described
herein measure the effect of the whole DVD-Ig molecule on whole blood or other cell
systems, but can resolve which portion of the molecule canses cytokine release. Once
cytokine release has been detected, the purity of the DVD-Ig preparation has to be
ascertained, because some co-purifying ceflular components can cause cytokine release
on their own, If purity is not the issue, fragmentation of DVD-Ig (including but not
limited to removal of Fe portion, separation of binding sites etc.), binding site
mufagenesis or other methods may need to be employed to deconvolute any observations.
It is readily apparent that this complex undertaking is greaty simplified if the two
parental antibodies are selected for lack of cytokine release prior to being combined into a

DVI-lg.
1.B.13: Cross Reactivity To Other Species For Toxicological Studies

In an embodiment, the individual antibodies selected with sufficient cross-
reactivity to appropriate ox specics, for example, cynomolgus monkey, Parental
antibodies need to bind to orthologous species target (1.c., cynomolgus monkey) and elicit
appropriate response (modulation. noutrabization, activation). In an embodiment, the
cross-reactivity {affinity/potency) to orthologous species target should be within 10-fold
of the buman target. In practice, the parental amibodies are evaluated for multiple
specics, mcluding mouse, rat, dog, monkey (and other non-human primates), as well as
disease model species (i.e. sheep for asthma model}. The acceptable cross-reactivity to
tox specics from the perantal monoclonal antibodies allows future toxicology studies of
DVD-lg-lg m the same species. For that reason, the two parental monoclona! antibodies
should have acceptable cross-reactivity for a common tox species therefore allowing

toxicology studics of DVD-lg in the same species.

Parent mAbs may be selected from various mAbs capable of binding specific
targets and well known in the art. These include, but are not limited to anti-TNF antibody
(US Patent No. 6,258,562, mouse or humanized anti-PGE2 antibody (US Application
Serjal Nos, 61/134,264 and 61/197,238 and Aftorney Docket No. 9263.US.01, filed

herewith, anti-11.-12 and/or anti-1L-12p40 antibody (US Patent No. 6.914,128): anti-TL-

Hantibody (US 2005/0147610 A1), anti-C5, anti-CBL. anti-CD 147, anti-gp1 20, anti-
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VLA-4 anti-CD11a, anti-CDI8, anti-VEGF, anti-CD40L, anti CD-40 (e.g., see
WO2007124299) anti-Id, anti-ICAM-1, anti-CXCL13, anti-CD?2, anti-EGFR, ant-TGF-
beta 2, anti-HGE, anti-cMet, anti DLL-4, anti-NPR1, anti-PLGF, anti-F-sclectin, anti-
Fact VIL anti-Her2/new, anti-F gp, anti-CD1 IR, anti-CD14, anti-ICAM-3, anti-RON,
anti CD-19, anti-CDRO (e.g., see WO2003039486, ami-CD4, anti-CD3, anti-CD23, anti-
beta2-integrin, anti-alphadbeta?, anti-CDS2, anti-HLA DR, anti-CD22 (e.¢., see US
Patent NO: 5,789,554}, anti-CD20, anti-MIF, anti-CD64 (FeR), anti-TCR alpha beta,
anti-CD2, anti-Hep B, anti-CA 125, anti-EpCAM, anti-gp120, anti-CMV |, anti-gpliblila,
anti-IgE, anti-CD2S, anti-CD33, anti-HLA, anti-IGF1,2, anti IGFR, anti-VNRintegrin,
anti-lL-lalpha, anti-IL-1beta, anti-IL-1 receptor, anti-1L-2 receptor, anti-11-4, anti-[1-4
receptor, anti-1L5, anti-1L-5 receptor, anti-10-6, anti- IL-6R, RANKL, NGF, DKX
alphaVbetad, H-17A, anti-IL-8, anti-1L-9, anti-1L-13, anti-1L-13 receptor, anti-1L-17,

and anti-1L-23; [L-23p19; (see Presta LG. 2005 Selection, design, and engineering of

ayee 1 M AT A e T A LRI LS Tt I I Iy e 2 B A
therapeutic antibodies [ Allergy Clin Immunol. 116:731-6 and

http:/fwww . path.cam.ac, uk/~mrc7/humanisation/antibodics. htmi).

Parent mADbs may also be selected from various therapeatic antibodies approved
for use. in clinical trials, or in development for clinical use. Such therapeutic antibodies
include. but are not fimited to, rituximab (Ritaxan®, IDEC/Genentech/Roche) (see for
exampic U, 5. Pat No. 5,736,137), a chimeric anti-CD20 antibody approved 1o treat
Non-Hodgkin's lvmphoma; HuMax-CI20, an anti-CD20 currently being developed by
Genmab, an anti-CD20 antibody described in US. Pat. No. 3, 500,367, AME-133
(Applied Molecular Evolution), hA20 (Immunomedics, Inc.), Humal YM (Intracel), and
PROT0769 (PCTAIS2003/040426, entitled "Immunocglobulin Variants and Uses
Thereof™), trastuznmab (Herceptindt, Genentech) (see for example U.S. Pat. No.
5,677,171}, a humanized anti- Her2/neu antibody approved to treat breast cancer;
pertuzumab (rFhuMab-2C4, Omnitarg®), currently being developed by Genentech; an
anfi-Her2 antibody described in U.S. Pat. No. 4,753,894; cetuximab (Erbitux®, Imelone’
(U.5. Pat. No. 4,943 533; PCT WO 96/40210), a chimeric anii-EGFR antibody in clinical
trials for a variety of cancers; ABX-EGF (U.S. Pat. No. 6,235,883, currently being
developed by Abgenix-Immunex-Amgen; HuMax- EGFr (U.S. Ser. No. 10/172,317),
currently being developed by Gemmab; 425, EMDA5900, EMD620060, and EMD72000
{(Merck KGaA) (LS. Pat. No. 5,558,864 Murthy et al. 1987, Arch Biochem Biophys
252¢21549-60; Rodeck et al., 1987, § Cell Biochem. 35(4%:315-20; Kettleborough et al.,
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1991, Protein Eng. 4(7):773-83); ICRO2 (Institute of Cancer Research) (PCT WO
95/20045; Modjtahedi et al,, 1993, 1. Cell Biophys. 1993, 22(1-2%:129-46; Modjtahedi et
al., 1993, BrJ Cancer. 1993, 67(21:247-53; Modpahedi et al, 1696, Br ] Cancer,
TH2Z3228-35, Modjtahedi et al, 2003, Int J Cancer, 105(21:273-80): TheraCIM hR3 (Y M
Biosciences, Canada and Centro de Immunologia Molecular, Cuba (U8, Pat. No.
3,891,996, U.S. Pat. No. 6,506, 883; Mateo et al, 1997, Immunotechnology, 3(1171-81);
mAb-806 (Ludwig Institue for Cancer Research, Memorial Sloan-Kettering) (Jungbluth
et al. 2003, Proc Natl Acad Sci USA. 100(2):639-44); KSB-102 (KS Biomedix), MR1-1
(IVAX, National Cancer Institute) (PCT WO 016293 EAE}; and SC100 (Scancelly (PCT
approved for reatment of B-cell chronic lymphocytic leukemia; muromonab-CD3

{(Orthoclone OKT3RY, an anti-CD3 antibody developed by Ortho Biotech/Johnson

& Johnson, ibritumomab tiuxetan (Zevalin®), an anti-CD20 antibody developed by
IDEC/Schening AG, gemtuzumab ozogamicin (Mylotarg®), an anti-CD33 (p6a7 proteing

antibody developed by Celitech/Wyeth, alefacept {Amevive®), an anti-LFA-3 Fe fusion
deveioped by Biogen), abeiximab (ReoPro®), developed by Centocor/Lilly, basiliximab
{Simulect®y), developed by Novarts, palivizumab (Synagis®), developed by
Medimmune, infliximab (Remicade®), an anti-TNFalpha antibody developed by
Centocor, adalimumab (Humira®y, an anti-TNFalpha antibody developed by Abbott,
Humicade X | an antl-1TNFalpha antibody developed by Celliech, golimumalb (CNTO-
148}, & fully human TNF antibody developed by Centocor, clancrcept (Enbrel®), an p73
TINF receptor Fe fusion developed by Immunex/Amgen, lenercept, an pSSTNF receptor
Fe fusion previcushy deveioped hy Roche, ABX-CBL., an anti-CD 147 antibody being
ABX-MATL, an anti-MUCITR antibody being de‘vck}pcé by Abgenix, Pemtumomaby
(R1349, S0Y-muHMFGT), an anti-MUCT in development by Antisoma, Therex
(R15503, an anti-MUCT antibody being developed by Antisoma, AngioMab (AS1405),

being d:cvcl@pec’i by Antisoma, HuBC-1, being devetopcd by Antisoma, "I"E."j.%egkatin

1T (VLA-4) and afphm-’l—bcta—? antz&ody being devei(}ped by E‘siog@n: VELA-T mAb, an
anti-VLA- 1 integrin antibody being developed by Biogen, LTBR mAb, an anti-
lymphotoxin beta receptor (LTBR) antibody being developed by Biogen, CAT-132, an

Ant hg(_‘w Tec h?}()%n(m ART 874

(¥

anti-TGF-02 antibody being develoned by Cambridee
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(J693), an anti- 1L-12 p40 antibody being developed by Abbott, CAT-192, an anti-
TGFp1 antibody being developed by Cambridge Antibody Technology and Genzyrme,
CAT-213, an anti-Eotaxin| antibody being developed by Cambridge Antibody
Technology, LymphoStat-BR an anti-Blys antibody being developed by Cambridge
Antibody Technology and Human Genome Sciences Inc,, TRAIL-R ImAb, an anti-
TRAIL-RT antibody being developed by Cambridge Antibody Technology and Human
Genome Sciences, Inc. | Avastin® bevacizumab, thuMAb-VEGF), an anti-VEGF
antibody being developed by Genentech, an anti-HER receptor family antibody being
developed by Genentech, Anti-Tissue Factor (ATF), an anti-Tissue Factor antibody
being developed by Genentech, Xolair® (Omalizumab), an anti-1gE antibody being
developed by Genentech, Raptiva® (Efalizumab), an anti- CD11a antibody being
developed by Genentech and Xoma, MLN-02 Antibody (formerly LDP-02), being
developed by Genentech and Millenium Pharmaceuticals, HuMax CD4, an anti-CD4
antibody being developed by Genmab, HuMax-11 15, an anti-TL15 antibody being
developed by Genmab and Amgen, HuMax-Inflam, being developed by Genmab and
Medarex, HuMax-Cancer, an anti-Heparanase [ antibody being developed by Genmab
and Medarex and Oxford GeoSciences, HuMax-Lyvimphoma, being developed by
Genmeb and Amgen, HuMax-TAC, being developed by Genmab, IDEC-131. and anti-
CB40L antibody bewmg developed by IDEC Pharmaceuticals, IDEC-151 (Clenoliximab),
an ant- 4 antibody being developed by TDEC Pharmaceuticals, IDEC-114, an anti-
DEC Pharmaceuticals, IDEC-152_ an anti- CD23
being developed by IDEC Pharmaceuticals, anti-macrophage migration factor (MIF)
antibodies being developed by IDEC Pharmaccuticals, BEC2, an anti-idiotvpic antibody
bemg developed by Imclone, IMC-1CT, an anti-KDR antibody being developed by
Imclone, DC101, an anti-flk- 1 anabody being developed by Imclone, anti-VE cadherin
antibodies being developed by Imclone, CEA-Cide® (labetuzumab), an anti-

carcinoembryenic antigen (CEA) antibody being developed by Immunomedics,

LymphoCide® (Epratuzumab), an anti-CD22 antibody being developed by
Immunomedics, AFP-Cide, being developed by Immunomedics, MyelomaCide, being
developed by mmunomedics, LkoCide, being developed by Immunomedics, ProstaCide,
being developed by Immunomedics, MDX-010, an anti-CTLA4 antibody being
developed by Medarex, MDX-060, an anti-CD30 antibody being developed by Medarex,

MDX-070 being developed by Medarex, MIDX-018 heing developed by Medarex,

5%
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Osidem® (JDM-1), and anti-Her2 antibody being developed by Medarex and Immuno-
Besigned Molecules, HuMaxiR-CD4, an anti-CD4 antibody being developed by Medarex
and Genmab, HuMax-JL15, an ant-11.15 antibody being developed by Medarex and
Genmab, CNTO 148, an anti- TNFo antibody being developed by Medarex and
Centocor/J&J, ONTO 1275, an anti-cytokine antibody being developed by Centocor/J&J,
MORI0T and MOR 102, anti-interceliular adhesion molecule-1 (ICAM-1} (CD54)

antibodics bcing devefoped by ‘i\/i'ox‘thSya;, MOR201, an anti-fibroblast growth factor

an anti-CD3 amiba}dy being developed by Protein Dcsigm fLabs, HuZ AFI, an anti-
gamma nterferon antibody being developed by Protein Design Labs, Anti-a 5p1
Integnn, betng developed by Protein Design Labs, anti-11-12, being developed by
Protein Design Labs, ING-1, an anti-Ep-CAM antibody being developed by Xoma,
Xolairk (Omalizumab) a humanized anti-IgE antibody developed by Genentech and
Novarts, and MLNG, an anu-Beta? integrin antthody being developed by Xoma. In
another embediment, the therapeutics nclude KRN330 (Kirin), huA33 antbody (A33,
Ludwig Institute for Cancer Researchy, CNTO 95 (alpha V integrins, Centocor), MFEDI-
522 {alpha VB3 integnn, Medimmune); volociximab { aipha. £ E;H mtegrin, Biogen/PDLY;
Human mAb 216 (B cell glycosolated epitope, NCHy: BITE MT 103 (bispecific CID19 x
CI33, Medimmune); 4G7xH22 (Bispecific BeelxFeoammaR 1, Medarex/Merck KGa):
rM28 (Bispecific CD28 x MAPG, US Patent No. EP1444268) MDX447 (EMD 82633
{Bispecific CD64 x EGFR, Medarex); Catumaxomab (removab) (Bispecific EpCAM x
anti-CD3, Trion/Fres); Ertumaxomab (bispecific HER2/CD3, Fresenius Biotech);
oregovomab (OvaRex} (CA-125, ViRexx); Rencarex® (WX G230) (carbonic anhvdrase
LX, Wilex); ONTO 888 (CCL2, Centocory, TRCI05 (CD105 (endogling, Tracon); BMS-
GOEIST3 (CDE37 agonist, Brystol Myers Squibb); MDX-1342 (CT19, Medarex);
Siplizumab (MEDI-507) (CD2, Medimmuney: Ofatumumab (Humax-CD20) (CD20,
Genrmab); Rituximab (Rituxan) (CD20, Genentech); veltuzammab ( hA20) (CD20,
Immunomedics); Epratuzumab (CD22, Amgﬁ:n}; tumiliximab (IDEC 152} (CD23,
Biogen): muromoenab-CD3 (CD3, Orthoy;, HuM291 (CD3 fe receptor, PDIL Biopharma);
HelFi-1, CD30, NCIy; MDX-060 (CD30, Medarex), MDX-1401 (CD30, Medarex ),
SGN-30 (C130, Seattle Genentics), SGN-33 (Lintuzumab) (CD33, Scattle Genentics);
Zanolimumab (HuMax-CD4) (CD4, Genmaby, HCD122 (CD40, Novartis ), SGN-40

(€40, Seattle Genentics ) Campathlh (Alemtuzumab) (CDA2, Genzymed MDY 1411

e
23 - B gy x,w'.
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(CD70, Medarex); hLL1 (EPB-1}(CD74.38, Immunomedics); Galiximab (IDEC-144)
(CDRO, Biogen); MT293 (TRCG93/D93) (cleaved collagen, Tracon); HulLuc63 (CS1,
PDL Pharma); ipilimumab (MDX-010) (CTLA4, Brystol Myers Squibb); Tremelinrumab
(Ticilimumab, CP-675.2) (CTLA4, Plizer); HGS-ETRI (Mapatumumab) (DR4 TRATL-
3 R1 agonist, Hurman Genome Science /Glaxo Smith Kline); AMG-635 (DR5, Amgen};
Apomab {(DRS, Genentechy, CS-1008 (DRS, Datichi Sankyo); HGS-ETR2
(lexatumumab} {DRS TRAIL-R2 agonist, HGSY, Cetuximab (Erbitux) (EGFR, Imclone);
IMC-11Fg8, (EGFR, Imclone); Nimotuzumab (EGFR, YM BioY; Panitumumab
(Vectabix) (EGFR, Amgen); Zalutumumab (HuMaxEGFr) (EGFR, Genmah), CDX-110
10 (EGFRvIH, AVANT Immunotherapeutics); adecatumumab (MT201) (Epcam |, Merck,
cdrecolomab (Panorex, 17-1A) (Epcam |, Glaxo/Centocory, MORAD-003 (folate receptor
a, Morphotechy; KW-2871 { > G Kyowa); MORAD-O09 {GP-9,
Morphotech)y; CDX-1307 (MDX-1307) (hCGb, Celldex); Trastuzumab (Herceptin)

{HER2, Celldex); Pertuzunab (rhuMAb 204y (HERZ2 (DY), Genentech); anolizumab

18 {HLA-DR beta chain, PDL Pharma); AMG479 (1GF-IR, Amgen); anti-IGF-1R R1507
{(IGF1-R, Roche); CP 731871 (GGFLR Plizer); IMC-AL12 (JOF1-R, Imclone); BHBO22
(IGE-1R . Bicgen) Mik-beta-1 (IL-2Rb (O 1223, Hoffman LaRoche): ONTO 328 (1Les,
Centocory, Anti-KIR (1-7F9) (Killer celt lg-like Receptor (KIRY, Novo); Hu3S193
(Lewis (v}, Wyeth, Ludwig Institute of Cancer Researchy: hCBE- T (ETER, Biogen):

20 HuHMEGT (MUCH, Antisoma/NCTH RAV 2 (N-linked carbohydrate epitope, Raveny;
CAL {parathyroid hormone-related protein (PTH-rP), University of California)y; CT-011
(PO, CureTech); MDX-1106 {ono-4538y (PD1, Medarex/Ono), MAb CT-011 (PD 1
Curctech); IMC-3G3 (PDGERa, Imelone); bavituximab (phosphatidylserine, Peregrine):

huis9l (PSMA, Cornell Rescarch Foundation): mul391 (PSMA. Comell Research

1
i

Foundation); GCI008 (TGFb (pan) inhibitor (1gG4), Genzyme); Infliximab {Remicade)
(TNFa, Centocor); A27.15 (ransfernn receptor, Salk Institute, INSERN WO
2005/111082); E2.3 (transferrin receptor, Salk Institute); Bevacizumab (Avastin}
(VEGF, Genentech): HuMVE33 (VEGF, Tsukuba Research Lab-WO/2000/034337,
University of Texas)y; IMC-18F1 (VEGFR1, Imcloney; IMC-1121 (VEGFR2, Imclone).

30 € Coenstruction of DVD Molecules

The dual variable domain immunoglobulin (DVD-1g™ Y molecule is designed

4 e

such that two different i "zu chain variable domaing L“v’i 3 from the two different parei
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monoclonal antibodies are linked in tandem dircctly or via a short Hnker by recombinant
DNA techniques, followed by the light chain constant domain, Similarly, the heavy chain
comprises two different heavy cham variable domains (VH) Hinked in tandem, followed

by the constant domain CHIL and Fe region (Figure TA)
P foeed & E

The variable domains can be obtained using recombinant DNA technigues from a
parent antibody generated by any one of the methods described herein. In an
embodiment, the variable domain is a murine heavy or ight chain variable domain. In
another embodiment, the variable domain is a CDR grafted or 2 humanized variable
heavy or hight chain domain. In an embodiment, the variable domain is a human heavy or

hieht cham varnable domain.

=

in one embodiment the first and second variable domains are linked directly to
each other usimg recombinant DNA techniques. In another embodiment the variable
domains are inked via a linker sequeace. I an embodiment, two vartable domains are
iinked. Three or more variable domaing may also be linked directly or via a linker
sequence. The variable domaing may bind the same antigen or may bind different
antigens. DVD molecules of the invention may inchide one immunoglobulin variable
domain and one non- immunoglobulin variable domain such as ligand binding domain of
a receptor, active domain of an enzvme. DV molecules may also comprise 2 or more

non-lg domains.

The linker sequence may be a single amino acid or a polypeptide sequence, 1o an
embodiment, the linker sequences are selected from the group congisting of
AKTTPKLEEGEFSEAR (SEQ ID NO: 1y AKTTPKLEEGEFSEARV (SEQ 1D NG: 2y
ARTTPRLGG (SEQ 1D NGOt 2y SAKTTPKLGG (SEQ ID NG: 45; SAKTTP (SEQ 1D
NO: 5); RADAAP (SEQ 1D NO: 6); RADAAPTVS (SEQ ID NO: 7);
RADAAAAGGPGS (SEQ ID NO: 8); RADAAAA(G,S )4 (SEQ 1D NO: 9,
SAKTTPKLEEGEFSEARV (SEQ 1D NO: 10y ADAAP (SEQ IDNO: tHy:
ADAAPTVSIFPP (SEQ 1D NO: 121 TVAAP (SEQ ID NO: 13 TVAAPSVFIFPP (SEQ
ID NGO 14y QPKAAP (SEQ ID NO: 15); QPKAAPSVTLFPP (SEQ [D NO: 16
AKTTPP (SEQ ID NG: 17y, AKTTPPSVTPLAP (SEQ ID NO: 185 AKTTAP (SEQ 1D
NO: 193 AKTTAPSVYPLAP (SEQ [D NO: 203 ASTKGP (SEQ 1D NO: 21 %
ASTKOPSVEPLAP (SEQ 1D WNO: 22y, GGGGSGGGGSGGGGS (SEGQ 1D NG: 2371,
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GENKVEYAPALMALS (SEQ ID NO: 24); GPAKELTPLKEAKVS (SEQ ID NO: 25);
and GHEAAAVMOQVGQYPAS (SEQ ID NO: 26). The choice of linker sequences is
based on crystal structure analysis of several Fab molecules. There is 2 natural flexible
linkage between the variable domain and the CHY/CL constant domain in Fab or antibody
molecular structure. This natural linkage comprises approximately 10-12 amino acid
residues, contributed by 4-6 residues from C-terminus of V domain and 4-6 residues from
the N-terminus of CL/CH1 domain. DVD Igs of the invention were generated using N-
terminal 5-6 amino acid residues, or 11-12 amino acid residues, of CL or CH1 as linker in
light chain and heavy chain of DVD-1g, respectively. The N-terminal residucs of CL or
CHI domains. particularly the first 5-6 amino acid residues, adopt a loop conformation
without strong secondary structures, therefore can act as {lexible linkers between the two
variable domains. The Neterminal residues of CL or CHI domains are natural extension

of the variable domains, as they are part of the Ig sequences, therefore minimize (o a farge

Other Iimker sequences may include any sequence of any length of CL/CH !
domain but not all residues of CL/CHI domain; for example the first 5212 amino acid
residues of the CL/ACHT domains; the Hight chain linkers can be from Cw or Ci and the
heavy chain linkers can be devived from CHI of any 1sotvpes, including Cyi, C2, Ov3,
Cyd, Cal. Ca2 €8, Ce, and Cp. Linker scquences may aiso be derived from other
proterns such as Ig-like proteins, (e.g. TCR, FeR. KIR Y G/S based sequences (c.g G485
repeats; SEQ ID NO: 27); hinge region-derived sequences; and other natural sequences

from other protems.

In an embodiment a constant domain is linked to the two linked variable domains
using recombinant DNA techniques. In an embodiment, sequence comprising linked
heavy chain variable domains is linked to a heavy chain constant domain and sequence
comprising linked light chain variable domains is linked to a light chain constant domain.
In an embodiment, the constant domains are human heavy chain constant domain and
human light chain constant domain respectively. In an embodiment, the DVD heavy
cham is further linked to an Fe region. The Fc region may be a native sequence Fe
region, or a variant Fe region. In another embodiment, the Fe region s a human Fe
region. In another embodiment the Fe region includes Fe region from IgG1, 1gG2, 1eG3,

f9G4, TgA, TgM, TgE. or IgD.
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In another embodiment two heavy chain DVD polypeptides and two fight chain
DVD polypeptides are combined to form a DVD-Ig molecule. Table 2 lists amino acid

ts useful for reating

sequences of VH and VL regions of exemplary antibodies for targ
disease, e.g., for treating cancer. In an embodiment, the invention provides a DVD
comprising at least two of the VH and/or VL regions listed in Table 2, in any orientation.
Example 3 provides DVD-Igs directed at the VH and VL regions listed in Table 2.
Example 2 provides VH and VL regions for DVD-lgs directed to TNF and PGEZ (See
Tables 5-8)

Table 2: List of Amino Acid Sequences of VH and VL resions of Antibodies for

senerating DVD-log

SEQ ID ART Protein Sequence
Ho. | Unigue ID Region
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SEQ ID Protein Sequence
No. Region
Sip
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il

KVSRRFEGVPDRESG

CVRHPGASVEVICHASGYTEFTEYWLGH
GRIYPGYDYTHYNERFEDRATLTY
ESDESSTY:

LRSDUTAVYYC

POLLIYRVSNRESGY PDT
VYYIFQVSHEVPYTE

VOV YOFQVSEVEY TG

WIGDT YPGYDYTHYNEKFKDRA

VY YURR SDGSSTYJ{%Q
TSCTSSONIVHSHENT,

CYCFQVSHVPYTRGEETI

PASLSCTSSONIVHSNGNT

FEE5GS

KPGASVEVICKASGY TETKYWLGY
WIGDIYPGYDYTHYNEKFKDELT
RELRBDDTAVYYCERSDGESSTYW

e

51 3CTSSQNI VESNGNT
KVSNRFSGYPDRFSG

PEASVEVECHASGYTFTRYWLGH

SSLESDDTAVYYCARSDGSSTYWG

SGS

WEQ

LTV

Ry
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A

SEQ ID ABRT Protein Seguence
Heo . Unique ID Regicn
123456789(}12345678 9{)123456'7890123456
£5
PVYMTOTPLSLPVTEGRPAS I SCTSSONTVESNENT
- L moops 5 (YLEWYLOK GOJWOLLifKVSNRFSGJ DRESGHGS
o T e ”mr“*‘rlsL\umxvv VY YORQVSHYRY TEGGGTH
KEPGASVKYSCHASGY TRFTRYWLGY
. s fGDIY?GYDYTHYNEKFKDQ’ﬂ g
R o FLSSLRED
3
! ,sGYTFTKYWLGu
P4 W”’DIY?GYDYTBYNEKFKD‘"' :
KPGHR CHASGCYTRTRKYWLGH
. SDIYPCYDY THYNERFRDRYTMTT
o SDGESSTYHGD
BCTSSONIVESNGNT
. - KEVSHNRFSGV FDRE GS
o o VY YORQVSHVPY TR GGG TH

Detatled description of specific DVD-lg molecules capable of binding specific

targets, and methods of making the same, 18 provided in the Examples section below.
3: Production Of DVD Proteins

Binding proteins of the present invention may be produced by any of a number of

techniques known in the art. For example, expression from host cells, wherein expression
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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 "transfection” are intended to
encompass a wide variety of technigues commonly used for the introduction of
exogenous DNA nto a prokaryotic or cukaryotic host cell, e.g. electroporation, calcium-
phosphate precipitation. DEAE-dextran transfection and the like. Although it is possible
to express the DVD proteins of the invention in either prokarvotic or cukarvotic host
cells, DVD proteins are expressed in eukarvotic cells, for example, 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.

Exemplary mammalian host cells for expressing the recombinant antibodies of the
mvention include Chinese Hamster Ovary (CHO cells) (including dhfr- CHO cells,
described in Urlaub and Chasin, (1980) Proc. Natl. Acad, Sci. USA 77:4216-4220, used
with a DHFR selectable marker, e.g., as described in R.J. Kaufman and P A, Sharp (1982)
Mol Biol. 159:601-621), NSO myeloma cells, COS cells, SP2 and PER.C6 cells, When
recombinant expression vectors encoding DVD proteins are introduced into mammalian
host celis, the DVD proteins are produced by culturing the host cells for a period of time
sutficient to aliow for expression of the DVD proteins in the host cells or secretion of the

DVD proteins into the culture medium in which the host cells are grown, DV proteins

can be recovered from the culture medium using standard protein purification methods.

In an exemplary system for recombinant expression of DVD proteins of the
imvention, a recombinant expression vector encoding both the DVD heavy chain and the
DV fight chain is introduced into dhfi- CHO cells by calcium phosphate-mediated
transfection. Within the 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 carries a DHFR gene, 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 DVIY heavy and light
chains and intact DV protein is recovered from the culture medium. Standard
molecular biology techniques are used to prepare the recombinant expression veetor,

transfect the host cells, select for fransformants, culture the host cells and recover the
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DVD protein from the culture 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

can further comprise isolating the DVD protein from the culture medium.

Animportant feature of DVD-Ig is that it can be produced and purified in a
similar way as a conventional antibody. The production of DVD-Ig results in a
homogeneous. single major product with desired dual-specific activity, without any
sequence modification of the constant region or chemical modifications of any kind.
Other previously described methods to generate “bi-specific”, “multi-specific”, and
“multi-specific multivalent” full length binding proteins do not lead to a single primary
product but mstead lead to the intraceliular or secreted production of & mixture of
assernbled inactive, mono-specific, multi-specific, multivalent, full length binding
proteins, and multivalent full fength binding proteins with combination of different
binding sites. As an example, based on the design described by Miller and Presta (PCT
publication WO2001/077342(A 1), there are 16 possible combinations of heavy and light
chains. Consequently only 6.25% of protein is likely to be in the desired active form, and
not as a single major product or single primary product compared fo the other 15 possible
combinations. Separation of the desired, fully active forms of the protein from nactive
and partially active forms of the protein using standerd chromatography echnigues,

typically used in large scale manufacturing, is vet 1o be demaonstrated.

Surprisingly the design of the “dual-specific multivalent full length binding
proteins” of the present invention leads to a dual variable domain licht chain and a dual
variable domain heavy chain which assemble primarily to the desired “dual-specific

multivalent full length binding proteins™.

At least S0%, at least 75% and at least 90% of the assembled, and expressed dual
variable dornain immunoglobulin molecules are the desired dual-specific tetravalent
protein. This aspect of the invention particularly cnhances the commercial utility of the
mvention. Therefore, the present invention includes a method to express a dual variable
domain light chain and a dual varisble domain heavy chain in a single cell leading 10 2

single primary product of a “dual-specific tetravalent full length binding protein’™.
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The present mvention provides a methods of expressing a dual variable domain
light chain and a dual variable domain heavy chain in a single cell leading to a “primary
product” of & “dual-specific tetravalent full length binding protein”™, where the “primary
product” is more than 50% of all assembled protein, comprising a dual variable domain

Hght chain and a dual variable domain heavy chain.

The present invention provides methods of expressing a dual variable domain
light chain and a dual variable domain heavy chain in a single cell leading to a single
“primary product” of a “dual-specitic tetravalent full length binding protein”, where the
“primary product” is more than 75% of all assembled protein, comprising a dual variable

domain fight chain and a dual variable domain heavy chain.

el

The present invention provides methods of expressing a dual variable domain
light chain and a dual variable domain heavy chain in a single celi leading to a single
= R =) =) &
“primary product” of & “dual-specific tetravalent full fength binding protein”™, where the

“primary product” is more than 90% of all assembled protein, comprising a dual variable

domain fight chain and a dual variable domain heavy chamn
ff. 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 o, another
peptide or protein). For example, a labeled binding protein of the invention can be
derived by functionally linking an binding protein of the nvention (byv chemical coupling,
genetic fusion, noncovalent association or otherwise) to one or more other molecular
entities. such as another antibody {(e.g., a bispecific antibody or a diabody), a detectable
agent, a cylotoxic 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

5

core region or a polvhistidine tag).

Useful detectable agents with which a binding protein of the invention may be
derivatized include fluorescent compounds. Exemplary fluorescent detectable agents
mnclude fluorescein, fluorescein isothiocyanate, rhodamine, S-dimethylamine-i-
papthalenesulfonyl chloride, phycoerythrin and the like. A binding protein may also be

derivatized with detectable enzymes, such ag alkaline phosphatage. horseradish

AN 2 ALY RN, 5 EES SN LS
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peroxidase, glucose oxidase and the like. When a binding protein is derivatized with a
detectable enzyme, it is detected by adding additional reagents that the enzyme uses to
produce a detectable reaction product. For example, when the detectabie agent
horseradish peroxidase is present, the addition of hydrogen peroxide and
diaminobenzidine leads to a colored reaction product, which is detectable. a binding

protein may also be derivatized with biotin, and detected through indirect measurernent of

avidin or streptavidin binding.

Another embodiment of the invention provides a crystallized binding protein and
formulations and compositions comprising such crystals. In one embodiment the
crystallized binding protein has a greater half-life in vive than the soluble counterpart of
the binding protein. In another embodiment the binding protein retains biclogical activity

after crystallization.

3

Crystailized binding protein of the invention may be produced according 1o

methods known mn the art and as disclosed in WO 02072636,

Another embodiment of the invention provides a glycosyiated binding protein
wherein the antibody or antigen-binding portion thereof comprises one or more
carbohydrate residues. Nascent in vivo protein production may undergo further
processing, known as post-trapslational modification. In particaiar, sugar (glveosyl)
residues may be added enzymatically, a process known as glvcosylation. 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. Carbohvdrate residues in the
Fe domain have important effect on the effector function of the Fe domain, with minimal
effect on antigen binding or halflife of the antibody (R, Jefferis, Biotechnol. Prog. 21
(2005). pp. 11-16). In contrast, glvcosylation 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 binding affinity, likely due fo steric hindrance (Co,
M.S., et al, Mol Tmmunol, (19933 30:1361- 1367), or result in increased atfinity for the
antigen (Wallick, S.C., etal, Exp. Med. (19885 168:1099-1109; Wright, A., et al., EMBO
JO(I991) 10:2717 2723),
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One aspect of the present invention is directed 1o generating ghycosylation site
mutants in which the O- or N-linked glycosylation site of the binding protein has been
mutated. One skilled in the art can geperate such mutants using standard well-known
techpologies. Glycosylation site mutants that refain 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 antigen-binding
portion of the invention is modified. For example, an aglycosiated antibody can be made
(i.e., the antibody lacks glycosylation}. Glycosylation can be altered to, for example,
mcrease the affinity of the antibody for antigen. Such carbohydrate modifications can be
accomplished by, for example, altering one or more sites of glveosylation 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 to thereby
climinate glycosylation at that site, Such aglycosylation may increase the affinity of the
antibody for antigen. Such an approach 1s described in further detail in PCT Publication

WOZ003016466A2, and U.S. Pat. Nosg. 5,714,350 and 6 350,861,

Addrtonally or zlternatively, a modified binding protein of the invention can be
made that has an altered type of glycosylation, such as a hypotucosylated antibody having
reduced amounts of fucosy! residues (see Kanda, Yutaka et al., Journal of Biotechnology
{2007}, 130(3), 300-310.) or an antibody having increased bisecting GleNAc structures.
Such attered glycosylation patterns have been demonsirated o increase the ADCC ability
of antibodies. Such carbohydrate modifications can be accomplished by, for example,
expressing the antibody 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
antibody with altered giycosylation. See, for example, Shields, R. L. et al. (2002} 1. Biol.
Chem. 277:26733-26740; Umana ¢t al. (1999} Nat. Biotech, 17:176-1, as well as,

European Patent No: EP 1,176,195; PCT Publications WO 03/035835; WO 99/54347 R0,

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 glycosylation enzymes (e.g., glycosyliransferases and

o LT 4

glycosidases), and have different substrates (nucleotide sugars) available. Due 10 such
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factors, protein glycosylation pattern, and composition of glycosyl residues, may differ
depending on the host system in which the particular protein is expressed. Glycosy!
residues useful in the invention may mclude, but are not Hmited to, glucose, galactose,

chucosamine and sialic acid. In an embodiment, the

e

mannose, fucose, n-acetyl
glycosylated binding protein comprises glycosyl residues such that the glyeosylation

patiern is human.

itis known to those skilied in the art that differing protein glycosylation may
result i differing protein characteristics. For instance. the efficacy of a therapeutic
protein produced in a microorganism host, such as yeast, and glvcosylated utilizing the
veast endogenous pathway may be reduced compared to that of the same protein
expressed in a mammalian cell, such as a CHO cell line. Such glveoproteins may also be
immunogenic in humans and show reduced half-life 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 nclude changes in protein folding, solubility, susceptibility to proteases, trafficking,
transport, compartmentalization, secretion, recognition by other proteins or factors,
antigenicity, or allergenicity. Accordingly, a practivioner may choose a therapeutic
protein with a specific composition and pattern of glycosylation, for exampic
glycosylation compaosition and pattern identical, or at least similar, to that produced in

human cells or in the species-specific cells of the intended subject animal.
. P d

Expressing glycosylated proteins different from that of a host cell may be
achieved by genetically modifying the host cell to express heterologous glycosviation
enzymes. Using techniques known in the art a practitioner may generate antibodies or
antigen-binding portions thercof exhibiting human protein givcosylation. For example,
yeast strains have been genetically modified to express non-naturally occurring
glycosylation enzymes such that glycosylated proteins (glveoproteins) produced in these
yeast straing exhibit protein glycosylation identical 1o that of animal cells, especially
human cells (LS patent applications 20040018590 and 20020137134 and PCT
publication WQO2005100584 A2).

In addition to the binding proteins, the present invention is also directed to anti-

diotypic (anti-Id) antibodies specific for such binding proteins of the invention, An anti-
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Id antibody 1s an antibody, which recognizes unique determinants generally associated
with the antigen-binding region of ancther antibody. The anti-Id can be prepared by
immunizing an animal with the binding protein or a COR conmaining region thereof. The
immunized animal will recognize, and respond to the diotypic determinants of the
immunizing antibody and produce an anti-1d antibody. 1t 1§ readily apparent that it may be
easier to generate anti-idiotypic antibodies to the two or more parent antibodies
incorporated into a DVD-Tg molecule; and confirm binding studies by methods well
recognized in the art {e.g., BlAcore, ELISA) to verify that anti-idiotypic antibodies
specific for the idiotype of cach parent antibody also recognize the idiotype {e.g., antigen
binding site) in the context of the DVD-lg. The anti-idiotypic antibodies specific for each
of the two or more antigen binding sites of a DVD-lg provide ideal reagents to measure
DVD-lg concentrations of a human DVD-Ig in patrient serum; DVD-Ig concentration

assays can be established using a “sandwich assay ELISA format” with an antibody to a

ot g o gr g o et PIT A more phir 11 TQA wluin
first antigen binding regions coated on , BlAcore chip, ELISA plate

etc ), rinsed with rinsing buffer, incubation with the serum sample, another rinsing step
and ultimately incubation with another anti-idiotypic antibody to the another antigen
binding site, 1self labeled with an enzyme for guantitation of the binding reaction, In an
embodiment, for a BV D-1g with more than two different binding sites, anti-idiotypic
antibodies 10 the two ovtermost binding sites (most distal and proximal from the constant
region} will not only help m determinimg the DVD-Tg concentration in human serum but
also document the iniegrity of the molecule i vivo. Each anti-Id antibody may also be
used as an "immunogen” (¢ induce an immune response in yvet another animal, producing

a so-called anti-anti-Id antibody.

Further, it will be appreciated by one skilled m the art that a protein of interest
may be expressed using a library of host cells genetically engincered to express various
glvcosvlation enzymes, such that member host cells of the library produce the protein of
mnterest with variant glycosylation patterns. A practitioner may then sefect and isolate the
protein of interest with particular novel glycosylation patterns. I an embodiment, the
protein having a particularly selected novel glycosylation pattern exhibits improved or

altered biological properties.

1. Uses of DVD-ig

103



LA

20

N

Given their ability to bind to two or more antigens the binding proteins of the
invention can be used to detect the antigens (e.g.. in a biological sample, such as scrum or
plasma), using a copventional immunoassay, such as an enzyme Hoked immunosorbent
assays (ELISA), an radicimmunoassay (RIAY or tissue immunohistochemistry. The
DVD-Ig s 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, huminescent materials and radioactive
materials. Examples of suitable enzymes include horseradish peroxidase, alkaline
phosphatase, -galactosidase, or acctylcholinesterase; examples of suitabie prosthetic
group complexes include streptavidin/biotin and avidin/bioting examples of suitable
fluorescent materials include umbelliferone, fluorescein, fluorescein iwothiocyanate,
rhodamine, dichlorotriazinylamine fluorescein, dansyl chloride or phycoerythring an
example of a luminescent material includes tuminol; and examples of suitable radioactive

166y« 153
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In an embodiment, the binding proteins of the invention are capable of
neutrahizing the activity of the antigens both in virro and in vive. Accordingly, such
DVID-igs can be used fo inhibit antigen activity, e.g., in & cell culture containing the
antigens, 1n human subjects or in other mammalian subjects having the antigens with
which a binding protein of the invention cross-reacts. In another embodiment, the
mvention provides a method for reducing antigen activity in a subjeet suffering from a
disease or disorder in which the antigen activity is detrimental. A binding protein of the

ivention can be administered to a human subject for therapeutic purposes.

As used herem, 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 suspected of being either

esponsible for the pathophysiology of the disorder or a factor that eontributes to a
worsening of the disorder. Accordingly, a disorder in which antigen activity is
detrimental is a disorder in which reduction of antigen activity is expected 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 disorder (e.g., an increase in the concentration of antigen in

serum, plasma, synovial fluid, ere. of the subject). Non-limiting examples of disorders
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that can be treated with the binding proteins of the mvention include those disorders
discussed below and in the section pertaining to pharmaceutical compositions of the

antibodies of the invention.

L TN S D N S S T S B S B
Phe DVD-igs of the invention may bind one antigen of multiple antigens. Such

antigens include, but are not himited to, the targets listed in the following darabases,

These target databases include those listings:
Therapeutic targets (http://xm.cz3 nus.edu.sg/group/cittd/ted asp);

Cytokines and cytokine receptors (http//www . cytokinewebfacts.comy/,

http:/fwww copewitheviokines, de/fcope.cel, and
J P 3 g

hitp://embt.bymuedu.cn/ombidata/cet/CGF Database/cyvtokine. medic kumamoto-

wac. jp/CFCAndex R html);
Chemokines (http://eytokime medic kumamoto-w.ac jp/CFC/CK/Chemokine himl);

Chemuokine receptors and GPCRs (http//esp.medic kumamoto-

wac.p/CSP/Receptor.html, http://www.gper.org/ Ttm/y;

Olfactory Receptors (http:/senselab.med.yale edu/sensclab/ORDB/defauit asp);
Receptors (http//www juphar-db.orguphar-rd/hist/index htin);

Cancer targets (htipz/feged heeip/ce-bindinput.coi);

Secreted proteins as potential antibody targets (httpy/spd.cbipku.edu.on/);
Protein kinases (http://spd.cbi.pku.edu.cn/), and

Human CIY markers
(http://content.labvelocity com/tools/6/1226/CD table final locked.pdf) and (Zola H,

2005 CD molecules 2005; human cell differentiation melecules Blood, 106:3123-6).

DVD-lgs are usetul as therapeutic agents to simultaneousty block two different
targets to enhance efficacy/safety and/or increase patient coverage. Such targets may
incluade soluble targets (e.g., TNF and PGE2)Y and cell surface receptor targets (e.g

= fh

VEGFR and EGFR). It can also be used to induce redirected cytotoxicity between tumor
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cells and T cells (e.g., Her2 and CD3) for cancer therapy, or between autorcactive cell
and effector cells for autoimmune disease or transplantation, or between any target cell

and effector cell to eliminate disease-causing cells in any given disease.

in addition, DVD-Ig can be used (o trigger recepior clostering and activation
when it is designed to target two different epitopes on the same receptor. This may have
benelit in making agonistic and antagonistic anti-GPCR therapeutics. In this case, DVD-
lg can be used to target two different epitopes (including epitopes on both the loop
regions and the extracellular domain) on one cell for clustering/signaling (two cell surface
molecules) or signaling (on one molecule). Similarly, a DVD-Ig molecule can be
designed o trigger CTLA-4 ligation, and a negative signal by targeting two different
epitopes (or 2 copies of the same epitope) of CTLA-4 extracellular domain, leading 10
down regulation of the immune response. CTLA-4 is a climically validated tareet for
therapeutic freatment of a number of immunological disorders. CTLA-4/B7 interactions
negatively regulate T cell activation by attenuating cell cycle progression, 1L-2
production, and proliferation of T cells following activation, and CTLA-4 (CD152)
engagement can down-regulate T cell activation and promote the induction of immune
tolerance. However, the strategy of attenuating T celt activation by agonistic antibody
engagement of CTLA-4 has been unsuccessful since CTLA-4 activation requires ligation.
The motecular interaction of CTLA-4/B7 18 in “skewed zipper™ arrays, as demonstrated
by erystal structural analysis (Stamper 2001 Nature 410:608). However none of the
currently available CTLA-4 binding reagents have ligation propertics, including anti-
CTLA-4 mAbs. There have been several attempts 10 address this issue. In one case, a
cell member-bound single chain antibody was generated, and significantly inhibited
allogeneic rejection in myice (Mwang 2002 J1 169:633). In a separate case, artificial APC
surface-linked single-chatn antibody to CTLA-4 was generated and demonstrated to
aitenuate T celf responses (Griffin 2000 J1 164:4433). In both cases, CTLA-4 ligation
was achieved by closely localized member-bound antibodies in artificial systems. While
these experiments provide proof-of-concept for immune down-regulation by triggering
CTLA-4 negative signaling. the reagents used in these reports are not suitable for
therapeutic use. To this end, CTLA-4 ligation may be achicved by using a DVD-lg
molecule, which target two ditferent epitopes (or 2 copies of the same epitope) of CTLA-

4 extraceliular domain. The rationale Is that the distance spanning two binding sites of an
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1gG, approximately 150-170A, is too large for active hgation of CTLA-4 (30-50 A
between 2 CTLA-4 homodimer). However the distance between the two binding sites on
DVD-lg (one arm) is much shorter, also in the range of 30-50 A, allowing proper ligation

of CTLA-4.

Similarly, DVD-Ig can target two different members of a cell surface receptor
complex (e.g.,IL-12R alpha and beta). Furthermore, DVD-Ig can target CR1 and a

soluble protein/pathogen to drive rapid clearance of the target soluble protein/pathogen.

Additionally, DVD-Igs of the invention can be emploved for tissue-specific
dehivery (target a tissue marker and a discase mediator for enhanced local PK thus higher
efficacy and/or lower toxicity), including intracellular delivery (targeting an internalizing
receptor and a intracelular molecule), delivering to inside brain (targeting transferrin
receptor and a CNS disease mediator for crossing the blood-brain barrier). DVD-Ig can
aiso serve as a carrier protein to defiver an antigen to a specific Jocation via binding to a
non-neutralizing epitope of that antigen and also t ncrease the half-life of the antigen.
Furthermore, DVD-Ig can be designed 1o either be physically linked to medical devices
implanted mto patients or target these medical devices (see Burke, Sandra E.; Kuntz,
Richard . Schwartz, Lewis B., Zotarolimus eluting stents. Advanced Drug Delivery
Reviews (20063, 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(1 1), 2450-2467;
Mediation of the cy’t‘okinc network in the implantation of orthopedic devices., Marques,
A, P Hunt LA Reis, Rui Lo, Biodegradable Systems in Tissue Engineering and
Regenerative Medicine (2005), 377-397). Briefly, directing appropriate types of cell to
the site of medical implant may promoie healing and restoring normal tissue function.
Alternatively, inhibition of mediators (including but not limited to cytokines), released
upon device implantation by 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 stents have been known to cause restenosis (re-narrowing of the artery in a treated

arega) in some patients and can Jead 0 blood clots. Recently, an anti-CD34 antibody
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coated stent has been described which reduced restenosis and prevents blood clots from
occurring by capturing endothelial progenitor cells (EPC) circulating throughout the
blood. Endothelial cells are cells that line blood vessels, allowing blood 1o flow smoothly.
The EPCs adhere 10 the hard surface of the stent forming a smooth layer that not only
promotes 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%:1574-9). In
addition to improving outcomes for patients requiring stents, there arc also implications
for patients requiring cardiovascular bypass surgery. For example, a prosthetic vascular
conduit (arfificial artery) coated with anti-EPC antibodies would eliminate the need to use
arteries from patients legs or arms for bypass surgery grafis. This would reduce surgery
and anesthesia times, which in turn will reduce coronary surgery deaths, DVD-Ig are
designed in such a way that 1t binds o 2 cell surface marker (such as CD34) ag well as a

protein (or an epitope of any kind, mcluding but not limited to proteins, lipids and

recruitment. Such approaches can also be applicd to other medical implants in general.
Altermatively, DVD-lgs can be coated on medical devices and upon implantation and
releasing all DVDs from the device (or any other need which may require additional fresh
DYVD-lg, including aging and denaturation of the alrcady loaded DVID-Ig) the device
could be refoaded by systemic administration of fresh DVD-Ig to the patient, where the
DVD-1g is designed to binds to a target of mterest (a cytokine, a cell surface marker (such
as CD34) etc.) with one set of binding sifes and 10 & target coated on the device (including
a protemn, an epitope of any kind, including but not limited to lipids, polysaccharides and
polymers j with the other. This technology has the advantage of extending the usefulness

of coated implants,

In an embodiment, the DVD-Ig is attached to a noncytotoxic carbon nano-tube
{CNT) and targeted to a tissue, for example, 8 tumor tissue. CNTs emit heat when they
absorb energy from near infrared (NIR) light. Once the DVD-lg has bound to its tumor
antigen(s), noninvasive exposure 1o NIR light ablates the twmor within the range of NIR.

(Chakravarty, P. et al. (2008) Proc. Natl. Acad. Sci. 105:8697-8702).

A. Use of DVD-Igs in Various Diseases
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DVD-Ig molecules of the invention are also useful as therapeutic molecules to
treat various diseases. Such DVD molecules may bind one or more targets involved ina

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

A vs g Do o

. Human Auteimmune and Inflammatory Response

Many proteins have been imphcated in general autotmmune and inflammatory
responses, including C5, CCLT (1-309), CCL1I (eotaxiny, CCLI13 (mep-4), CCLIS (MIP-
I1dy, CCL16 (HCC-4), CCLI7(TARC), CCLI& (PARC), CCL 19, CCL2 (mep-1), CCL20
(MIP-3a), CCL2T (MIP-2), CCLZ3 (MPIF-1), CCL24 (MPIF-2 / eotaxin-2), CCL25
(TECK), CCL26, CCL3 (MIP-1a), CCL4A (MIP-1b), CCL5 (RANTES), CCL7 (mep-3),
CCLE {mep-2), CXCLL, CXCLT0 (IP-10), CXCLIT (I-TAC /1P-9), CXCLI2 (SDE1Y,
CXCLI3, CXCL14, CXCLZ, CXCL3, CXCLS (ENA-78/ LX), CXCL6 (GCP-2),
CXCLY ILI3, TLE, CCL12 (mep-4), CCR1, CCR2, CCR3, CCR4, CCRS, CCRG, CCR7,

CORE, CCRY, CR3CRI, TLERA, XCRI(CCXCRLY, IFNAZ ILIO IS ILIT7C 1L A,
LB, FLAFIO, TLIFS, TL1F6, IL1IF7, TLIFE, | CRZ2,0 T8 L8 ILG, LTA, LTR,

MIF, SCYEL (endothelial Monocvie-activating cytokine), SPP1, TNF, TNFSFS, IFNAZ,
ILTORA,ILIORB, IL13, TLIZRATL TLSRA, 1LY, ILOR, ABCFY, BCLG, C3, C4A,
CEBPB, CRP, ICEBERG, ILIRIILIRN, [LERB, LTB4R, TOLLIP, FADD, IRAK 1,
IRAKZ MYDRS, NCK2, TNFAIPI, TRADD, TRAFT, TRAF2, TRAF3, TRAF4,
TRAEFS, TRAFS, ACVRI, ACVRIB, ACVRZ, ACVRIB, ACVRLI, CD28, CD3E,
CD3G, CD3Z, CDeY, CDEO, CD8S, CNRI, CTLA4, CYSLTRY, FCERIA, FCER2,
FCGR3A, GPR44, HAVCORZ, OPRDI, P2RX7, TER2, TLR3, TLR4, TLRS, TLR6,
TLR7, TERS, TLRY, TLRIO, BLRI, CCLY, CCL2, CCL3, CCL4, CCLS, CCL7, COLS,
CCLIY, CCLI3, CCLIS, CCLI6, CCLIT7, CCLIS, CCLIG, CCL20, CCL21, CCL22,
CCL23, CCL24, CCL25, CCRI, CCR2, CCR3, CCR4, CCRS, CCRG, CCR7, CCRSB
CCRY, CX3CLL CX3CRE, CXCLI, CXCL2, CXCL3, CXCL3, CXCL6, CXCL10,
CXCLTL CXCL1Z, CXCLI3, CXCR4, GPR2, SCYEL, SDF2, XCL1, XCL2, XCR1,
AMH, AMHRZ, BMPRIA, BMPRIB, BMPR2, C190rf10 (1L.27w), CER1, CSF1, CSF2,
CSF3, DKFZp451J0118, FGF2, GFIL IFNAL, IFNBI, IFNG, IGF1, 1LIA, ILIB, ILIRI,
ILIR2, T2 TLZRAJL2RB, HL2RG, [L3, 114, AR, ILS, JLARA, IL6, IL6R, IL6ST,
ILT, TLE, ILER A, TLERB, 1LY, HLOR, IL10, TLIORA, [LTORB, TL1L ILYIRA, ILIZA,
[Li2B, ILI2RBI ILIZRB2, [L13, [LT13RATL, 1LI3RA2, TL15, ILISRA, 1L16, 1L17,
TLETR,ILLIR, ILISRT, ILIO IL20, KITLG, LEP, LTA, LTB, LTB4R, LTB4R2, LTBR,

H
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MIF, NPPB, PDGFB, TBX21, TDGFI, TGFA, TGFBI, TGFBLI1, TGFB2, TGFR3,
TGFBY, TGFBRI, TGFBR2, TGFBR3, THIL, TNF, TNFRSF1A, TNFRSF1B.
TNFRSF7, TNFRSF8, TNFRSF9, TNFRSF1IA, TNFRSF21, TNFSF4, TNFSES,
TNFSEFS, TNESF1L, VEGF, ZFPM2, RNF1 10 {ZNF144), FGF family, PLGF, DLL4, and
NPR-1. In one aspect, DVD-Igs capable of binding one or more of the targets listed

herein are provided.

DVD Igs capable of binding the following pairs of targets to treat inflammatory
discase are contemplated: mouse or human TNF and PGE2, NGF and PGE2, 1L-17A and
PGE2, 1L-1b and PGE2, IL-6 and PGE2, 1L-6R and PGE2, VEGF and PGE2, Abeta (seq.
Iyand PGEZ, Abeta (seq. 2y and PGE2, Abeta (seq. 3) and PGE2, 1L-18 and PGE2, PGE2
and PGE2, TL-15 and PGEZ, S1P and PGEZ, EGFR (seq. 1) and PGEZ, EGFR (seq. 2)
and PGE2, and }GFR and PGE2 {sce Examples).

2. Asthma

Allergic asthma is characterized by the presence of eosinophilia, goblet cell
metaplasia, epithelial cell alterations, airway hyperreactivity (AHR), and Th2 and Th
cytokine expression, as well as elevated serum fgE levels. Tt is now widely accepted that
arrway inflammation 15 the key factor undertving the pathogenesis of asthma, involving a
complex interplay of inflammatory cells such 25 T cells, B cells, sosinophils, mast cells
and macrophages, and of their secreted mediators including cytokines and chemokines.
Corticostercids are the most importaat anti-inflammatory treatment for asthma today,
however their mechanism of action is non-specific and safety concerns exist, especially in
the juvenile patient population. The development of more specific and targeted therapies
15 therefore warranted. There 18 increasing evidence that 11-13 in mice mimics many of
the features of asthma, including AHR, mucus hypersecretion and airway fibrosis,
mdependently of cosinophilic inflammation (Finotto ot al. International Immunology
(20053, 17(8), 993-1007; Padilla et al,, Journal of Immunology (20035), 174(12), R097-
&105).

1L.-13 has been implicated as having a pivotal role in causing pathological
responses associated with asthma. The development of anti-IL-13 mAb therapy to reduce
the effects of [L-13 in the lung is an exciting new approach that offers considerable

promise as a novel treatment for asthma. However other mediators of differential

1o
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immunological pathways are also involved in asthma pathogenesis, and blocking these
mediators, 1n addition to [L-13, may offer additional therapeutic benefit. Such target
pairs include, but are not limited to, 1L-13 and a pro-inflammatory cytokine, such as
tumor necrosis factor-a (TNF-a). TNF-o may amplify the inflammatory response in
asthrma and may be linked to disease severity (McDonnell, et al., Progress in Respiratory
Research (2001, 31(New Drugs for Asthma, Allergy and COPDY, 247-250.). This
suggests that blocking both IL-13 and TNF-a may have beneficial effects, particularty in

severe airway disease. In another embodiment the DVD-Ig of the invention binds the

targets [L-13 and TNFe or IL-13 and PGD2 and is used for treating asthma.

Animal models such as OV A-induced 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 Coffinan, et al., Journal of Experimental Medicine
(2005), 201(12), 1875-1879; Lloyd, et al., Advances in Immunology (20013, 77, 263-294:
Boyce et al., Journal of Experimental Medicine (20053, 201(12), 1869-1873; and Snibson,
et al, Journal of the British Society for Allergy and Clinical Tmmunoclogy (2005), 35(2),
146-32. 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}, 923(1-3), 22643 Descotes, et af.,
Developments in biological standardization {19923, 77 96-102: Hart et al. Journal of

Alergy and Chinical Immunology (20019, 108(23. 250-237).

Based on the rationale disclosed herein 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. In an embodiment, such targets include, but are not
limited to, IL-13 and IL-Tbeta, since IL-1beta is also implicated in inflammatory response
m asthma; 1L-13 and cytokines and chemokines that are involved in inflammation, such as
IL-13 and [L-9; IL-13 and 1L-4; 11-13 and 1L-5; 1L-13 and 1L-25; IL-123 and TARC; 1L~
13 and MDC; 1L-13 and MIF; IL-13 and TGF-B; 11-13 and LHR agonist; [L-13 and
CL25;1L-13 and SPRR2a; [L-13 and SPRR2b; and [L-13 and ADAMS. The present
invention also provides DVD-lgs capable of binding one or more targets involved in
asthma selected from the group consisting of PGD2, CSFI (MCSF ), CSF2 (GM-CSEY,
CSF2{GCSE), FGF2, IFNA

IFNB1

<B1, IFNG, histammne and histamine receptors, 1L1A,

[
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ILIB, L2, 103, [L4, IL3, 16, IL7, IL8, 119, TL10, ILT L, ILI2A, TLI2B, T1L13, 1114,
ILES, ILT6, TL17, 1L18, 119, KITLG, PDGFB, [L2RA, 1L4R, IL5RA, IL8RA, [LRRB.
HLZRBIILIZRBZILIZRATL ILI3RAZ [LISRE, TSLP, CCLI, CCL2, CCLA, CCL4,
CCLS, CCLY7, CCLE, CCL13, CCLY7, CCLIR, CCL1Y, CCL2G, CCLan.
CCL24.CX3CLT, OXCLL, CXCL2, CXCL3, XCL1, CCR2, CCR3, CCR4, CCR3A, CCRS,
CORT. CCRE, CX3CRE, GPR2, XCRI, FOS, GATA3, JAKL, JAK3, STAT6, TBX21,
TGFBIL, TNF, TNFSF6, YY1, CYSLTRI, FCERIA, FCER2, LTB4R, TB4R2, LTBR,

PGID2 and Chitinase.

DV Igs capable of binding the following pairs of targets to freat asthma are
contemplated: mouse or human TNF and PGE2, NGF and PGE2, [L-17A and PGE2, 1L-
b and PGE2, 11-6 and PGE2, [L-6R and PGE2, VEGF and PGEZ, Abeta (seq. 1) and
PGEZ, Abeta (seq. 2} and PGE2, Abeta (seq. 3) and PGE2, [L-1% and PGE2. PGE2 and
PGE2, IL-15 and PGE2, S1P and PGE2, EGFR (seq. 1) and PGE2, EGFR (seq. 2) and
PGE2, and IGFR and PGE2 (see Examples).

3. Rbeumatoid arthritis

Rheumatoid arthritis (RA), a systemic discase, is characterized by a chronic
nflammatory reaction in the synovium of joints and is associated with degeneration of
cartilage and crosion of juxta-articular bone. Many pro-inflammaiory cytokines inciuding
INF, chemolines, and growth factors are expressed in diseased joints. Systemic
administration of anti-TNF antibody or sTNFR fusion protein to mouse models of RA
was shows to be anti-inflammatory and joint protective. Clinical investigations in which
the activity of TNF in RA patients was blocked with intravenously administered
infliximab (Harriman G, Harper LK, Schaible TF. 1999 Summary of clinical trials in
rheumatoid arthritis using infliximab, an anti-TNFalpha treatment. Ann Rheum Dis 58
Suppl 1:161-4), a chimeric anti-TNF mAb, has provided evidence that TNF regulates T1.-
6, IL-8, MCP-1, and VEGF production, recruitment of immune and inflammatory cells
mito joints, angiogenesis, and reduction of blood levels of matrix metalloproteinases- 1
and -3. A better understanding of the inflammatory pathway in rheumatoid arthritis has
fed to identification of uther therapeutic targets involved in rheumatoid arthritis.,
Promising treatments such as interleukin-6 antagonists (IL-6 receptor antibody MR A,

-

developed by Chugai, Roche (see Nishimoto, Norikiro et al., Arthrtis & Rhewmatism



16

20

-2
¥

30

(2004), 56(6). 1761-1769), CTLA4Ig (abatacept, Genovese Mc et al 2005 Abatacept for
rheumatoid arthritis refractory to tumor necrosis factor alpha inhibition. N Engl ] Med.
353:1114-23 ), and anti-B cell therapy (rituximab, Okamoto H, Kamatani N. 2004
Rituximab for rheumatotd arthritis. N Engl J Med. 351:1909) have already been tested in
randomized controlled trials over the past yvear, Other cytokines have been identified and
have been shown to be of benefit in animal models, including nterleukin-15 (therapeutic
antibody HuMax-IL 15, AMG 714 see Baslund, Bo et al., Arthritis & Rheumatism
(20057, 52(9), 2686-2692), mterleukin-17, and interleukin-18, and clinical rials of these
agents are currently under way. Dual-specific antibody therapy, combining anti-TNF and
another mediator, has great potential in enhancing clinical efficacy and/or patient
coverage. For example, blocking both TNF and PGEZ can potentially eradicate
mflammation and angiogenesis, both of which are involved in pathophysiology of RA.
Blocking other pairs of targets mvolved i RA mcluding, but not limited to, TNF and
PGE2; TNEFo and TL-18; TNFo and 1L-12; TNFa and 1L-23; TNFa and -ibeta; TNFa
and MIF; TNFe and IL-17; TNFo and IL-17A; TNFa and HL.-17F; TNFo and 1L-17C;
TNFa and [L-15; TNFo and VEGF; TNFo and OX40; TNFo and OX40L; TNFo and
BAFF; TNFa and CD20; TNFa and HMGB1; TNFo and Histarmine; TNFo and RAGE:
TNFo and CXCLIZ; TNFa and CTLA4; TNFo and Cad-11: TNFo and WniSA; TNFo
and ADMATS-4; TNFo and ADMATS-5; TNFg and ADMATS-4/5 TNFa and
MMP13; TNFa and MMP1: TNFo and MMP3; TNFa and MMP4, TNFo and RANKL;
TNFo and SOST; TNFo and DKK1; TNFa and LRP5/6; TNFo and Kremen; TNFo and
SERPS; TNFu and 1L-6; TNFo and 1L-32; TNFa and 1L-33; TNFo and [1-6R; TNF @
and Cathepsin K; TNFa and Bradvkinm; TNFa and NGF; PGE2 and CTLA4: PGE2 and
11-18; PGEZ and 1L-12; PGE2 and 1L.-23; PGEZ and [L-15, PGE2 and 11-17: PGE2 and
1L-17A; PGE2 and 1L-17F; PGE2 and IL-17C; PGE2 and IL-18; PGE2 and 1L-6: PGE2
and [L-6R: PGE2 and gp130; PGE2 and BAFF, S1P and PGEZ, EGFR (seq. 1) and
PGE2, EGFR (seq. 2) and PGE2, and IGFR and PGE2, PGE2 and Abeta (seq. 1, 2, or 3%
PGEZ and ADMATS-4: PGE2 and ADMATS-5; PGE2 and ADMATS-4/5; PGE2 and
MMP-1; PGEZ and MMP-3; PGE2 and MMP-4; PGE2 and MMP-13: PGE2 and
Cathepsin K: PGE2 and Bradykinmin; PGE2 and RANKL; PGE2 and DKK1; PGE2 and
SOST: PGE2 and NGF: PGE2 and RAGE; PGE2 and S1P; PGE2 and 1L-15; PGE2 and

VEGF; PGE2 and Cadhering with specific DVD Izs is also contemplated. In addition to
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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 (sec
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 Alergy and Clinical
Immunology (2001}, 108(2), 250-257). Whether a DVD Tg molecule will be useful for
the treatment of rheumatoid arthritis can be assessed using pre-clinical animal RA models
such as the collagen-induced arthritis mouse model. Other useful models are also well
known in the art (see Brand DD., Comp Med, (2005} 35(2):114-22). Based on the cross-
reactivity of the parental antibodies for human and mouse othologues (e.g. reactiviry for
human and mouse TNF, human and mouse 1L-15 etc.) validation studies in the mouse
CIA model may be conducted with “matched surrogate antibody™ derived DVD-Ig
molecules: briefly, a DVD-Ig based on two (or more) mouse target specific antibodies
may be maiched fo the extent possible to the characteristics of the parental human or
humanized antibodies used for human DVD-Ig construction (similar affinity, similar

neutralization potency, similar half-Jife etc.).
4, Systemic Lupus Ervthemateosis (SLE)

The immunopathogenic hallmark of SLE is the polyelonal B cell activation, which
leads 1o hyperglobulinernia, autoantibody production and immune complex formation.
The fundamental abnormality appears fo be the failure of T cells to suppress the
forbidden B cell clones due to generalized T cell dysregulation. In addition, B and T-cell
interaction is facilitated by several cviokines such as [L-10 as well as co-stimulatory
molecules such as CD40 and CD40L., B7 and CD28 and CTLA-4, which initiaic the
second signal. These interactions together with impaired phagocytic clearance of tmmune
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
DVD-1g approach for therapeutic intervention: B cell targeted therapies: CD-20, CD-22,
CD-19, CD28, CD4, CD80, HLA-DRA, IL10, 112, 114, TNFRSFS, TNFRSF6, TNFSFS,
TNFSE6, BLRI, HDAC4, HDACS, HDACTA, HDACY, ICOSL, IGBP1, MS4A 1, RGST,
SLAZ, CDEIIFNBIL, [L10, TNFRSFS, TNFRSFT, TNFSFS, AICDA, BLNK,
GALNACAS-6ST, HDACS, HDACS, HDACTA, HDACY, ILIO, TLI1, [L4, INHA,
INHBA, KLF6, TNFRSF7, CD28, CD3R, CD6Y, CDRO, CDK3, CDRG, DPP4, FCERD2,

A, TNFRSFR

v
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ILIRZ2 ITGA2, ITGA3, MS4AL, STOGALIL, CDIC, CHSTIO, HLA-A, HLA-DR A and
NTSE.; co-stimulatory signals: CTLA4 or B7.1/B7.2; inhibition of B cell survival; BlvS,
BAFF, Complement fnactivation: C5; Cytokine modulation: the key principie is that the
net biclogic response i any tissue is the result of a balance between local fevels of
proinflammatory or anti-inflammatory cytokines (sec Sfikakis PP et al 2005 Curr Opin
Rheumatol 17:550-7). SLE is considered to be a Th-2 driven discase with documented
clevations in serum 1L-4, TL-6, IL-10. DVD Igs capable of binding one or more targets
selected from the group consisting of 1L-4, [1.-6, 1L-10, [FN-g, PGE2, and TNF-g are also
contemplated. Combination of targets discussed herein will enhance therapeutic efficacy
for SLE which can be tested in 2 number of tupus preclinical models (see P eng SL (2004
Methods Mol Med.;102:227-72). Based on the cross-reactivity of the parental antibodies
for human and mouse othologues (e g, reactivity for hwman and mouse CD20, human and
mouse Interferon alpha cte ) validation studies in a mouse lupus model may be conducted
hed surrogate antibody” derived DVD-1g molecules: briefly, a DVD-Ig based
two (or more) mouse target specific antibodies may be matched to the extent possible to

the characteristics of the parental human or humanized antibodies used for human DVD-

lg construction (similar affinity, similar ncutralization potency, similar half-life etc.).

BV fgs capable of binding the following pairs of taruets to treat SLE are
contemplated: mouse or human TNF and PGEZ2, NGF and PGE2, 1L-17A and PGE2, 11-
1b and PGE2, [L-6 and PGEZ2, 1L-6R and PGEZ, VEGF and PGE2, Abeta (seq. 1) and
PGE2, Abeta (seq. 2) and PGE2, Abeta (seq. 3) and PGE2, IL-18 and PGE2, PGE2 and
PGEZ, IL-15 and PGE2, S1P and PGEZ, EGFR (seq. 1) and PGE2, EGFR (seq. 2) and
PGEZ, and IGFR and PGE2 (see Examples)

5. Multiple Sclerosis

Multiple sclerosis (MS) is a complex human autoimmune-type discase 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 pathologies, which involves infiltration by CD4+ and CD&+ T cells
and of response within the central nervous system. Expression in the CNS of eytokines,
reactive mitrogen species and costimulator molecules have all been described in MS. Of

major consideration are immunological mechanisms that contribute to the development of
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autoimmunity. In particular, antigen expression, eytokine and leukocyte interactions, and
regulatory T-cells, which help balance/modulate other T-cells such as Thi and Th2 cells,

are mmportant areas for therapeutic target identification,

2

"y R rvure s el Ton o thnd To wma T d T A TRAT LT e
H-12isa ‘}hm};?a{ﬁumhny CYLoRInG inat 18 produced by APC and promotes

£

differentiation of Thl effector cells. 1112 1s produced in the developing lesions of
patients with MS as well as in EAE-affected animals. Previously it was shown that
interference in IL.-12 pathways effectively prevents EAE in rodents, and that in vivo
neutralization of 1L-12p40 using a anti-IL-12 mAb has beneficial effects in the myelin-

induced EAE model in common marmosets.

TWEAK is a member of the TNF family, constitutively expressed in the central
nervous system {CNS), with pro-inflammatory, proliferative or apopiotic effects
depending upon cell types. [ts receptor, Fni4, s expressed in CNS by endothelial cells,

LY 7 ionr
i

reactive astrocytes and neurons. TWEAK and Fnld mRNA expression increased in spinal
cord during experimental autoimmune encephalomyelitis (EAE). Anti-TWEAK antibody
treatment in myelin olicodendrocyte glyecoprotein (MOG) induced FAE in CS7BL/G mice
resulted 1 a reduction of disease severity and leukocyie infiltration when mice were

treated afier the priming phase.

One aspect of the mvention perains fo DVD [g molecules capable of binding one
or more, for example two, targets selected from the group consisting of PGE, PGEL,
PGEZ, SIP, SIPL SIP2, S1P3, S1P4, S1P5, VLA-4, CD44, RAGE, phosphotidyl serine
(PS), lvsophosphatidic acid (LPA)Y, TL-12, TWEAK, IL-23, CXCLI3, CD40, CD401. .-
Is, VEGF. VLA-4, TNF, CD45RB, CB260, IFNgamma, GM-CSF, FGF, C5, CD52, and
CCR2Z. An embodiment includes a dual-specific anti-IL-1Z7TWEAK DVD lgas a

therapeutic agent beneficial for the treatment of MS.

Several animal models for assessing the uscfulness of the DVD molecules to treat
MS are known in the art (sec Steinman L, et al., (2005 Trends Immunob. 26(111:365-71:
Lublin FD., et al,, {19¥5) Springer Semin Immunopathol. 8(31:197-208; Genain CP, et al.,
{1997y I Mol Med. 75(35:187-97; Tuohy VK, et al., (1999} J Exp Med. 189(7):1033-42;
Owens T, etal,, (1995) Neurol Clin 1 3(11:51-73; and 't Hart BA, et al., (2005} ] Immunol
175(714761-8. Based on the cross-reactivity of the parental antibodies for human and

animal species othologues (e.g. reactivity for human and mouse 11.-12, human and mouse

16
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TWEAK etc.) validation studies in the mouse EAE model may be conducted with
“matched surrogate antibody™ derived DVD-Ig moleculey; briefly, a DVD-Ig based on to
{or more) mouse target specific antibodies may be matched to the extent possible to the
characteristics of the parental human or humanized antibodies used for human DVID-Ig
construction (similar affinity, similar neutralization potency, similar half-life ete.). The
same concept applies to animal models in other non-rodent species, where a “matched
surrogate antibody™ derived DVD-lg would be selected for the anticipated pharmacology
and possibly safety studies. 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 (sce Luster of al., Toxicology (199473, 92(1-33, 229-43;

Descotes, et al., Developments in biological standardization (19923, 77 99-102: Jones R.

2000 Rovelizumab (1COS Corp). IDrugs. 3(4):442-6).

DVD Igs capable of binding the following pairs of targets 1o treat MS are
contermplated: mouse or human TNF and PGE2, NGF and PGE2, [L-17A and PGE2, 1L
tb and PGE2, IL-6 and PGE2, IL-6R and PGE2, VEGF and PGE2, Abeta (seq. 1) and
PGEZ, Abeta (seq. 2y and PGEZ, Abeta (seq. 3) and PGE2, 1118 and PGEZ, PGEZ2 and
PGEZ,IL-15 and PGEZ, S1P and PGE2, EGFR (seq. 1) and PGE2, EGFR (seq. 2} and
PGEZ, and IGFR and PGEZ (see Examples).

6. Sepsis

The pathophysiology of sepsis 1s initiated by the outer membrane components of
both gram-negative organisms {}ipopolysaccharide [LPS], lipid A, endotoxin) and gram-
positive organisms {lipoteichoic acid, peptidoglyean). These outer membrane components
are able to bind to the CID14 receptor on the surface of monocytes. By virtue of the
recently described toll-like receptors, a signal 15 then transmitted to the cell, leading to the

eventual production of the proinflammatory cytokines tumor necrosis factor-alpha (TNF-
alpha) and mterleukin-1 (IL-1). Overwhelming inflammatory and immune responses are
essential features of septic shock and play a central part in the pathogenesis of tissue
damage. multiple organ failure, and death induced by sepsis. Cytokines, especially tumor
necrosis factor (TNFY and mterleukin (1L-1), have been shown to be critical mediators of
septic shock. These cytokines have a direct toxic effect on tissues; they also activate

phospholipase A2, These and other effects lead to increased concentrations of platelet-
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activating factor, promotion of nitric oxide synthase activity, promotion of tissue

infiltration by neutrophils, and promotion of neutrophil activity.

Tumor necrosis factor has an established role in the pathophysiclogy of sepsis,

with biological effects that include hypotension, myvocardial suppression, vascular

leakage syndrome, organ necrosis, stimulation of the release of toxic secondary mediators
and activation of the clotting cascade (Tracey, K. J. and Cerami, A, (1994) Annu. Rev.
Med. 45:491-503; Russell, D and Thompson, R, C. (1993} Curr. Opin. Biotech. 4:714-
721}. Prostaglandin E2 synthesis and metabolism are increased in burn injury and trauma
(Hahn, E. L. and Gamelli, R. L. (2000) J. Trauma. 49:1147-1154). Accordingly, the
DVD-1g™ molecules or DVD-Ig™ portions, of the mvention can be used to treat scpsis
in any of its clinical settings, including septic shock, bum injury, trauma, endotoxic

shock, grarp negative sepsis and toxic shock syndrome.

&4
i

“he treatment of sepsis and septic shock remains a clinical conundrum, and recent
prospective trials with biological response modifiers (i.e. anti-TNF, anti-MIF) aimed at
the inflammatory response have shown only modest clinical benefit. Recently, interest
has shifted toward therapies aimed at reversing the accompanying periods of immune
suppression. Studies in experimental animals and critically ilf patients have demonstrated
that mcreased apoptosis of lvmphoid organs and some parenchymal tissues comnibute to
this immune suppression, anergy. and organ system dysfunction. During sepsis
syndromes, lymphocyte apoptosis can be triggered by the absence of IL-2 or by the
release of glucocorticoids, granzymes, or the so-called 'death’ cytokines: tumor necrosis
factor alpha or Fas ligand. Apoptosis proceeds via auto-activation of evtosolic and/or
mitochondrial caspases, which can be influenced by the pro- and anti-apoptotic members
of the Bel-2 family. In experimental animals, not only can treatment with inhibitors of
apoptosis prevent lymphoid cell apoptosis; it may also improve outcome, Although
clinical trials with anti-apoptotic agents remain distant due in large part to technical
difficulties associated with their administration and tissue targeting, inhibition of
lymphocyte apoptosis represents an attractive therapeutic target for the septic patient.
Likewise, 4 dual-specific agent targeting both inflammatory mediator and & apoptotic

mediator, may have added benefit.



20

i3
L

Furthermore, {0 treat sepsis, an DVD-ig g " molecule or DVD- Jg™ portion, of the
invention can be coadministered with one or more additional therapeutic sgents that may
further alleviate sepsis, such as an interleukin-1 inhibitor (such as those described in PCT
Publication Nos, WO 92716221 and WO 92/17383), the cviokine mterleukin-6 (sce ¢.u
PCT Publication No, WO 93/11793) or an antagomist of platelet activating factor (see

¢.¢.. European Patent Application Publication No. EP 374 510},

Additionally, in a preferred embodiment, an DV DnIgHI\M molecule or D\/’D—Ig'}.'\{
portion of the invention 18 administered o a human subject within a subgroup of sepsis
patients having a serum or plasma concentration of 11.-6 above 300 pg/ml, and more
preferably 1006 pg/ml, at the time of treatment (see PCT Publication No. WO 95/20978

by Daum, L., ¢t al).

One aspect of the invention pertains to DVD Igs capable of binding one or maore
targets mvolved in sepsis, In an embodiment two targets, selected from the group
consisting PGE, PGEY, PGE2, S1P, SiP1, S1P2, S1P3, S1P4, SIPS, RAGE, VLA-4,
CD44, RAGE, HMGBI, ST00, TNF, 1L-1, MIF, 1L-6, 1L-8, TL-18, TL-12, 1L-23, FasL.,
LPS, Toll-like receptors, TLR-4, tissue factor, MIP-2, ADORAZA, CASPI, CASP4, TL-
10, [L-1B, NFKB1, PROC, TNFRSF1A, CSF3, CCR3, ILIRN, MIF, NFKBIL, PTAFR
TLRZ, TLE4, GPR44, HMOX1, midkine, IRAKL, NFKB2 SERPINAL SERPINE!L, and
TREMI. The efficacy of such DV lgs for sepsis can be assessed in preclinical animal
models known in the art (see Buras JA| et al (2005) Nat Rev Drug Discov, 4010185465

and Calandra T, et al., (2000} Nat Med. 6(2).164-70).

DV Igs capable of binding the following pairs of targets to treat sepsis are
conteraplated: mouse or human TNEF and PGE2, NGF and PGEZ, [L-17A and PGE2, 1L-
Ib and PGE2, [L-6 and PGE2, IL-6R and PGE2, VEGF and PGE2, Abeta (seq. 1) and
PGE2, Abeta (seq. 2) and PGE2, Abeta {(seq. 3) and PGE2, TL-18 and PGE2, PGEZ and
PGEZ, TL-15 and PGE2. S1P and PGE2, EGFR (seq. 1) and PGE2, EGFR {seq. 2) and
PGEZ, and IGFR and PGE2 (see Examples).

7. Meurclegical disorders

7.1. Neurodegenerative Diseases
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Chronic neurodegenerative diseases are usually age-dependent diseases
characterized by progressive loss of neuronal functions (necuronal cell death,
demyelination), loss of mobility and loss of memory. Emerging knowledge of the
mechanisms underlying chronic neurodegenerative diseases (e g, Alzheimer’s discase
discase) show a complex etiology and a variety of factors have been recognized to
contribute to their development and progression e.g.age, glyeemic status, amyloid
production and multimerization, accumulation of advanced glycation-end products (AGE)
which bind to their receptor RAGE (receptor for AGE), increased brain oxidative stress,
decreased cerebral blood flow, neurcinflammation including release of inflammatory
cytokines and chemokines, neuronal dysfunction and microghial activation. Thus these
chronic neurodegenerative diseases represent a complex interaction between multiple cell
types and mediators. Treatment strategics for such diseases are limited and mostly

constitute either blocking inflammatory processes with non-specific anti-inflammatory

synaptic functions. These treatments fail to stop discase progression. Recent studies
suggest that more targeted therapies such as antibodies to soluble A-b peptide (including
the A-b oligomeric forms) can net only help stop disease progression but may help
maintain memery as well. These preliminary observations suggest that specific therapies
targeting more than one disease mediator (e.g., A-b and a pro-inflanymatory cviokine such
as [™NF) may provide even better therapeutic efficacy for chronic neurodegencrative
diseases than observed with targeting a single disease mechanism {e ¢ soluble A-bhalone)
(sce C.E. Shepherd. et al, Neurobiol Aging. 2005 Oct 24; Nelson RB., Curr Pharm Des.
2005:11:3335; Willlam L. Klein.: Neurochem Int. 2002 :41:345: Michelie C Janelsins, et
al., I Neuroinflammation, 2005 :2:23: Soloman B., Carr Alzheimer Res. 2004:1:149; igor
Klvubin, et al., Nat Med. 2005;11:556-61; Arancio O, et al., EMBO Journal (2004} 1-10;
Bomemann KD, et al,, Am J Pathol. 2001;158:63; Deane R, et al., Nat Med. 2003:9:907-
13; and Eliezer Mashah, et al., Neuron, 2005;46:837).

The DVD-Ig molecules of the invention can bind one or more targets involved in
Chronic neurodegenerative discases such as Alzheimers. Such targets include, but are not
himited 1o, any mediator, soluble or cell surface, implicated in AD pathogenesis e.¢ AGE
(5100 A, amphoterin), pro-inflammatory cytokines (e.g.,IL-1), chemokines (¢.g¢. MCP 1),

2

L MNogo, RGM AL, molecules that enhance

1y -
molecules that ishibit nerve regeneration {e
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neurite growth (neurotrophing). The efficacy of DVD-Ig molecules can be validated in
pre-clinical animal models such as the transgenic mice that over-express amyloid
precursor protein or RAGE and develop Alzheimer’s disease-like symptoms.  In
addition, DVD-Tg molecules can be constructed and tested for efficacy in the animal
models and the best therapeutic DVD-Ig can be selected for testing in human paticnits.
DVD-1g molecules can also be employed for treatment of other newrodegenerative
diseases such as Parkinson’s discase. Alpha-Synuclein is mvolved in Parkinson’s
pathology. A DVD-Ig capable of targeting alpha-synuclein and inflammatory mediators

such as PGE,PGET, PGE2, RAGE, HMGB1, S100, TNF, IL-1, MCP-1 can prove

effective therapy for Parkinson’s disease and are contemplated in the invention.

DV Igs capable of binding the following pairs of targets to treat neurological
diseascs are contermnplated: mouse or human TNF and PGE2, NGF and PGEZ, [L-17A and
PGEZ, 1L-1b and PGEZ, IL-6 and PGE2, [L-0R and PGE2, VEGF and PGE2, Abeta (seq.
1y and PGE2, Abeta (seq. 2) and PGE2, Abeta (seq. 3) and PGE2, 1L-18 and PGE2, PGE2
and PGE2, [L-15 and PGE2, S1P and PGE2, EGFR (seq. 1) and PGE2, EGFR (seq. 2)
and PGE2, and IGFR and PGE2 (see Examples).

7.2 Neurenal Repeneration and Spinal Cord Injury

Despite an increase in knowledge of the pathologic mechznisms, spinal cord
mjury {3CT7 18 still a devastating condition and represents a medical indication
characterized 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 the
initial mjury and result i significant enlarcement of the lesion area, sometimes more than
10-fold. These primary and secondary mechanisms in SCI are very similar to those in
brain injury caused by other means c.g., stroke. No satisfying treatment exists and high
dose bolus ipjection 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 recovery, It is heavily
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 endogenous
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regenerative potential are approved, but promising treatment principles and drug
candidates have shown efficacy in animal models of SCI in recent vears, To a large
extent the tack of functional recovery in human SCI is caused by factors inhibiting neurite
growth, at lesion sites, in scar tssue, in myelin ag well as on injury-associated cells. Such
factors are the myelin-associated proteins NogoA, OMgp and MAG, RGM A, the scar-
associated CSPG (Chondroitin Sulfate Proteoglycans) and inhibitory factors on reactive
astrocytes {some semaphorins and ephring). However, at the lesion site not only growth
inhibitory molecules are found but also neurite growth stimulating factors like
neurotrophins, laminin, LT and others. This ensemble of neurite growth inhibitory and
growth promoting molecules may explain that blocking single factors, fike NogoA or
RGM A, resulted 1o significant functional recovery in rodent SCI models, because a
reduction of the inhibitory influences could shift the balance from growth inhibition to
growth promotion. However, recoveries observed with blocking a single neurite
cutgrowth inhibitory molecule were not complete. To achieve faster and more

pronounced recoveries either blocking two neurite outgrowth inhibitory molecules e.g
Nogo and RGM A, or blocking an neurite outgrowth inhibitory molecule and enhancing
functions of a neurite outgrowth enhancing molecule ¢.g Nogo and nearotrophins, or

blocking a neurite cutgrowth inhibitory moleciule e.g. Nogo and a pro-inflammatory

Teng, et al, J Neurosci Res. 2005:79:273: Tara Karnezis, ct al., Nature Neuroscience

2004, 7, 736; Gang Xu, et al, 1. Neurochem.2004; 91; 101R).

In one aspect, DVD-Igs capable of binding target pairs such as NgR and RGM A;
NogoA and RGM A; MAG and RGM A; OMGp and RGM A; RGM A and RGM B;
CSPGs and RGM A; agerecan, midkine, neurocan, versican, phosphacan, Te3® and T'NF-
a. AB globulomer-specific antbodies combined with antibodies promoting dendrite &
axon sprouting are provided, Dendrite pathology is a very carly sign of AV and it is
known that NOGO A restricts dendrite growth. One can combine such type of ab with
any of the SCl-candidate (myelin-proteins) Ab. Other DVD-Ig targets may include any
combination of NgR-p75, NgR-Troy, NgR-Nogo66 (Nogo), NgR-Linge, Lingo-Trov,

Lingo-p75, MAG or Omgp. Additionally, targets may also include any mediator, soluble

Hin s}
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or cell surface, implicated in inhibition of neurite e.¢ Nogo, Ompg, MAG, RGM A,
semaphorins, ephrins, soluble A-b, pro-inflammatory cytokines (e.g..IL-1), chemokines

{e.g . MIP laj, molecules that inhibit nerve regeneration. The efficacy of anti-nogo / anti-
RGM A or similar DVD-Ig molecules can be validated in pre-clinical animal models of
spinal cord injury. In addition, these DVD-lg molecules can be constructed and tested for
efficacy in the animal models und the best therapeutic DVD-1g can be selected for testing
i 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 which binds three
ligand Nogo, Ompg, and MAG and RAGE that binds A-b 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. Inhibition of nogo-
nogo receptor mteraction has been shown to enhance recovery in animal models of
multiple sclerosis. Therefore, DVD-lu molecules that can block the function of one
ite outgrowih inhibitor molecule eg

nogo or RGM may offer faster and greater efficacy than blocking either an immune or an

neurite outgrowth inhibitor molecule alone.

DV fgs capable of binding the following pairs of targets to treat spinal cord
njury or encourage neurcnal regeneration are contemplated: mouse or human TNF and
PGE2Z, NGE and PGE2. J1-17A and PGEZ, 1L-1b and PGE2, 1L-6 and PGF2, 1L-6R and
PGEZ, VEGE and PGE2, Abeta (seq. 1) and PGE2, Abeta (seq. 23 and PGE2, Abeta (seq.
3yand PGE2, IL-18 and PGE2, PGE2 and PGE2, IL-15 and PGE2, S1P and PGE2, RGFR

(seq. 1) and PGE2, EGFR (seq. 2) and PGE2Z, and IGFR and PGE2 ({see Examples),

8. Uncological Disorders

Monoclonal antibody therapy has emerged as an important therapeatic modality
for cancer (von Mehren, M., et al. (2003) Annu. Rev. Med. 54:343-69). Antibodies may
exert antitumor effects by inducing apoptosis, redirected cytotoxicity, interfering with
ligand-receptor interactions, or preventing the expression of proteins 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 tumor-associated

vasculature, Antibodies can also target receptors whose ligands are growth factors, such
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as the epidermal growth factor receptor. The antibody thus inhibits natural Higands that
stimulate cell growth from binding to targeted tumor cells. Alternatively, antibodics may
induce an anti-idiotype network, complement-mediated cytotoxicity, or antibody-
dependent cellular cytotoxictty {ADCC). The use of dual-specific antibody that targets
two separate tumor medrators will likely give additions! benefit compared to a mono-

specific therapy.

Tumor necrosis factor has been implicated in inducing cachexia, stimulating

tumor growth, enhancing metastatic potential and mediating cytotoxicity in malignancies

(see, e.g., Tracey and Cerami, supra), COX-2 is found 10 be overexpressed and lead to
generation of aboundant prostaglandins including PGE, in cancers such as breast, gastric,
tung and pancreatic, etc. NSAIDs and COX-1/2 inhibitors showed effective in tumor
models. Anti-PGE, antibodies may also have broad implications for the
preveption/treatment of a number of other malignancies (Chell, S. and Kaidi, A. Biochim
Biophys Acta. (2006) 1766:104-119). Accordingly, the DVDng molecules or DVD-
1¢™ portions, of the invention, can be used in the treatment of malignancies, to mhibit
tumor growth or metastasis for tumors inchuding but not limited to headneck wmeor, fung
CANCEr, Sasiric cancer, prostate cancer, pancreaf'ic cancer and/or to alleviate cachexia
secondary to malignancy. The DVD-lg' molecules or DVD-Ig™ portions, may be

administered sysiemically or focally 10 the rumor site.

in another embodiment, a DVD of the invention s capable of binding PGE2 and
IGFL.2, PGEZ and Erb2B, PGE2 and VEGFR, PGE2 and 1GFR, PGE2 and EGFR, PGE2
and CD20, PGE2 and CD138, PGE2 and CD40, PGE2 and CD38, VEGF and
phosphatidylserine: VEGF and ErbB3; VEGF and PLGF; VEGF and ROBO4: VEGF and
B5G2; VEGE and CDCPY; VEGF and ANPEP; VEGF and ¢-MET; HER-2 and ERB3;
HER-2 and BSG2; HER-2 and CDCP1I; HER-2 and ANPEP: EGFR and CD64; EGFR
and BSG2; EGFR and CDCPIT; EGFR and ANPEP; IGFIR and PDGFR; IGFIR and
VEGF IGFIR and CD20; CB20 and CD74; CD20 and CID3G; CD20 and DR4; CD20 and
VEGFR2; CD20 and CD52; CD20 and CD4; HGF and ¢-MET: HGF and NRPL: HGF
and phosphatidyiserine; ErbB3 and IGFIR; ErbB3 and 1GF1.2; e-Met and Her-2: c-Met
and NRP1; c-Met and IGFIR: IGF1.2 and PDGFR; IGF1.2 and CD20: IGF1,2 and
IGFIR: IGF2 and EGFR; [GF2 and HERZ; IGF2 and CD20; IGF2 and VEGF: IGF2 and

DGFRa and VEGEFRZ; PDGFR2 and PLGF: PDGFRa and
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VEGE; PDGFRa and ¢-Met; PDGFRa and EGFR; PDGFRDb and VEGFR?Z; PDGFRD and
c-Met; PDGFRD and EGFR; RON and ¢-Met; RON and MTSP1; RON and MSP: RON
and CDCPL; VGFRY and PLGE; VGFR1 and RON; VGFRT and EGFR; VEGFR2 and
PLGE:; VEGFRZ and NRPL, VEGFRZ and RON; VEGFRZ and DLL4; VEGFR2 and
EGER; VEGFR2 and ROBO4; VEGFR?2 and CD35; LPA and S1P; EPHB2 and RON;
CTLA4 and VEGF; CD3 and EPCAM; CD40 and IL6; CD40 and 1GF; CD40 and CD56;
CDHY and CD70; CD40 and VEGFRI; CD40 and DRS: CD40 and DR4: CDAO and
APRIL; C1340 and BCMA; CD40 and RANKL, CD28 and MAPG; CD80 and CD40;

CD80 and CD19; CDEO and CD4; CDRG and CD52; CDRO and VEGF; CDY%0 and DRS;
CDRO and VEGERZ: CD22 and CD2G; CD22 apd CDEO; CD22 and CD40; CD22 and
CD23; CD2Z and CD33; CD22 and CD74; CD22 and CD1Y; CD22 and DRS; CD22 and
DR4; CD22 and VEGE; CD22 and CD52; CD30 and CD20; CD30 and CD22: CD30 and
CD23; CD30 and CDA0; CD30 and VEGE, CD30 and CD74; CD30 and CD19: CD30
and DR5; CD30 and DR4; CD30 and VEGFR2; CD30 and CD52; CD30 and CH4:

CI 138 and RANKL: CID33 and FTL3; CD33 and VEGF; CD33 and VEGFR2: CD33 and
CD44; CD33 and DR4; CD33 and DR5; DR4 and CD137; DR4 and IGF1 2; DR4 and
IGFIR; DR4 and DRS; DRS and CD40; DRS and CD137; DRS and CD20; DRS and
EGFR; DR5 and IGF1.2; DRS and IGFR, DRS and HER-Z, and EGFR and DLL4. Other
target combinations include one or more members of the EGF/erb-2/erb-3 family. Other
targets (one or morej mvolved i oncological discases that DVD Igs may bind include,
but are not limited to those selected from the group consisting oft PGE2, Muc-1, TRAIL,
C52, CD20. CD1Y, CD3, CD4, CDE, BMP6, IL12A 1LIA, [L1B, 1.2, 1124, INHA,
TNF, TNFSF10, BMP6, EGF, FGFI, FGF10, FGF1), FGF12, FGF13, FGF14, FGF 16,
FGF17, FGFL8, FGF1Y, FGF2, FGF20, FGF21, FGF22, FGF23, FGE3, FGF4, FGF3,
FGEO, FGFT, FGFY, FGFY, GRP, IGF1, TGF2, IL12A, TL1A, ILIB, [L2, INHA, TGF A,
TGEFBI, TGFB2, TGFB3, VEGF, CDK2, FGFI10, FGFI8, FGF2, FGF4, FGF7, IGFIR,
1.2, BCL2, CD164, CDKNIA, CDKNIB, CDKNIC, CDKN2ZA, CDKN2B, CDKN2C,
CDKN3, GNRHI, IGFBPG, ILTA, ILIB, ODZ1, PAWR, PLG, TGFBII1, AR, BRCAT,
CDK3, CDK4, CDKS, CDK6, CDK7, CDK9, E2F1, EGFR, ENO!, ERBB2, ESR1,
ESR2,IGFBP3, IGFBP6, [L2, INSL4, MYC, NOXS5, NR6AT, PAP, PONA, PRKCQ,
PRI, PRI, TPS3, FGF22, FGF23, FGFG, IGFBP3, IL2, INHA, KLK6, TP53, CHGR,

I K 7/‘1 IS ve“\ v ~ ST 4 DDT Y Lo — .
ONRFI, FLOIGEZ INHA,INSL L3, INSL 4 PRI, KLES, SHBG, b
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NRII3, NR2ZF6, NR4AZ, ESRI, ESR2. NROB1, NROB2, NRiD2, NRIH2, NR1H4,
NR1iZ, NR2CE, NR2C2, NR2ET, NR2E3, NR2ZF1, NR2F2, NR3CI, NR3C2, NR4A 1,
NRAAZ, NRSAT NRSAZ NRGAL PGR, RARB, FGF1, FGF2, FGF6, KLK3, KRT1
APOCT, BRCAL, CHGA. CHGB, CLU, COLIAL, COLAAL, EGF, ERBR2, ERK&,
FGFL FGFL0, FGFLL, FGE13, FGF14, FGF 16, FGF17, FGFI8, FGF2, FGF20, FGE21.
FGE22, FGF23, FGF3, FGF4, FGFS, FGF6, FGF7, FGFS, FGFY, GNRHI, IGF1, TGF2.
IGFBP3, IGFBP6, ILI2ZA JLIA, ILIB, 112, 1124, INHA, INSL3, INSL4, KLK 10,
KLKI2, KLK13, KLK14, KLK15, KLK3, KLK4, KLKS, KLK6, KLKY, MMP2. MMPY,
MSMB, NTN4, ODZ1, PAP, PLAU, PRL, PSAP, SERPINAJ, SHBG, TGFA, TIMP3,
Ch44, CDHI, CDHI0, CDHI19, CDH20, CDH7, CDH9, CDHI, CDHI0, CDHI13,
CDHIR, CDHI9, CDH20, CDHT7, CDHE, CDHY, ROBO2, CD44, ILK, ITGA L, APC.
CDI64, COL6AT, MTSS1, PAP, TGFB I, AGR2, AIGT, AKAPT, AKAP2, CANT
CAVI, CDHIZ, CLDN3, CLN3, CYBS, CYCL, DAB2IP, DES, DNCLI, ELAC?, ENO2,
ENO2 FASN, FLII2584, FLI25530, CAGEBI, GAGECT, GGTL GSTPL, HIPL,
HUMCYTZA, 1129, K6HF, KAIl, KRT2A, MIB1, PARTI, PATE, PCA3, PTAS2,
PIK3CG, PPID, PRI PSCA, SLC2AZ, SLC33AL, SLC43A1, STEAP, STEAP2, TPMI,
TPM2Z, TRPCO, ANGPT1, ANGPT2, ANPEP, ECGF1, EREG, FGFI, FGF2, FIGF,
FLTL JAGTH KDR, LAMAS, NRPI, NRP2, PGF, PLXDCT, STARL, VEGE, VEGFC,
ANGPTL3, BAIL, COLAAZ TL8, LAMAS, NRPI, NRP2 STARI. ANGPTI 4,
PECAMIL PF4, PROK2, SERPINFI, TNFAIP2 CCLILY, CCL2, CXCLY, CXCLIO,
CXCL3, CXCLS, CXCL6, CXCLY, IFNAL IFNBL, IFNG. ILIB, IL6. MDK_ EDG1,
EFNAL, EFNA3, EFNB2, EGF, EPHB4, FGFR3, HGF, IGF!, ITGR3, PDGFA, TEK.,
TGFA, TGFBL, TGFB2, TGFBR1, CCL2, CDHS, COLIRATL, EDGI, ENG. ITGAV,
ITGB3, THBSI, THBS2, BAD, BAGI, BCL2, CCNAL, CONA2, CONDIT, CONEL,
CONE2, CDHI (E-cadherin), COKNIB (p27Kip1), CDKN2A (p16INK4a), COL6AT,
CTNNBI (b-catenin), CTSB {cathepsin B), ERBR2 (Her-2), ESRI, ESR2, F3 ( TFY,
FOSLI (FRA-1Y, GATA3, GSN (Gelsolin), IGFBP2, IL2RA, 1L6, TL6R, TL6ST
{glycoproten 130}, ITGAG (a6 integrin), JUN, KLKS, KRT19, MAPZKT (¢-Jun), MKI67
(Ki-67), NGFB (NGF), NGFR, NMEI (NM23A), PGR, PLAU (uPA), PTEN, SERPINBS
{maspin), SERPINE] (PAI-1), TGFA. THRSI (t brombospondin-1), TIE (Tie-1),
TNFRSFE6 (Fas), TNFSF6 (FasL), TOP2A (topoisomerase lia), TPS3, AZGP1 {zinc-a-
glycoprotein), BPAGT (plectin), CDKNIA (p21 Wapl/Cipl), CLDN7 (claudin-7), CLU

CeTorctorint ERBRRY (Tar 3y TOET BF 3T (vt ins (A T T (60 A T2 A ot (ShE A 3
(ciustenmn), ERBBZ (Her 2), FGEL FLRTI (Gbroneciin), GABRP (OARARY, (TNASY
F. X, y 5 ' I 3 ¢ ]
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1D2, ITGAG (a6 integriny, ITGB4 (b 4 integrin), KLF5 (GC Box BP), KRT1Y (Keratin
19}, KRTHBG6 (hair-specific type 11 keratin}, MACMARCKS, MT3 (metaliothionectin-
HI), MUCT (mucin), PTGS2 (COX-2), RACZ (p21Rac2), SI00AZ, SCGRID2 (lipophilin
B, SCGB2AT (mammaglobin 2}, SCGB2AZ (mammaglobin 1), SPRR IR (Spriy,
THBST, THBES2, THRS4, and TNFAIP2 (BY4), RON, ¢-Met, CD64, DLL4, PLGF,
CTLA4, phophatidylserine, ROBO4, CDRO, CD22, CD40, CD23, CH28, CHK0, CD355,
CD38, CD70, CD74, CD30, CD138, CD56, CD33, CD2, CD137, DR4, DRS, RANKL,
VEGFR2, PDGFR, VEGFR1, MTSP1, MSP, EPHB2, EPHAL, EPHA2, EpCAM, PGE2,
NKG2D, LPA, STP, APRIL, BCMA, MAPG, FLT3, PDGFR alpha, PDGFR beta, ROR 1,
PSMA, PSCA, SCDI, and CD39. Preferable targets (one or more) involved in
encological diseases that the DVD Igs may bind in addition to PGE2 include. but are not

hmated to, those selected from the list above.

DV Igs capable of binding the following pairs of targets to treat oncological
disease are contemplated: mouse or human TNF and PGE2, NGF and PGE2, 1L-17A and

PGEZ, [L-1b and PGE2, 11L-6 and PGE2, 1L-6R and PGE2, VEGF and PGE2, Abeta (seq.

1) and PGE2, Abeta (seq. 2) and PGE2, Abeta (seq. 3) and PGE2, [L-18 and PGE2. PGED
and PGEZ, 1L-15 and PGE2, S1P and PGEZ, EGFR (scq. 1) and PGE2, EGFR (seq. 2)

and POEZ, and IGFR and PGEZ (see Examples).
9, Infectious Diiseases

Tumor necrosis factor and prostaglandin E, have been implicated in mediating
biological effects observed in a varicty of infectious diseases, For example, TNFo, has
been implicated in mediating brain inflammation and capillary thrombosis and infarction
in malaria (see, e.g., Tracey and Cerami, supra). TNFu also has been implicated in
mediating brain inflammation, inducing breakdown of the blood-brain barrier, triggering
septic shock syndrome and activating venous infarction in meningitis (see, e.g., Tracey
and Cerami, supra). TNFo also has been implicated in inducing cachexia, stimulating
viral profiferation and mediating central nervous svstem injury in acquired immune
deficiency syndrome (AIDS) (see, e.g., Tracey and Cerami, supra). Accordingly, DVD-
Te™ molecules or DVD-I g™ portions, of the invention, can be used in the treatment of
infectious diseases, including bacterial meningitis (see e.g., European Pat. Application

vy

AIDS and AIDS-reluted complex (ARC

-

Lo L er e e L .
Publication No. EP 385 7053, cerchral melana
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(see, e.g., European Patent Application Publication No. EP 230 574), certain illnesses
induced by viruses, such as Guiliain Barre syndrome, infectious mononucleosis, other
viral lymphadenopathics and infections with herpes virus; as well as cytomegalovirus
infection secondary to transplantation (see e.o, Fietze, E., et al. (1994) Transplantation

586756805, The DV {')Jg‘" molecules or DV g““ portions, of the invention, alsy can
be used to alleviate symptoms associated with infectious diseases, including fever and
myalgias due to infection (such as influenza) and cachexia secondary to infection (¢.g.

secondary to AIDS or ARC).

3

DV Igs capable of binding the following pairs of targets to treat infectious
disease are contemplated: mousce or human TNF and PGE2, NGF and PGE2, TL-17A and
PGEZ HL-1b and PGE2, [L-6 and PGEZ, IL-6R and PGE2, VEGF and PGE2, Abeta (seq.
[yand PGEZ, Abeta (seq. 2) and PGEZ, Abeta (seq. 3) and PGE2, 1L-18 and PGE2, PGE2
and POGE2, [L-15 and PGEZ, S1P and PGE2, EGFR (seq. 1) and PGE2, EGFR (seq. 23

and PGE2, and IGFR and PGEZ (see Examples).
10, Transplantation

Tumor necrosis factor and prostaglandin Eo has been implicated as key mediators

of allogralt rejection and grafi versus host disease (GVHD) and in mediating an adverse
reaction that has been observed when the rat antibody OKT3, direcied against the T cell
receptor CD3 complex, is used to inhibit rejection of renal transplants (see, c.g., Tracey
and Cerami, supra; Eason, J. D, et al. (1995) Transplantation 59:300-305; Suthanthiran,
M. and Strom, T. B. {1994) New Engl. J. Med. 331:365-375). Accordingly, the
antibodies, and antibody portions, of the invention, can be used to inhibit transplant
rejection, including rejecz’ions of allografts and xenografis and (o inhibit GVHD.
Although the DVD-1g"™ molecule or DVD- T¢"™ portion may be used alone, more
preferably it is used in combination with one or more other agents that inhibit the immune
response against the allograft or inhibit GVHD. For example, in one embodiment, a
DVD- iw " molecule or DVD- Iw ' portion of the invention is used in combination with
OKT3 to nhibit OKT3-induced reactions, In another embodiment, an antibody or
antibody portion of the invention is used in combination with one or more antibodies
directed at other targets involved in regulating immune responses, such as the cell surface

molecules CD25 (interfeukin-2 receptor-.alpha.), CD1la (LFA-T), CDA4 (ICAM-
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CD4, CD45, CD28/CTLA4, CDRO (B7-1) and/or CD86 (B7-2). In yet another
embodiment, an antibody or antibody portion of the invention is used in combination with
one or more general immunosuppressive agents, such ag eyclosporin A or FK506.11.

Pulmonary Disorders

Tumor necrosis factor has been implicated in the pathophysiology of adult
respiratory distress syndrome, including stimulating leukocyte-endothelial activation,
directing cytotoxicity to pneumocytes and inducing vascular leakage syndrome (sce, ¢.g.,
Tracey and Cerami, supra). Accordingly, the antibodies, and antibody portions, of the
invention, can be used to treat varicus pulmonary disorders, including adult respiratory
distress syndrome (see, ¢.g., PCT Publication No. WO 91/04054), shock lung, chronic
pulmonary inflammatory disease, pulmonary sarcoidosis, pulmonary fibrosis and

y’i‘M

silicosis. The DVD-1g™ molecules or DVD-Ig™ portions, may be admmistered

systemically or locally to the lung surface, for example as an aerosol.

DVD Igs capable of binding the following pairs of targets to treat transplantation
related disorders are contemplated: mouse or human TNF and PGE2, NGF and PGE2, [L-
17A and PGEZ, IL-1b and PGEZ, IL-6 and PGE2, 11L-0R and PGEZ, VEGF and PGE2,
Abeta {seq. 1) and PGE2, Abeta {seq. 2) and PGE2, Abeta (seq. 3) and PGE2, 1L-18 and
PGED, PGEZ and PGEZ, 1L-15 and PGE2, S1P and PGE2, EGFR {seq. 1) and PGE2,
EGFR (seq. 2 and PGE2, and IGFR and PGE2 (sce Examples).
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11. Intestinal Diserders

Tumor necrosis factor and prostaglanding has been implicated in the
pathophysiology of inflammatory bowel disorders (see, e.¢., Tracy, K. J., et al. (1986)
Science 234:470-474: Sun, X-M_, et al. (1988) 1. Clin. Invest. 81:1328-133 1;
MacDonald, T. T, ¢t al. (1990) Clin. Exp. Immunol. 81:301-303). Chimeric murine anti-
KWTNFa antibodies have undergone clinical testing for treatment of Crohn's disease (van
Dullemen, H. M., et al. (1995) Gastroenterology 109:129-135). The anti-TNFa antibody
HUMIRA has been approved for the treatment of Crohn’s disease. The DVD-Ig ™
molecules or DVD-Ig™ portions, of the invention, also can be used to treat intestinal
disorders, such as idiopathic inflammatory bowel discase, which includes two syndromes,

Crohn's disease and ulcerative colifis.

DVD lgs capable of binding the following pairs of targets (o treat intestinal
discase are contemplated: mouse or human TNF and PGE2, NGF and PGE2, IL-17A and
PGEZ, IL-1b and PGE2. IL-6 and PGE2, IL-6R and PGE2, VEGF and PGE2, Abeta (seq.
1) and PGE2, Abeta (seq. 2) and PGE2, Abeta (seq. 3) and PGE2, 11L-18 and PGE2, PGE?2
and PGEZ, 1L-15 and PGEZ, S1P and PGEZ, EGFR {seq. 1) and PGE2, EGFR (seq. 2}

and PGEZ, and IGFR and PGE2 (see Examples).
12, Cardiac Disorders

. o T™ oy T . . . :

The DVD-Ig " molecules or DVD-ig ! portions of the invention also can be used
to treat various cardiac disorders, including ischemia of the heart (see, ¢.g.. European
Patent Application Publication No. EP 453 898} and heart insufficiency (weakness of the

heart muscle)(see ¢.g., PCT Publication No. WO 44/20139),

DV Igs capable of binding the following pairs of targets 1o treat cardiac discase
are contemplated: mouse or human TNF and PGE2, NGF and PGE2, IL-17A and PGE2,
IL-1b and PGE2, IL-6 and PGE2, 1L-6R and PGE2, VEGF and PGE2, Abera (seq. 1} and
PGE2, Abeta (seq. 2) and PGE2, Abeta (seq. 3} and PGE2, 1L-18 and PGE2, PGE2 and
PGEZ, 1L-15 and PGE2, SIP and PGE2, EGFR (seq. 1) and PGE2, EGFR (seq. 2) and
PGE2, and IGFR and PGEZ (see Examples),
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13. Others

The DVD-Tg™ molecules or DVD-TIe™ portions of the invention also can be used
to treat various other disorders in which TNFa and/or PGE» activities are detrimental.
Exampics of other diseases and disorders in which TNFo and/or PGE, activitics have
been implicated in the pathophysiology, and thus which can be treated using a DVID-I1g™
molecule or DVD-Ig™ portion of the invention include inflammatory bone disorders,
bone growth disease and bone resorption disease (see, e.g., Bertolini, D. R., et al. (1986}
Nature 319:516-518; Konig, A, etal. (1988) ], Bene Miner. Res. 3:621-627; Lerner, U
H. and Ohlin, A. (1993} J. Bone Miner. Res. 8:147-155; and Shankar, G. and Stem, P. H,
(1993) Bone 14:871-876), hepatitis, including alcoholic hepatitis (see e.g., McClain, C. J.
and Cohen, D. A, (1989) Hepatology 9:340-351; Felver, M. E., et al. {1990} Alcohol.
Clin. Exp. Res. 14:255-259; and Hansen, I, et al. (1994) Hepatology 20:461-474) and
viral hepatitis (Sheron. N, et al. (19913 J. Hepatol, 12:241-245; and Hussain, M. J., et al.
(1994) J. Clin. Pathol. 47:1112-1115), coagulation disturbances (see .., van der Poll, T

etal (1990) N. Engl. J. Med. 322:1622-1627; and van der Poll, T, et al. (1991) Prog,

vh

Clin. Biol. Res. 367:55-60), burns (see ¢.g., Giroir, B. P, et al. (1994) Am. J. Physiol.
267 HII8-124; and Liv, XU S. et al. (1994) Burns 20:40-44), reperfusion injury (sce c.g.,
Seales, W EL, et al (1994) Am. . Physiol. 267:G1122-1127; Serrick, C., et al. (1994)
Transplamaton 58:1158-1162; and Yao, Y. M., et al. (1995) Resuscitation 29:157-168),
kelod formation (see e g, McCauley, R, L. et al. (1992) J. Clin, Immunol. 12:300-3083,
scar tissue formation and pyrexia, allergic arthritis, hematological disorders, such as
hemolytic anemias and thrombocytopenias, endocrinologic disorders, such as diabetes
melittus, Addison's disease, idiopathic hypoparathyroidism and chronic Iymphoeytic
thyrotditis, disorders of reproduction such as amenorrhoea, infertility, recurrent abortions

and eclampsia, and ocular disorders such as age-related macular degeneration (AMD).

DV Igs capable of binding the following pairs of targets 1o treat the above
discases are contemplated: mouse or human TNF and PGE2, NGF and PGE2, IL-17A and
PGE2, IL-1b and PGEZ, IL-6 and PGEZ, IL-6R and PGE2, VEGF and PGE2, Abeta (seq.
Tyand PGE2, Abeta (seq. 2y and PGE2, Abeta (seq. 3) and PGE2, IL-18 and PGE2, PGE?
and PGE2, [L-15 and PGE2, S1P and PGE2, EGFR (seq. 1) and PGE2, EGFR (seq. 2)
and PGE2, and IGFR and PGE?2 (see Examples).
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IV. Pharmaceutical Compesitions

The invention also provides pharmaceutical compositions comprising a binding

protein, of the imvention and a pharmaceutically acceptable carrier. The pharmaceutical

COMPUSItions comprisii ding proteins of the invention are for use in, but not limiied
to, diagnosing, detecting, or monitoring a disorder, in preventing, treating, managing, or
amchiorating 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 binding proteins of the invention and one or more prophylactic or therapeutic agents
other than binding proteins of the invention for treating a disorder. In an embodiment, the
prophylactic or therapeutic agents known 1o be useful for or having been or currently
bemg used 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.

The binding proteins of the invention can be incorporated into phanmaceutical
compositions suitable for administration fo a subject. Typically, the pharmaceutical
composition comprises a binding protein of the invention and a pharmaceutically
acceptable carrier. As used herein, “"pharmaceutically acceptable carrier™ includes any
and all solvents, dispersion media, coatings, antibacterial and antifungal agents, 1sotonic
and absorption delaying ageats, and the like that are physiologically compatible.
Examples of pharmaceutically acceptable carriers include one or more of water, saline,
phosphate buffered saline, dextrose, glyveerol, ethanol and the like, as well as
combinations thereof, in some embodiments, isotonic agents, for example, sugars,
polyalcohols such as mannitol, sorbitol, or sodium chioride, are included 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 fife or effectiveness of the antibody or antibody portion.

Varjous delivery systems are known and can be used to administer one or more
antibodies of the invention or the combination of one or more antibodics of the invention
and a prophylactic agent or therapeutic agent useful for preventing, managing, treating, or

ameliorating a disorder or one or more symptoms thereof, e.g., encapsulation in

3
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liposomes, microparticles, microcapsules, recombinant cells capable of cxpressing the
antibody or antibody fragment, receptor- mediated endocytosis (see, ¢. g, Wu and Wu, .
Biol. Chem, 262:4429-4432 (1987%), construction of a nucleic acid as mart of a retroviral
or other vector, ete. Methods of administering a prophylactic or therapeutic agent of the

mvention inchude, but are not Hmited 1o, parenteral administration (e.g., intradermal,

intramuscular, intraperitoneal, intravenous and subcutaneous) , epidurala administration,
intratumoral administration, and mucosal adminsitration (e.g., intranasal and oral routes .
In addition, pulmonary administration can be employed, e.g., by use of an inhaler or
nebulizer, and formulation with an acrosolizing 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; 5,200,540; and 4.880.07%: and
PCT Publication Nos. WO 92/19244; WO 97/32572: WO 97/44013; WO 98/31346; and
WO 99/66903. In one embodiment, a binding protein of the invention, combination
therapy, or a composition of the invention is administered using Alkermes AIRE
pulmonary drug delivery technelogy (Alkermes, Ine., Cambridge, Mass. ). In 2 specific
embodiment, prophylactic or therapeutic agents of the invention are administered
intramuscularly, intravenously, intratumorally, orally, intranasally, pulmonary, or
subcutancously. The prophylactic or therapeutic agents may be administered by any
convement route, for example by infusion or bokus injection, by absorption through
epithelial or mucocutancous linings (c.g., oral mucosa, rectal and intestinal mucosa, etc.)
and may be administered together with other biologically active agents. Administration

can be systemic or local.

In an embodiment, specific binding of antibody-coupled carbon nanotubes (CNTs)
to tamor cells m vitro, followed by their highly specific ablation with near-infrared (NIR
light can be used to target tumor cells. For example, biotinylated polar lipids can be used
to prepare stable, biocompatible, noncytotoxic CNT dispersions that are then attached to
one or two different newtralite avidin-derivatized DVD-Igs directed against one or more

tumor antigens (e.g., CD22) (Chakravarty, P. et al. (2008) Proc. Natl. Acad. Sci. USA

H05:8697-8702.

I a specific embodiment, it may be desirable to administer the prophylactic or
therapeutic agents 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

5
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an implant, the implant being «
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membranes and matrices, such as sialastic membranes, polymers, fibrous matrices {(e.g.,
Tissuel®), or collagen matrices. In one embodiment, an effective amount of one or more
antibodies of the invention antagonists is administered locally (o the affected area 1o a
subiect 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 1o the affected area in combination with an effective amount of one
or more therapies (¢, o., 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 embodiment, the prophyvlactic or therapeutic agent can be delivered ina
controtled release or sustained release system. In one embodiment, a pump may be used o
achieve controlied or sustained release (see Langer, supra; Sefton, 1987, CRC Crit. Ref
Biomed. Eng. 14:20; Buchwald ct al., 1980, Surgery 88:507; Saudek et al., 1989, N. Engl.
J.Med. 321:574). In another embodiment, polymeric materials can be used 1o achieve
controfled or sustained release of the therapies of the mvention (see e g, Medical
Apphications of Controlied Release, Langer and Wise (eds.), CRC Pres., Boca Raton, Fla.

{1974). Controlled Drug Bisavailability, Drug Product Design and Performance, Smolen
and Ball (eds), Wiley w York (1984 Ranger and Peppas, 1983, 1, Macromol. Sci.
Hev Macromol Chem 2161 see also Levy eval, 1985, Science 228:190; During et al,
1989, Ann Newrol 25:351; Howard et al., 1989, J, Newrosurg, 7 1:108); U.S. Pat. No.
5,679.377; US. Pat. No. 5,916,397, U, S, Pat. No. 5,912,015: U.S. Pat. No. 5,989 463;
LS. Pat. Ne. 5,128,326; PCT Pubhication No. WO 99/15154; and PCT Publication No,
WO 9820253, Examples of polymers used in sustained release formulations include, but
are not himited to, poly(2-hydroxy cthyl methacrylate), poly(methy! methacrylate),
polytacrylic actd), polviethylene-co-viny! acetate}, poly(methacrylic acid), polyglycolides
(PLG), polyanhydrides, poly(N- vinyt pyrrolidone), poly(vinvl alcoholy, polvacrylamide,
poly{ethvlene glveol), polyiacudes (PLAY, poly(lactide-co-glycolides) (PLGA), and
polyorthoesters. In an embodiment, the polymer used nn 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 be placed in 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.

PES-T3R {19384y,



2

I~
i

Controlled release systems are discussed in the review by Langer (1990, Science
249:1527-1533). Any technique knowsn to one of skill in the art can be used 0 produce
sustained release formulations comprising one or more therapeutic agents of the invention.
See, e.g., UL S, Pat. No. 4,526, 938, PCT publication WO 91/05548, PCT publication WO
96/ 20698, Ning et al. | 1996, "Intratumoral Radioimmunotheraphy of a Human Colon
Cancer Xenograft Using a Sustained-Release Gel," Radiotherapy & Oncology 39:179-189,
Song etal., 1995, "Antibody Mediated Lung Targeting of Long- Circulating Emulsions,”
PDA Journal of Pharmaceutical Science & Technology 50:372-397, Cleek et al, 1997,
"Biodegradable Polymeric Carriers for a bFGF Antibody for Cardiovascular Application,”
Pro. Int'l Symp. Control. Rel. Bicact. Mater. 24:853-854, and Lam ¢t al., 1997,
"Microencapsulation of Recombinant Humanized Monoclonal Antibody for Local

Delbvery,” Proc. Int'l, Symp. Control Rel. Bioact. Mater. 24:759- 760,

In a specific embodiment, where the composition of the invention i$ 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 constructing it
as part of an appropriate nucleic acid expression veetor and administering it so that it
becomes intracellular, c.z., by use of a retroviral vector (see UL S, Pat. No. 4,980,286, or

by direct mjection, or by use of microparticle bombardment (e.g., 2 gene gun; Biolistic,

= sy

Dupontt, or coating with ipids or cell-surface receptors or transfecting agents, or by
administering it in linkage 1o a homeobox-like peptide which is known to enter the
nucleus (see, c.g., Joliot et al, 1991, Proc. Natl. Acad. Sci. USA 88:1864-1868).
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 hmited to, parenteral, e.g., intravenous, intradermal, subcutaneous, oral,

mtranasal (e.g., inhalation), transdermal (¢ g, topical), transmucosal, and rectal
administration. In a specific embodiment, the composition is formulated in accordance
with routine procedures as a pharmaceutical composition adapted for infravenous,
subcutanecus, intramuscular, oral, intranasal, or topical administration 10 human beings.

Typically, compositions for intravenous administration are solutions in sterile isotonic
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aqueous butfer, Where necessary, the composition may also include 2 solubilizing agent

and a local anesthetic such as lignocamne to case pain at the site of the injection.

If the compositions of the invention are o be administered topically, the

lotion, gel. shampoo, spray, acrosol, solution, emulsion, or other form well-known to one
of skill in the art. See, ¢.g., Remington's Pharmaceutical Sciences and Introduction to
Pharmaceutical Dosage Forms, 19th ed., Mack Pub. Co., Easton, Pa. (1995), In an
embodiment, for non- spravable topical dosage forms, viscous to semi-solid or solid forms
comprising a carrier or One or more excipients compatible with topical application and
having a dynamic viscosity greater than water are crmployed. Suitable formalations
mclude, without limitation, solutions, suspensions, emulsions, creams, ointments,
powders, limments, 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 pressure. Other suitable
topical dosage forms include sprayable acrosol preparations wherein the active ingredient,
in an embodiment, in combination with a solid or liquid inert carrier, is packaged in a
mixture with a pressurized volatile (e.g.. a gaseous propellant, such as freon orin a
squeeze bottle. Mowsturizers or humectants can also be added to pharmaceutical
compositions and dosage forms if desired. Examples of such additional ingredients are

well-known 1 the arn

If the method of the invention comprises intranasal administration 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 form of an aerosol spray
presentation from pressurized packs or a nebuliser, with the use of a suitable propellant
{e.g., dichlorodifluoremethane, trichlorofluoromethane, dichlorotetrafluoroethane, carbon
dioxide or other suitable gas). In the case of a pressurized acrosol the dosage unit may be
determiined 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
contaming a powder mix of the compound and a suitable powder base such as lactose or

starch.
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If the method of the invention comprises oral administration, compositions can be
formulated orally in the form of tablets, capsules, cachets, geleaps, solutions, suspensions,
and the like. Tablets or capsules can be prepared by conventional means with
pharmaccutically acceptable excipients such as binding agents (e.g¢., pregelatinised maize
starch, polyvinylpyrrolidone, or hydroxypropyl methyleellulose); fillers (e, lactose,
microcrystalling cellulose, or caleium hvdrogen phosphate) ; lubricants (e.g., magnesium
stearate, talc, or silica); disintegrants (e.g., potato starch or sodium starch ¢ glycolate) ; or
wetting agents (¢.g., sodium lauryl sulphate). The tablets may be coated by methods well-
known in the art. Liquid preparations for oral administration may take the form of, but not
Himited 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 preparations may
be prepared by conventional means with pharmaceutically acceptable additives such as
suspending agents (e.g., sorbitol syrup, ceflulose derivatives, or hvdrogenated edible fats);

mulsifying agents {e.g., lecithin or acacia); non-aqueous vehicles {e.g., almond oil, ol
esters, ethyl alcohol, or fractionated vegetable oils); and preservatives (e.g., methyl or
propyl-p- hydroxybenzoates or sorbic acid). The preparations may also contain buffer
salts, flavoring, coloring, and sweetening agents as appropriate. Preparations 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., by use
of an inhaler or nebulizer, of a composition formulated with an zerosolizing agent. See,
e.g., US Pat. Nos. 6,019,968 5.985,320; 5,985,309 5,634,272 5 874.064; 5,855,913;

5,290,540; and 4,880,078; and PCT Publication Nos. WO 92/19244: WO 97/32572; WO
97/44013; WO 98/31346; and WO 99/66903. In a specific embodiment, a binding protein
of the invention, combination therapy, and/or composition of the invention is administered
using Alkermes AIR® 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 or in multi-dose ccmtaizzers;) with an added preservative. The

compositions may take such forms as s
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aqueous vehicles, and may contam formulatory agents such as suspending, stabilizing
and/or dispersing agents. Alfernatively, the active ingredient may be in powder form for

constitution with a suiteble vehicle (e.g., sterile pyrogen-free water) before use.

compositions formulated as depot preparations. Such long acting formulations may be
administered by implantation (e.g., subcutancously or intramuscularty) 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 resing, or as sparingly soluble derivatives (¢.g., as a sparingly soluble salt).

The methods of the invention encompasse administration of compositions
formulated as neutral or salt forms. Pharmaceutically acceptable salts include those
formed with anions such as those derived from hvdrochloric, phosphoric, acetic, oxalic
tartaric acids, etc., and those formed with cations such as those derved from sodium,
potassium, ammomum, calcium, ferric hyvdroxides, isopropviamine, wiethylamine, 2-

ethylammo ethanol, histidine, procaine, etc.

Generally, the ingredients of compositions are supplied either separately or mixed

3

together in unit dosage form, for example, as a drv lvophilized powder or water free

©

concentrate in a hermetically seated contamer such as an ampoule or sacherte ndicating
the quantity of active agent. Where the mode of administration is infusion, composition
can be dispensed with an infusion bottle containing sterile pharmaccutical grade water or
saline. Where the mode of administration 1s by injection, an ampoule of sterile water for
mjection or saline can be provided so that the ingredients may be mixed prior to

adrmmnistration.

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 ampoule or sachette indicating the quantity of the
agent. In one embodiment, one or more of the prophylactic or therapeutic agents, or
pharmaceutical compositions of the ipvention is supplied as a dry sterilized lyophilized
powder or water free concentrate in a hermetically sealed container and can be

reconstituted (e.g., with water or saline) to the appropriate concentration for
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therapeutic agents or pharmaceutical compositions of the invention is suppiied as a dry
sterile lyuphﬂizcd powder in a hermetically sealed container at a unit dosage of at Teast 5

mg, af least 10 mg, af least 15 myg, at least 25 myg, at least 35 mg, at Jeast 45 me, at least 50
my, at least 75 myg, or at least 100 my. The lvophilized prophylactic or therapeutic agents
or pharmaceutical compositions of the invention should be stored at between 2° C.oand 8°
C. in its original container and the prophylactic or therapeutic agents, or pharmaceutical
compositions of the invention should be administered within 1 week, e.g., within 3 days,
within 72 hours, within 48 hours, within 24 hours, within 12 hours, within 6 hours, within
5 hours, within 3 hours, or within | hour after being reconstituted. In an alternative
embodiment, one or more of the prophylactic or therapeutic agents or pharmaceutical
compositions of the invention is supphed in liquid form in a hermetically sealed container
indicating the quantity and concentration of the agent, In an embodiment, the liquid form
of the administered composition is supplied in a hermetically sealed container at least ¢.25
mg/ml, at Jeast 0.5 mg/ml, at least | mg/ml, at least 2.5 me/mi, at least 5 me/ml. at least &
mg/ml, at least 10 mg/ml, at least 15 mg/kg, at least 25 mg/ml, at least 50 mg/ml, at least
75 mg/ml, at least 100 mg/ml, at least 150mg/mi, or at least 200 mg/ml. The liguid form

should be stored at between 2° C.and 8° C. in its original container.

The binding proteins of the invention can be incorporated inio a pharmaceoutical
composition suitable for parenteral administration. In an embodiment, the antibody or
antibody-portions will be prepared as an injectable solution containing 0.1-250 me/m!
binding profein. The injectable solution can be composed of either a liquid or lvophilized
dosage form in a flint or amber vial, ampule or pre-filled syringe. The buffer can be L-
histidine (1-50 mM}, optimally 5-10mM, at pH 5.0 to 7.0 (optimally pH 6.05, Other
suitable buffers include but are not Himited 1o, sodium succinate, sodivm citrate, sodium
phosphate or potassium phosphate. Sodium chloride can be used to modify the toxicity of
the solution at a concentration of 0-300 mM (optimally 150 mM for a liguid dosage
form). Cryoprotectants can be included for a lyophilized dosage form, principally 0-10%
sucrose (optimally 0.5-1.0%). Other suitable cryoprotectants include trehalose and
lactose. Bulking agents can be included for a lyophilized dosage form, principaily 1-10%
mannitol (optimally 2-4%). Stabilizers can be used in both Hiquid and lyophilized dosage
forms, principally 1-50 mM L-Methionine (optimally 5-10 mM), Other suitable bulking
agents include glycine, arginine, can be inchided as §-0.05% polysorbate-80 (optimally

0.005-0.01%). Additional surfactants include but are not limited (o polysorbate 20 and
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BRIJ surfactants. The pharmaccutical composition comprising the binding proteins of the
invention prepared as an injectable solution for parenteral administration, can further
comprise an agent useful as an adjuvant, such as those used 1o increase the absorption, or
dispersion of a therapeutic protein {e.g., antibody). A particularly useful adjuvant is
hvaluronidase, such as Hylenex® (recombinant human hyaluronidase). Addition of
hyaluronidase in the injectable solution improves human bioavailability following
parenteral administration, particularly subcutaneous administration. [t also allows for
greater injection site volumes (i.e. greater than 1 ml) with less pain and discomfort, and
minimum incidence of mjection site reactions. (see WO2004078140, and

US2006104968).

The compoesitions of this invention may be in a variety of forms. These include,
for example, Hquid, semi-scolid and solid dosage forms, such as Hauid solutions (e.g.,
mjectable and infusible solutions), dispersions or suspensions, tablets, pills, powders,
liposomes and suppositories, The form chosen depends on the infended mode of
administration and therapeutic application. Typical compositions are in the form of
injectable or infusible solutions, such as compositions similar 10 those used for passive
immunization of humans with other antibodies. The chosen mode of administration is
parenteral {e.g. . intravenous, subcutaneous, intraperitoneal, miramuscuiary, In an
embodiment, the antibody 1s administered by Intravenous infusion or injection. In
another embodiment, the antibody is administered by mtramuscular or subcutancous

mjection.

Therapeutic compositions typically must be sterile and stable under the conditions
of manufacture and storage. The composition can be formulated as 2 solution,
microemulsion, dispersion, liposome, or other ordered structure suitable to high drug

concentration. Sterile injectable solutions can be prepared by incorporating the active

compound (e, antibody or antibody portion) in the required amount in an appropriate
solvent with one or a combination of ingredients enumerated herein, as required, followed
by filtered sterilization. Generally, dispersions are prepared by incorporating the active
compound mnto a sterile vehicle that contains a basic dispersion medium and the required
other imgredients from those enumerated herein, In the case of sterile, tvophitized powders
for the preparation of sterile injectable solutions, the methods of preparation are vacuum

drying and spray-drying that yvields a powder of the active ingredient plus any additional

140
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desired ingredient from a previously sterile-filtered solution thereof. The proper fluidity of
a solution can be 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
including, in the composition, an agent that delays absorption, for example, monostearate

salts and gelatin,

o

The binding proteins of the present invention can be administered by a variety of
methods known in the art, although for many therapeutic applications, in an embodiment,
the route/mode of administration is subcutancous 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 cortain embodiments, the
active compound may be prepared with a carrier that will protect the compound against
rapid refease, such as a controlled release formulation, including tmplants, transdermal
patches, and microencapsulated delivery systems, Biodegradable, biocompatible polvmers
can be used, such as ethylene vinyl acetate, polyanhydrides, polyglveolic acid, collagen,
polyorthoesters, and polylactic acid. Many methods for the preparation of such
formulations are patented or generally known to those skilled in the art. See. e.g.,
Sustained and Controlled Release Drug Delivery Svstems, ] R, Robinson, ed., Marcel

Dekker, Inc., New York, 1978,

fn certain embodiments, a binding protein of the invention may be orally
administered, for example, with an inert difuent or an assimilable edible carrier. The
compound (and other ingredients, if desired) may also be enclosed in a hard or soft sheli
gelatin capsule, compressed into tablets, or incorporated directly into the subject's diet,
For oral therapeutic administration, the 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 adminisier a compound of the invention by
other than parenteral administration, it may be necessary to coat the compound with, or

co-administer the compound with, a material to prevent its inactivation.

Supplemnentary active compounds can also be incorporated into the compositions.
In ¢certain embodiments, a binding protein of the invention is coformulated with and/or

coadministered with one or more additional therapeutic agents that are useful for treating
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disorders with binding protein of the invention. For example, a binding protein of the
mvention may be coformulated and/or coadministered with one or more additional
antibodies that bind other targets (e.g., antibodies that bind other cvtokines or that bind
cell surface molecules). Furthermore, one or more antibodies of the mvention 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 certain embodiments, a binding protein 1s linked 1o a half-life extending
vehicle known in the art. Such vehicles include, but are not limited to, the Fo domain,
polyethylene glyeol, and dextran. Such vehicles are described, e.e., in U.S. Application

Sertal No. 09/428 082 and published PCT Application No. WO 99/25044,

In & specific embodiment, nucleic acid sequences encoding a binding protein of
the invention or another prophylactic or therapeutic agent of the invention are
administered to treaf, 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 cxpressed or expressible nucleic acid. In this embodiment
of the invention. the nucleic acids produce their encoded antibody or prophvlactic or

therapeutic agent of the invention that mediates a prophylactic or therapeutic effect.

Any of the methods for gene therapy available in the art can be used according to
the present invention. For general reviews of the methods of gene therapy, see Goldspiel
etal, 1993, Clinical Pharmacy 12:488-505; Wu and Wu, 1991, Biotherapy 3:87-95;

"’f

Tolstoshev, 1993, Ann. Rev, Pharmacol. Toxicol, 32:573-596; Mulligan, Science
260:926- 932 (1993}, and Morgan and Anderson, 1993, Ann. Rev. Biochem. 62:191-217;
May, 1993, TIBTECH [1{5):155-215. Methods commonly known in the art of
recombinant DNA technology which can be used are described in Ausubel et al. (eds. ),
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

US206500426064.
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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, rheumatoid arthritis, osteoarthritis, jovenile
chronic arthritis, septic arthritis, Lyme arthyitis, psoriatic arthrits, reactive arthritis,
spondyioarthropathy, systemic fupus ervthematosus, Crohn's disease, uleerative colitis,
inflammatory bowel disease, insulin dependent diabetes mellitus, thyroiditis, asthma,
allergic discascs, psoriasis, dermatitis scleroderma, graft versus host disease, organ
transplant rejection, acute or chronic immune disease associated with organ
transplantation, sarcoidosis, atherosclerosis, disseminated intravascular coagulation,
Kawasaki's disease, Grave's disease, nephrotic syndrome, chronic fatigue syndrome,
Wegener's granulomatosis, Henoch-Schoenlein purpurea, microscopic vasculitis of the
kidneys, chronic active hepatitis, uveitis, septic shock, toxic shock syndrome, sepsis
syndrome, cachexiz, infectious diseases, parasitic diseases, acquired immunodeficiency
syndrome, acute trapsverse myvelitis, Huntington's chorea, Parkinson's disease,
Alzheimer's disease, stroke, primary biliary cirrhosis, hemolytic anemia, malignancies,
heart failure, myocardial infarction, Addison's disease, sporadic, polyglandular deficiency
type | and polyglandular deficiency type I1, Schmidt's syndrome, adult (acute) respiratory
distress syndrome, alopecia, alopecia areata, seronegative arthopathy, arthropathy.
Reiter's disease, psoriatic arthropathy, vleerative colitic arthropathy, enteropathic
synovitis, chlamydia, versinia and salmonella associated arthropathy,
spondyloarthopathy, atheromatous disease/arteriosclerosis, atopic allergy, autoimmune
bullous disease, pemphigus vulgaris, pemphigus foliaceus, pemphigoid, linear [gA
disease, autoimmune haemolytic anacmia, Coombs positive haemolytic anaemia,
acquired pernicious anaemia, juvenile pernicious anaemia, myalgic encephalitis/Roval
Free Discase, chronic mucocutaneocus candidiasis, giant cell arteritis, primary sclerosing
hepatitis, cryptogenic autoimmune hepatitis, Acquired Immunodeficiency Disease
Syndrome, Acquired Immunodeficiency Related Diseases, Hepatitis B, Hepatitis C,
common varied immunodeficiency (common variable hypogammaglobulinaemia), dilated
cardiomyopathy, female infertility, ovarian failure, premature ovarian failure, fibrotic
fung disease, cryptogenic fibrosing alveolitis, post-inflammatory interstitial lung discase,
interstitial ppeumonitis, connective tissue disease associated interstitial lung disease,
rixed connective tissue disease associated kmg disease, systemic sclerosis associated

interstitial Jung disease, rheumatoid ant 2, SYSICIIC
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fupus erythematosus associated tung discase, dermatomyositis/polymyositis associated
tung disease, Sjbgren's discase associated hung disease, ankylosing spondylitis associated
lung disease, vasculitic diffuse lung dicease, huemosiderosis associated lung disease,
drug-induced interstitial fung disease, fibrosis, radiation fibrosis, bronchiolitis obliterans,
chronic cosinophilic pneumonia, lymphocytic infiltrative lung disease, postinfectious
interstitial lung discase, gouty arthritis, autoimmune heparitis, type-1 autoimmune
hepatitis {classical autoimmune or fupoid hepatitis), type-2 autoimmune hepatitis {anti-
LKM antibody hepatitis), autoimmune mediated hypoglycacmia, type B insulin resistance
with acanthosis nigricans, hypoparathyroidism, acute immune discase associated with
organ transplantation, chronic immune discase associated with organ transplantation,
osteoarthrosis, primary sclerosing cholangitis, psoriasis type 1, psoriasis type 2,
idiopathic leucopacnia, autoimmune neutropacnia, 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 ophthaimia, pulmonary hypertension secondary 1o
connective tissue disease, Goodpasture's syndrome, pulmonary manifestation of
polyarteritis nodosa, acute rheurnatic fever, rheumatoid spondylitis, Still's diseasc,
systemic sclerosis, Sjdrgren's syndrome, Takayasu's discase/arteritis, autoimmune
thrombocyiopaenia, Wiopathic thrombocytopaenia, autoimmune thyroid disease,
hyperthyroidism, goitrous autoimmune hypothyroidism (Hashimotos disease), atrophic
autvimmune hypothyroidism, primary myxoedema, phacogenic uveitis, primary
vasculitis, vitiligo acute liver disease, chronic Tiver diseases, alcoholic cirrhosis, alcohol-
mduced liver injury, choleosatatis, idiosyncratic liver discase, Drug-Induced hepatitis,
Non-alcoholic Steatohepatitis, allergy and asthma, group B streptococei (GBS) infection,
mental disorders (e.g., depression and schizophrenia), Th2 Type and Thl Type mediated
diseases, acute and chronic pain (different forms of pain), and cancers such as lung,
breast, stomach, bladder, colon, pancreas, ovarian, prostate and rectal cancer and
hematopotetic malignancies (leukemia and lymphoma), Abetalipoprotemia,
Acrocyanosis, acute and chronic parasitic or infectious processes, acute leukemia, acute
lymphoblastic leukemia (ALL), acute myeloid Teukemia (AML), acute or chronic
bacterial infection, acute pancreatitis, acute renal fatlure, adenocarcinomas, aerial ectopic
beats, AIDS dementia complex, alcohol-induced hepatitis, allergic conjunctivitis, allergic

aft rejection, alpha-i- antitrypsin deficiency,

contact dermatitis, alergic rhinitis, aliog

o
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amyotrophic lateral sclerosis, anemia, angina pectoris, anterior horn cell degeneration,
anti ¢d3 therapy, antiphospholipid syndrome, anti-receptor hypersensitivity reactions,
aordic and peripheral aneuryisms, aortic dissection, arterial hypertension, arteriosclerosis,
arteriovenous fistula, ataxia, atrial fibriflation (sustained or paroxysmal), atrial flutter,
atrioventricular block, B cell tymphoma, bone graft rejection, bone marrow transplant
(BMT) rejection, bundle branch block, Burkitt's lymphoma, Bums, cardiac arrhythmias,
cardiac stun syndrome, cardiac tumors, cardiomyopathy, cardiopulmonary bypass
inflammation response, cartilage transplant rejection, cerebellar cortical degenerations,
cerebellar disorders, chaotic or multifocal atrial tachycardia, chemotherapy associated
disorders, chromic myelocytic leukemia (CMLY, chronic alcoholism, chronic
inflammatory pathologics, chronic lvmphocytic leukemia (CLL), chronic obstructive
pulmonary disease (COPDY, chronic salicvlate intoxication, colorectal carcinoma,
congestive heart failure, conjunctivitis, contact dermatitis, cor pulmonale, coronary artery
discase, Crentzieldt-lakob disease, culture negative sepsis, cystic fibrosis, cyvtokine
therapy associated disorders, Dementia pugilistica, demyelinating diseases, dengue
hemorrhagic fever, dermatitis, dermatologic conditions, diabetes, diabetes mellitus,
diabetic ateriosclerotic disease, Diffuse Lewy body disease, dilated congestive
cardiomyopathy, disorders of the basal ganglia, Down's Syadrome in middie age, drug-
induced movement disorders duced by drugs which block CNS dopamine receptors,
drug sensitivity, eczema, encephalomyelitis, endocarditis, endocrinopathy, epigliottitis,
epstein-barr virus infection, ervihromelalgia, extrapyramidal and cerebellar disorders,
farmihial hematophagocytic lvmphohistiocytosis, fetal thymus implant rejection,
Friedreich's ataxia, functional peripheral arterial disorders, fungal Sepsis, gas gangrene,
gastric uleer, glomerular nephritis, graft rejection of any organ or tissue, gram negative
sepsis, gram positive sepsis, granulomas due (o intracellular organisms, hairy cell
leukemia, Hallerrorden-Spatz disease, hashimoto's thyroiditis, hay fever, heart transplant
rejection, hemachromatosis, hemodialysis, hemolytic uremic syndrome/thrombolytic
thrombocytopenic purpura, hemorrhage, hepatitis (A), His bundle arrythmias, HIV
infection/HIV neuropathy, Hodgkin's disease, hyperkinetic movement disorders,
hypersensitity reactions, hypersensitivity preumonitis, hyp@:‘tensiun, hvpokinetic
movement disorders, hvpothalamic-pituitary-adrenal axis evaluation, idiopathic Addison's
disease, idiopathic pulmonary fibrosis, antibody mediated cytotoxicity, Asthenia, infantile

: o
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exposure, indocyclitis/uveitis/optic neuritis, ischemia- reperfusion injury, ischemic
stroke, juvenile rheumatoid arthritis, juvenile spinal muscular atrophy, Kaposi's sarcoma,
kidney transplant rejection, legionella, feishmaniasis, leprosy, lesions of the corticospinal
system, lipedema, liver transplant rejection, lvmphederma, malaria, malignamt
Lymphoma, malignant histiocytosis, malignant melanoma, meningitis, meningococcemia,
metabolic/idiopathic, migraine headache, mitochondrial multi.svstem disorder, mixed
connective tissue disease, monoclonal gammopathy, multiple myeloma, multiple systems
degenerations (Mencel Dejerine- Thomas Shi-Drager and Machado-Joseph), myasthenia
gravis, mycobacterium avium intraceliulare, mycobacterium tuberculosis, myelodyplastic
syndrome, myocardial infarction, myocardial ischemic disorders, nasopharyngeal
carcinoma, neonatal chronic fung discase, nephritis, nephrosis, neurodegenerative
diseases, neurogenic | muscular atrophies | neutropenic fever, non- hodgkins lymphoma,

occlusion of the abdominal aora and its branches, occulsive arterial disorders, okt3

:

therapy, orchitis/epidydimitis, orchitis/vascctomy reversal procedures, organomegaly,
0SteOporosis, pancreas transplant rejection, pancreatic carcinoma, parancoplastic
syndrome/hypercalcemia of malignancy, parathyroid transplant rejection, pelvic
inflammatory disease, perennial rhinitis, pericardial disease, peripheral atherlosclerotic
disease, peripheral vascular disorders, peritonitis, pernicious anemia, pneumocysiis
carinii pnewmonia, preumonia, POEMS syndrome (polyncuropathy, organomegaly.
endocrinopathy, monoclonal gammopathy, and skin changes svndrome), post perfusion
syndrome, post pump syndrome, post-Mi cardiotomy svndrome, preeclampsia,
Progressive supranucleo Palsy, primary pulmonary hypertension, radiation therapy,
Raynaud's phenomenon and disease, Raynoud's discase, Refsum's disease, regular narrow
(ORS tachycardia. renovascular hypertension, reperfusion injury, restrictive
cardiomyopathy, sarcomas, scleroderma, senile chorea, Senile Dementia of Lewy body
type, seronegative arthropathies, shock, sickle cell anemia, skin allograft rejection, skin
changes syndrome, small bowel transplant rejection, solid tumors, specific arrvthmias,
spinal ataxia, spinocerebeliar degenerations, streptococeal myositis, structural lesions of
the cerebellum, Subacute sclerosing panencephalitis, Syncope, syphitis of the
cardiovascular system, systemic anaphalaxis, systemic inflammatory response syndrome,
systemic onset juvenile rheumatoid arthritis, T-cell or FAB ALL, Telangiectasia,
thromboangitis obliterans, thrombocytopenia, toxicity, tmmpi&nis trauma/hemorrhage,

type 1] hypersensitivity reactions, type IV hypersensitivity, unsiable angina, uremia,
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urosepsis, urticaria, valvular heart diseases, varicose veins, vasculitis, venous diseases,
venous thrombosis, ventricular fibrillation, viral and fungal infections, vital
encephalitis/aseptic meningitis, vital-associated hemaphagocytic syndrome, Wemicke-
Korsakoff syndrome, Wilson's disease, xenograft rejection of any organ or tissue. (see
Perttt et al. PCT publication No. WO2002097048A2, Leonard et al., PCT publication No.

WOYS24918 Al, and Salfeld et al, PCT publication No. WOOQ0/56772A1).

The DVD-lgs of the invention may also treat one or more of the following
diseases: Acute coronary syndromes, Acute Idiopathic Polyneuritis, Acute Inflammatory
Demyelinating Polyradiculoneuropathy, Acute ischemia, Adult Still's Disease, Alopecia
arcata, Anaphylaxis, Anti-Phospholipid Antibody Syndrome, Aplastic anemia,
Arteriosclerosis, Atopic cczema. Atopic dermatitis, Autoimmune dermatitis, Autoimmune
disorder assoctated with Streptococcus infection, Autoimmune hearingloss, Auteimmune
Lymphoproliferative Syndrome {ALPS), Autoimmune myocarditis, autoimmune
thrombocytopenia (AITP), Blepharitis, Bronchicciasis, Bullous pemphigoid,
Cardiovascular Disease, Catastrophic Antiphospholipid Syndrome, Celiac Disease,
Cervieal Spondylosis, Chronic ischemia, C
Syndrome (CIS) with Risk for Multiple Sclerosis, Conjunctivitis, Childhood Onset
Psychiatric Disorder, Chronic obstructive pulmonary disease (COPDY, Dacryocystitis,
dermatomyositis. Diabetic retinopathy, Diabetes mellitus, Disk herniation, Disk prolaps,
Drug induced immune hemolytic anemia, Endocarditis, Endometriosis, endophthalmitis, |
Episcleritis, Ervthema multiforme, erythema multiforme major, Gestational pemphigoid,
Guillain-Barré Syndrome (GBS), Hay Fever, Hughes Syndrome | Idiopathic Parkinson’s
Discase, idiopathic interstitial pneumonia, TgE-mediated Allergy, Fmmune hemolytic
anemia, Inclusion Body Myositis, Infectious ocular inflammatory disease, Inflammatory
demyelinating disease, Inflammatory heart disease, Inflammatory kidney disease,
IPF/UIP, Irits, Keratitis, Keratojuntivitis sicea, Kussmaul disease or Kussmaul-Meier
Discase, Landry's Paralysis, Langerhan's Cell Histiocytosis, Livedo reticularis, Macular
Degeneration, malignancies, Microscopic Polyangiitis, Morbus Bechterev, Motor Neuron
Disorders, Mucous membrane pemphigoid, Multiple Organ failure, Myasthenia Gravis,
Myelodysplastic Syndrome, Myocarditis, Nerve Root Disorders, Neuropathy, Non-A
Non-B Hepatitis, Optic Neuritis, Osteolysis, Ovarian cancer, Pauciarticular JRA,
peripheral artery occlusive disease (PAODY], peripheral vascular disease (PVD),

peripheral artery disease (PAD), Phlebitis, Polyarteritis nodosa (or periarteritis nodosa),
perip ) ) N I

o
i
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Polychondritis, Polymyalgia Rheumatica, Poliosis, Polyarticular JRA, Polyendocrine
Deficiency Syndrome, Polymyositis, polymyalgia rheumatica {PMR), Post-Pump
Syndrome, primary parkinsonism, prostate and rectal cancer and hematopoietic
malignancies (leukemia and lymphoma), Prostatitis, Pure red cell aplasia, Primary
Adrenal Insufficiency, Recurrent Newromvelitis Optica, Restenosis, Rheurnatic heart
disease, SAPHO (synovitis, acne, pustulosis, hyperostosis, and osteitis), Scleroderma,
Secondary Amyloidosis, Shock tung, Scleritis, Sciatica, Secondary Adrenal Insufficiency,
Silicone associated connective tissue disease, Sneddon-Wilkinson Dermatosis, spondilitis
ankylosans, Stevens-Johnson Syndrome (SIS}, Systemic inflammatory response
syndrome, Temporal arteritis, toxoplasmic retinitis, toxic epidermal necrolysis,
Transverse myelitis, TRAPS (Tumor Necrosis Factor Receptor, Type | allergic reaction,
Type I Diabetes, Urticaria, Usual interstitial pneumonia (UIP), Vasculitis, Vernal
conjunctivitis, viral retinitis, Vogt-Koyanagi-Harada syndrome (VKH syndrome), Wet

macular degeneration, and Wound healing.

The binding proteins of the invention can be used to treat humans suffering from
autormmune diseases. in particular those associated with inflammation, including,
rheumatoid arthritis, spondylitis, allergy, autolmmune diabetes, sutoimumune uveitis. In
an embodiment, the binding proteins of the invention or antigen-binding portions thereof,
ar¢ used to freat theurnatoid arthritis, Crohn's disease, muliiple sclerosis, insulin

dependent diabetes meliitus and psoriasis.

In an embodiment, diseases that can be treated or diagnosed with the COTAPOSTTONS
and methods of the invention include, but are not limited to, primary and metastatic
cancers, including carcinomas of breast, colon, rectum, lung, oropharynx, hypopharynx,
esophagus, stomach, pancreas, liver, gallbladder and bile ducts, small intestine, urinary
tract {including kidneyv, bladder and urothelium), female genital tract ( inchuding cervix,
uterus, and ovaries as well as choriocarcinoma and gestational trophoblastic diseasce),
male genital tract (including prostate, seminal vesicles, testes and germ cell tumors),
endocrine glands (inchuding the thyroid, adrenal, and pituitary glands), and skin, as well
as hernangiomas, melanomas, sarcomas (including those arising from bone and soft
tissues as well as Kapost’s sarcoma), tumors of the brain, nerves, eyes, and meninges
(inchuding astrocytomas, gliomas, glioblastomas, retinoblastomas, neuromas,
from

nevroblastomas, Schwannomas, and meningiomas, solid tumors arisin

F i¥
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hematopoictic malignancies such as leukemias, and tymphomas (both Hodgkin's and non-

Hodgkin's lymphomas},

I an embodiment, the antibodies of the invention or antigen-binding portions

tastases from the tumors

5 described herein either when used alone or in combination with radiotherapy and/or other

chemotherapeutic agents.

The antibodies of the invention, or antigen binding portions thereof, may be
combined with agents that include but are not limited to, antineoplastic agents,
radiotherapy, chemotherapy such as DNA alkylating agents, cisplatin, carboplatin, anti-

10 tubulin agents, paclitaxel, docetaxel, taxol, doxorubicin, gemcitabine, gemzar,
anthracyclines, adriamycin, topoisomerase | imhibitors, topoisomerase 11 inhibitors, 5-
fluorouracil (5-FU), leucovorin, irinotecan, receptor tyrosine kinase inhibitors (e.g.,

Tt

erlotinib, gefitiniby, COX-2 inhibitors {e.g., celecoxib), kinase inhibitors, and siRNAs.

Preferably, the binding proteins of the invention or antigen-binding portions

A

thercof, arc used tfo treat theumatoid arthris, juvenile arthritis, rheumatoid spondylitis,
ankylosing spondylitis, osteoarthritis, gouty arthrits, psoriatic arthritis, psoriasis, allergy,
muitiple scierosis, demyelinating diseases, autoimmune diabetes, systemic fupus
erythematosus, nephrotic syndrome, osteoarthritis pain, arthritis pain, neuronal pain,
septic shock, bumn infury, trauma, endotoxic shock, gram negative sepsis, toxic shock
2 syndrome, transplantation, graft versus host disease (GVHD), host versus graft discase
(HYGD), headneck tumor, lung cancer, gastric cancer, prostate cancer, pancreatic Cancer,
cachexia secondary to malignancy, bacierial meningitis, cerebral malariz, AIDS, AIDS-

related complex (ARC), Guillain Barre syndrome, infectious mononucleosis, viral

lymphadenopathies, herpes virus infections, cytomegalovirus infection secondary to

T
iy

transplantation, fever and myalgias due to infection (such as influenza), cachexia
secondary to infection (e.g., secondary to AIDS or ARC), adult respiratory distress
syndrome, shock tung, chronie pulmonary inflammatory disease, pulmonary sarcoidosis,
pulmonary fibrosis and silicosis, idiopathic inflammatory bowel discase, Crohn's disease
and ulcerative colitis, ischemia of the heart, heart insufficiency (weakness of the heart

30 muscle). inflammatory bone disorders, bone growth disease, bone resorption disease,

hepatius, alcoholic hepatitis, viral hepatitis, coagulation disturbances, bums, reperfusion

149
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injury, keloid formation, scar tissue formation, pyrexia, allergic arthritis, hematological
disorders, such as hemolytic anemias and thrombocytopenias, endocrinologic disorders,
such as diabetes mellitus, Addison's discase, idiopathic hypoparathyroidism, chronic
tymphocytic thyroiditis, disorders of reproduction, amenorrhoea, infertility, recurrent

abortions, eclampsia. ocular disorders, age-related macular degeneration (AMD).

A binding protein of the invention also can be administered with one or more

additional therapeutic agents useful in the treatment of various diseases.

A binding protein of the invention can be used alone or in combination to treat
such diseases. It should be understood that the binding proteins can be used alone or in

combination with an additional agent, e.g., a therapeutic agent, the additional agent being

selected by the skilled artisan for its intended purpose. For example, the additional agent
can be a therapeutic agent art-recognized as being useful to treat the disease or condition
being treated by the antibody of the present invention. The additional agent also can be
an agent that imparts 2 beneficial attribute (o the therapeutic composition ¢.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 ilustrative for purposes and not intended 10 be Limited. The
combinations, which are part of this invention, can be the antibodies of the present
mvention and at least one additional agent selected from the Iists below. The
combination can also include more than one additional agent, e.g., two or three additional
agenis if the combination s such that the formed composition can perform its intended

function.

Combinations to treat autoimmune and inflammatory diseases are non-steroidal
anti-inflammatory drug(s) also referred to as NSAIDS which include drugs like
ibuprofen. Other combinations are corticosteroids including prednisolone; the well
known side-effects of steroid use can be reduced or even climinated by tapering the
steroid dose required when treating patients in combination with the DVD Igs of this
invention. Non-limiting examples of therapeutic agents for rheumatoid arthritis with
which an antibody, or antibody portion, of the invention can be combined include the

following: cviokine suppressive anti-inflammatory drugls) (CSATDs); antibodies to or
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antagonists of other human cytokines or growth factors, for example, TNF, LT, IL-1, [~
2,103 1L-4, 1L-5, 1L-6, IL-7, 1L-8, [L-15, TL-16, IL-18, 1L-21, 1L-23, interferons,
EMAP-H, GM-CSF, FGF, and PDGF. Binding proteins of the invention, or antigen
binding portions thereof, can be combined with antibodics 1o cell surface molecules such
as CD2, CD3, CD4, CDR, CD25, CD2&, CD30, CD40, CIx45, CD6Y, CDE0 (B7.1), CDE4
(B7.2), CDY0, CTLA or their higands including CD154 (gp39 or CD40L).

Combinations of therapeutic agents may interfere at different points in the
autolmmune and subsequent inflammatory cascade; examples include TNF antagonists
like chimeric, humanized or human TNF antibodies, Adalimumab, (PCT Publication No.
WO 97/29131), CA2 {Remicade™), CDP 571, and soluble P35 ur p75 TNF receptors,
derivatives, thereof, (p7STNFR1¢G (Enbrel™ or pSSTNFR 126 (Lenercept), and also
TNFa converting enzyme (TACE) inhibitors; similarly I1L-1 inhibitors (Interleukin-1-
converting enzyme inhibitors, I1L-1RA ¢fc.) may be effective for the same reason, Other
combinations include Interleukin 11. Yet another combination includes key players of
the awtoimmune response which may act parallel to, dependent on or in concert with [L-
12 function; E:s;pe.ciaily are 1L-18 antagomsts including [1-18 antibodies or soluble 1L-18
receptors, or [L-18 binding proteins. It has been shown that 1L-12 and [L-18 have
overlapping but distinet functions and 2 combination of antagonists to both may be most

effective. Yet another combination are non-depleting ant-CD4 inhibitors, Yer other

combmations include antagonisis of the co-stimulatory pathway CDRO (B7.1) or CDE6

(B7.2) including antibodies, soluble receptors or antagonistic ligands.

The binding proteins of the invention may also be combined with agents, such as
methotrexate, 6-MP, azathioprine sulphasalazine, mesalazine, olsalazine
chloroguinine/hydroxychloroquine, pencillamine, aurothiomalate (intramuscular and
oral), azathioprine, cochicine, corticosteroids (oral, inhaled and local injection). beta-2
adrenoreceptor agonists (salbutameol, terbutaline, salmeteral), xanthines (theophylline,
aminophyiline}, cromoglycate, nedocromil, ketotifen, ipratropium and oxitropium,
cyclosporin, FKS06, rapamyein, mycophenolate mofetil, leflunomide, NSAIDs, for
example, ibuprofen, corticosteroids such as prednisolone, phosphodiesterase inhibitors,
adensosine agonists, antithrombotic agents, complement inhibitors, adrenergic agents,
agents which interfere with signalling by proinflammatory eyiokines such as TNF-gor T1-

Peg JRAK, NIK, KK | p38 or MAP kinasc inhibitors), IL-18 converting enzyme
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inhibitors, TNFoconverting enzyme ( TACE) inhibitors, T-cell signalling inhibitors such
as kinase inhibitors, metalioproteinase mhibitors, sulfasalazine, azathioprine, 6-
mercaptopurings, angiotensin converting enzyme inhibitors, soluble cviokine receptors
and derrvatives thereof (e.g.,sohuble p55 or p73 TNF receptors and the derivatives
p7STNFRIgG (Enbrel ™ and pSSTNFRIG (Lenercepty), sIL~IRI, sIL-IRII, sifl.-6R),
antiinflammatory cytokines (e.g., IL-4, 1L-10, IL-11, IL-13 and TGFB}, celecoxib, folic
acid, hydroxychloroquine sulfate, rofecoxib, etanercept, infliximab, naproxen,
vaidecoxib, sulfasalazine, methylprednisolone, meloxicam, methyliprednisolone acetate,
gold sodium thiomalate, aspirin, triamcinolone acetonide, propoxyphene napsylate/apap,
folate, nabumetone, diclofenac, piroxicam, etodolac, diclofenac sodium, oxaprozin,
oxycodone hel, hydrocodone bitartrate/apap, diclofenac sodium/misoprostol, fentanyl,
anakinra, human recombinant, tramadol hel, salsalate, sulindac,
cyanocobalamin/fa/pyridoxine, acetaminophen, alendronate sodium, prednisolone,
orphine sulfate, lidocaine hydrochloride, indomethacin, glucosamine sulf/chondroitin,
amitriptyline hel, sulfadiazine, oxycodone hel/acetaminophen, oiupatadinc hel,
misoprostol, naproxen sodium, omeprazole, cvelophosphamide, rituximab, 1L-1 TRAP,
MRA, CTLA4-1G, 1L-18 BP, anti-[L-18, Anti-IL15, BIRB-796, SCIO-469, VX-T7G2,
AMG-5348, VX-740, Roflumitast, 1C-485, CDC-801, and Mesopram. Combinations

cyclosporine,

Noniimiting additional agents which can zlso be used in combination with a
binding protein to treat theumatoid arthritis inctude, but are not limited to, the following:
non-steroidal anti-inflammatory drug(s) (NSAIDs); cytokine suppressive anti-
inflammatory drue(s) (CSAIDs ) CDP-571/BAY-10-3356 (humanized anti-TNFo
antibody; Celitech/Bayer); cA2/infliximab (chimeric anti-TNFa antibody; Centocory; 75
kKdTNFR-IgG/etanercept (75 kDD TNF receptor-IgG fusion protetn; Immunex; see e.z.,
Arthritis & Rheumatism (1994 Vol 37,8295, J Invest, Med. (19967 Vol 44, 235A); 535
kdTNF-IgG (55 kD TNF receptor-1gG fusion protein; Hoffmann-LaRoche); IDEC-
CES.1/5B 210396 (non-depleting primatized anti-CD4 antibody; IDEC/SmithKline: see
e.g., Arthritis & Rhewmatism (1995) Vol. 38, S185); DAB 486-1L-2 and/or DAR 389-J1 -
2 (JL-2 fusion proteins; Seragen: see e.g., Arthritis & Rheumarism (1993) Vol. 36, 1223);

Anti-Tac (humanized anti-IL-2R . Protein Design Labs/Roche; 114 (anti-inflammatory
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cytokine: DNAX/Schering); 1L-10 (SCH 32000; recombinant [1-10, anti-inflammatory
cytokine; DNAX/Schering); 1L-4; IL-10 and/or 1L-4 agonists (e.¢., agonist antibodies);
IL-1RA (IL-] receptor antagonist; Synergen/Amgent; anakinra (Kineret™ Amegen); TNF-
bp/s-TNF (soluble TNF binding protein; see e.g., Arthritis & Rheumatism (1996} Vol. 19,
No. 9 (supplement), S284; Amer. J. Physiol. - Heart and Circudatory Physiology (1995
Vol. 268, pp. 37-42); R973401 (phosphodiesterase Type IV inhibitor, see e.g., Arthritis &
Rheumarism (19963 Vol 39, No. 9 (supplement), S282); MK-966 (COX-2 Inhibitor: see
e.g., Arthritis & Rheumatism (1996} Vol. 39, No. 9 (supplement}, S81); Hoprost (see e.g.,
Arthritis & Rheumatism (1996) Vol. 39, No. 9 (supplement), S82); methotrexate:
thalidomide (sce e.g., Arthritis & Rheumearism (1996) Vol 39, No. 9 (supplement), S282)
and thalidomide-related drugs (e.g., Celgen): leflunomide (anti-inflammatory and
cytokine inhibitor; see e.g., Arthritis & Rhewmatism (19963 Vol. 39, No. 9 {supplement),
S131; Inflammation Research (1996) Vol. 45, pp. 103-107); tranexamic acid (uhibitor of
plasminogen activation: see e.g., Arthritis & Rhewnatism (1996} Vol. 39, No. 9
(supplement), S284); T-614 (cytokine inhibitor; see e.g., Arthritis & Rheumatism {1996)
Vol. 39, No. 9 (supplement}, S282); prostaglandin E1 (sec e.g., Arthritis & Rheumatism
(1996) Vol. 39, No. 9 (supplement}, S282); Tenidap (non-steroidal anti-inflammatory
drug; see e.g.. Arthritis & Rhevmatism (1996) Vol 39, No. 9 (supplementy, S280Y;
Naproxen (non-stercidal anti-inflammatory drug: see e.g., Newro Report (19963 Vol. 7,
pp. 1209-1213}); Meloxicam (non-steroidal anti-inflammatory drug); Thuprofen (non-
sterotdal anti-inflammatory drug); Piroxicam (non-steroidal anti-inflammatory drug);
Diclofenac (non-steroidal anti-inflammatory drug); Indomethacin (non-steroidal anti-

inflammatory drug); Sulfasalazine (see e.g.. Arthritis & Rheumatism (1996) Vol, 39, No.
No. 9 (supplement), S281); ICE inhibitor {inhibitor of the enzyme interfeukin-1§
converting enzyme}; zap-70 and/or Ick inhibitor (inhibitor of the tyrosine kinase zap-70
or Ick); VEGFE inhibitor and/or VEGF-R inhibitor (inhibitors of vascular endothelial cell
growth factor or vascular endothelial cell growth factor receptor; inhibitors of
angiogenesisy; corticosteroid anti-inflammatory drugs {e.g.. SR203580%; TNF-convertase
inhibitors; anti-IL-12 antibodies; anti-IL-18 antibodies; interleukin-11 (sec e.g., Arthritis
& Rhewmatism (1996) Vol. 39, No. 9 {supplement), S296); interfeukin-13 (sec e.z.,

nhibitors (see e.g., Arthritis & Rhewmarism (1996) Vol. 39, No. 9 (supplement), S1207;
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gold; penicillamine; chloroquine; chlorambucil; hydroxychioroquine; eyclosporine;
vclophosphamide; total lvmphoid irradiation; anti-thymocyte globulin; anti-CD4
antibodies; CD3-toxing; orally-administered peptides and collagen: lobenzarit disodium:

Cyrokine Regulating Agents {CRAS) HP228 and HP466 (Houghten Pharmaceuticals,
Inc.}); FCAM-1 antisense phosphorothioate oligo- deoxynucleotides (1S1S 2302 laig
Pharmaceuticals, Inc.); soluble complement receptor 1 (TP10; T Cell Sciences, Inc.}:
prednisone; orgotein; glycosaminoglycan polysulphate; minocyeline; anti-1L2R
antibodies; marine and botanical lipids (fish and plant seed fatty acids; see e.g., Del.uca
er al (1995 Rheum. Dis. Clin. North Am. 21:759-777Y; auranofin; phenylbutazone:
meclofenamic acid; flufenamic acid; intravenous immune globuling rilouton: azaribine:
mycophenohc acid (RS-61443); tacrolimus (FK-506); sirolimus (rapamycin); amiprilose
{therafecting; cladribine (2-chlorodeoxyadenosine); methotrexate; bel-2 inhibitors (see

Bruncko, Milan et al., Journal of Medicinal Chemistry (2007), 50(4), 641-662); antivirals

and mmmunc modulating agents.

In one embodiment, the binding protein or antigen-binding portion thereof, is
admmistered in combination with one of the following agents for the treatment of
rheumatold arthritis: small molecule inhibitor of KDR, small molecule inhibitor of Tie-2:
methotrexate; prednisone; celecoxib; folic acid; hydroxychloroguine sulfate; rofecoxib:
etanercept: infliximab; leflunomide; naproxen: valdecoxib; sulfasalazine:
methylprednisolone; thuprofen; meloxicam; methylprednisolone acetate; gold sodium
thiomalate; aspirin; azathioprine; triameinolone acetonide; propxyphene napsylate/apap;
folate; nabumetonc; diclofenac; piroxicam; etodolac; diclofenac sodium: OXEPTOZIN;
oxycodone hel; hydrocodone bifartrate/apap; diclofenac sodium/misoprostol; fentanyl:
anakinra, uman recombinant; tramadol hel; salsalate; sulindac;
cyanocobalamin/fa/pyridoxine; acetaminophen; alendronate sodium; prednisoione;
morphine suifate; lidocaine hydrochloride; indomethacing glucosamine
sulfate/chondroiting cyclosporine; amitriptyline hel: suifadiazine; oxycodone

hel/acetaminophen; olopatadine hel; misoprostol; naproxen sodium; c.:me-prazoic;

mycophenolate mofetil; cyclophosphamide; rituximab; 11.-1 T
H-T18 BP; IL-12/23; anti-IL 18; anti-IL 15; BIRB-796; SCIC-469; VX-702; AMG-548;
VX-740; Roflumilast; [C-485; CDC-801; and mesopram.
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Non-limating examples of therapeutic agents for inflammatory bowel discase with
which a binding protein of the invention can be combined include the following:
budenoside: eprdermal growth factor; corticosteroids: cyelosporin, sulfasalazine;
amninosalicylates; 6-mercaptopurine; azathiopring; metronidazole: ; lipoxygenase
mhibitors: mesalamine; olsalazine; balsalazide: antioxidants: thromboxane mhibitors: 1E-
I receptor antagonists; anti-IL- 1§ mAbs; anti-TL-6 mAbs; growth factors: elastase
inhibitors; pyridinvl-imidazole compounds; antibodies to or amagonists of other human
cytokines or growth factors, for example, TNF, LT, 1L-1, IL-2, [L-6, | iL-8, IL-

IL-16, JL-17, IL-18, EMAP-II, GM-CSF, FGF, and PDGE. Antihodies of the mvention,
or antigen binding portions thereof, can be combined with antibodies to cell surface
molecules such as CD2, CD3, CD4, CDE, CD25, CD28, CD30, CD40, CD45, CD6Y,
CD%0 or their ligands. The antibodies of the invention, or antigen binding pOTHONS
thereof, may also be combined with agents, such as methotrexate, cyclogporin, FRA06G,
rapamycin, mycophenolate mofedl, leflunomide, NSAIDs, for exampie, thuprofen,
corticosteroids such as prednisolone, phosphodiesterase inhibitors, adenosine agonists,
antithrombotic agents, complement inhibitors, adrenergic agents, agents which interfere
with signalling by proinflammatory cytokines such as TNFo or IL-1 (e.¢. JRAK, NI

[KE., p38 or MAP kinase inhibitors), IL- 1§ converting enzyme inhibitors,

TNFo converting enzvme inhibitors, T-cell signalling inhibitors such as kinase inhibitore,
metatloproteinase mhibitors, sulfasalazine, azathioprine, -mercaptopurines, angiotensin
converting enzyme inhibitors, soluble cytokine receptors and derivatives thereof
{e.g.soluble p55 or p75 TNF receprors, sTL-1RT, sTL-1RIL, sIL-6R) and antiinflammatory

cytokines {e.g. IL-4, 1L-10, IL-11, {L-13 and TGFP) and bel-2 inhibitors.

Examples of therapeutic agents for Crohn's disease in which a binding protein can
be combined include the following: TNF antagonists, for example, anti-TNF antibodies,
Adalimumab (PCT Publication No. WO 97/29131; HUMIRAY, CA2 (REMICADE), CDP
571 TNER-Ig constructs, (p75TNFRIgG (ENBREL) and pS5TNFRIgG (LENERCEPT))
mhibitors and PDE4 inhibitors. Antibodies of the invention, or antigen binding portions
thereof, can be combined with corticosteroids, for example, budenoside and
dexamethasone. Binding proteins of the invention or antigen binding portions thereof,
may also be combined with agents such as sulfasalazine, S-aminosalicylic acid and
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cytokines such as [L-1, for example, [1-1f converting enzyme inhibitors and [L-1ra.
Antibodies of the invention or antigen binding portion thereof may also be used with T
cell signabing inhibitors, for example, tyrosine kinase inhibitors 6-mercaptopurines.
Binding proteins of the invention, or antigen binding portions thereof, can be combined
with I1.-11. Binding proteins of the invention, or antigen binding portions thereof, can be
combined with mesalamine, prednisone, azathioprine, mercaptopurine, infliximab,
methylprednisolone sodium suceinate, diphenoxylate/atrop sulfate, loperamide
hydrochloride, methotrexate, omeprazole, folate, ciprofloxacin/dextrose-water,
hydrocodone bitartrate/apap, tetracycline hydrochloride, fluocinonide, metronidazole,
thimerosal/boric acid, cholestyramine/sucrose, ciprofloxacin hydrochloride, hyoscyamine
sulfate, meperidine hydrochloride, midazolam hydrochloride, oxycodone
helfacetaminophen, promethazine hvdrochloride, sodium phosphate,
sulfamethoxazole/trimethoprim, celecoxib, polycarbophil, propoxyphene napsylate,
hydrocortisone, multivitanins, balsalazide disodiur, codeine phosphate/apap,
colesevelam hel, eyanocobalamin, folic acid. fevofloxacin, methylprednisolone,

natalizumab and interferon-vammsa

Non-limiting examples of therapeutic agents for multiple sclerosis with which
binding proteins of the invention can be combined include the following: corticosteroids:
prednisolone; methylprednisolone; azathioprine; cyclophosphamide; cyclosporing;
methotrexate; 4-aminopyridine; tizanidine; interferon-Bla (AVONEX: Biogen):
nterferon-B1b (BETASERON; Chiron/Berlex); interferon a-n3) (Interferon
Sciences/Fujimoto), interferon-o (Alfa Wassermann/I&D), interferon B1A-IF
(Serono/Inhale Therapeutics), Peginterferon o 2b (Enzon/Schering-Ploughy, Copolymer |
(Cop-1; COPAXONE: Teva Pharmaceutical Industrics, Inc.); hyperbaric oxygen;
intravenous immunoglobulin; clabribine; antibodies to or antagonists of other human
cytokines or growth factors and their receptors, for example, TNF, LT, IL-1, [L-2, [L-6,
-7, 1-8, [E-23, TL-15, IL-16, IL-18, EMAP-II, GM-CSF, FGF, and PDGF. Binding
proteing of the invention can be combined with antibodies to cell surface molecules such
as CD2, CD3, CD4, CDE, CDI19, CD20, CD25, CD2R, CD30, CD40, CD45, CD6Y,
CD80, CD86, CDY0 or their ligands. Binding proteins of the invention, may also be
combined with agents, such as methotrexate, cyclosporine, FKS06, rapamycin,

mycophenelate m
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such as prednisolone, phosphodicsterase inhibitors, adensosine agonists, antithrombotic
agents, complement inubitors, adrenergic agents, agents which interfere with signalling
by proinflammatory cytokines such as TNFo or [L- (e.g JRAK, NIK, KK, p3% or MAP
kinase inhibitors), [L-18 converting enzyme inhibitors, TACE inhibitors, T-cel] signaling
inhibitors such as kinase mhibitors, metalloproteinase inhibitors, sulfasalazine,
azathioprine, 6-mercaptopurines, angiotensin converting enzyme inhibitors, soluble
cytokine receptors and derivatives thereof (e.g. soluble p35 or p75 TNF receptors, siL-
IRL sIL-IRIL sIL-6R), antiinflammatory cytokines (e.g.,[L-4, IL-10, I1.-13 and TGF[)

and bel-2 inhibitors.

Examples of therapeutic agents for multiple sclerosis in which binding proteins of
the invention can be combined tinclude interferon-f, for example, IFNB1a and IFNP ib;
copaxone, corticosteroids, caspase inhibitors, for example inhibitors of caspase-1, TL-1

inhibitors, TNF inhibitors, and antibodies to CD48 ligand and CDRO.

The bmnding proteins of the invention, may also be combined with agents, such as
alemtuzumab. dronabinol, Unimed, daclizumab, mitoxantrone, xaliproden hvdrochloride,
fampridine, glatiramer acctate, natalizumab, sinnabidol, a-immunokine NNSO3, ABR-
215062, AnergiX MS, chemokine receptor antagonists, BRR-2778, calagualine, CPI-
F189. LEM (lipusome encapsulated mitoxantrone, THC.CBD (cannabinoid agonist)
MBP-8298, mesoprarm (PDE4 inhibitor), MNA-715, anti-IT.-6 receptor antibody,
neurovax, pirfenidone aliotrap 1258 (RDP-1258), sTNF-R1, talampanel,
teriflunomide, TGF-betaZ, tiplimotide, VLA-4 antagonists (for example, TR-14035,

Vi.A4 Ultrahaler, Antegran-ELAN/Biogen), interferon gamma antagonists, 1L-4 agonists,

Non-fimiting examples of therapeutic agents for Angina with which binding
proteins of the invention can be combined include the following: aspirin, nitroglycerin,
isosorbide mononitrate, metoprolol succinate, atenolol, metopralol tartrate, amlodipine
besyviate, diltiazem hydrochloride, isosorbide dinitrate, clopidogrel bisulfate, nifedipine,
atorvastatin caletum, potassium chloride, furcsemide, simvastatin, verapamil hel, digoxin,
propranciol hydrochioride, carvedilol, lisinopril, spironolactone, hvdrochlorothiazide,
enalapril maleate, nadolol, ramipril, enoxaparin sodium, heparin sodium, valsartan,
sotalol hydrochloride, fenofibrate, ezetimibe, bumetanide, Josartan potassium,

lsinopril/hydrochiorothiazide, felodipine, captoprii, bisoprolol fumaraie.
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Non-hrmiting examples of therapeutic agents for Ankylosing Spondylitis with
which binding proteins of the invention can be combined include the following:
ibuprofen, diclofenac and misoprostol, naproxen, meloxicam, indomethacin, diclofenac,
celecoxib, rofecoxib, Sulfasalazine, Methotrexate, azathioprine, minocyclin, prednisone,

etanereept, infliximab,

Non-limiting examples of therapeutic agents for Asthma with which binding
proteins of the invention can be combined include the following: albuterol,
salmeterol/fluticasone, montelukast sodium, fluticasone propionate, budesonide,
prednisone, salmeterol xinafoate, levalbuterol hel, albuterol sulfate/ipratropium,
prednisclone sodium phosphate, triameinolone acetonide, beclomethasone dipropionate,
ipratropivm bromide, azithromyein, pirbuterol acetate, prednisolone, theophylline
anhydrous, methylprednisolone sodium succinate, clarithromycin, zafirlukast, formoterol
fumarate, influenza virus vaccine, methylprednisolone, amoxicillin frihivdrate, flunisolide,
amoxicillin/clavulanate, levofloxacin, inhaler assist device, guaifenesing dexamethasone
sodium phosphate, moxifloxacin hel, doxyeyceline hyclate, guaifenesin/d-methorphan, p-
ephedring/codichlorphenir, gatifloxacin, cetirizine hydrochlorde, mometasone furoate,
salmeterol xinafoate, benzonatate, cephalexin, pe/hvdrocodone/chiorphenir, cetirizine
hel/pseudoephed, phenyiephrine/cod/promethazine, codeine/promethazine, cefprozil,
dexamethasone, guatienesin/psendoephedrine, chlorpheniramine/hydrocodone,
nedocromil sodium, terbutaline sulfate, epinephrine, methylprednisolone, metaproterenol

sultate.

Non-limiting examples of therapeutic agents for COPD with which binding
proteins of the invention can be combined include the following: albuterol
sulfate/ipratropium, ipratropium bromide, salmeterol/fluticasone, atbuterol, salmetero!
xinafoate, fluticasone propionate, prednisone, theophyliine anhydrous,
methylprednisolone sodium succinate, montelukast sodium, budesonide, formoterol
fumarate, triamcinclone acetonide, levofloxacin, guaifenesin, azithromyein,
beclomethasone dipropionate, fevalbuterol hel, flunisolide, cefirizxone sodium,
amoxicillin trihydrate, gatiffoxacin, zafirlukast, amoxicillin/clavulanate,
flunisolide/menthol, chlorpheniramine/hydrocodone, metaproterenol sulfate,

methyiprednisolone, mometasone furoate, p-ephedrine/cod/chlorphenir, pirbuterot
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acetate, p-ephedrine/loratadine, terbutaline sulfate, tiotropium bromide, (R R)-formoterol,

TeAAT, Cilomilast, Roflumilast,

Non-limiting examples of therapeutic agents for HOV with which binding

—
oo
oy
o
oo

invention can be combined include the following: Interferon-alpha-2a,
Interferon-alpha-2b, Interferon-alpha conl, Interferon-alpha-n1, Pegylated interferon-
alpha-2a, Pegylated interferon-alpha-2b, ribavirin, Peginterferon alfa-2b + ribavirin,
Ursodeoxycholic Acid, Glycyrrhizie Acid, Thymalfasin, Maxamine, VX-497 and any
compounds that are used to treat HCV through intervention with the following targets:
HCV polymerase, HCV protease, HCV helicase, HCV IRES (internal ribosome entry

site),

Non-limiting examples of therapeutic agents for Idiopathic Pulmonary Fibrosis
with which binding proteins of the invention can be combined include the following:
prediisone, azathioprine, aibuterol, colchicine, albuterol suifate, digoxin, gamma
interferon, methylprednisolone sod suee, lorazepam, furosemide, lisinopril, nitroglycerin,
spironolacione, cyclophosphamide, ipratropium bromide, actinomycin d, alteplase,
fluticasone propionate, levofloxacin, metaproterenol sulfate, morphine sulfate, oxycodone
hel, potassium chloride, triameinolone acetonide, tacrolimus anhydrous, calcium,

mterferon-alpha, methotrexate, mycophenolate mofetil, Interferon-gamma-1p.

Non-limiting examples of therapeutic agents for Myocardial Infarction with which
binding proteins of the invention can be combined include the following: aspirin,
nitroglycerin, metoprolol tartrate, enoxaparin sodium, heparin sodium, clopidogrel
bisulfate, carveditol, atenolol, morphine sulfate, metoprolol succinate, warfarin sodium,
hisinopril, isosorbide mononitrate, digoxin, furosemide, simvastatin, ramipril,
tenecteplase, enalapril maleate, torsemide, retavase, Josartan potassium, quinapri] hel/mag
carb, bumetanide, alteplase, enalaprilat, amiodarone hydrochioride, tirofiban hel m-
hydrate, diltiazem hydrochloride, captopril, irbesartan, valsartan, propranolol
hydrochloride, fosinopril sodium, lidocaine hydrochloride, eptifibatide, cefazolin sodium,
atropine sulfate, aminocaproic acid. spironolactone, interferon, sotalol hydrochloride,
potassium chloride, docusate sodium, dobutamine hel, alprazolam, pravastatin sodium,

atorvastatin calcium, midazolam hydrochloride, meperidine hydrochloride, isosorbide

L4
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dinitrate, epinephrine, dopamine hydrochloride, bivalirudin, rosuvastatin,

ezetimibe/simvastatin, avasimibe, cariporide.

Non-hmiting examples of therapeutic agents for Psoriasis with which binding
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of KDR, small molecule inhibitor of Tie-2, calcipotriene, clobetasol propionate,

triamcinolone acctonide, halobetasol propionate, wzarotene, methotrexate, fluocinonide,

betamethasone diprop augmented, fluocinolone acetonide, acitretin, tar shampoo,

betamethasone valerate, mometasone furoate, ketoconazole, pramoxine/fluocinolone,

hydrocortisone valerate, flurandrenolide, urea, betamethasone, clobetasol

0 propionate/emoll, fluticasone propionate, azithromyein, hydrocortisone, moisturizing
formula, folic acid, desonide, pimecrolimus, coal tar, diflorasone diacetate, ctanercept
folate, Jactic acid, methoxsalen, he/bismuth subgal/znox/resor, methylprednisolone
acetate, prednisone, sunscreen, halcinonide, salicylic acid, anthralin, clocortolone
pivalate, coal extract, coal tar/salicylic acid, coal ar/salicylic acid/sulfur,

15 desoximetasone, diazepam, emollient, fluccinonide/emollicnt, mineral oil/castor oil/na
lact, mineral oil/peanut oil, petroleum/isopropyl myristate, psoralen, salicylic acid.
soap/tribromsalan, thimerosal/boric acid, celecoxib, infliximab, cyclosporine, alefacept,

efalizumab, tacrolimus, pimecrolimus, PUVA, UVB, sulfasalazine.

Non-limiting examples of therapeuvtic agents for Psoriatic Arthritis with which

26 binding proteins of the invention can be combined include the following: methotrexate,
etanercept, rofecoxib. celecoxib, folic acid, sulfasalazine, naproxen, leflunomide,
methyiprednisolone acetate, indomethacin, hyvdroxychlorequine sulfate, prednisone,
sulindac, betamethasone diprop augmented, infliximab, methotrexate, folate,
triamcinolone acetonide, diclofenac, dimethyisuifoxide, piroxicam, diclofenac sodium,

25 ketoprofen, meloxicam, methyIprednisolone, nabumetone, tolmetin sodium, calcipotriene,
cyclosporine, diclofenac sedium/misoprostol, fluocinonide, glucosamine sulfate, gold
sodium thiomalate, hydrocodone bitartrate/apap, ibuprofen, risedronate sodium,

sulfadiazine, thioguanine, valdecoxib, alefacept, efalizumab and bel-2 inhibitors.

Non-limiting examples of therapeutic agents for Restenosis with which binding
3¢ proteins of the invention can be combined include the following: sirolimus, paclitaxel,

everolipus, tacrolimus, Zotarolimus, acetarminophen,

160
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Non-limiting examples of therapeutic agents for Sciatica with which binding
protemns of the invention can be combined include the following: hydrocodone
bitartrate/apap, rofecoxib, cyclobenzaprine hel, methylprednisolone, naproxen, tbuprofen,
oxycodone helacetaminophen, celecoxib, valdecoxib, methylprednisolone acetate,
prednisone, codeine phosphate/apap, tramadol helacetaminophen, metaxalone,
meloxicam, methocarbamol, lidocaine hydrochloride, diclofenac sodium, gabapentin,
dexamethasone, carisoprodol, ketorolac tromethamine, indomethacin, acetaminophen,
diazepam, nabumetone, oxycodone hel, tizanidine hel, diclofenac sodium/misoprostol,
propoxyphene napsylate/apap, asa/oxyeod/oxyeodone ter, ibuprofen/hydrocodone bit,
tramadol hel, etodolac, propoxyphene hel, amitriptyiine hel, carisoprodol/codeine
phos/asa, morphine sulfate, multivitamins, naproxen sodium, orphenadrine citrate,

ternazepam.

Examples of therapeutic agents for SLE (Lupus) in which binding proteins of the
invention can be combined include the following: NSAIDS, for example, diclofenac,
naproxen, ibuprofen, piroxicam, indomethacin; COX2 inhibitors, for example, Celecoxib,
rofecoxib, valdecoxib; anti-malarials, for example, hydroxychloroquine: Steroids, for
example, prednisone, prednisolone, budenoside, dexamethasone; Cytotoxics, for example,
azathioprine, cvclophosphamide, mycophenolate mofetil, methotrexate: inhibitors of
POEA or purine synthesis imhibitor, for example Celicept. Binding proteins of the
imvention, may also be combined with agents such as sulfasalazine, S-aminosalicvlic acid,
olsalazine, Imuran and agents which interfere with synthesis, production or action of
proinflammatory cytokines such as I1-1, for example, caspasc inhibitors like 1L-1B
converting enzyme inhibitors and IL-Ira. Binding proteins of the invention may also be
used with T cell signaling inhibitors, for example, tyrosine kinase inhibitors; or molecules
that target T cell activation molecules, for example, CTLA-4-1gG or anti-B7 family
antibodies, anti-PD-1 family antibodics. Binding proteins of the invention, can be
combined with IL-11 or anti-cytokine antibodies, for example, fonotolizumab (anti-IFNg
antibody}, or anti-receptor receptor antibodies, for example, anti-1L-6 receptor antibody
and antibodies to B-cell surface molecules. Antibodies of the invention or antigen binding
portion thereof may also be used with LIP 394 (abetimus), agents that deplete or
inactivate B-cells, for example, Rituximab (anti-CD20 antibody), lvmphostat-B (anti-

BlyS antibody), TNF antagonists, for example, anti-TNF antibodies, Adalimumab (PCT
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Publication No. WO 97/29131; HUMIRA), CA2 (REMICADE), CDP 571, TNFR-Ig
constructs, (p7STNFRIgG (ENBREL' and p3STNFRIgG (LENERCEPTY) and bel-2
mhibitors, because bel-2 overexpression in tranggenic mice has been demonstrated to

cause a lupus like phenotype (see Marquina, Regina et al., Journal of Immunology

20043, 172011y, 7177-7T185), therefore inhibition is expected to have therapeutic effects,
: . . } P

The pharmaceutical compositions of the invention may include a "therapeutically
effective amount” or a "prophylactically effective amount™ of a binding protein of the
invention. 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 person
skilled 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 in which anv toxic or
detrimental effects of the antibody, or antibody portion, are cutweighed by the
therapeutically beneficial effects. A "prophylactically effective amount” refers to an
amount effective, at dosages and for periods of time necessary, to achieve the desired
prophylactic result. Typically, since a prophylactic dose is used in subjects prior to or at
an carlicr stage of disease, the prophylactically effective amount will be less than the

therapeuticaliv effective amount.

Dosage regimens may be adjusted to provide the optimum desired response (e.g.,
a therapeutic or prophyiactic response ). For example, a single bolus may be
administered, several divided doses may be administered over time or the dose may be
proportionally reduced or increased as indicated by the exigencies of the therapeutic
situation. It is especially advantageous to formulate parenteral compositions in dosage
unit form for case of administration and uniformity of dosage. Dosage unit form as used
herein refers to physically discrete units suited as unitary dosages Tor the mammalian
subjects to be treated; cach unit containing a predetermined quantity of active compound
calculated to produce the desired therapeutic effect in association with the required
pharmaceutical carrier, 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 1 be achieved, and (b) the
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limitations inherent in the art of compounding such an active compound for the treatment

of sensitivity in individuals,

Am exemplary, non-limiting range for a therapeutically or prophylactically
effective amount of a binding protein of the fnvention is 0.1-20 mgfg, for example, 1-10

mg'kg Itis to be noted that dosage values may vary with the tvpe and severity of the

o)

condition to be alleviated. It is to be further understood that for any panicui'&? subject,

and the p].'ofcss;ionai 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 practice of the 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 equivaients without departing from the scope of
the mvention 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 illustration only and are not

intended to be imiting of the mvention.

V. Diagnostics

E’J

The disclosure herein also provides diagnostic applications. This is further

ehuctdated below,
LMethod of Assay

The present disclosure also provides a method for determining the presence,
amount or concentration of an analyte {or a fragment thereof) in a test sample using a
teast one DVD-Ig as described herein. Any suitable assay as is known in the art can be
used in the method. Examples include, but are not limited to, immunoassay, such as
sandwich immunoassay {e.g., monoclonal, polyclonal and/or DVD-Ig sandwich
immunoassays or any variation thereof {e.g., monoclonal/DVD-1g, DVD-Tg/polyclonal,
etc.), including radioisotope detection (radicimmunoassay (RIA)) and enzyme detection
{enzyme mmunoassay (EIAY or enzyme-linked immunosorbent assay (ELISA) (.o,

Quantikine ELISA assays, R&D Systems, Minneapolis, MN}Y), competitive inhibition

163



L

26

S
LA

30

immunoassay (e.g., forward and reverse), fluorcscence polarization immuncassay (FPIA),
enzyme multiplied immunoassay technique (EMIT), bioluminescence resonance energy
transfer (BRET), and homogeneous chemiluminescent assay, efc. Ina SFLDI-based
imrnunoassay, a capture reagent that specifically binds an analyte {or a fragment thereof)
of interest is attached to the surface of a mass spectrometry probe, such as a pre-activated
protein chip array. The analyte (or a fragment thereof) is then specifically captured on
the biochip, and the captured anaiytc {(or a fragment thereof) is detected by mass
spectrometry. Alternatively, the analyte (or a fragment thereof) can be eluted from the
capture reagent and detected by traditional MALDI (matrix-assisted laser

desorption/ionization) or by SELDI A chemiluminescent microparticle immunoassay, in

particular one employing the ARCHITECT® automated analyzer (Abbott Laboratories,

Abbott Park, IL}), is an example of a preferred immunoassay.

Methods well-known in the art for collecting, handling and processing urine,
blood, serum and plasma, and other body fluids, are used in the practice of the present
disclosure, for instance, when a DVD-fg as described herein is emploved as an
immunodiagnostic reagent and/or in an analyte immunoassay kit, The test sample can
comprise further moleties in addition 1o the analyvte of interest, such as antibodies,
antigens, haptens, hormones, drugs, enzymes, receptors, proteins, peptides, polvpeptides,
oligonucleotides and/or polvnucieoudes. For example. the sample can be g whole blood
sample obtained from a subject. [t can be necessary or desired that a test sample,
particutarly whele blood, be treated prior to immuncassay as described herein, e.g., with a
pretreatment reagent. Even in cases where pretreatment is not necessary (e.g., most urine
samples), pretreatment optionally ean be done (e.z., as part of a regimen on a commercial

el

platform).

The pretreatment reagent can be any reagent appropriate for use with the
immunoassay and kits of the invention. The pretreatment optionally comprises: (a) one

or more solvents (e.g., methanol and ethylene glycol) and optionally, salt, (b) one or more

solvents and salt, and optionally, detergent, (¢) detergent, or (d) detergent and salt.
Pretreatment reagents are known in the art, and such pretreatment can be emploved, ¢.g.,
as used for assays on Abbott TDx, AxSYM®, and ARCHITECT® analyzers (Abbott

Laboratories, Abbott Park, IL}, as described in the literature (see, ¢.g., Yatscoff et al.,

Abbott TDx Monoclonal Antibody Assay Evaluated for Measuring Cyclosporine in
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Whole Blood, Clin. Chem. 36: 1969-1973 (1990), and V Jallemacq et al, Evaluation of the
New AxSYM Cyclosporine Assay: Comparison with TDx Monoclonal Whole Blood and
EMIT Cyclosporine Assays, Clin. Chem. 45: 432-435 (19993}, and/or as commercially
available. Additionally, pretreatment can be done as deseribed in Abbott’s U.S. Pat. No.
5. 135875, European Pat. Pub. No. 0471 293, 118 Provisional Pat, App. 60/878.017, filed
December 29, 2006, and U.S. Pat. App. Pub. No. 2008/0020401 (incorporated by
reference in its entirety for its teachings regarding pretreatment). The pretreatment

reagent can be @ heterogencous agent or a homogencous agent.

With use of a heterogeneous pretreatment reagent, the pretreatment reagent
precipitates analyte binding protein {e.g., protein that can bind to an analyte or a fragment
thereof) present in the sample. Such a pretreatment step comprises removing any analyte
binding protein by separating from the precipitated analyte binding protein the
supernatant of the mixture formed by addition of the pretreatment agent to sample. In
such an assay, the supernatant of the mixture absent any binding protein is used in the

assay, proceeding directly to the antibody capture step.

With use of & homogeneous pretreatment reagent there is no such separation step.
The entire mixture of test sample and pretreatment reagent are contacted with a labeled
specific binding partner for analyte (or a fragment thereofh, such as 4 labeled anti-analyie
antibody (or an antigenically reactive fragment thereof). The pretreaiment reagent
employed for such an assay typically is diluted in the pretreated test sample mixture,
cither before or during capture by the first specific binding parmer. Despite such dilution,
a certain amount of the pretreatment reagent is stitl present (or remains) in the test gample
mixture during capture. According to the invention, the labeled specific binding partner

can be a DVD-Ig (or a fragment, a variant, or a fragment of a variant thereof).

In a heterogeneous format, after the test sample is obtained from a subject, a first
mixture is prepared. The mixture contains the test sample being assessed for an analyte
(or a fragment thereof) and a first specific binding partner, wherein the first specific
binding partner and any analyte contained in the test sample form a first specific binding
partner-analyte complex. Preferably, the first specific binding partner is an anti-analyte
antibody or a fragment thereof. The first specific binding pariner can be a DVD-ig (or a

fragment, a variant, or a fragment of a variant thereof) as described herein, The order in
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which the test sample and the first specific binding partner are added to form the mixture
is not critical, Preferably, the first specific binding parter is immobilized on a sohid
phase. The solid phase used in the immunoassay {for the first specific binding partner
and, optionaily, the second specific binding partner) can be any solid phase known in the
art, such as, but not hmited to, a2 magnetic particle, a bead, a test tube, a microtiter plate, a

cuvette, a membrane, a scaffolding molecule, a film, a filter paper, a disc and a chip.

After the mixture containing the first specific binding partner-analyte complex is
formed, any unbound analyte is removed from the complex using any technique known in
the art. For example, the unbound analyte can be removed by washing. Desirably,
however, the first specific binding partner is present in excess of any analyte present in
the test sample, such that all analvte that is present in the test sample is bound by the first

specific binding partner.

After any unbound analyte is removed, a second specific binding partner is added
to the mixtare to form a first specific binding partner-analyte-second specific binding
partner complex. The second specific binding partner 1s preferably an anti-analyte
antibody that binds to an epitope on analyte that differs from the epitope on analyte bound
by the first specific binding partner. Moreover, also preferably, the second specific
binding partner 18 labeled with or containg a detectable label as described above. The
second specific binding partner can be a DVD-Tg (or a fragment, a variant, or a fragment

of a variant thereof’ as described herein,

Any suitabie detectable label as is known in the art can be used. For example, the
detectable label can be a radioactive label (such as 3H, 1251, 338, 14C, 321, and 3379, an
enzymatic kabel (such as horseradish peroxidase, alkaline peroxidase, glucose 6-
phosphate dehydrogenase, and the like), a chemituminescent label (such as acridinium
esters, thioesters, or sulfonamides; Tuminol, isoluminel, phenanthridinium esters, and the
like}, a fluorescent label (such as fluorcscein (e.g., S-fluorescein, 6-carboxyfluorescein,

3 6-carboxyfluorescein, 5(6)-carboxyfluorcscein, 6-hexachloro-fluorescein, 6-
tetrachlorotiuorescein, fluorescein isothiocyanate, and the like)), rhodamine,
phycaobiliproteins, R-phycoerythrin, quantum dots (e.g., zine sulfide-capped cadmium
sclenidey, a thermometric label, or an immuno-potymerase chain reaction label, An

introduction to labels, Iabeling procedures and detection of labels 18 found in Polak and

(3«
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Van Noorden, Introduction to Immunocytochemistry, 2nd ed., Springer Verlag, N.Y.
{1997}, and in Haugland, Handbook of Fluorescent Probes and Research Chemicals
{19963, which is a combined handbook and catalogue published by Molecolar Probes,
Inc., Eugene, Orcgon. A fluorescent label can be used in FPIA (see, e.g., ULS. Patent
Nos. 5,593,890, 5,573,904, 53,496,925, 5,359,003, and 5,352,803, which arc hereby
meorporated by reference in their entireties). An acridinium compound can be used as a
detectable label in a homogeneous or heterogencous chemiluminescent assay (see, e.g
Adamczyk et al,, Bioorg. Med. Chem. Lett. 16: 1324-1328 (2006); Adamczyk et al.,
Bioorg. Med. Chem. Lett. 4; 2313-2317 (2004); Adamczyk et al., Biorg. Med. Chem.

Lett. 14: 3917-3921 (2004}; and Adamczyk et al., Org, Lett. 5 3779-3782 (2003)).

al

A preferred acridinium compound s an acridimium-Y-carboxamide. Methods for
preparing acndinium 9-carboxamides are described in Mattingly, J. Biolumin,
Chemilumin. 6 107-114(1991); Adameczyk et al, ] Org. Chem. 63: 5636-3639 (1998
Adamczyk et al., Tetrahedron 55: 10899-10914 (1999); Adamczyk et al., Org. Lett. 1:
779-T31 (1999}, Adamezyk et al., Bioconjugate Chem. 11 714-724 (2000); Matiingly et
al., In Lumincscence Biotechnology: Instruments and Applicatons; Dyke, K. V. Ed ;
CRC Press: Boca Raton, pp. 77105 (2002, Adamczyk et al., Org. Lett. 5: 3779-3782
{2003 and U5, Pat, Nog. 5,468,646, 5,543 524 and 3,783,699 (each of which is
mcorporated herein by reference i its entirety for its reachings regarding same). Another
preferred acridinium compound 18 an acridinium-9-carboxylate arvl ester. An example of
an acridintum-9-carboxylate arvl ester is 10-methyl-9-(phenoxyearbonyljacridinium
fluorosulfonate (available from Cayman Chemical, Ann Arbor, MI). Methods for
preparing acridinium 9-carboxylate aryl esters are deseribed in McCapra et al
Photochem. Photobiol 4: 1111-21 (1965); Razavi et al,, Lumminescence 15: 245.249
{2060, Razavi et al,, Luminescence 15: 239-244 (26007 and U.S. Patent No. 5,241,070
{each of which s incorporated herein by reference in ils entirety for ifs teachings
regarding same). Further details regarding acridinium-9-carboxylate aryl ester and its use

are set forth in US 2008-024R8493.

Chemiluminescent assays (e.g., using acridinium as described above or other
chemiluminescent agents) can be performed in accordance with the methods described in
Adamezvk etal., Anal. Chim. Acta 37901} 61-67 (2006). While any suitable assay

tormat can be used, a microplate chemiluminometer (Mithras 1L13-940, Berthold
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Technologies U.S.A. LLC, Oak Ridge, TN) enables the assay of multiple samples of

small volumes rapidly.

The order in which the test sample and the specific binding partner(s) are added to
form the mixture for chemiluminescent assay is not eritical, If the first specific binding
partner is detectably labeled with a chemiluminescent agent such as an acridinium
compound, detectably labeled first specific binding parter-analyte complexes form.
Alternatively, if a sccond specific binding partner is used and the second specific binding
partner is detectably labeled with a chemiluminescent agent such as an acridinium
compound, detectably labeled first specific binding partner-analvte-second specific
binding partner complexes form. Any unbound specific binding parter, whether labeled
or unlabeled, can be removed from the mixture using any technique known in the art,

such as washing.

Hydrogen peroxide can be generated in situ in the mixture or provided or supplied

10 the mixture {e.o

ot

the source of the hydrogen peroxide being one or more buffers or
other solutions that are known o contain hydrogen peroxide) before, simuitaneously
with, or after the addition of an above-deseribed acridinium compound. Hydrogen
peroxide can be generated in situ in & number of ways such as would be apparent to one

skitied i the art

Upon the simultancous or subseqguent addition of at least one basic solution to the
sample, a detectable signal, namely, a chemiluminescent signal, indicative of the presence
of analyte is generated. The basic solution contains at Jeast one base and has a pH greater
than or equal to 10, preferably, greater than or equal to 12, Examples of basic solutions
mnclude, but are not limited to, sodium hydroxide, potasstum hydroxide, calcium
hydroxide, ammonium hyvdroxide, magnesium hydroxide, sodium carbonate, sodium
bicarbonate, calcium hydroxide, calcium carbonate, and calcium bicarbonate. The
amount of basic solution added to the sample depends on the concentration of the basic
solution. Based on the concentration of the basic solution used, one skilled in the art can

casily determine the amount of basic solution to add to the sample,

The chemiluminescent signal that is generated can be detected using routine
techniques known to those skilled in the art. Based on the intensity of the signal
generated, the amount of analyte in the sample can be quantified. Specifically, the
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amount of analyte in the sample is proportional to the intensity of the signal generated.
The amount of analyie present can be quantified by comparing the amount of light
generated to a standard curve for analyvte or by comparison 1o a reference standard. The
standard curve can be generated using serial dilutions or solutions of known
concentrations of analyte by mass spectroscopy, gravimetric methods, and other
techniques known in the art. While the above is deseribed with emphasis on use of an
acridinium compound as the chemiluminescent agent, one of ordinary skill in the art can

readily adapt this description for use of other chemiluminescent agents.

Analyte immunoassays generally can be conducted using any format known in the
art, such as, but not himited to, a sandwich format. Specifically, in one immunoassay
format, at least two antibodies are employed to separate and quantify analyte, such as
human analyte, or a fragment thereof in a sample. More specifically, the at least two
antibodies bid 1o different epitopes on an analyte (or a fragment thereof) forming an
immune complex, which is referred to as a “sandwich.” Generally, in the IMUMUNOassays
one or more antibodies can be used to capture the analyte {or a fragment thereof) in the

test sample (these antibodies are frequently referred to as a “capture” antibody or

“capture” antibodies) and one or more antibodies can be used 1o bind a detectable

(namely, quantifiabic) label to the sandwich (these antibodies are frequently referred 10 as
the “detection antibody,” the “detection antibodies,” the “conjugate,” or the
“eonjugates”). Thus, in the context of a sandwich immunocassay format, a DVD-lg (ora
fragment, a variant, or a fragment of a variant thereof} as described herein can be used as
a capture antibody, a detection antibody, or both. For example, one DVD-Ig having a
domatn that can bind a first epitope on an analyte (or a fragment thereof) can be used as a
capture antibody and/or another DVD-Ig having a domain that can bind a second epitope
on an analyte (or a fragment thereof) can be used as a detection antibody. In this regard,
a DVD-Ig having a first domain that can bind a first epitope on an analyte (or a fragment
thereot) and a second domain that can bind a second epitope on an analyte {or a fragment
thereof) can be used as a capture antibody and/or a detection antibody. Alternatively, one
DVD-lIg having a first domain that can bind an epitope on a first analvie {or a fragment
thereof) and a second domain that can bind an epitope on a second analyte (or a fragment
thereof) can be used as a capture antibody and/or a detection antibody to detect, and

optionally quantify, two or more analytes, In the event that an analvte can be present in a
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sample in more than one form, such as a monomeric form and a dimerie/multimeric form,
which can be homomeric or heteromeric, one DVD-Ig having a domain that can bind an
epitope that is only exposed on the monomeric form and another DVD-1g having a
domam that can bind an epitope on a ditferent part of a dimeric/multimeric form can be
used as capture antibodies and/or detection antibodies, thereby enabling the detection,
and optional quantification, of different forms of a given analyte. Furthermore,
employing DVD-Igs with differential affinitics within a single DVD-Ig and/or between
DVD-Igs can provide an avidity advantage. In the context of immunoassays as described
herein, it generally may be helpful or desired to incorporate one or more linkers within
the structure of a DVD-Ig, When present, optimally the linker should be of sufficient
length and structural flexibility to enable binding of an ¢pitope by the inner domains as
well as binding of another epitope by the outer domains. In this regard, if a DVD-1g can
bind two different analytes and one analyte is larger than the other, desirably the larger

analyte 15 bound by the cuter domains.

Generally speaking, a sample being tested for (for example, suspecied of
containing) analyte {or a fragment thereof) can be contacted with at least one capture
antibody (or antibodies) and at least one detection antibody (which can be a second
detection antibody or a third detection antibody or even a successively numbered
antibody, e g, as where the capuure and/or detection antibody comprise multiple
antibodics} etther simuitancously or sequentiaily and i any order. For example, the test
sample can be first contacted with at least one capture antibody and then (sequentially)
with at feast one detection antibody. Alternatively, the test sample can be first contacted
with at least one detection antibody and then (sequentially) with at least one capture
antibody. In yet another alternative, the test sample can be contacted simultaneousty with

a capture antibody and a detection antibody.

in the sandwich assay format, a sample suspected of containing analvte {or
fragment thereof) is first brought into contact with at least one first capture antibody
under conditions that allow the formation of a first antibody/analyte complex. If more
than one capture antibody 15 used, a first capture antibody/analyte complex comprising
two or more capture antibodies is formed. In a sandwich assay, the antibodies, i.c.,
preferably, the at least one capture antibody, are used in molar excess amounts of the

maximum amount of analyte (or a fragment thereof) expected in the test sample. For
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example, from about 5 ug to about 1 mg of antibody per mL of buffer (e.g., microparticle

coating buffery can be used.

Competitive inhibition immunoassays, which are ofien used to measure small

tytes because binding by only one antibody is required, comprise sequentizal and

ang
classic formats. In a sequential competitive inhibition immunoassay a capture antibody to
an analyte of interest is coated onto a well of a microtiter plate or other solid support,
When the sample containing the analyte of interest is added 1o the well, the analyte of
interest binds to the capture antibody. After washing, a known amount of labeled (c.

£
biotin or horseradish peroxidase (HRP)) analvie is added to the well. A substrate for an
enzymatic label 18 necessary to generate a signal. An example of a suitable substrate for
HRP 15 3,35 S-tetramethylbenzidine (TMB). After washing, the signal generated by the
tabeled analyte is measured and is inversely proportional to the amount of analyte in the
sample. In a classic competitive inhibition immunoassay an antibody to an analyte of
nterest is coated onto a solid support (¢.g., a well of a microtiter plate). However, unlike
the scquential competitive inhibition immunoassay, the sample and the labeled analyte
are added to the well at the same time. Any analvie in the sample competes with labeled
analyte for binding to the capture antibody. After washing, the signal generated by the
labeled analyte is measured and is inversely proportional to the amount of analvte in the

sampie.

Optionally, prior to contacting the test sample with the at least one capture
antibody (for example, the first capture antibody), the at least one capture antibody can be
bound to a solid support, which facilitates the separation of the first antibody/analyte (or 2
fragment thereof} complex from the test sample. The substrate to which the capture
antibody 1s bound can be any suitable solid support or solid phase that facilitates

separation of the capture antibody-analyte complex from the sample.

Examples include a well of a plate, such as a microtiter plate, a test tube, a porous
gel (e.g., silica gel. agarose, dextran, or gelatin), a polymeric film (e.g., polyacrylamide),
beads (¢.g., polystyrene beads or magnetic beads), a strip of a filter/membrane (c.g..
nitrocellulose or nylon), microparticles (e.g., latex particles, magnetizable microparticles
(e.g., microparticles having ferric oxide or chromium oxide cores and homo- or hetero-

cyrrtabis
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coats and radii of about 1-10 micronsy. The ¢ suitable
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porous material with a suitable surface affinity to bind antigens and sufficient porosity to
atllow access by detection antibodics. A microporous material is generally preferred,
although a gelatinous material in a hvdrated state can be used. Such porous substrates are
preferably mn the form of sheets having a thickness of about 0.01 to about 0.5 mm,
preferably about 0.1 mm. While the pore size may vary quite a bit, preferably the pore
size 1 from about 0.025 to about 15 microns, more preferably from about 0,15 to about
15 microns. The surface of such substrates can be activated by chemical processes that
cause covalent linkage of an antibody to the substrate. Irreversible binding, generally by
adsorption through hydrophobic forces, of the antigen or the antibody to the substrate
results; alternatively, a chemical coupling agent or other means can be used to bind
covalenily the antibody to the substrate, provided that such binding does not interfere
with the ability of the antibody to bind to analyte. Alternatively, the antibody can be
bound with microparticies, which have been previously coated with streptavidin {(e.g.,
DYNAL®R Magnetic Beads, Invitrogen, Carlsbad, CA) or biotin (c.g., using Power-
BindTM-SA-MP streptavidin-coated microparticles (Seradyn, [ndianapolis, IN)) or anti-
species-specific monoclonal antibodies. 1f necessary, the substrate can be derivatized to
allow reactivity with various functional groups on the antibody. Such derivatization
requires the use of certam coupling agents, examples of which include, but are not limited
to, maleic anhydride, N-hydroxysuccinimide, and 1-cthyi-3-(3-dimethylaminopropy!)
carbodiimide. 1 desired, one or more capture reagents, such as antibodies (or fragments
thereof}, each of which is specific for analyie(s) can be attached to solid phases in
different physical or addressable locations (e.g., such as in a biochip configuration {see,
e.g., U.S. Pat. No. 6,225,047, Int'] Pat. App. Pub. No. WG 99/51773; U.S. Pat. No.
6,329.209; Int’l Pat. App. Pub. No. WO 00/56934, and U.S. Pat. No. 5,242 828}, If the

capture reagent is attached to a mass spectrometry probe as the solid support, the amount
of analyte bound to the probe can be detected by faser desorption ionization mass
spectrometry. Alternatively, a single column can be packed with different beads, which
are derivafized with the one or more capture reagents, thereby capturing the analyte in a
single place {(see, antibody-derivatized, bead-based technologies, e.g., the xMAP

technology of Luminex (Austin, TX)).

After the test sample being assayed for analvte (or a fragment thereof) is brought

into contact with the at least one capture antibody (for example, the first capture
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antibody), the mixture is incubated in order to allow for the formation of a first antibody
{or multiple antibody)-analyte (or a fragment thereof) complex. The incubation can be
carried out at a pH of from about 4.5 to about 10.0, at a temperature of from about 2°C to
about 45°C, and for a period from at least about one (1) minute © about eighteen (18}
hours, preferably from about 1 to about 24 minutes, most preferably for about 4 to about
18 minutes. The immunoassay described herein can be conducted in one step (meaning

the test sample, at least one capture antibody and at

least one detection antibody are all added sequentially or simultancously to a

reaction vessel) or in more than one step, such as two steps, three steps, etc.

After formation of the (first or multiple} capture antibody/analyiz (or a fragment
thereof) complex, the complex is then contacted with at least one detection antibody
under conditions which allow for the formation of a (first or muitipie) capture
antibody/analyte (or a fragment thereofy'second detection antibody complex}. While
captioned for clarity as the “second” antibody (e.g., second deteetion antibody), in fact,
where multiple antibodies are used for capture and/or detection, the at least one detection
antibody can be the second, third, fourth, ete. amibodies used in the immunoassay. 1fthe
capture antibody/analvte (or a fragment thereof} complex is contacted with more than one
detection antibody, then a {first or multiple) capture antibody/analvie (or a fragment
thercofi/(multiple) detection antibody complex is formed. As with the capture antibody
fc.g., the first capture antibody), when the at least one (e.g., second and any subsequent)
detection antibody is brought into contact with the capture antibody/analyte (or a
fragment thereof) complex, a period of incubation under conditions similar to those
described above is required for the formation of the (first or multipley capture
antibody/analyte (or a fragment thereof)/(second or multiple) detection antibody complex.
Preferably, at least one detection antibody containg a detectable fabel. The detectable
label can be bound to the at Jeast one detection antibody (¢.¢., the second detection
antibody ) prior to, simultancously with, or after the formation of the (first or multiple)
capture antibody/analyte (or a fragment thercof)/(second or multiple) detection antibody
complex. Any detectable label known in the art can be used (see discussion above,

including of the Polak and Van Noorden (1997) and Haugland ( 1996) references).
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The detectable label can be bound to the antibodies either directly or through a
coupling agent. An example of a coupling agent that can be used is EDAC (1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide, hydrochloride), which is commercially available
from Sigma-Aldrich, St. Louis, MO, Other coupling agents that can be used are known in
the art. Methods for binding a detectable label to an antibody are known in the art.
Additionally, many detectable labels can be purchased or synthesized that already contain
end groups that facilitate the coupling of the detectable label to the antibody, such as
CPSP-Acridinium Ester (i.e., 9-[N-tosyl-N-(3-carboxypropyl)}-10-(3-
sulfopropyljacridinium carboxamide) or SPSP-Acridintum Ester (i.e., N10-(3-

sulfopropyl)-N-(3-sulfopropyi-acridinium-9-carboxamide).

The (first or multiple) capture antibody/analyte/(sccond or multiple) detection
antibody complex can be, but does not have 1o be, separated from the remainder of the
test sampie prior to quantification of the lubel. For example, if the at least one capture
antibody {e.¢., the first capture antibody) is bound to a solid support, such as a well or a
bead, separation can be accomplished by removing the fluid {(of the test sample) from
contact with the sofid support. Alternatively, if the at least first capture antibody is bound
to a sotid support, it can be simultaneously contacted with the analvte-containing sample
and the at least one second detection antibody to form a first (multiple)

antibody/anaiyte’second (multiple) antibody complex, followed by removal of the fluid

(test sample} from contact with the solid support. If the at least one first capture antibody
18 ot bound 0 a solid support, then the (first or multiple) capture
antibody/analyte/(second or multiple} detection antibody complex does not have (o be

removed from the test sample for quantification of the amount of the label.

After formation of the labeled capture antibody/analyte/detection antibody
complex {e.g., the first capture antibody/analyte/second detection antibody complex), the
amount of label in the complex is quantified using techniques known in the art. For
example, if an enzymatic label is used. the labeled complex is reacted with a substrate for
the label that gives a quantifiable reaction such as the development of color. If the label
is a radioactive label, the label is quantified using appropriate means, such as a
scintillation counter. If the label is a fluorescent label, the label is quantified by
stimulating the label with a light of one color {which is known as the “excitation

wavelength”) and detecting another color (which is known as the “emission wavelength™
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that is emitted by the label in response to the stimulation. If the label s a
chemiluminescent fabel, the label 18 quantified by detecting the light emitted either
visually or by using luminometers, x-ray film, high specd photographic film, 2 CCD
camera, cte. Once the amount of the label in the complex has been quantified, the
concentration of analyte or a fragment thereof in the test sample is determined by
appropriate means, such as by use of a standard curve that has been generated using serial
dilutions of analyte or a fragment thercof of known concentration. Other than using serial
dilutions of analyte or a fragment thereof, the standard curve can be generated

gravimetrically, by mass spectroscopy and by other techniques known in the art.

In a chemiluminescent microparticle assay emploving the ARCHITECT®
analyzer, the conjugate diluent pH should be about 6.0 +/- 0.2, the microparticle coating
buffer should be maintained at ubout room temperature (L., at from about 17 o about 27
4C, the microparticle coating buffer pH should be about 6.5 +/- 0.2, and the
microparticle diluent pH should be about 7.8 +/- 0.2, Solids preferably are less than
about .29, such as less than about 0.15%, less than about 0.14%, less than about 0.13%,

fess than about 6.12%, or less than about §.11%, such as about 0.10%.

FPIAs are based on competitive binding immunoassay principles. A fluorescently
izbeled compound, when excited by 2 Hnearly polarized ight, will emir fluorescence
having a degree of polarization inversely proportional 1o its rate of rotation. When &
fluorescently labeled tracer-antibody complex is excited by a linearly polarized light, the
emnitted hight remains highly polarized because the flucrophore is constrained from
rotating between the tie light is absorbed and the time light is emitted. When g “free”
tracer compound (i.¢., a compound that is not bound to an antibody) 15 excited by linearly
polarized light, its rotation is much faster than the corresponding tracer-antibody
conjugate produced in a competitive binding imnmunoassay. FPIAs are advantageous
over RIAs inasmuch as there are no radioactive substances requiring special handling and
disposal. In addition, FPIAs arc homogeneous assays that can be easily and rapidly

performed.

In view of the above, a method of determining the presence, amount, or
concentration of analyte {or a fragment thereof) in a test sample is provided. The method

COT s assaving the test cample for an analvte (or a fragment thereo!) by an assay (1)
- e N B = Led “ o o !
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employing (i") at least one of an antibody, a fragment of an antibody that can bind to an
analyte, a variant of an antibody that can bind to an analyte, a fragment of a variant of an
antibody that can bind 10 an analyte, and a DVD-Ig (or a fragment, a variant. or &
fragment of a variant thereof) that can bind to an analyte, and (ii°) at least one detectable
label and (ii) comprising comparing a signal generated by the detectabie label as a direct
or indirect indication of the presence, amount or concentration of analyte (or # fragment
thereof} in the test sample to a signal generated as a direct or indirect indication of the
presence, amount or concentration of analyte (or a fragment thereof) in a control or
celibrator. The calibrator is optionally part of a series of calibrators, in which each of the

calibrators differs from the other calibrators by the concentration of analyte.

The method can comprise (1) contacting the test sample with at least one first
specific binding partner for analyte (or a fragment thereof) selected from the group
consisting of an antibody, a fragment of an antibody that can bind to an analvte, a variant
of an antibody that can bind to an analyte, & fragment of a variant of an antibody that can
bind to an analyte, and a DVD-Ig (or a fragment, a vartant, or a fragment of a variant
thereof} that can bind 1o an analyte so as to form a first specific binding parter/analyte
(or fragment thereof) complex, (i1} contacting the first specific binding partner/analyte (or
fragment thereof} complex with at least one second specific binding parter for analyie
{or fragment thereof) selected from the group consisting of a detectably labeled anti-
analyte antibody, a detectably labeled fragment of an anti-analyte antibody that can bind
to analyte, a detectably labeled variant of an anti-analyte antibody that can bind to
analyte, a detectably labeled fragment of a variant of an anti-analyte antibody that can
bind to analyte, and a detectably labeled DVD-lg (or a fragment, a variant, or 4 fragiment
of a variant thercof) so as to form a first specific binding partner/analyte (or fragment
thereofl/second specific binding partner complex, and {iii) determining the presence,
amount or concentration of analyte in the test sample by detecting or measuring the signal
generated by the detectable Jabel in the first specific binding partner/analyte (or fragment
thereofy/second specific binding partner complex formed in (ii). A method in which at
feast one first specific binding partner for analyte (or a fragment thereof) and/or at least
one second specific binding partner for analyte (or a fragment thereof) is a DVD-Ig (or a

fragment, a variant, or a fragment of a variant thereof) as described herein can be
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Alternatively, the method can comprise contacting the test sample with at least
one first specific binding partner for analyte (or a fragment thereof) selected from the
variant of an antibody that can bind o an analyte, a fragment of a variant of an antibody
that can bind to an analyte, and a DVD-Ig (or a fragment, a variant, or a fragment of a
variant thereof) and simultaneously or sequentially, in cither order, contacting the fest
sample with at least one second specific binding partner, which can compete with analyte
(or a fragment thereof) for binding to the at least one first specific binding partner and
which is selected from the group consisting of a detectably labeled analyte, a detectably
labeled fragment of analyte that can bind to the first specific binding partner, a detectably
labeled variant of analyte that can bind to the first specific binding parmer, and a
detectably labeled fragment of a variant of analvic that can bind to the first specific
binding partner. Any analyte (or a fragment thereof) present in the test sample and the at
least one second specific binding partner compete with each other o form a first specific
binding partner/analyte {or fragment thereof) complex and a first specific binding
partner/second specific binding partner complex, respectively. The method further
comprises determining the presence, amount or concentration of analyte in the test sample
by detecting or measuring the signal generated by the detectable Tabel in the first specific
binding partner/second specific binding partner complex formed in (1), wherein the
signal generated by the detectable Iabel in the first specific binding partner/second
specific binding partner complex is inversely proportional to the amount or concentration

of analyte in the test sample.

The above methods can further comprise diagnosing, prognosticating, or asscssing
the efficacy of a therapeutic/prophylactic treatment of a patient from whom the test
sample was obtained. If the method further comprises assessing the efficacy of a
therapeutic/prophylactic treatment of the patient from whom the fest sample was
obtained, the method optionally further comprises modifving the therapeutic/prophylactic
treatment of the patient as needed to improve efficacy. The method can be adapted for

use in an automated system or a semi-automated system.

With regard to the methods of assay (and kit therefor), it may be possible t©o
employ commercially available anti-analyte antibodics or methods for production of anti-

analyte as described in the literature. Commercial supplies of various antibodies include,
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but are not limited to, Santa Cruz Biotechnology Inc. {Santa Cruz, CA), GenWay

Biotech, Inc. (San Diego, CA), and R&D Systems (RDS: Minneapolis, MN}.

Generally, & predetermined level can be employed as a benchmark against which

R A T TE LT lIoN TP S,
1o assess results obtained upo

eit theraof,
e.g., for detecting disease or risk of discase. Generally, in making such a comparison, the
predetermined level s obtained by running a particular assay a sufficient number of times
and under appropriate conditions such that a linkage or assoctation of analyte presence,
amount or concentration with a particular stage or endpoint of a disease, disorder or
condition or with particular clinical indicia can be made. Typically, the predetermined
level 1s obtained with assays of reference subjects (or populations of subjects). The
analyte measured can include fragments thereof, degradation products thereof, and/or

enzymatic cieavage products thereof,

in particular, with respect 0 a predetermined level as employed for monitoring
disease progression and/or treatment, the amount or concentration of analyte or a

fragment thereof may be “unchanged,” “favorable™ (or “favorably altered™), or

=S
=

“unfavorable” {or “unfavorably altered™). “Elevated” or “increased™ refers 1o an amount
or & concentration in a test sample that is higher than a typical or normal fevel or range
(e.g.. predetermined level}, or 1s higher than another reference level or range (e carlier
or baseline sample). The term “lowered” or “reduced”™ refers to an amount or a
concentration i a test sample that 1s lower than a typical or normal level or range (e.g.,
predetermined level), or is Tower than another reference level or range {e.¢., earlier or
baschine sample}. The term “altered” refers to an amount or a concentration in a sample
that is altered (increased or decreased) over a typical or normal level or range (e.g.,
predetermined level), or over another reference level or range {(e.g., carlier or baseline

sample).

The typical or normal level or range for analyte is defined in accordance with
standard practice. Because the levels of analyte in some instances will be very low, a so-
called altered level or alteration can be considered to have occurred when there is any net
change as compared to the typical or normal level or range, or reference level or range,
that cannot be explained by experimental error or sample variation. Thus, the level

measured in a particalar sample will be compared with the level or range of levels



i

20

1
A

8

LA

determined n similar samples from a so-called normal subject. In this context, a “normal
subject” is an ndividual with no detectable disease, for example, and a “normal”
{(sometimes termed “control”y patient or population i1s/are one(s) that exhibit(s) no
detectable disease, respectively, for example, Furthermore, given that analyte is not
routinely found at a high level in the majority of the human population, a “normal
subject” can be considered an individual with no substantial detectable increased or
elevated amount or concentration of analyte, and a “normal” (sometimes termed
“control”) patient or population is/are one(s) that exhibit(s) no substantial detectable
increased or elevated amount or concentration of analyte. An “apparently normal
subject”™ 18 one in which analyte has not vet been or currently is being assessed. The level
of an analyte is said to be “elevated” when the analyte is normally undetectable (e.o., the
normal jevel is zero, or within a range of from about 25 10 about 75 percentiles of normal
populations}, but is detected in a test sample, as well as when the analyte is present in the
test sample at a higher than normal level. Thus, inter alia, the disclosure provides a
method of screeming for a subject having, or at risk of having, a particular disease,
disorder, or condition. The method of assay can also invelve the assay of other markers

and the like.

Accordingly, the methods described herein also can be used to determine whether
or not a subject has or 1§ at risk of developing a given disease. disorder or condition,
Specifically, such a method can comprise the steps of:

{a) determining the concentration or amount in a fest sample from a subject of
analyte (or a fragment thereof) {e.g., using the methods described herein, or methods
known in the arty: and

(b} comparing the concentration or amount of analyie (or a fragment thereof)
determined in step (a) with a predetermined level, wherein, if fhe concentration or amount
of analyte determined in step (a) is favorable with respect to a predetermined level, then
the subject is determined not to have or be at risk for a given discase, disorder or
condition. However, if the concentration or amount of analyte determined in step (a) is
unfavorable with respect to the predetermined level, then the subject is determined to

have or be at risk for a given discase, disorder or condition,
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Additionally, provided herein is method of monitoring the progression of discase

in a subject. Optimaily the method comprising the steps of:

{ay determining the concentration or amount in a test sample from a subject of

analyie;

{b} determining the concentration or amount in  later test sample from the

subject of analyte; and

{c) companng the concentration or amount of analyte as determined in step (b)
with the concentration or amount of analyte determined in step (a), wherein if the
conecentration or amount determined in step (b is unchanged or is unfavorahle when
compared 1o the concentration or amount of analyte determined in step (a), then the
discase in the subject is determined to have continued. progressed or worsened. By
companson, if the concentration or amount of analyte as determined in step (b is
favorable when compared to the concentration or amount of analyte as determined in step
(a), then the disease in the subject is determined to have discontinued, regressed or

improved.

Optionally, the method further comprises comparing the concentration or amount
of analyte as determined in step (b)), for example, with a predetermined level, Further,
optionally the method comprises treating the subject with one or more pharmaceutical
compositions for a period of time if the comparison shows that the concentration or
amount of analyte as determined n step (b), for example, is unfavorably altered with

respect to the predetermined level.

Still further, the methods can be used to monitor treatment in a subject receiving
treatment with one or more pharmaceutical compositions. Specifically, such methods
mvolve providing a first test sample from a subject before the subject has been
administered one or more pharmaceutical compositions. Next, the concentration or
amount in a first test sample from a subject of analyte is determined (e.g., using the
methods described herein or as known in the art). After the concentration or amount of
analyte is determined, optionally the concentration or amount of analyte is then compared
with a predetermined level, If the concentration or amount of analyte as determined in

the first test sample is lower than the predetermined level, then the su is not treated
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with one or more pharmaceutical compositions. However, if the concentration or amount
of analyte as determined n the first test sample is higher than the predetermined level,
then the subject 1s treated with one or more pharmacewtical compositions for a period of
time. The period of time that the subject & treated with the one or more pharmaceutical

compositions can be determined by one skilled in the art (for example, the period of time

can be from about seven (7) days to about two vears, preferably from about fourteen (14}

days to about one (1) year).

During the course of treatment with the one or more pharmaceutical compositions,
second and subsequent test samples are then obtained from the subject. The number of
test samples and the time in which said test samples are obtained from the subject are not
critical. For example, a second fest sample could be obtained seven (7) days after the
subject is first administered the one or more pharmaceutical corapasitions, a third test
sample could be obtamed two (2 wecks after the sublect 15 first administered the one or
more pharmaceutical compositions, a fourth test sample could be obtained three (3)
weeks after the subject 1s first administered the one or more pharmaceutical compositions,

a fifth test sample could be obtained four (4} weeks after the subject is first administered

the one or more pharmaceutical compositions, etc.

After cach second or subsequent test sample is obtained from the subiect, the
concentration or amount of analyte 1s determined in the second or subsequent test sample
1s determined (e.g., using the methods described herein or as known in the art). The
concentration or amount of analyte as determined in cach of the second and subsequent
est samples 15 then compared with the concentration or amount of analyte as determined
in the first test sample (e.g., the test sample that was originally optionally compared to the
predetermined level). If the concentration or amount of analyte as determined in step (¢)
1s favorable when compared to the concentration or amount of analyte as determined in
step {a}, then the disease m the subject is determined to have discontinued, regressed or
improved, and the subject should continue to be administered the one or pharmaceutical
compeositions of step (b). However, if the concentration or amount determined in step (¢)
is unchanged or is unfavorable when compared to the concentration or amount of analyte
as determined in step (a), then the disease in the subject is determined 10 have continued,

the one or more pharmaceutical compositions administered to the subject i step () or
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the subject should be treated with one or more pharmaceutical compositions that are
different from the one or more pharmaceutical compositions administered to the subject
m step (b). Specifically, the subject can be reated with one or more pharmaceutical

compuositions that are different from the one or more pharmaceutical compositions that

the subject had previously received to decrease or lower sald subject’s analvie level.

Generally, for assays in which repeat testing may be done (e.g., monitoring
disease progression and/or response to treatment), a second or subsequent test sample is
obtained at a period in time after the first test sample has been obtained from the subject.
Specifically, a second test sample from the subject can be obtained minutes, hours, days,
weeks or years after the first test sample has been obtained from the subject. For
example, the second test sample can be obtained from the subject at a time period of
about { minute, about 5 minutes, about 10 minutes, about 15 minutes, about 30 minutes,
about 45 minutes, about 60 minutes, about 2 hours, about 3 hours, about 4 hours, about 3
hours, about 6 hours, about 7 hours, about 8 hours, about 9 hours, about 10 hours, shout
11 hours, about 12 hours, about 13 hours, about 14 hours, about 15 hours, about 16 hours,
about 17 hours, about 18 hours, about 19 hours, about 20 hours, about 21 hours, about 27
hours, about 23 hours, about 24 hours, about 2 days, about 3 days, about 4 days, about 5
days, about 6 days, abowt 7 davs, sbout 2 weeks, about 3 weeks, about 4 weeks, about 5
weeks, about O weeks, about 7 weeks, abowm 8 weeks, about 9 weeks, sbout 10 weeks,
about 11 weeks, about 12 weeks, about {3 wesks, about 14 weeks, sbout 15 weeks, about
16 weeks, about 17 wecks, about 18 weeks, about 19 weeks, about 20 weeks, about 21
weeks, about 22 weeks, about 23 wecks, about 24 weeks, about 25 weeks, about 26
weeks, about 27 weeks, about 28 weeks, about 29 weeks, about 30 weeks, about 31
weeks, about 32 weeks, about 33 weeks, about 34 weeks, about 35 weeks, about 36
weeks, about 37 weeks, about 3% weeks, about 39 weeks, about 40 weeks, about 41
weeks, about 42 weceks, about 43 weeks, about 44 weeks, about 45 weeks, about 46
weeks, about 47 weeks, about 48 weeks, about 49 weeks, sbout 50 weeks, about 31
weeks |, about 52 weeks, about 1.5 vears, about 2 years, about 2.5 years, about 3.0 vears,
about 3.5 vears, about 4.0 years, about 4.5 years, about 3.0 years, about 5.5, years, about
6.0 years, about 6.5 years, about 7.0 vears, about 7.5 years, about 8.0 vears, about 8.5
vears, about 9.0 vears, about 9.5 years or about 10.0 years after the first test sample from

the subject is obtained.
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When used to monitor disease progression, the above assay can be used 1o
monitor the progression of discase in subjects suffering from acute conditions. Acute
conditions, also known as critical care conditions, refer to acute, life-threatening discases
or other critical medical conditions involving, for example, the cardiovascular system or
excretory system. Typically, critical care conditions refer o those conditions requiring
acute medical intervention in a hospital-based setting (including, but not limited to, the
emergency room, intensive care unit, trauma center, or other emergent care sefting) or
administration by a paramedic or other ficld-based medical personnel. For critical care
conditions, repeat monitoring is generally done within a shorter time frame, namely,
minutes, hours or days {e.g., about | minute, about 3 minutes, zbout 10 minutes, ahout 15
minutes, about 30 minutes, about 45 minutes, about 66 minutes, about 2 hours, about 3
hourg, about 4 hours, about 5 hours, about 6 hours, zbout 7 hours, about 8 hours, about 9
hours, about 10 hours, about I] hours, about 12 hours, about 13 hours, about 14 hours,
about 15 hours, about 16 hours, about 17 hours, about 18 hours, about 19 hours, about 20
hours, about 21 hours, about 22 hours, about 23 hours, about 24 hours, about 2 days,
about 3 days, about 4 days, about 5 days, about 6 days or about 7 days), and the initial
assay likewise 1 generally done within a shorter imeframe, e.g., about minutes, hours or

- B M

days of the onset of the disease or condition.

The assays also can be used to monitor the progression of disease in subjects
suffering from chronic or pon-acute conditions. Non-critical care or, non-acute
conditions, refers to conditions other than acutc, life-threatening disease oy other critical
medical conditions mvolving, for example, the cardiovascular system and/or excretory
systemn. Typically, non-acute conditions include those of longer-term or chronic duration,
For non-acute conditions, repeat monitoring generally is done with a longer timeframe,
e.g., hours, days, weeks, months or years {e.g., about | hour, about 2 hours, about 3
hours, about 4 hours, about 5 hours, sbout 6 hours, about 7 hours, about & hours, about 9
hours, about 10 hours, about 11 hours, about 12 hours, about 13 hours, about 14 hours,
about 15 hours, about 16 hours, about 17 hours, about 18 hours, about 19 hours, about 20
fours, about 21 hours, about 22 hours, about 23 heurs, about 24 hours, about 2 days,
about 3 days, about 4 days, about 5 days, about 6 days, about 7 days, about 2 weeks,
about 3 weeks, about 4 weeks, about 5 weeks, about 6 weeks, about 7 weeks, about 8

weeks, about 9 weeks, about 10 weeks, about 11 weeks, about 12 weeks. about 13 w ek,
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about 14 weeks, about 15 weeks, about 16 weeks, about 17 weeks, about 18 weeks, about
19 weeks, about 20 weeks, abowt 21 weeks. about 22 weeks, about 23 weeks, abour 24
weeks, about 25 wecks, about 26 weeks, about 27 weeks, sbout 28 weeks, about 29
weeks, about 30 weeks, about 31 weeks, about 32 weelks, about 33 weeks, about 34
weeks, about 35 weeks, about 36 weeks, about 37 weceks, about 38 weeks, sbout 39
weeks, about 40 weeks, about 41 weeks, about 42 weeks, about 43 weeks, about 44
weeks, about 45 weeks, about 46 weeks, about 47 weeks, about 48 weeks, about 49
weeks, about 50 weeks, about 51 weeks | about 52 weeks, about 1.5 years, about 2 years,
about 2.5 years, about 3.0 years, about 3.5 years, about 4.0 years, about 4.5 years, about
5.0 years, about 5.5, years, about 6.0 years, about 6.5 vears, about 7.0 years, about 7.5
years, about 8.0 vears, about 8.5 years, about 9.0 vears, about 9.5 vears or about 10.0
cars), and the nttial assay lkewise generally is done within a longer time frame, e.g.,

about hours, days, months or vears of the onset of the disease or condition,

Furthermore, the above assays can be performed using a first test sample obtained
from a subject where the first fest sample is obtained from one source, such as urine,
serum or plasma. Opuionally, the above assays can then be repeated using a second test
sampie obtained from the subject where the second test sample is obtained from another
source. For example, if the first test sample was obtained from urine, the second test
sample can be obtained from serum or plasma, The results obtained from the assays
using the first test sample and the second test sample can be compared. The comparison

can be used to assess the status of a disease or condition in the subject.

Moreover, the present disclosure also relates to methods of determining whether a
subject predisposed to or suffering from a given disease, disorder or condition will benefit
from treatment. In particular, the disclosure relates 1o analyte companion diagnostic
methods and products. Thus, the method of “monitoring the treatment of disease in a
subject” as described heremn further optimally also can encompass selecting or identifying

candidates for therapy,

Thus, in particular embodiments, the disclosure also provides a method of
determining whether a subject having, or at risk for, a given disease, disorder or condition
is a candidate for therapy. Generally, the subject is one who has experienced some

symptom of a given disease, disorder or condition or who has acrually been disgnosed as
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having, or being at risk for, 2 given disease, disorder or condition, and/or who
demonstrates an unfavorable concentration or amount of analyie or a fragment thereof, as

deseribed herein.

as described hereln, where analvie s
assessed before and following treatment of a subject with one or more pharmaceutical
compositions (¢.g., particularly with a pharmaceutical related to 2 mechanism of action
involving analyte), with immunosuppressive therapy, or by immunoabsorption therapy, or
where analyte is assessed following such treatment and the concentration or the amount
of analyte 1s compared against a predetermined level. An unfavorable concentration of
amount of analyte observed following treatment confirms that the subject will not benefit
from receiving further or continued treatment, whereas a favorable concentration or
amount of analyte observed following treatment confirms that the subject will benefit
from recetving further or continued treatment, This confirmation assists with

management of clinical studies, and provision of improved patient care.

It goes without saving that, while certain embodiments herein are advantageous
when emploved to assess a siven disease, disorder or condition as discussed herein, the
assays and kits can be employed to assess analyte in other diseases, disorders and

conditions. The method of assav can also involve the assay of other markers and the Iike,

The method of assay also can be used to identify a compound that ameliorates a
given disease, disorder or condition. For example, a cell that expresses analyte can be
contacted with a candidate compound. The level of expression of analyte in the cell
contacied with the compound can be compared to that in a control cell using the method

of assay described herein,
1. Kit

A kit for assaying a test sample for the presence, amount or concentration of an
analyte {or a fragment thereof) in a test sample is also provided. The kit comprises at
least one component for assaying the test sample for the analyte (or a fragment thereof)
and instructions for assaying the test sample for the analyte (or a fragment thereof). The

at least one component for assaving the test sample for the analyvte (or a fragment thereof)
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can include a composition comprising an anti-analyte DVD-Ig (or 2 fragment, a variant,

or a fragment of a variant thereof), which is optionally immeobilized on a solid phase,

The kit can comprise at least one component for assaying the test sampie for an
analyic by lmmuncassay, ¢.g.. chemiluminescent microparticle immunoassay, and
mstructions for assaying the test sample for an analyte by immunoassay, e.g.,
chemiluminescent microparticle immunoassay. For example, the kit can comprise at least
one specific binding partner for an analyte, such as an anti-analyte,
monaclonal/polyclonal antibody (or a fragment thereof that can bind to the analyte, a
variant thereof that can bind to the analyte, or a fragment of a variant that can bind to the
anatyte) or an anti-anatyte DVID-Ig (or a fragment, a variant, or a fragment of a variant
thercof), either of which can be detectably labeled. Alternatively or additionally, the kit
can comprise detectably fabeled analyte (or a fragment thereof that can bind 1o an anti-
analyte, monocional/polyclonal antibody or an anti-analyte DVD-Tg (or a fragment, 4
variant, or a fragment of a variant thereot)), which can compete with anv analyte in a test
sample for binding to an anfi-analyie, monoclonal/polyclonal antibody (or a fragment
thereof that can bind to the analyie, a variant thereof that can bind to the analyte, or a
fragment of a variant that can bind to the apalyte) or an anti-analyte DVD-Ig (or a
fragment, a vartant, or a fragment of a variant thereo?), either of which can he
immobitized on & solid support. The kit can comprise a calibrator or control, e.g.,
isolated or purified analyte. The kit can comprisc at lcast one container (e.g., tube,
microtiter plates or strips, which can be already coated with a first specific binding
partner, for example) for conducting the assay, and/or a buffer, such as an assay buffer or
a wash buffer, either one of which can be provided as a concentrated solution, a substrate
solution for the detectable label (e.g., an enzymatic label), or a stop solution. Preferably,
the kit comprises all components, Le., reagents, standards, buffers, diluents, etc., which
are necessary o perform the assay, The instructions can be in paper form or computer-

readable form, such as a disk, CD, DVD, or the like.

Any antibodies. such as an anti-analyte antibody or an anti-analyte DVD-lg, or
tracer can incorporate a detectable fabel as described herein, such as 2 fluorophore, a
radioactive molety, an enzyme, a biotin/avidin label, a chromophore, a chemiluminescent

label, or the like, or the kit can include reagents for carrving out detectable labeling. The
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antibodics, calibrators and/or controls can be provided in separate containers or pre-

dispensed into an appropriate assay format, for example, into microtiter plates.

Optionally, the kit includes quality control components {for example, sensitivity
pancls, calibrators, and positive controls). Preparation of quality control reagents is well-
known in the art and 13 described on insert sheets for a variety of immunodiagnostic
products. Sensitivity panel members optionally are used to establish assay performance
characteristics, and further optionally are useful indicators of the integrity of the

immunoassay kit reagents, and the standardization of assays.

The kit can also optionally inchude other reagenis required 10 conduct a diagnostic
assay or facilitate quality control evaluations, such as buffers, salts, ENZYINSS, CRZYINE CO-
factors, enzyme substrates, detection reagents, and the like. Other components, such as
buffers and solutions for the isolation and/or freatment of a test sample (e.¢., pretreatment
reagents), also can be included m the kit. The kit can additionally include one or more
other controls. One or more of the components of the kit can be lyophilized, in which
case the kit can further comprise reagents suitable for the reconstitution of the Ivophilized

COMPONCns.

The various components of the kit optionally are provided in suitable containers
as necessary, ¢.g. a microtiter plate. The kit can further include comtainers for holding or
storing a sample (e.g., a container or cartridge for a urine sample). Where appropriate,
the kit optionally also can contain reaction vessels, mixing vessels, and other components
that facilitate the preparation of reagents or the test sample. The kit can also include one
or more mstruments for assisting with obtaining a test sample, such as 4 syringe, pipette,

forceps, measured spoon, or the like.

[f the detectable label is at least one acridinium compound, the kit can comprise at
least one acridinium-9-carboxamide, at least one acridinium-9-carboxylate ary] ester, or
any combination thereof. If the detectable label is at least one acridinium compound, the
kit also can comprise a source of hydrogen peroxide, such as a buffer, a solution, and/or
at least one basic solution. I desired, the kit can contain a solid phase, such as a
magnetic particie, bead, test tube, microtiter plate, cuvette, membrane, scaffolding

motlecule, film, filter paper, disc or chip.
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HI. Adaptation of Kit and Method

The kit {or compoenents thereof), as well as the method of determining the
presence, amount or concentration of an analvie in g test sample by an assay, such as an
impuncassay as described herein, can be adapied for use in a variety of aufomated and
semi-automated systems (including those wherein the solid phase comprises a
microparticle), as described, e.g., in U.S. Patent Nos. 5.089,424 and 3,006,309, and a
commercially marketed, c.g., by Abbott Laboratorics (Abbott Park, [L) as

ARCHITECT®.

Some of the differences between an automated or semi-automated system as
compared to a non-automated system {e.¢., ELISA) include the substraie to which the
first specific binding partner (e.g., an anti-analyte, monoclonal/polycional antibody (or a
fragment thereol, a variant thereof, or a fragment of a variant thereof) or an anti-analyte
DVix-lg (or a fragment thereof, a vanant thereof, or a fragment of a variant thereof) is
attached; erther way, sandwich formation and analyte reactivity can be impacted), and the
length and timing of the capture, detection and/or any optional wash steps. Whereas a
non-automated format, such as an ELISA. may require a relatively longer incubation time

with sample and capture reagent (e ¢, about 2 hoursy, an automated or semi-awtomated

ws

format (e g  ARCHITECT® Abbon Laboratories) may have a relatively shorter
mcubation time (e g, approximately 18 minutes for ARCHITECT®). Similarlv, whercas
a non-automated format, such as an ELISA, may incubate a detection antibody, such as
the conjugate reagent, for a relatively longer incubation time (e.g., about 2 hours), an

awtomated or semi-automated format (e g, ARCHITECT®R) may have a relatively shorter

incubation time (e.g., approximately 4 minutes for the ARCHITECT® ),

Other platforms available from Abbott Laboratories include, but are not limited to,

AxSYME, IM

(see, e.g., ULS. Pat. No. 5,294,404, which is hereby incorporated by
reference in its entirety), PRISM®, ETA (bead), and Quantum™ 11, as well as other
platforms. Additionally, the assays, kits and kit components can be emploved in other
formats, for example, on electrochemical or other hand-held or point-of-care assay
systems. The present disclosure is, for example, applicable to the commercial Abbott
Point of Care (-STATR, Abbott Laboratories} electrochemical immunoassay system that

performs sandwich mmunoassave, Immunosensors and their methode of manufacture
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and operation 1n single-use test devices are described, for example in, U.S. Patent No.
5,063,081, U.S. Pat. App. Pub. No. 2003/0170881, U.S. Pat. App. Pub. No.
2004/0018577, U.S. Pat. App. Pub. No. 2005/0054078, and U.S, Pat. App. Pub. No.
2006/0160164, which are incorporated in their entireties by reference for their teachings

regarding same.

In particular, with regard to the adaptation of an analyte assay to the I-STAT®
system, the following configuration s preferred. A microfabricated silicon chip is
manufactured with a pair of gold amperometric working electrodes and a silver-silver
chloride refercnce electrode. On one of the working electrodes, polvstyrene beads (0.2
mm diameter) with immobilized anti-analyte, monoclonal/polycional amibody {or a
fragment thereof, a variant thereof, or a fragment of a variant thereof) or anti-analyte
DVD-Ig (or a fragment thereof, a vanant thereof, or a fragment of a variant thereof), are
adhered to a polymer coating of patterned polyvinyl alcohol over the electrode. This chip
is assembled into an I-STATE cartridge with a fluidics format suitable for immunoassay.
On a portion of the wall of the sample-holding chamber of the cartridge there 1s & layer
comprising a specific binding partner for an analyie, such as an anti-analyte,
monoclonalpolyclonal antibody (or a fragment thereof, a variant thereof, or a fragment of
a variant thereof that can bind the analyte) or an anti-analyte DVID-Ig (or a fragment
thereof, & variant thereof, or 4 fragment of a variant thereof that can bind the analyte),
either of which can be detectably labeled. Within the fluid pouch of the cartridge is an

agueous reagent that includes p-aminophenct phosphate.

In operation, a sample suspected of containing an analyte 1s added to the holding
chamber of the test cartridge, and the cartridge 15 inserted into the I-STAT®R reader. Aficr
the specific binding partner for an analyte has dissolved into the sample, a pump element
within the cartridge forces the sample into a condnit containing the chip. Here it is
osciliated to promote formation of the sandwich. In the penultimate step of the assay,
fluid 18 forced out of the pouch and into the conduit to wash the sample off the chip and
into a waste chamber. In the final step of the assay, the alkaline phosphatase Jabel reacts
with p-aminophenol phosphate 1o cleave the phosphate group and permit the liberated p-
aminophenol w be electrochemically oxidized at the working electrode. Based on the
measured current, the reader is able to calculate the amount of analvte in the sample by

3

means of an embedded algorithm and factory-determined calibration curve,
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It further goes without saying that the methods and kits as described herein
necessarily encompass other reagents and methods for carrying out the immunocassay.
For instance, encompassed are various buffers such as are known in the art and/or which

can be readily prepared or optimized 10 be emploved, e.g., for washing, as a conjugate

A

dituent, microparticle diluent, and/or as a calibrator dituent. An exemplary conjugate
dituent is ARCHITECT® conjugate diluent emploved in certain kits (Abbott
Laboratories, Abbott Park, 11} and containing 2-(N-morpholinojethanesulfonic acid
(MES), a salt, a protein blocker, an antimicrobial agent, and a detergent. An exemplary
calibrator difuent is ARCHITECT® human calibrator diluent employed in certain kits
o (Abbott Laboratories, Abbott Park, 11}, which comprises a buffer containing MES, other
salt, a protein blocker, and an antimicrobial agent. Additionally, as described in U.S,
Patent Application No. 61/142,048 filed December 31, 2008, improved signal generation
may be obtained, ¢.¢., in an I-Stat cartridge format, using a nucleic acid sequence linked

to the signal antibody as a signal amplifier.

I5 Examples
Example 1 Design, Construction. and Analvsis of 2 DVD-Io

Example 1.1: Assavs Used to Identify and Characterize Parent Antibodies and

DY D-Ig

The following assays are used throughout the Examples to identify and

20 characterize parent antibodies and DVD-Ig unless otherwise stated.

Example 1.1.1: Assavs Used To Determine Binding and Affinitv of Parent

Antibodies and DVD-Ig for Their Taroet Antizen(s)

Example 1.1.1.A: ELISA ASSAY

Enzyme Linked Imnunosorbent Assays (ELISA} to screen for antibodies that

25 bind a desired target antigen are performed as follows.

Method 1

ELISA plates (Corning Costar, Acton, MA} are coated with 50uL/well of Spg/m]
goat anti-mouse 1gG Fe specific (Pilerce # 31170, Rockford, 1LY in Phosphate Buffered

Seline (PBS) overnight at 4°C. Plates are washed once with PBS containing 0.05%
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Tween-20. Plates are blocked by addition of 200 pl/well blocking solution diluted to 2%
in PBS (BioRad #170-6404, Hercules, CA.) for 1 hour at room temperature. Plates are

washed once after blocking with PBS containing §.05%, Tween-240,
= ford

Fifty microliters per well of, e.g., mouse sera, hvbridoma supernatants, or
antibody or DVD-Ig preparations diluted in PBS containing 0.1% Bovine Serum Albumin
(BSA) (Sigma, St. Louis, MO) i¢ added to the ELISA plate prepared as described above
and incubated for 1 hour at room temperature, Wells are washed three times with PRS
containing 0.05% Tween-20. Fifty microliters of biotinylated recombinant purified target
antigen diluted to 100ng/mL in PBS conaining 0.1% BSA is added to cach well and
incubated for I hour at room temperature. Plates are washed 3 times with PBS containing
0.05% Tween-20. Streptavidin HRP (Pierce # 21126, Rockland, 113 is diluted 1:20000 in
PBS contaiming (0.1% BSA; 50 uL/well is added and the plates incubated for | hour at
room temperature. Plates are washed 3 times with PBS containing 0.03% Tween-20.
Fifty microliters of TMB solution (Sigma # T0440, St. Louis, MO) 15 added to each well
and incubated for 10 minutes at room temperature. The reaction is stopped by addition of

IN sulphuric acid. Plates are read spectrophotometrically at a wavelength of 450 nm.

MMethod 2

Enzyme linked immunosorbent assays to screen for anti-PGFES antibodies or anti-

PGE; containing DVD-Ig molecules that bind prostaglandin E; were performed as
follows. ELISA plates (Costar 3369, Corning, NY) were coated with 50 ul of anti-host
Fe 1eG (Sigma, St Louis, MO) at 2 ug/ml in PBS (Invitrogen Carlsbad, CA L Following
an ovemight incubation at 4°C, the plate was blocked with 200 ul Superblock (Pierce

37535, Rockford, IL). The IgG or DVD-Ig containing samples were diluted to 1 pg/mi
in Assay Buffer (10% Superblock in PBS containing 0.05% Surfactamps (Pierce #37533,
Rockford, 1L and incubated on the plate at 50 uliwell for 1 hour at room temperature
Following the incubation, plates were washed four times with TTBS (Tween-Tris
Buffered Solution). For PGE2 binding, PGE2-biotinamide (Cayman Chemicals, Ann
Arbor, MI) was diluted to 30 nM and serially diluted in Assay Buffer. The titration curve
was added to each IgG or DVD-Ig sample at a volume of 50 ul/well and incubated for 1
hour at room temperature, The plates were washed as previously described and 50

ui/ of 15000 dilution of streptavidin polvhmd (Fitzg
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in Assay Buffer was added and incubated for 45 minutes at room temperature. A final
wash step was performed and the plates were developed using a single step TMB system
{(Srgma #TR665, St. Louis, MOY and 2N H,8Gy. Plates were read at 450 nm on 2
Molecular Devices Spectramax plate reader (Sunnyvale, CAY. ECse was determmined

using GraphPad Prism 5 (GraphPad Software, La Jolla, CA) (Figure 2.

Method 3

Alternatively, prostaglandin binding screen for antibadies or DVD-Ig molecules
can be determined using a "H-PGE, ELISA. Plates were coated at 50 uliwell with 5 pg/mi
of goat anti-human [gG (Fe) (Thermo Scientific # 31170, Hudson, NH} or goat anti-
mouse LG (Fo) {Thermo Scientific # 31125, Hudson, NH) in PBS and incubated
overnight at 4 'C. The following day plates were flicked and blotted dry. Plates were then
blocked with 200 pLiwell of Superblock (Thermo Scientific # 37515, Hudson, NH), for |
hour at room temperature, Plates were flicked and bletted dry. Monocional antibodies
were diluted 10 0.04 ug/m! in PBST (Abbott Bioresearch Center, Worcester, MAY/ 10%
Superblock and 50 uL of each antibody or DVD-Ig was added 10 cach well of the pre-
blocked ELISA pilate at 2ng/well and incubated for 1 hour at room temperature, Wells
were washed 3 times with PBS + 0.1% Tween-20. A serial 3 fold titration of "H-PGE,
{(Perkan Elmer # NET-428, Waltham, MAY was prepared in PBST + 10% Superblock.
Fifty microliters of the "H-PGE2 solution was then added 10 each well of the plate and
imcubated for | hour at room temperature. Wells were washed 6 times with PBST + 10%
Superblock and 50 pl of scintiflation fluid (Perkin Elmer # 6013621, Waltham, MA
added to cach well. Plates were read using the TopCount reader (Perkin Elmer, Waltham,
MAY with a § minutes count delay. ECso number was determined using GraphPad Prism 5

(GraphPad Software, La jolla, CA},

Example [.LLEB: Competition ELISA

Competition enzyme linked immunosorbent assays to determine prostaglandin
binding specificity for anti-PGE; antibodies or anti-PGE, containing DVD-Ig molecules

that bind prostaglandin £; were performed as follows.

Method 1
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ELISA plates (Costar 3369, Corning, NY) were coated with 50 pl/well of anti-
host Fe 1gG {Sigma, St. Louis, MO) at 2 ;,L.g,’m] in PBS (Invitrogen, Carlshad, CAj.
Following an overnight incubation at 4°C, the plate was blocked with 2006 1] Superblock
(Pierce #37535, Rockford, IL). The IgG samples were dijuted to 6 pg/mi in Assay Buffer

{10% Superblock in PBS containing 0.05% Surfactamps (Pierce #37335, Rockford, 11),
For PGE2 binding, the PGE,-biotinamide was diluted to 3 nM in Assay Butfer.
titration curve in Assay Buffer was prepared for the prostaglanding PGA; (Cayman
Chemicals, Ann Arbor, MI), PGD, (Cayman Chemicals, Ann Arbor, M1} and PGE,
(Cayman Chemicals, Ann Arbor, MI) starting at 300 nM by a 1:10 serial dilution. The

cagents were added to tubes at a volume of 56 pl cach/well and preincubated for 1 hour
at roum temperature. Following the preincubation, the mix was transferred to the blocked
plates and allowed 10 incubate for 1 hour af room temperature. Next, the plates were
washed four times with Tween 20-Tris buffered solution (TTBS). Streptavidin polyhrp4(
in Assay Buffer (Fizgerald Industries, Concord, MAY at a 1:5000 dilution was then added
to the wells and incubated for 45 minutes at room temperature. A final wash step was
performed and the plates were developed using a single step TMB systern (Sigma
#TRO6S, Sigma, St Louis, MO) and 2N H,80,. Plates were read at 450 nm on a
Molecular Devices Spectramax plate reader (Sunnyvale, CAY. Wells in which unlabeled
prostaglanding competed with the PGEz-biotinamide for hinding resulted in 2 decrease of

signal. 1Cso number was determined using GraphPad Prism 5 (GraphPad Software. La
Jolla, CAJ. The cross reactivity index was then calculated by 1Cso of PGE2/1Cs of other

prostaglandinds).

Method 2

Alternatively, target selectivity was determined using a "H-PGE, competitition
ELISA. Plates were coated with 50 ul/well of 5 ug/mi of goat anti-human leG (Fc)
(Thermo Scientific # 31170, Hudson, NH) or goat anti-mouse TeG {Fc) (Therma
Scientific # 31125, Hudson, NH) in PBS and incubaied ovemnight at 4 C. The following
day plates were flicked and blotted dry. Plates were then blocked with 200 ul/Awell of
Superblock (Thermo Scientific # 37515, Hudson, NH), 1 hour at room temperature. Plates
were flicked and blotted dry. Monocional antibodies were diluted to 0.04 pg/mi in PBST
(Abbott Biorescarch Center, Worcester, MA) + 10% Supi:rb%@ck. and 50 L of cach was
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room temperature. Wells were washed 3 times with PBS + 0.1% Tween-20. “H-PGE,

(Perkin Elmer # NET-428, Waltham, MA) was diluted in PBST + 10% Superblock to

6nivi (2X stock). Each prostaglandin (Cayman Chemicals, Ann Arbor, MDwas prepared
in PBST + 10% Superblock at various concentrations ranging from 2000 uM (2X stock}

to 0.00004 1V (2X). Equal volumes of the “H-PGE2 golution and of each prostaglandin
dilution were mixed. Fifty microliters of this mixture was then added 10 each well of the
plate and incubated for 1 hour at room temperature. Wells were washed manually 6 times
with PBST/ 10% Superblock and 50 pl. of scintillation fluid (Perkin Flmer # 6013621
Waltham, MA) added to cach well. Plates were read using 2 TopCount reader (Perkin
Elmer, Waltham, MAj with a 5 minutes count delay. ICso number was determined using
GraphPad Prism 5 (GraphPad Software, La Jolla, CA). The cross reactivity index was

then caleulated by 1Csq of PGE/Cs of other prostaglandins)

Example 1.1.1.C: Affinitv Determination Using BlAcore Assay

The BIACORE assay (BlAcore, Inc, Piscataway, NI) determines the affinity of
antibodies or DVD-lg with kinetic measurements of on-rate and offirate constants,
Binding of antibodies or DVD-lg to a target antigen (for example, a purified recombinant
target antizen) 1s determined by surface plasmon resonance-based measurements with a
BlAcore® 3000 instrument (BlAcore® AR, Uppsala, Sweden) using running HBS-EP
(10 mM HEPES [pH 7.41, 150 mM NaCl 3 mM EDTA, and §.005% surfactant P20 at

57 C. All chemicals are obtained from BlAcore® AB (Uppsala, Sweden) or otherwise
from a different source as described in the text. For example, approximately 5000 RU of
goat anti-mouse [g(, (Foy), fragment specific polycional antibody (Pierce Biotechnoloay
Inc, Rockford, L) diluted in 10 mM sodium acetate (pH 4,51 is directly immobilized
across a CM 35 research grade biosensor chip using a standard amine coupling lat
according to manufacturer’s instructions and procedures at 25 pe/ml. Unreacted moicties
on the biosensor surface are blocked with ethanolamine. Modified carboxymethyl
dextran swface in flowcell 2 and 4 1s used as a reaction surface. Unmodified
carboxymethyl dextran without goat anti-mouse [gG in flow cell | and 3 15 used ag the
reference surface. For kinetic analysis, rate equations derived from the 1:1 Langmuir
binding model are fitted simultaneously to association and dissociation phases of all eight
mjections (using global it anatysis) with the use of Biaevaluation 4.0.1 software.

o

Purifred antibodies or DVD-1g are diluted in HEPE red saline for capture across

194



20

3]
LAy

o

LA

goat anti-mouse IgG specific reaction surfaces. Antibodies to be captured as a licand (25
ug/ml) are injected over reaction matrices at a flow rate of 5 pl/min. The association and
dissociation rate constants, ko, (M”';‘s{z} and ko {5"5 yare determined under a continuous
flow rate of 25 pl/min. Rate constants are derived by making kinetic binding
measurements at ten different antigen concentrations ranging from 10 - 200 nM or
alternatively from 1.25 to 1000mM. The equilibrium dissociation constant (M) of the
reaction between antibodies or DVD-Igs and the target antigen is then calculated trom the
kinetic rate constants by the following formula: K = kop'kon. Binding is recorded as a
function of time and kinetic rate constants are calculated, In this assay, on-rates as fast ag

& -1 o st mre v ree & -1 ) N
10" M 7's™ and off-rates as slow as 107 <7 can be measured.

Ixample 1.L1.2: Assays Used Te Determine the Functional Activity Of Parent

Antibodies And DVD-Ip

Exampie 1.1.2.A: EP4 Bioassay

The ability of anti-PGE» antibodies and anti-PGE; containing DVD-Te molecules
to inhibit the cetlular response of PGE, was determined in a Ca++ flux assay in HEK 263
Gal6 cells stably transfected with human EP4 receptor, Cells were plated in blaclk/clear
poty-D-lysine plates, (Corning #3667, Coming, NY) and incubated with Ca++-sensitive
dve (Molecular Devices) for 90 minutes. Stock PGEs (in 200 proof ethanol) was diluted
with FLIPR buffer {(containing 1X HBSS {(Invitrogen, Carlsbad, CAY, 20 mM HEPES
(Invitrogen, Carlsbad, CA), 0.1% BSA (Sigma, St. Louis, MO) and 2.5 mM Probenecid
(Sigma, St. Louis, MO)). Anti- PGE; antibedics, DVD-Ig molecules or isotype matched
control antibodies were also pre-difuted in FLIPR buffer. 25 pul of PGE; or pre-incubated
PGEy/antibody mixture or pre-incubated PGE/DVD-Ig molecule mixture was added to
the wells pre-plated with cells. A dose response of PGE2 was done by a serial titration of
PGE; and was determined using FLIPR1 or Tetra (Molecular Devicesy. ECS0 was
determined using GraphPad Prism 5 (GrafiPad Software, La Jolla, CA). For testing
antibodies and DVD-1g molecules, PGE, at EC30 concentration was incubated with
varying concentrations of test articles or isotype matched antibody (negative controly for
20 minutes, added to dye-loaded human EP4 in HEK293 Gal6 cells. Catt flux was

monitored using FLIPR1 and data was analyzed using GraphPad Prism 5,
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Example 1.1.2.B: Competitive Inhibition of PGE, binding te PGE, receptors by

Anti Prostaglandin E, Antibedies Using “H-PGE,

Competitive inhibition of PGE; binding to PGE, receptors, for example EP4 or

L3, by an anti-PGE; antibody are determined using a cell-based or membrane based
receptor binding assay using H-PGE, (ProstaglandinE2, [5,6.8,11,12,14,15-3H(N)].

Perkin Elmer, Waltham, MA. Cat# NET428250UC).

Cells endogenously expressing or stably overexpressing EP4 receptor (i.c.,
HEK293-EP4 cells or HEK293-EP4-Ga 16 cells used for P4 bioassay) (10° cells/ml.)
arc grown overnight in a 24-well plate in DMEM medium (Invitrogen, Carlsbad, CA ;¢
10% FCS (Sigma #1T8665, Sigma, St. Louis, MO). The medivm is removed and 100 pl
binding buffer (mediwm without FUS} is added. The plate is placed on ice for 10 minutes.
Nou-radicactive PGE; {0-1 pM} is added together with tracer (40 pM of "H-PGE) in 100
wlvolume. Equilibrium receptor binding is performed for 90 minutes at 4°C. The
medium is removed and the cells are washed four times with 200 1t cold medium. The
celis are harvested by adding 20 ul 6.5 M NaOH. The lysate is transferred to a liquid
scmtillation plate. 100 1l Aquasafe 300 (Zinsser Analytic, Frankfurt, Germany) plus LSC
cocktat! (L.umac LSC, Gronimgen, The Netherlands) is added (o cach well and mixed.

The cell-bound radioacavity 1§ determined by Hquid scintiflation counting, For most
agonist-receptor interactions, it is assumed that receptor binding inhibition by agonist
(PGE:) follows a one-site model. The ECsq, K and K, values are calculated using the

GraphPad Prism 5 (GraphPad Software, La Jola, CA).

Inhibition of an anti-PGE» antibody on the binding of "H-PGE; (ProstaglandinE2.
[5,6,8,11,12,14,15-3H(N}], Perkin Elmer, Watham, MA. Cat¥ NET4282500UC) to the EP3
receptor was performed using membrane preparations from cells that over-express the
EP3 receptor (Millipore, Billerica, MA). Before the binding assayv, 50 uliwell of 0.3%
polyethylencimine (PEL) (Sigma, St. Louis, MO) was added 1o a Unifilter-96 GF/B filter
plate (Perkin Elmer, Watham, MA} and placed at 4°C for one hour until ready for use. A
1:3 dilution of antibody was prepared at 2X concentration in binding buffer (50 mM
HEPES pH 7.0, 10 mM MgCl,, ImM EDTA, 0.2% BSA). "H-PGE, was also prepared at
2X concentration in binding buffer, 50 pi of a serial dilution of antibody was then added

well containing 56 pi of 200 pM "H-PGE,, mixed well and allowed to sit at room

T
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temperature for 10 minutes. Frozen membranes were thawed and resuspended in binding
buffer. Spg of membrane was added to each well. Mixtures were incubated at room
Packard 96 well harvester. Plates were then dried for one hour before adding

Microscint 20 (Perkin Elmer, Waltham, MA). Plates were then sealed and counted on
the TopCount reader (Perkin Elmer, Waltham, MA). Non-specific binding was
determined in the presence of 100 uM cold PGE;. The measured radioactivity (cpm ) was

used 1o determine 1Csq values using Graphpad Prism (GraphPad Sofiware, La Jolla, CA).
Example 1.1.2.C: 1929 Assay

The ability of anti-TNFa antibodies and anti-TNFo DVD-Te molecules to inhibit
ihe TNFo induced death of L929 cells (ATCC #CCL-1) was analyzed as follows. LO29
cells were harvested and resuspended at 1 x 10° cells/ml in RPMI assay medium
containing 4 ug/ml actinomycin. The cells were seeded on day one at 50 uliwell in a 96-
well plate (Costar) at a final concentration of 5 x 107 celis/well. The DVD-Ig molecules
were prepared for testing by serial dilution i RPMI assay medivm without actinomycein.
The diluted samples were then added to the 96-well plate at a volume of 50 ul/well. The
murine TNFa (A-8B4689%.0) was serially diluted to generate a standard curve and 50 pl
was added to the standard curve wells. The final concentrations of the curve ranged 3
ng/mi - 00014 ng/ml. For neutralization, the murine TNFo was added to the DVD
sample wells at 50 ul for a final concentration of 100 pg/ml. The wells were brought to a
final volume of 200 ul/well and incubated for 18 hours at 37°C, 3% C0,. After
incubation, the plates were centrifuged at 1200 rpm and 100 ul removed from the wells.
WST-1 (Roche) was added to the cells at 10 pl/well and the plates were incubated at
37°C, 5% CO, for 4 hours. The plates were centrifuged at 1200 rpm and 75 pl removed
from the wells and transferred to an ELISA plate (Costar 3369) and read at 420 - 606 nm
on a Molecular Devices Spectramax plate reader. Neutralizing DVDs protected the cells

from death, resulting in a bright orange color.

Example 1.1.2.D: Cvieking Bioassay

The ability of an anti-cytokine parent antibody or DVD-1g containing anti-
cytokine sequences to inhibit or neutralize a target cytokine bicactivity is analyzed by

determinating inhibitory potential of the antibady or DVD-Ig. For example, the ability of
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an anti-1L-4 antibody to inbibit IL-4 mediated IgE production may be used. For exampie,
human naive B cells are isolated from peripheral blood, respectively, buffy coats by
Ficoll-paque density centrifugation, followed by magnetic separation with MACS beads

(Miltenyi Biotech) specific for human sigD FITC labeled gout Flab)? antibodies followed

AT

by anti-FITC MACS beads. Magnetically sorted naive B cells are adjusted to 3 x 10° cells
per mlin XV15 and plated out in 100 pl per well of 96-well plates in a 6 x 6 array in the
center of the plate, surrounded by PBS filled wells during the 10 days of culture at 37° C
m the presence of 5% CO,. One plate cach is prepared per antibody to be tested,
consisting of 3 wells each of un-induced and induced controls and quintuplicate repeats

10 of antibody titrations starting at 7 pg/ml and running in 3-fold dilution down 10 29 ng/mi
final concentrations added in S0ul four times concentrated pre-dilution. To induce TgF
production, thll-4 at 20 ng/ml plus anti-CD40 monoclonal antibody (Novartis) at 0.5
ug/mi final concentrations in 30 i each arc added 1o each well, and IgE concentrations

are determuned at the end of the culture period by a standard sandwich ELISA method.

£

Fxample 1.1.2.E: Cvytekine Release Assav

The ability of & parent antibody or DVD-lg to cause cytoking release is analyzed.
Peripheral blood is withdrawn from three healthy donors by venipuncture into heparized
vacutainer tubes. Whole blood is dituted 1.5 with RPMI-1640 medium and placed in 24-
well tissue culture plates at 0.5 mb per well, The anti-cyiokine antibodies (.o, anti-1L 4}

26 are difuted into RPMI-1640 and placed in the plates at 4.5 mL/well 1o give final

concentrations of 200, 100, 50, 10, and | pw/ml.. The final dilution of whole biood in the
culture plates is 1:10. LPS and PHA arc added to separate wells at 2ug/mb and Sug/mL
final concentration as a positive control for cytokine release. Polyelonal human 1gG is

used as negative control antibody. The experiment is performed in duplicate, Plates are

2
LA

mncubated at 37°C at 3% CO,. Twenty-four hours later the contents of the wells are
transferred into test tubes and spun for 5 minutes at 1200 rpm. Cell-free supernatants are
collected and frozen for cytokine assays. Cells Ieft over on the plates and in the tubes are
lysed with 0.5 mL of lysis solution, and placed at -20°C and thawed. 0.5 mL of medium
is added (to bring the volume to the same level as the cell-free supernatant samples) and
30 the cell preparations are collected and frozen for cytokine assays. Celi-free supernatants
and cell Tysates are assayed for cytokine Jevels by ELISA, for example, for levels of 108,
[L-6, IL-13, IL-1RA, or TNF-a.

Example 1.1.Z.F: Cyviokine Cross-Reactivity Study
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The ability of an anti-cytokine parent antibody or DVD-Ig direcied to a
cytokine(s) of interest to cross react with other cviokines 1s analyzed. Parent antibodies
or DVD-Ig are immobilized on a BlAcore biosensor matrix. An anti-human Fc mADb s
covalently linked via free amine groups to the dextran matrix by first activating carboxy]
groups on the matrix with 100mM N-hydroxysuccinimide (NHS) and 400mM N-Ethyl-
N-(3-dimethylaminopropyh-carbodiimide hydrochloride (EDC). Approximately S0pl
of cach antibody or DVD-Ig preparation at a concentration of 25pg/mb, diluted in sodium
acetate, pH4.5, is injected across the activated biosensor and free amines on the protein
are bound directly to the activated carboxyl groups. Typically, 3000 Resonance Units
(RU7s) are immobilized. Unreacted matrix EDC-esters are deactivated by an injection of
I M ethanolamine. A second flow cell is prepared as a reference standard by
immobilizing human IgG1/K using the standard amine coupling kit, SPR measurements
are performed using the CM biosensor chip, All antigens to be analyzed on the biosensor

surface are diluted in HBS-EP running buffer containing 9.01%4 P20.

To examine the cytokine binding specificity, excess cytokine of interest (100nM,
¢.g.. soluble recombinant human) is injected across the anti-cytokine parent antibody or
DVD-Tg immobilized biosensor surface (5 minute comtact tme). Before injection of the
cviokine of interest and immediately afterward, HBS-EP buffer alone flows through each
How cell. The net difference in the signals between the baseline and the point
corresponding 10 approximately 30 scconds after completion of cytokine injection are
taken to represent the final binding value. Again, the response is measured in Resonance
Units. Biosensor matrices are regenerated using 10mM HCI before injection of the next
sample where a binding event is observed, otherwise running buffer was injected over the
matrices. Human cytokines (e.g., [L-Ta, TL-1B, 1L-2, 1L-3, 1L-4, [L-5, JL-6, TL-7. 1L-8,
TL-9, TIL-10, 1-11, IL-12, TL-13, [L-15, IL-16, 1L-17, 1L-18, [L-19, [L-20, 11.-22, 11.-23,
[L-27, TNF-o, TNF-f, and IFN-y, for example} are also simubtancously injected over the
mmmobihized mouse IgG1/K reference surface to record any nonspecific binding
background. By preparing a reference and reaction surface, BlAcore can automatically
subtract the reference surface data from the reaction surface data in order to eliminate the
majority of the refractive index change and injection noise. Thus, it is possible to
ascertain the true binding response attributed to an anti-cytokine antibody or DVD-Ig

hinding reaction

¥
whl [RS8 AU
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When a cytokine of interest is injected across immobilized anti-cytokine antibody,
significant binding is observed. 10mM HCI regeneration completely removes all non-
covalently associated proteins. Examination of the sensorgram shows that immobilized
anti-cytokine antibody or DVD-Ig binding to soluble eytokine is strong and robust. After
confirming the expected result with the eytokine of interest, the panel of remaining
recombinant human cytokines is tested, for cach antibody or DVD-Ig separately, The
amount of anti-cytokine antibody or DVD-Ig bound or unbound cytokine for each
injection eycle is recorded. The results from three independent experiments are used to
determine the s;peciﬁcity profile of cach ma’:iimdy or D‘v’DmEg. Antibodies or D\"D«Eg

are selected.

Example 1.1.2.4G: Tissue Cross Reactivity

Tissue cross reactivity studies are done in three stages, with the first stage
including crvosections of 32 tissues, second stage inluding up to 3§ tissues, and the 3%
stage inchuding additional tissues from 3 unrelated adults as described below. Studies are

done typically at two dose levels,

Stage 1t Cryosections (about 5 pm) of human tissues (32 tissues (typically:
Adrenal Gland, Gastrointestinal Tract, Prostate, Bladder, Heart, Skeletal Muscie, Blood
Cells, Kidney, Skin, Bone Marrow, Liver, Spinal Cord, Breast, Lung, Spleen,
Cerebelium, Lymph Node, Testes, Cerebral Cortex, Ovary, Thymus, Colon, Pancreas,
Thyroid, Endothelium, Parathyroid, Ureter, Eve, Pituitary, Uterus, Falloptan Tube and
Placenta) from one human donor obtained at autopsy or biopsy) are fixed and dried on
object glass. The peroxidase staining of tissue sections is performed, using the avidin-

biotin system.

Stage 2:Cryosections {about 5 pm) of human tissues 38 tissues (including adrenal,
blood, blood vesscl, bone marrow, cerebellum, cerebrum, cervix, esophagus, eve, heart,
kidney, large intestine, liver, lung, tymph node, breast mammary gland, ovary, oviduct,
pancreas, parathyroid, peripheral nerve, pituitary, placenta, prostate, salivary gland, skin,
small intestine, spinal cord, spleen, stomach, striated muscle, testis, thymus, thvroid,

tonsil, ureter, urinary bladder, and uterus) from 3 unrelated adults obtained at autopsy or
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biopsy) are fixed and dried on object glass. The peroxidase staining of fissue sections is

performed, using the avidin-biotin system.

Stage 3: Cryosections (about 5 wm) of cynomolgus monkey tissues (38 tissues
{including adrenal, blood, blood vessel, bone marrow, cerebellum, cerchrum, cervix,
esophagus, eye, heart, kidney, large intestine, liver, lung, lvmph node, breast mammary
gland, ovary, oviduct, pancreas, parathyroid, peripheral nerve, pituitary, placenta,
prostate, salivary gland, skin, small intesting, spinal cord, spleen, stomach, striated
muscle, testis, thymus, thyroid, tonsil, ureter, urinary bladder. and uterus) from 3
unrelated adult monkeys obtained at autopsy or biopsy) are fixed and dried on object
glass. The peroxidase staining of tissue sections is performed, using the avidin-biotin

sysien.

The antibody or DVD-Ig 1s incubated with the secondary biotinylated anti-human
ig( and developed into immune complex. The immune complex at the final
concentrations of 2 and 10 pg/mL of antibody or DVD-Ig is added onto tissue sections on
object glass and then the tissue sections are reacted for 30 minutes with a avidin-biotin-
peroxidase kit. Subsequently, DAB (3,3 -diaminobenzidine), a substrate for the
peroxidase reaction, is apphied for 4 minutes for tissue staining. Antigen-Sepharose beads
are used as positive control tissue sections. Target antigen and human serum blocking
studies serve as additional controls. The immune complex at the final concentrations of 2
and 10 pg/ml. of antibody or DVD-Ig is pre-incubated with target antigen (final
concentration of 160 pe/mi) or human serum (final concentration 10%) for 30 minutes,
and then added onto the tissue sections on object glass and then the tissue sections are
reacted for 30 minutes with a avidin-biotin-peroxidase kit. Subsequently, DAR (3 3"
diaminobenzidine), a substrate for the peroxidase reaction, s applied for 4 minutes for

tissue staining.

Any spectfic staining is judged to be either an expected {e.¢., consistent with
antigen expression) or unexpected reactivity based upon known expression of the target
antigen in question. Any staining judged specific is scored for intensity and frequency.
The tissue staining between stage 2 (human dssue) and stage 3 (cynomolgus monkey

tissue} is either judged to be similar or different,

Example 1.1.2.H: Tumoricidal Effect Of A Parent or DVD-Ig Antibodv Jn Vitre

01
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Parent antibodies or DVD-Ig that bind to target antigens on tumor cells may be
analyzed for tumoricidal activity. Briefly, parent antibodies or DVD-Ig are dituted in D-
PBS-BSA (Dulbecce’s phosphate buffered saline with .1%BSA) and added to human

tumor cells at final concentrations of 0.01 pe/ml w0 100 ug/mi. The plates are incubated

N7

at 37 °C in a humiditied, 5% CO» atmosphere for 3 davs. The number of live celis in
each well is quantified using MTS reagents according to the manufacturer’s instructions
(Promega, Madison, WI) to determine the percent of tumor growth inhibition. Wells
without antibody treatment arc used as controls of (0% inhibition whereas wells without

cells are considered to show 100%, inhibition,

For assessment of apoptosis, caspase-3 activation 18 determined by the following
protocol: antibody-treated celis n 96 well plates are Ivsed 1n 120 pl of Ix lysis buffer
(1.67mM Hepes, pH 74, 7mM KCL 0.83mM MgCh, 0.11mM EDTA, 0.11mM EGTA,
(.57% CHAPS. imM DTT, Ix protease inhibitor cocktail tablet; EDTA-free; Roche
Pharmaceuticals, Nutley, NJ) at room temperature with shaking for 20 minutes. Afier

cell bysis, 80 ul of 2 caspase-3 reaction buffer (48mM Hepes, pH 7.5, 232mM sucrose,
0.1% CHAPS, 4mM DTT, and 20 pM Ac-DEVD-AMC substrate: Biomol Research
Labs, Inc., Plymouth Meeting, PAY s added and the plates are incubated for 2 hours at
37°C. The plates are read on a 1420 VICTOR Multilabel Counter (Perkin Eimer Life
Sciences, Downers Grove, L using the following setiings: excitation= 360/40,
emission= 460/40. An merease of fluorescence units from aptibody-treated cells relative

to the isotype antibody control-treated cells is seen, which is indicative of apoptosis.

Example 1.1.2.1: Inhibition Of Receptor Activation Bv Antibedies or DVD-le in

Vitro

Parent antibodies or DVD-Ig that bind to cell receptors oy their ligands may be
tested for inhibition of receptor activation, Parent antibodies or DVD-Te diluted in -
PBS-BSA (Dulbecco’s phosphate buffered saline with 0.19BSA) are added to human
carcinoma cells at final concentrations of 0.01 pg/mb to 100 pg/mL. The plates are
incubated at 37 °C in a humidified, 5% CO» atmosphere for Th, Growh factors (e.g.,
IGET or IGF2) at concentration of [-100 ng/mL are added to the cells for 5-15 minutes to
stimulate receptor (e.g., IGF IR} autophosphorylation. Wells without antibody treatment

are used as controls of §% mhibition whereas wells without growth factor somulation are

el
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considered to show 100% inhibition. Cell lysates are made by incubation with cell
extraction buffer (10 mM Tris, pH 7.4, 106 mM NaClL | mM EDTA, | mM EGTA, | mM
NaF, I mM sodium orthovanadate, 19% Triton X-100, 10% Glveerol, 0.1% SDS, and
protease inhibitor cockiail). Phospho-IGFIR in these cell Jvsates is determined using

specific ELISA kits purchased from R&D System (Minneapolis, MN).

Example 1.1.2.J: Efficacy Of An Anti-Tumor Cell Antigen Antibody or DVD-Ip By

Ttself Or In Combination With Chemeotherapyv On The Growth Of Human

Carcinoma Xenografts (Subcutaneons Flank, Orthotopic. Gr Spontaneous

Metastases

Human cancer cells are grown in vitro 10 99% viability, 85% confluence in tissue
culture flasks. SCID female or male mice (Charles Rivers Labs) at 19-25 grams are car
tagged and shaved. Mice are then inoculated subcutaneously into the right flank with 0.2
mi of 2 x 10° buman wmor ceils (1:1 matrigel) on study day 6. Administration (iP, Q30

eck) of vehicle (PBS), antibody or DVD-Tg, and/or chemotherapy is initiated after mice
are size matched into separate cages of mice with mean temor volumes of approximately
150 16200 mm'. The tumors are measured by a pair of calipers twice a week starting on
approximately day 10 post inoculation and the turnor volumes calculated according to the
formula V = L x W70 (V- volume, mm™: L tenroth, ., W0 wdth, mm). Reduction in
tunor volume 1S seen i animals freated with antibody or DVD-Tg alone or in
combination with chemotherapy relative to tumors in enimals that received only vehicle

or an sotype control mAb.

Example 1.L2.K: Binding of Monoclonal Antibedies to the Surface of Human

FTumor Cell Lines as Assessed by Flow Cytometry

Stable cell lines overexpressing cell-surface antigen of interest or human tumor
cell lines were harvested from tissue culture flasks and resuspended in phosphate buffered
safine (PBS) containing 5% fetal calf serum (PBS/FCS). Prior to staining, human tumor
cells were incubated on ice with human 1¢G at 200pg/m! in PRS/FCS, 1-5 x10° cells
were incubated with antibody or DVD-Tg (1-2 pg'mL) in PBS/FCS for 30-60 minutes on

e, Cells were washed twice and 100ul of goat anti mouse 1gG- phycoerythrin (1:300

difation in PBS/BSA) (Jackson ImmunoResearch, West Grove, PA. Cat #115-115-164)

was added. After 30 minutes incubation on ice, cells were washed twice and resuspended
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in PBS/FCS. Fluorescence was measured using & Becton Dickinson FACSCalibur

Example 1.2: Generation And Characterization Of Parent Moneoclensal Aniitbedies

to a Human Antigen of Interest

Parent mouse mADbs able to bind to and neutralize & human antigen of interest and

a variant thereof are obtained as follows:

Example 1.2.1: Immunization Of Mice With a Human Antigen of Interest

Twenty micrograms of recombinant puritied human antigen (c.g., HGF12) mixed
with complete Freund’s adjuvant or fmmunoeasy adivvant (Qiagen, Valencia, CA) 1s
mjected subcutaneousiy into five 6-8 week-old Balb/C, five C57B/6 mice, and five Al
mice on Day 1. On days 24, 38, and 49, twenty micrograms of recombinant purified
laman antigen variant mixed with incomplete Freund’s adjuvant or Immunoeasy adjuvant
is injected subcutancously into the same mice, On day 84 or day 112 or day 144, mice

are mmjected intravenously with 1 ug recombinant purified human antigen of interest.

Example 1.2.2: Generatien of Hvbridomas

splenocyies obtaiped from the mmmunized mice deseribed 1o Exampde 1.2 A are
fused with SP2/0-A¢-14 cells at a ratio of 511 according 1o the established method
deseribed m Kohler, G. and Milstein (1973) Nature, 256:495 to generate hyvbridomas.
Fusion products are plated in selection media containing azasering and hypoxanthine in
G6-well plates at a density of 2.5x10° spleen cells per well, Seven to ten days post fusion,
macroscopic hybridoma colonies are observed. Supernatant from cach well containing
hybridoma colonies s tested by ELISA for the presence of antibody 1o the antigen of
interest (as described in Example 1.2 A}, Supernatants displaying antigen-specific
activity are then tested for activity (as described in the assays of Example 1.1.2), for
example, the ability 10 neutralize the antigen of interest i a bicassay such as that

described in Example 1.1.2. A},

Example 1.2.3: Characterization Of Parent Monoclonal Antibodies to 2 Human

Target Anticen of Interest
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Example 1.2.3.1: Analvzing Parent Monoclonal Antibedv Neutralizing Activity

Hybridoma supernatants are assaved for the presence of parent antibodies that

bind an antigen of inferest and are also capable of binding a variant of the antigen of

Dt N Y i rnm s e S S TS N S Aot B A U S B A RS S
Hperest {antigen vanant ). Supematants Wilh antivodics positive m ot assays are ihen

tested for their antigen neutralization potency, for example, in the cytokine bioassays of
Example 1.1.2. The hybridomas producing antibodies with ICsg values in the bioassay
less than 1000pM, in an embodiment, less than 100pM are scaled up and cloned by
Himiting dilution. Hybrdoma cells are expanded into media containing 10% low 1gG
fetal bovine serum (Hyclone #SH30151, Logan, UT.). On average, 250 ml of cach
hvbridoma supemnatant {derived from a clonal population) is harvested, concentrated and
purtfied by protein A affinity chromatography, as described in Harlfow, E. and Lane, D.
1988 “Antibodies: A Laboratory Manual™, The ability of purified mAbs o inhibit the
activity of its target antigen is determined, for example, using the cytokine bioassays as

described in Example 1.1.2.

Example 1.2.3.7: Analvzing Parent Menoclonal Antibedy Cross-Reactivity To

Cvnomeleus Tarvet Anticen Of Interest

T'o determine whether the selected mAbs deseribed heretn recognize cvnomolous
antigen of interest, BIACORE analysis is conducied as described herein (Example
1.1.1.C) using recombinant cynomolgus target antigen. In addition, neutralization
potencies of mADbs against recombinant cynomelgus antigen of interest may also be
measured in the cytokine bioassay (Example 1.1.2}% MAbs with good eyno cross-
reactivity (in an embodiment, within 5-fold of reactivity for human antigen) are selected

for Tuture characterization.

Example 1.2.4: Determination Of The Amine Acid Sequence OFf The Variable

Reovion For Each Murine Anti-Human Monoclonal Antibody

Isolation of the cDNAs, expression and characterization of the recombinant anti-
human mouse mAbs is conducted as follows, For cach amino acid sequence
determination, approximately 1 x 10% hybridoma cells are isolated by centrifugation and

processed to 1solate total RNA with Trizol (Gibco BRL/Invitrogen, Carlsbad, CA)

following manufacturer’s instructi

e, Total RNA e cubjected o fivgt strand DINA

ke
=
o
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synthesis using the SuperScript First-Strand Synthesis System (Invitrogen, Carlsbad, CA}
per the manufacturers instructions, Oligo{dT) 18 used to prime first-strand svnthesis to
select for poly(Ay- RNAL The first-strand cDNA product is then amplificd by PCR with
primers designed for amplification of murine immunoglobulin variable regions (Te-Primer
Sets, Novagen, Madison, WI). PCR products are resolved on an agarose gel, excised,
purified, and then subcloned with the TOPO Cloning kit into pCR2.1-TOPO vector
{Invitrogen, Carlsbad, CA}) and transformed into TOP10 chernically competent E. coli
(Invitrogen, Carlsbad, CA). Colony PCR is performed on the transformants to identify
clones containing insert. Plasmid DNA is isolated from clones containing insert using a
QI Aprep Miniprep kit {(Qiagen, Valencia, CA). Inserts in the plasmids are sequenced on
both strands to determine the variable heavy oy variable light chain DNA sequences using
MI3 forward and M13 reverse primers (Fermentas Life Sciences, Hanover MD).
Variable heavy and variable light chain sequences of the mAbs are identified. Inan
embodiment, the selection criteria for a panel of lead mAbs for next step development
(humanization) mchudes the following:
*  The antibody does not contain any N-linked glveosylation sites (NXS), except
from the standard one in CH2
«  The antibody does not contain any exira cysteines in addition to the normal
cysteines i every antihody
= The antibody sequence is aligned with the closest human germline sequences for
VH and VL and any unusual amino acids should be checked for occurrence in
other natural human antibodies
®  Neterminal Glutarnine (Q) is changed to Glutamic acid (E) if it does not affect the
activity of the antibody. This will reduce heterogeneity due to cyclization of €
= Efficient signal sequence cleavage is confirmed by Mass Spectrophotometry.
This can be done with COS cell or 293 cell material
* The protein sequence 1s checked for the risk of deamidation of Asn that could
result in loss of activity
*  The antibody has a low level of aggregation
= The antibody has solubility »5-10 mg/ml (in research phase); =25 mg/m}
® The antibody has & normal size {5-6 nm) by Dynamic Light Scattering (DLS)
»  The antibody has a low charge heterogeneity

®  The antibody lacks cytokine relcase {see Fxrample 1.1.2.5)
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# The antibody has speeificity for the intended cvtokine (see Example 1.1.2.F)
s The antibody lacks unexpected tissue cross reactivity (see Example 1.1.2.G)
#  The antibody has similarity between human and cynomolgus tissue cross

reactivity {see Example 1.1.2.G)

Exampie 1.3: Generation and Characterization of Recombinant Humanijred Parent

Antibedies

Example 1.3.1: Construction And Expression Of Recombinant Chimeric Anti

Human Parent Antibodies

The DNA encoding the heavy chain constant region of muring anti-human parent
mADs 1§ replaced by a cDNA fragment encoding the human IgG1 constant region
containing 2 hinge-region amino acid mutations by homologous recombination in
bacteria. These mutations are a leucine to alanine change at position 234 (EU numbering)
and a leucine to alanine change at position 235 (Lund et al,, 1991, J. Immunol.,
147:2657). The light chain constant region of each of these antibodies is replaced by a
human kappa constant region. Full-length chimeric antibodies are transiently expressed
in COS cells by co-transfection of chimeric heavy and Hght chain cDNAs Beated into the
pBOS expression plasmid (Mizoshima and Nagate, Nucleic Acids Rescarch 1990, Vol
18, pg 5322} Cell supernatants comtaining recombinant chimeric antibody are purified
by Protein A Sepharose chromatography and bound antibody is eluted by addition of acid

buffer. Antibodies are neutralized and dialyzed into PBS.

The heavy chain ¢cDNA encoding a chimeric mAD is co-transfected with 118
chimeric light chain ¢cDNA (both ligated in the pBOS veetor) into COS cells. Cell
supernatant containing recombinant chimeric antibody is purified by Protein A Sepharose
chromatography and bound antibody is eluted by addition of acid buffer. Antibodies are

neutralized and dialyzed into PRS.

The purified chimeric anti-human parent mAbs are then tested for their ability 10
bind (by BlAcoere) and for functional activity, e.g., 1o inhibit the cytokine induced
production of IgE as described in Example [ 1. Chimeric mAbs that maintain the activity

of the parental hybridoma mAbs are selected for future development.
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Exampie 1.3.2: Construction And Expressioen Of Humanized Anti Human Parent

Antibodies

Example 1.3.2.1: Selection Of Human Antibody Framewerks

Each murine variable heavy and variable light chain gene sequence is separately
aligned against 44 human immunoglobulin germline variable heavy chain or 46 germline
variable light chain sequences (derived from NCBI Ig Blast website at
http:/fwww.nebinlm.nih.govigblastreirieveig himl) using Vector NT1 software.

Humanization is based on amino acid sequence homelogy, CDR cluster analysis,
frequency of use among expressed human antibodies, and available information on the
crystal structures of human antibodies. Taking into account possible effects on antibody
binding, VH- VL pairing, and other factors, murine residues are mutated to human
residues where murine and human framework residues are different, with a few
exceptions. Additional humanization strategies are designed based on an analysis of
human germline antibody sequences, or a subgroup thereof, that possessed 2 high degree
of homology, i.c., sequence similarity, to the actual amino acid sequence of the murine

antibody vanable regions.

Homology modeling is used to identify residues unique 10 the murine antibody
sequences that are predicted to be critical o the structure of the antibody combining site,
the CDRs. Homology modeling is a computational method whereby approximate three
dimensional coordinates are generated for a protein. The source of initial coordinates and
guidance for their further refinement is a second protein, the reference protein, for which
the three dimensional coordinates are known and the sequence of which is related 1o the
sequence of the first protein, The relationship among the sequences of the two proteins is
used to generate a correspondence between the reference protein and the protein for
which coordinates are desired, the target protein. The primary sequences of the reference
and target proteins are aligned with coordinates of identical portions of the two proteins
transferred divectly from the reference protein to the target protein. Coordinates for
mismatched portions of the two proteins, e.g.. from residue mutations, mserions, or
deletions, are constructed from generic structural templates and energy refined 10 insure
consistency with the already transferred model coordinates. This computational protein

structure may be further refined or employed directly in modeling studies. The quality of

208



the model structure is determined by the accuracy of the contention that the reference and

target proteins are related and the precision with which the sequence alignment is

constructed.
For the murine mAbs, a combination of BLAST searching and visual mspection is

L2

used to identify suitable reference structures. Sequence identity of 25%% between the
reference and target amino acid sequences is considered the minimum necessary to
attempt a homology modeling exercise. Sequence alignments are constructed manually
and model coordinates are generated with the program Jackal (see Petrey, D. et al, (2003)

Proteins 53 (Suppl. 6): 430-435),

10 The primary sequences of the murine and human framework regions of the
selected antibodies share significant identity. Residue positions that differ are candidates
for inclusion of the murine residue in the humanized sequence in order o retain the
observed binding potency of the murine antibody. A list of framework residues that

differ between the human and murine sequences is constructed manually.

5 The tikelihood that a given framework residue would impact the binding
properties of the antibody depends on itg proximity 0 the CDR residues. Therefore,
using the model structures, the residues that differ between the murine and human
sequences are ranked according to their distance from any atom in the CDRs. Those
residues that fell within 4.5 A of any CDR atom are identified 25 most important and are

20 recommended to be candidates for retention of the murine residue in the humanized

antibody (i.c., back mutation).

In silico constructed humanized antibodies are constructed using oligonucleotides,
For each vanable region ¢cDNA, 6 oligonucleotides of 60-80 nucleotides each are

designed to overlap each ather by 20 nucleotides at the 5° and/or 37 end of cach

A

oligonucleotide. [n an annealing reaction, all 6 oligonulceotides are combined, botled,
and annealed in the presence of ANTPs. DNA polymerase I, Large (Klenow) fragment
(New England Biclabs #M0210, Beverley, MA.) is added to fill-in the approximately
40bp gaps between the overlapping oligonucleotides. PCR is performed to amplify the
entire variable region gene using two outermost primers containing overhanging

30 sequences complementary to the multiple cloning site in a modified pBOS vector

(Mizushima, S. and Nagata, S. (1990) Nucleic Acids Res. 18: 173 The PCR products
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derived from each cDNA assembly are separated on an agarose gel and the band
corresponding to the predicted variable region cDNA size is excised and purified. The
variable heavy region is inserted in-frame onto a cDNA fragment encoding the human
IgG1 constant region containing 2 hinge-region amino acid mutations by homologous
recombination in bacteria. These mutations are a leucine o alanine change at position
234 (EU numbering) and a leucine 1o alanine change at position 235 (Lund et al. (1991 ]
Immunol. 147:2657). The variable light chain region is inserted in-frame with the human
kappa constant region by homologous recombination. Bacterial colonies are isolated and
plasmid DNA extracted. ¢cDNA inserts are sequenced in their entirety. Correct
humanized heavy and light chains corresponding to each antibody are co-transfected into
COS cells to transiently produce full-length humanized anti-human antibodies. Cell
supernatants containing recombinant chimeric antibody are purified by Protein A
Sepharose chromatography and bound antibody is eluted by addition of acid buffer

Antibodies are neutralized and dialyzed into PBS.

Example 1.3.3: Characterization Of Humanized Antibodies

The ability of purified humanized antibodies to inhibit a functional activity is
determined, e.g., using the cytokine bioassays as described in Fxamples 1.1.2. The
binding affinities of the humanized antibodies 1o recombinant hurnan antigen are
determined using surface plasmon resonance (BlAcore®) measurement as described in
Example 1.1.1.C. The iCsg values from the bicassays and the affinity of the humanized
antibodics are ranked. The hurmsanized mAbs that fully maintain the activity of the
parental hybridoma mAbs are selected as candidates for future development. The top 2-3

most favorable humanized mADs are further characterized.

Example 1.3.3.1: Pharmacokinetic Analysis Of Humanized Antibodies

Pharmacokinetic studies are carried out in Sprague-Dawley rats and cynomolgus
monkeys. Male and female rats and cynomolgus monkeys are dosed intravenously or
subcutaneously with a single dose of 4mg/kg mAb and samples are analyzed using
antigen capture ELISA, and pharmacokinetic parameters are determined by
noncompartmental analysis. Briefly, ELISA plates are coated with goat anti-biotin
antibody (5 mg/ml, 4°C, overnight), blocked with Superblock (Pierce), and incubated

with biotinylated human antigen at 50 ng/m! in 10% Superblock TTBS at room
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temperature for 2 hours. Serum samples are serially dituted (0.5% serum, 10%
Superblock in TTBS) and incubated on the plate for 30 minutes at room temperature.
Detection is carried out with HRP-labeled goat anti human antibody and concentrations
are determined with the help of standard curves using the four parameter logistic fit,
Values for the pharmacokinetic parameters are determined by non-compartmental model
using WinNonlin software (Pharsight Corporation, Mountain View, CA). Humanized
mAbs with good pharmacokinetics profile (T1/2 is 8-13 days or better, with low

clearance and excelient bicavailability 50-100%) are selected.

Example 1.3.3.2: Physicochemical And In Vitre Stability Analvsis Of Humanized

Monoclonal Antibodies

Example 1.3.3.2.A: Size Exclusion Chromatography

Antibodies are diluted to 2.5 mg/ml. with water and 20 mL is analyzed on a
k5539-05k). Samples are eluted from the column with 211 mM sodium sulfate, 92 mM
sodium phosphate, pH 7.0, at a flow rate of 6.3 mL/minutes. The HPLC system operating
conditions are the following:

Mobile phase: 211 mM Na:50y, 92 mM NaxHPO#*TH,O, pH 7.0

Cradient:  Isocratic

Flow rate: .3 mL/minute

Detector wavelength: 280 nm

Autosampler cooler temp: 4°C

Column oven temperature: Ambient

Run time: 30 minutes

Example 1.3.3.2.B: SDS-PAGE

Antibodies are analyzed by sodium dodecyl sulfate - polyacrylamide gel
clectrophoresis (SDS-PAGEY) under both reducing and non-reducing conditions.
Adalimumab lot AFPO4C is used as a control. For reducing conditions, the samples are
mixed 11 with 2X tris glycine SDS-PAGE sample buffer (Invitrogen, cati LC2676, lot#
1323208) with 100 mM DTT, and heated at 60°C for 30 minutes. For non-reducing
coenditions, the samples are mixed 111 with sampie buffer and heated at 100°C for 5

minutes. The reduced samples (10 mg per lane) are loaded on & 12% pre-cast tris-glycine



gel (Invitrogen, cat? EC6005box, lo 6111021), and the non-reduced samples {10 mg per
lane} are loaded on an 8%-16% pre-cast tris-glycine gel (Invitrogen, cat# EC6045box,
lot# 61110215, SeeBlue Plus 2 (Invitrogen, cat#LC3925 o 1351542 1s used as a

molecular weight marker. The gels are run in a XCell SureLock mini ceil get box

wh

(Invitrogen, cat# EI0001) and the proteins are separated by first applying a voltage of 75
10 stack the samples in the gel, followed by a constant voltage of 125 until the dye front
reached the bottom of the gel. The running buffer used is [X tris glycine SDS buffer,
prepared from a [0X tris glycine SDS buffer (ABC, MPS-79-080106)). The gels are
stained overnight with cotloidal blue stain {Invitrogen catdf 46-7015, 46-7016% and

i destained with Milli-Q water until the background is clear, The stained gels are then

scanned using an Epson Expression scanner (model 1680, /N DASX003641),

Example 1.3.3.2.C: Sedimentation Velocitv Analvsis

Antibodies are loaded into the sample chamber of each of three standard two-
sector carbon epon centerpicces. These centerpieces have a 1.2 cm optical path length
15 and are built with sapphire windows. PBS is used for a reference buffer and cach
chamber contained 140 L. All samples are examined simultaneously using a 4-hole
(AN-60T1) rotor in a Beckman Proteomelab XL-1 analytical ultracentrifuge (serial #

PLAIGACOTY

Run conditions are programmed and centrifuge control is performed using
20 Protcomelab (v5.6). The samples and rotor are allowed to thermally equilibrate for one
hour prior te analysis (20.0 £ 0.1 °C). Confirmation of proper cell loading is performed at
3000 mpm and a single scan is recorded for cach cell. The sedimentation velocity

conditions are the following:

Sample Cell Volume: 42¢ mL

-2
LN

Reference Cell Volume: 420 mL
Temperature: 20°C

Rotor Speed: 35,000 rpm

Time: 8:00 hours

UV Wavelength: 280 nm

36 Radial Step Size: 0.003 cm

e L

Prata Collection: One data point per step without signal averaging

3

-
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Tetal Number of Scans: 100

Example 1.3.3.2.D: LC-MS Molecular Weight Measurement OF Intact Antibodies

Molecular weight of intact antibodies are analyzed by 1.C-MS. Each antibody is
diluted to approximately | mg/ml with water. An 1100 HPLC (Agilent) system with a
protein microtrap (Michrom Bioresources, Inc, cat# 004/23109/03) is used to desalt and
introduce 5 mg of the sample into an AP Qstar pulsar i mass spectrometer (Applied
Biosystems). A short gradient is used to elute the samples. The gradient is run with
mobile phase A (0.08% FA, 0.02% TFA in HPLC water) and mobile phase B (0.08% FA
and 0.02% TFA in acetonitrile) at a flow rate of 30 ml/minute. The mass spectrometer is
operated at 4.5 kvolts spray voltage with a scan range from 2000 0 3500 mass to charge

ratic,

Example 1.3.3.2.E: LC-MS Molecular Weight Measurement Of Antibody Lioht

And Heavy Chains

Molecular weight measurement of antibody light chain (LO), heavy chain (HO)
and deglyeosylated HC are analyzed by LC-MS. Antibody is diluted to | my/mL with
water and the sample is reduced to LC and HC with a final concentration of 10 mM DTT
tor 20 minutes 21 27°C. To deglycosylate the antibody, 100 mg of the antibody is
mcubated with 2 mL of PNGase F, 5 mL of 10% Neoctyiglucoside in a tota] volume of
100 mi. overnightat 37 °C. Afier deglycosyiation the sample is reduced with a final
concentration of 1O mM DTT for 30 minutes at 37°C. An Agilent 1100 HPLC system
with a C4 column (Vydac, cath 214TPS115, S/N 060206537204069Y is used to desalt and
introduce the sample (5 mg) into an AP] Qstar pulsar | mass spectrometer (Applicd
Biosystems). A short gradient is used to elute the sample. The gradient is run with
mobile phase A (0.08% FA, 0.02% TFA in HPLC water) and mobile phase B (0.08%% FA
and 0.02% TFA in acctonitrile) at a flow rate of 50 mL/minute. The mass spectrometer is
operated at 4.5 kvolts spray voltage with a scan range from 800 to 3500 mass to charge

ratio.

Example 1.3.3.2.F: Peptide Mapping

Antibody is denatured for 15 minutes at room temperature with a final

concemration of 6 M guanidine hydrochloride in 75 mM ammonium bicarbonate, The

(o)
ad
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denatured samples are reduced with a final concentration of 10 mM DTT at 37°C for 60
minutes, followed by alkylation with 50 mM iodoacetic acid (1AA) in the dark at 37°C
for 30 minutes. Following alkylation, the sample is dialvzed overnight against four liters
of 16 mM ammonium bicarbonate a1 4°C. The dialyzed sample is diluted to 1 mg/mL
with 10 mM ammoniom bicarbonate, pH 7.8 and 100 mg of antibody 1s either digested
with trypsin (Promega, cath VST11) or Lys-C (Roche, cat# 11 047 825 001) ata 1:20
(w/w} trypsin/Lys-C:antibody ratio at 37°C for 4 hrs. Digests are quenched with 1 mL of

N HCL For peptide mapping with mass spectrometer detection, 40 mL of the digests
ar¢ separated by reverse phasc high performance liquid chromatography (RPHPLC) on a
C18 column (Vydac, cat# 218TPS], SIN NE9606 10.3.5) with an Agilent 1100 HPLC
system. The peptide separation s run with a gradient using mobile phase A (0.02% TFA
and 6.08% FA in HPLC grade water) and mobile phase B (0.02% TFA and 0.08% FA in
accetonitnie} at a flow rate of 50 mL/minutes. The APT QSTAR Pulsar | mass spectromer
i$ operated in positive mode at 4.5 kvolts spray voltage and a scan range from 800 to

2500 mass to charge ratio.

Example 1.3.3.2.G: Disulfide Bond Mapping

To denature the antibody, 100 mL of the antibody is mixed with 300 mL of 8 M
guamdine HCl in 100 mM ammonium bicarbonate. The pH is checked o ensure that it s
between 7 and R and the samples are denatured for 15 minutes at room temperature in a
final concentration of 6 M guanidine HCL A portion of the denatured sample (100 mL) is
diluted to 600 mL with Milli-Q water to give a final guanidine-HCl concentration of 1 M.
The sample (220 mg) is digested with cither trypsin (Promega, cat # V5111, low
22265901 or Lys-C (Roche, cat? 11047825001, lot# 128080001 at a 1:50 trypsin or 1:50
Lys-C: antibody (w/w) ratios (4.4 mg enzyme: 220 mg sample) at 37°C for approximately
16 howrs. An additional 5 mg of trypsin or Lys-C is added 1o the samples and digestion is

allowed 1o proceed for an additional 2 hours at 37°C. Digestions are stopped by adding 1
mL of TFA to each sa.mplc. Digested samples are separated by RPHPLC using a C18
column (Vydac, cat? 218TPST S/N NE020630-4-1A) on an Agilent HPLC svstem. The
separation 18 run with the same gradient used for peptide mapping using mobile phase A
{6.02% TFA and 0.08% FA in HPLC grade water) and mobile phase B (0.02% TFA and
0.08% FA in acetonitrile) at a flow rate of 30 mi/minute. The HPLC operating

conditions are the same as those used for peptide mapping. The APF QSTAR Pulsar i
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mass spectromer is operated in positive mode at 4.5 kvolts spray voltage and a scan range
from 800 to 2500 mass-to-charge ratio, Disulfide bonds are assigned by matching the
observed MWs of peptides with the predicted MWs of tryptic or Lys-C peptides linked by

disulfide bonds,

Example 1.3.3.2.H: Free Sulfhvdrvl Determination

The method used to quantify free cysteines in an antibody is based on the reaction
of Ellman’s reagent, 5.5¢- dithio-bis (2-nitrobenzoic acid) (DTNB), with sulfhydryl
groups (SH) which gives risc to a characteristic chromophoric product, S-thio-(2-

nitrobenzoic acid) (TNBY. The reaction is illustrated in the formula:
IYINB + REH 8 RS-TNB + TNB- + H+

The absorbance of the TNB- is measured a1 412 nm using 2 Cary 50
spectrophotometer. An absorbance curve is plotted using dilutions of 2 mercaptoethanol
{(b-ME) as the free SH standard and the concentrations of the free sulfhydryl groups in the

protemn are determined from absorbance at 412 nm of the sample.

The b-ME standard stock 1s prepared by a serial ditution of 14.2 M b-ME with
HPLC grade water t 2 final concentration of 142 mM. Then standards in triplicate for
cach concentration are prepared, Antibody is concentrated to 10 me/ml using an amicon
ultra 10,000 MWCO centrifugal filter (Millipore, catd UFCR01096, lot# LIKNS251) and
the buffer is changed to the formulation buffer used for adalimumab {5.57 mM sodium
phosphate monobasic, 8.69 mM sodium phosphate dibasic, 106.69 mM NaCl, 1.07 mM
sodium citrate, 6.45 mM citric acid, 66.68 mM mannitol, pH 5.2, 0.1% (w/v) Tween).
The samples are mixed on a shaker at room temperature for 20 minutes. Then 180 mbL of
100 mM Tris buffer, pH 8.1 is added to each sample and standard followed by the
addition of 300 mL of 2 mM DTNB in 10 mM phosphate buffer, pH &.1. After thorough
mixing, the samples and standards are measured for absorption at 412 nm on a Cary 50
spectrophotometer. The standard curve is obtained by plotiing the amount of free SH and
OB4yy nm of the b-ME standards. Free SH content of samples are calculated based on

this curve after subtraction of the blank.

Example 1.3.3.2.1: Weak Cation Exchange Chromatecraphy
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Antibody is diluted to 1 mg/mL with 10 mM sodium phosphate, pH 6.0, Charge

heterogeneity 1s analyzed using a Shimadzu HPLC system with a WCX-10 ProPac

analyiical column (Dionex, cat# 054993, 1027223, The samples are loaded on the
column in 80% mobile phase A (10 mM sodium phosphate, pH 6.0} and 20% mobile
phase B (10 mM sodium phosphate, 500 mM NaCl, pH 6.07 and eluted at a flow rate of

1.0 ml/minute.

Example 1.3.3.2.J: Olizosaccharide Profiling

Oligosaccharides released after PNGase F treatment of antibody are derivatized
with Z-aminobenzamide (2-AB) labeling reagent. The fluorescent-labeled
oligosaccharides are separated by normal phase high performance liquid chromatography
(NPHPLC) and the different forms of oligosaccharides are characterized based on

retention time comparison with known standards.

The antibody 1s first digested with PNGaseF 1o cleave N-linked oligosaccharides
from the Fe portion of the heavy chain, The antibody (200 mg) s placed in a 500 mL
Eppendort tube along with 2 mi PNGase F and 3 mL of 10% N-octvlglucoside.
Phosphate buffered saline is added to hring the final volume to 60 mL. The sample is

incubated overmght at 37°C in an Eppendorf thermomixer set at 706 RPM. Adalimumab

ot AFPO4C 15 also digested with PNGase F as a control,

After PNGase F treatment, the samples are incubated at 95°C for S minutes in an
Eppendorf thermomixer set at 750 RPM 1o precipitate out the proteins, then the samples
are placed in an Eppendorf centrifuge for 2 minutes at 10,000 RPM to spin down the
precipitated proteins, The supernatent containing the oligosaccharides are transferred to a

500 ml. Eppendorf tube and dried in a speed-vac at 65°C.

The oligosaccharides are labeled with 2AB using a 2AB labeling kit purchased
from Prozyme (cat¥ GKK-404, lot# 132026}, The labeling reagent 1s prepared according
to the manufacturer’s instructions. Acetic acid (150 mL, provided in kit) is added to the
DMSO vial (provided in kit) and mixed by pipeting the sclution up and down several
times. The acetic acid/DMSO mixture (100 mL} is transferred (o a vial of 2-AB dve (just
prior to use) and mixed until the dve is fully dissolved. The dye solution is then added to

avigl of reductant {prow whed i Kty and

216
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reagent (5 mlL) is added to cach dried oligosaccharide sample vial, and mixed thoroughly.
The reaction vials are placed in an Eppendorf thermomixer set at 65°C and 700-800 RPM

for 7 hours of reaction.

cling reaction, the excess fluorescent dye is removed using

GlycoClean S Cartridges from Prozyme (cat# GKI-4726). Prior to adding the samplies,
the cartridges are washed with I mL of milli-Q water followed with 5 ishes of 1 mL 30%
acetic acid solution. Just prior to adding the samples, 1 mL of acetonitrile (Burdick and

Jackson, catff AH015-4) is added to the cartridges.

After all of the acetonitrile passed through the cartridge, the sample is spotted
onto the center of the freshly washed disc and allowed to adsorb onto the disc for 10
minutes. The disc 1s washed with I mL of acetonitrile followed by five ishes of 1 mb of
96% acetonitrile. The cartridges are placed over 2 1.5 mbL Eppendor{ tube and the 2-AB

iabeled ohgosaccharides are eluted with 3 ishes (400 mL each shy of milli Q water.

The oligosaccharides are separated using a Glycosep N HPLC (card GKI-4728)
column connected 1o a Shimadza HPLC system. The Shimadzu HPLC system consisted
of a system controller, degasser, binary pumps. autosampler with a sample cooler, and a

fhuorescent detector.

Example 1.3.3.2.K: Stabilitv at Elevated Temperatures

The buffer of antibody 1s either 5.57 mM sodium phosphate monobasic, 8.69 mM
sodium phosphate dibasic, 106.69 mM NaCl, 1.07 mM sodium citrate, 6.45 mM citric
acid, 66.68 mM mannitol, 0.1% (w/v} Tween, pH 5.2; or 10 mM histidine, 16 mM
methionine, 4% mannitol, pH 5.9 using Amicon ultra centrifugal filters, The final
concentration of the antibodies is adjusted to 2 mg/mL with the appropriate buffers. The
antibody solutions are then filter sterized and 0.25 mE aliquots are plf‘ndred under sterile
conditions. The aliquots are left at either -80°C, 5°C, 25°C, or 40°C for 1, 2 or 3 weeks,
At the end of the incubation period, the samples are analyzed by size exclusion

chromatography and SDS-PAGE,

The stability samples are analyzed by SDS-PAGE under both reducing and non-
reducing conditions. The procedure used is the same as described herein. The eels are

stained overnight with colloidal blue stain (Invitrogen cat# 46-7015, 46-7016) and

7
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destained with Milli-Q water until the background is clear. The stained gels are then
scanned using an Epson Expression scanner (model 1680, S/N DASX003641). To obtain
more sensitivity, the same gels are silver stained using silver staining kit (Owl Scientific)

and the recommended procedures given by the manufacturer is used.

Example 1.3.3.2.1: Differential Scanning Calorimetry (DSC)

A protein in agueocus solution is in equilibrium between the native (folded) conformation
and its denatured (unfolded) conformation. The stability of the native state s based on the
magnitude of the Gibbs free energy (DG) of the system and the thermodynamic relationship
between enthalpy (DH) and entropy (DS) changes. A positive DG indicates the native state is
more stable than the denatured state - the more positive the DG, the greater the stability. For a
protein to unfold, stabilizing forees need to be broken, Conformational eniropy avercomes
stabilizing forces allowing the protein to unfold at temperatures where entropy becomes dominant.
Differential Scanning Calorimetry (DSC) measures DH of protein unfolding due to heat
depaturation. As a general rule, the higher the transition midpoint (the Tm), the more stable the
protein at lower temperatures. During the same experiment DSC also measures the change in heat
capacity (DCp) for protein denaturation, Heat capacily changes associated with protein unfoldin g
are primarily due to changes m hydration of side chaing that were burted in the native state, but
become solvent exposed m the denatured state. DSC s a predictor of liguid formulation

stability for proteins and other biological macromolecules (Remmele. RL et al (2004

BioPharm 13: 36-46; Remmele, R.L. et al. (1998) Pharm. Res. 15:200-20%),

A different apphecation of DSC is the characterization of protein structure, as
demonstrated for a variety of monoclonal antibodies, e.g., Adalimumab (Humira), vastuzumal
(Herceptin), bevacizumab (Avastiny and other antibodies (Tonescu, R. et al. (2008) J.
Pharmaceut. Sci. 97(4):1414-1426).  An lgG antibody typically shows three unfolding
transitions (Tm}: unfolding of the intact antibody is associated with the melting of the CH2

domam n the Fo fragment, melting of the CH3 domain i the Fe fragment, and melting of the

Fab fragment (fonescu, R. et al. (2008) J. Pharmaceut. Sci. 97(4):141 4-3426) (Figure 5

and 7

Prior to DSC analysis, proteins are dialized into a suitable buffer system using Slide-A-
Lyzer Cassettes. This buffer systern (10 mM phosphate, 10 mM citrate) is also used as a
reference/blank for the DSC measurement. Both parent antibodies and the DVD-Ig molecule are

An avtomated VP-DSC with Capillary Cell{

used. Unfolding of the molecules s studied apnlvime a 150/ minute sean rate over a 25°C
gl wikawd Pl
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temperature range. Other measurement parameters are: Fitting period: 16 sec, pre-scan wait; 190

min, feedback moder none.

Example 1.4 Generation of 2 DVD-Io

DVD-Te molecules capable of binding two antigens are constructed using two
parent monoclonal antibodies, one against human antigen A, and the other against human

antigen B, sclected as described herein.

Example L.4.1: Generation of a DVD-Ig Having Two Linker Lengths

A constant region containing v1 Fo with mutations at 234, and 235 w eliminate
ADCC/ODC effector functions 18 used. Four different anti-A/B DVD-1g constructs are
generated: 2 with short linker and 2 with long lnker, cach in two different domain

orientations: V4-Vi-C and V-V 4-C (see Table 3. The linker sequences, derived from

the N-terminal sequence of human CI/Ck or CHI domain, are as follows:

For DVDAR constructs:

light chain (if anti-A has 2.y:Short Hinker: QPKAAP (SEQ 1D NO: 15y Long
linker: GPKAAPSVTLFPP (SEQ ID NO: 16)

lght chain Gfant-A has «):Short Hoker: TVAAP (SEQ 1D NO: 13); Long linker:
TYAAPSVEIFPP (SEQ D NG: 14)

heavy chain (v1): Short linker: ASTKGP (SEQ 1D NG: 213 Long Iinker:
ASTKGPSVFPLAP (SEQ 1D NO: 22)

For DVDBA constructs:

light chain (f anti-13 has 2):Short linker: QPKAAP (SEQ ID NO: 15); Long
hinker: QPKAAPSVTLFPP (SEQ 1D NO: 16}

light chain (if anti-B has k):Short linker: TVAAP (SEQ ID NO: 13): Long linker:
TVAAPSVFIFPP (SEQ 1D NO: 14)

heavy chain (v1): Short linker: ASTIKGP (SEQ 1D NO: 213, Long linker:
ASTKGPSVFPLAP (SEQ 1D NO: 22)

Heavy and light chain constructs are subcloned into the pBOS expression vector,
and expressed in COS cells, followed by purification by Protein A chromatography. The

purified materials are subjected to SDS-PAGE and SEC analysig,



The Table 3 below describes the heavy chain and light chain constructs used to

express cach anti-A/B DVD-lg protein.

Table 3: Constructs To Express Anti-A/B DVD-le Proieins

DY ik-ig pretein

Heavy chain construct

Light chain construct

DVDABSL DVDABHC-SL DVDABILC-SL
DVDABLL DVDABHC-LL DVDABLC-LL

PVIDBASL

DVDBAHC-SL

DVDBALC-SL

DVDBALL

DVDBAHC-LL

DVDBALC-LL
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Example 1.4.2: Molecular Cloning Of DNA Constructs For DVDABSL And
DVDABLL

To generate heavy chain constructs DVDABHC-LL and DVDARHC-SL, a VH
domain of A antibody is PCR amplified using specific primers (37 primers contain
short/long liner sequence for SL/LL constructs, respectively); meanwhile VH domain of
B antibody is amplified using specific primers (537 primers contains short/long liner
sequence for SL/LL constructs, respectively).  Both PCR reactions are performed

according to standard PCR techniques and procedures. The two PCR products are gel-

purified, and used together as overlapping template for the subsequent overlapping PCR

reaction.  The overlapping PUR products are subcloned into Srf T oand Sal I double
digested pBOS-hCy1.7 non-a mammalian expression vector (Abbott) by using standard

homologous recombination approach.

To gencrate light chain constructs DVDABLC-LL and DVDABLC-SL., VL
domain of A antibody is PCR amplified using specific primers (3° primers contain
short/tong liner sequence for SL/LL constructs, respectively); meanwhile VI domain of
B antibody 18 amplified vsing specific primers (57 primers contains short/long liner
sequence for SLALL conswucts, respectively).  Both PCR reactions are performed
gecording to standard PCR tcchn%q s and procedures. The two PCR products are gel-
purified, and used together as overtapping template for the subsequent overlapping PCR
reaction using standard PCR conditions. The overlapping PCR. products are subcloned
mto Srffand Not | double digested pBOS-hCk mammalian expression vector (Abbott) by
using standard homologous recombination approach. Similar approach has been used to

generate DVDBASL and DVDBALL as described below.

Example 1.43: Molecular Cloping Of DNA Constructs For DVDBASI, And
DVDBALL

To generate heavy chain constructs DVDBAHC-LL and DVDBAHC-SL, VH
domain of antibody B is PCR amplified using specific primers (37 primers contain
shortlong liner sequence for SL/LL constructs, respectively); meanwhile VH domain of

antibody A is amplified using specific primers (57 primers contains short/fong liner

.
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according to standard PCR technigues and procedures. The two PCR products are gel-
purified, and used together as overtapping template for the subsequent overlapping PCR
reaction using standard PCR conditions, The overlapping PCR products are subcloned
into Sri T and Sal | double digested pBOS-hCyl.z non-a mammalian expression vector

(Abbotty by using standard homoelogous recombination approach.

To generate light chain constructs DVDBALC-LL and DVDBALC-SL, VL
domain of antibody B is PCR amplified using specific primers (37 primers contain
short/long liner sequence for SL/LL constructs, respectively); meanwhile VL domain of
anfibody A 15 amplified using specific primers (57 primers contains short/long liner
sequence for SL/LL constructs, respectively). Both PCR reactions are performed
according to standard PCR techniques and procedures. The two PCR products are gel-
purified, and used together as overlapping template for the subsequent overlapping PCR
reaction using standard PCR conditions. The overlapping PCR products are subcloned
into S¢f T and Not I double digested pBOS-hCk mammalian expression vector (Abbott) by

using standard homologous recombination approach.

Example 1.4.4: Preparation Of BVD-Te Vector Consirucis

Parent antibody amino acid sequences for specific antibodies, which recognize
specific antigens or epitopes thereof. for incorporation into a DVID-Ig can be obtained by
preparation of hybridomas as deseribed above or can be obtained by sequencing known
antibody proteins or nucleic acids. In addition, known sequences can be obtained from
the Hterature. The sequences can be used to synthesize nucleic acids using standard DNA
synthesis or amplification technologies and assembling the desired antibody fragments
Into expression vectors, using standard recombinant DNA technology, for expression in

cells.

For example, nucleic acid codons were determined from amino acids seguences and
oligonucieotide DNA wus synthesized by Blue Heron Biotechnology, Ine.
(www blugheronbio.com} Bothell, WA USA. The oligonucleotides were assembled into 300-
2,000 base pair double-stranded DNA fragments, cloned into a plasmid vector and sequence-
verified. Cloned fragments were assenibled using an enzymatic process 10 vield the complete

gene and subcloned inte an expression vector, (See 7,306,914; 7,297,541: 7,279,159 7,150,969

5690 20080063784, 20080056306;

"*"1)
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20G8GO38T77; 20080022422; 20070289033 26070287 170; 20070254338, 200702431 94;
20070225227; 200702071 71; 200701 50976; 20070135620; 20070128100: 20070104722,
20070092484, 20070037196, 20070628321 ; 200601 72404; 20060162026, 20060153791

2003021354358, 20030157643),

A group of pHybE vectors (US Patent Application Serial Mo, 61/021,282) were used for
parental antibody and DVD-1g cloning. V1, derived from pdP1R3; pHybE-hCgl znon-a V2, wag
used for cloning of antibody and DVD heavy chaing with a wildiype constant region, V2, derived
from plP191; pHybE-hCk V2, was used for cloning of antibody and DV light chains with a
kappa constant region. V3, derived from pIP192; pHvbE-hCl V2, was used for cloning of
antibody and DVDs light chains with a lambda constant region. V4, built with a lambda signal
peptide and a kappa constant region, was used for cloning of DVD light chaing with 2 lambda-
kappa hybrid V domain. V5, built with a kapps signal peptide and a Jambda constant region, was
used for cloning of DVD light chaing with 2 kappa-lambda hvbrid V domain. V7, derved from
pIP1%3; pHybE-hCgl znon-a VI, was used for cloning of antibody and DVD heavy chains with a

(234,235 AA) mutant constant region.

Referring to Table 4, & number of vectors were used m the cloning of the parent

antibodies and DV VH and VL chains.

Table 4: Vectors Used to Clone Parent Antihodies and BVD-Ius

ibB Heavy chain vecior Light chain vecter
ABOU3 V] V2
ARO14 Vi V2
ABOL! 2! 2
ABOLO V1 V3
ABGO20 Vi V2
ABO04 Vi V2
ABG29 Vi Y2
ABG32 V1 V2
AB043 Vi V2
ABG40 V1 V2
AB(4] 4 V2
AB(44 Vi V2
ABO4S Vi V2
ABRO46 V1 V2
ABG49 Vi V2
ABGS?2 Vi Y2
ABO54 Vi V2
ABO33 V1 N2
L DVDIsl LVl V72
 DVDILAZ | VI VI
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i ' Heawvy chain vector Light chain vector
DVD163 1 V2
DVIDIed | V] V2
FDVIIESS TV V2
DVINse | Vi V32
FDVDIET VI V2
DVDISE | V] V2
DVIIZay |Vl V2
DVIDZ50 | VI V2
DVD227 | VI Y2
DVD228 | vl V2
DVIDSS | V] V2
DVID200 | V1 V2
DVID2I3 VI V2
DVD2i4 | V] V2
DVI324] Vi V2
DVD242 1 V] V2
DVDISY | VI V2
DVDS4 | VI V2
DVID251 Vi V2
DVD252 | VI V2
DVIDLS] V1 V2
DVDIS2 Vi V2
V3L V1 V32
DVID312 | VI Vi
DVD3I3 VI Y7
DVD3i4 V! V7
PDVIX3IS VI W32
DVD3I6 | Vi W2
DVD317 | V] V5
DVD3E | VI V4
DVD319 | V] V7
DVD325 | V7 V2

Example 1.4.4.2

The DVD-Ig vector constructs are tranfected into 293 cells for production of
DVD-lTg protein, The 293 transient transfection procedure used is a modification of the
metheds published in Durocher et al. (2002 Nucleic Acids Res. 30(2):E9 and Pham et sl

(2005} Biotech. Bioengineering 90(33:332-44. Reagents that were used in the

: Transfection And Expressien In 293 Cells

transfection included:

»  HEK 293-6E cells (human embryonic kidney cell line stably expressing EBNAT,
obtained from National Research Council Canada) cultured i disposable

Erfenmever flasks 1 a hurnidified meubator setat 130 rpm, 37°C and 5%
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¢ Culture medium: FreeStyle 293 Expression Medium (Invitrogen 12338-018) plus
25 pg/mL Geneticin (G418} (Invitrogen 10131-027) and 0.1%% Pluronic F-68

(Invitrogen 24046-032).

*  Transfection medium: FreeStyle 293 Expression Medium plus 10 mM H

{(Invitrogen 15630-080).

« Polyethylenimine (PEI) stock: 1 mg/mlL sterile stock solution, pH 7.0, prepared

with linear 25kDa PEI (Polysciences) and stored at less than -15°C,

¢ Tryptone Feed Medium: 5% wiv steriie stock of Trvptone N1 (Organotechnic,

19554) in FreeStyle 293 Expression Medium.

Cell preparation for transfection: Approximately 2 - 4 hours prior to transfection, HEK

293-6F cells are harvested by centrifugation and resuspended in culture medium at a cell
density of approximately | million viable cells per mL. For cach transfection, 40 mb. of
the cell suspension is transferred into a disposable 250-mL Erlenmeyer flask and

mcubated for 2 - 4 hours,

Transfection: The transfection medium and PEI stock are prewarmed to room
temperature (RT}. For each transfection, 23pg of plasmid DNA and S0pe of
polyethylenimine (PEL} are combined in 5 mL of transfection medium and incubated for
15— 20 minutes at RT 1o allow the DNAPEL complexes to form. For the BR3-Ig
transfections, 25pug of BR3-Tg plasmid is used per transfection. Fach S-mL DNAPE]
complex mixture is added to a 40-mL culture prepared previously and returned to the
humidified incubator set at 130 rpm, 37°C and 5% COs. After 20-28 hours, 5 mL of
Tryptone Feed Medium 1s added to cach rransfection and the cultures are continued for

six days.

Example 1.4.5: Characterization And Lead Selection Of A/B DVD lgs

The binding affinitics of anti-A/B DVD-lgs are analyzed on BlAcore against both
protein A and protein B. The tetravalent property of the DVD-Ig is examined by nmultiple
binding studies on BlAcore. Meanwhile, the neutralization potency of the DVD-Tgs for
protein A and protein B are assessed by bioassays, respectively, as described herein, The

DVD-ig molecules that best retain the affinity and potency of the original parental mAbs

275



P2
Lh

4]

are selected for in-depth physicochemical and bio-analytical (rat PK) characterizations as
described herein for cach mAb. Based on the collection of analyses, the final lead D'VD-
lg is advanced mto CHO stable cell line development, and the CHO-derived material is

employed in stability, pharmacokinetic and efficacy studies in cynomolgus monkey, and

preformulation activities,

Example 2: Construction, Expression, And Purification Of Anti-Murine TNFo/

Anti-PGE> Dual Variable Demain Immunoclobulin (DVD-1us)

A DVD-Ig capable of binding murine TNFo and PGE2 was generated. Briefly,
parent mADbs include two high affinity murine Abs, anti-TNFa {clone 8C 11 and apti-
PGEZ (clone 2B5-8.0), respectively, The VL/VH genes of anti-TNFa monocional
antibody clone 8C11 hybridoma were isolated by RT-PCR using the mouse [g Primer Kit
(Novagen, Madison, WI}. The VL/VH protein seguences of 2B5-8.0 were obtained as
described in Example 1.2.4 and were converted o DNA sequences. Different linkers
were used between the two variable domains in both the light chain (e.z., ADAAP) and
the heavy chain (e.g., AKTTPP). These linker sequences, selected from the N-termini of
murine Ck and CHI, are & natural extension of the variable domaing and exhibit a flexihle
conformation without significant secondary structures based on the zii”iki}}fﬁi% of several

Fab crystal structures. The detailed procedure of the PCR cloning is ritsed below:

Exampie 2.2.1: Molecular Cloning of Murine Anti-Murine TNFa/anti-PCE, DVD-lg

With Murine Linkers

Methods for making DVD-Ig molecules are desceribed in US Patent Publication
No. 20070071675, The amino acid sequence of VH and VL regions for various

recombinant antibodies specific for PGE2 are shown in Table 5. Using overlapping PCR,
$ix murine anti-murine TNFo/anti-PGE2 DVD-Ig molecules with either no mouse linker
(mNL), murine short linker {mSL.), or murine long linker (ml.1} were generated and the
protein sequences of the VH and the VL are listed in Table 6 below. The DNA encoding
the VH of the DVD-Ig molecules was fused to mouse heavy chain 1gG1 constant region,
and the DNA encoding the VL of the DVD-lg molecules was fused to mouse light chain k

constant region, respectively. The protein expression and purification of DVD-Ig
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molccules are essentially the same as that described in Example 1.3 and in US Patent

Publication No. 20070071675,

Table 53: Recombinant Antibodies Specific to Prostaciandin E2

SEQ
iD Protein region Sequence
No.
801234567830
R Qs KISCKASGYTET
GHGLEWIG
80 | vE 285-7.0 S i
£ “”TSSQNIV
3 JEa T NS T.ILTY E'
81 VL 2B5-7 0 E‘S?\trhz“i'i_‘i! Y :Jx ¥ KVS"‘*&“RW
SGVEPDRFLSGIGE
82 | VE 2B5-8.C
HSNGNTYLEN:.’ ORPGOIPH ESNRE
83 VL 283-8.0 SGVPDRFSGIGE A KDY
YA CEQVSHEVPY TG
OQVOLOGEGE ISCEABGYTET
KOG -
84 VH 2B5-9 0 EYWLEWVE : : D}Y?YGDYTH?
MTOTPLELEYSL
8% | VL 2B3-5.¢

Figure 2 shows binding of the antibodies in Table 5 to PGE2-biotin in a direct

bind ELISA. Figure 3 shows inhibition of the cellular response to PGE2 in an EP4

binding

assay,

el




Table 6: List Of Amino Acid Sequences OF VH And VL Regions Of Anti-Murine

TMNFa/Anti-PGE, DVD-Io With Murine Linkers

- SEG
D
WO .

Proteln region

: EFQLQQSGPELVKPGASVRI S{ZKASGYSFT_ B
| DYNMWVEQSHGRSLEWVGVINPNYGSSTY |
xgxmmmwmgsssmm@msmsm :

'mu@%;v;GQGLLV

'*1?3456#890121ﬁ56 B9012

TE567850

VL 8Cli~mNL BS

| QIVLSQSPAILSASPGEXVIMICRASSEVS |
L YMEWFQURPGSSPRPHIYATSNLASGVPAR |
) 'Fsesesmsysmz SRVEAEDMTYYCQQ&G .-

ftGGﬁ SLRIHR

B ;_.vax,sgspmn;szaspgmmmcmsssvs .
A Y MEWEQOK PGSSPRPWIYATSHLASGVEAR
4 FSGSGBGTSYSLIT SRVEAEDAATYYCQQW :

A isssrpmmmmmm :
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SEQ
ID
No.

Protein region

Sequence

BT8901234567890123 QRG 990

.,,apzf_cnR§D¢“5”vwrgGTLvmz>ﬁEFQLE
| QOSGPELVKPGASVRISCRASGYS: ETDYNM

o F:GKATLTVDQSssmmgmsmsmnswzf :
| YCARKWGQLGRGFFDVWGTGTTVIVSS

- ;QVQ&QQSGPHQVFPCSSfETQCKﬂSCX
"KYHLG%VKQR?G&CT P INY

P
HY

T
& E
; 35 TSED_

T ..E?QLQQSG?ELWGASVRISCKASGYSFT: -

L DYNMNWVEQSNGKSLEWVGVINPNYGSSTY
NQEFRGKATLTVDOSSSTAYMOLNSLTSED
i .SAWYCRRKWGQMRGFFDWGTGTWTVS &

'3436.890 23536 89

JLMTO rmsm_ SLGD




SEQ

Protein region

FELTSE ij.
;__‘T‘I‘JT’\JS_ ;




L2y

JG

SEQ
ID Protein region

: hbitb?‘f”yitifz’T,\,}R?ﬁQS .?”

*"vCFfvaﬁ PYLECSG

iﬁ SrSE;*fJnQR* Ex

CUHOL 2107 0 st TEGAGTHLELER o
TR TES01Z 345678 ‘6123456?895

Example 2.2.2: Molecular Cloning of Murine Anti-Murine TNFo/anti-PGE2 DVD-

Ig With Human Linkers

Methods for making DVD-Tg molecules is described in US Patent Publication No.
20070671675, Using overlapping PCR, six murine anti-murine TNFo/anti-PGE2 DVD-
Ig molecules with no either human linker (hNL), human short linker (hSL), or human
long linker (hLLL) were generated and their protein sequences of the VH and the VL are
listed in Table 7 below. The DNA enceding the VH of the DVD-Ig molecules was fused
to human heavy chain IgG1 constant region and the DNA encoding the VL of the DVD-
Ig molecules was fused to human light chain k constant region, repectively. The protein
expression and purification of DVD-Ig molecules are essentially the same as that

described in Example 1.3 and in US Patent Publication No. 20070071675,




Tabie 7: List Of Amine Acid Sequences Of VH And VL Rewions Of Anti-Murine
TNFo/Ant-PGE2 DVD-Ie With Human Linkers

SEQ
I Protein regilon Sequence
No .

VH 8C11-hNL-2B5.

fagscyauvaw 5svazscz DCYTFT~

DIYPGEYDYTHY |
YIEFQLSS&TSVDH
e : : WGOGT LIV ;
,.;h123u5678901¢345578901v3456f896~
I QIVLSQSPALLSAS PGEKVIMTCRASSSVS -
:YMHWFQQKPGSS?KPWIYATSNLA$GVPARf

LB Y vows%g

R
C:qu

EQﬁSLSLT 5@?

;:QIVLSQSPAILSRSQGEKvawCRﬁSSSVSg
4 YMHWEDOKPGSSPRPHIYATSNLASGVERR |
.::FSGSGSG”SYSLTISRVEAEDAATYYCQQW 
E_SSSPLTEGAGTKLELKR :

siduss

: HSNGNT*{LEW y LQR‘?G




SEQ
In Protein region Sequence

| VH BC11-hLL-2ES

e UKISCﬁAoCY””TKYNLGﬂVKQRP&hCLE
:ﬂIGDIVPﬁxLVTHYMEEEhaﬁpwumvmwoa'

FQSITGVSJ_.H




SEQ
I Protein region Segquence

'.;Q\FgugquEr,L RE
vawﬂxI‘\OQP HG

Laary xcmsamsw%@m IS %:EQL f_
;Qgsapmmansmxscmsc;mmnm -

' ;mm%mgsssmmﬁmsmszpsavx 5
Y CARKWGOLGREFFDVHGTOTTVIWES
| QVQLODSERELVR 2GOSVKISCRASGYTET

' DIYPGY DY
EYMOLSSTTSET

L‘ T*JS"“ N

] QLQQSGPELVKPGAS‘VRISCKASGYSFT_ i
BYNMNWVKQSNGKSLEWVEVINPNYGSS Y.
NOEFRGRATLIVDQSSS ThYMQiNSLTSED o]
: AWYCARKWGQLGRGFFDVWGTGTTVWS;

: lee _VLEIKWQI%SQS ;
PATLSASPGEKVIMTCRASSSYSYMEWFQD

VL 2BS-BNL-8CI1T |
' I{PGS SPKI’WI Y.RTSWGV PARFSGS GSG B




SEQ
o Protein region

BS-HSL-8C11 -

Aretrn

I

T
e

AU

Fh

Tl i e
)

S D)
E G a

.(.ﬁ

esiduesios

[EXES |
P in

o

PETDT
g B

4




Protein region

VL. 2B5-hLL-8CI1

B D(ﬁﬂ J\J[\T\)Yuli_ :
OQH‘? SEPLTPGAGTELEL

MTOT )BAJDJS};GEOQS.LSLTSS
"ZF‘ LJMI\”EQRP 08

Example 2.2.3: Characterization of Murine Anti-Murine TNFa/anti-PGE, DVD-1g

With Human Linkers

Example 2.2.3.1: Assavs To identifv PGE, Binding Activity Of Anti-Mouse
TNFo/Anti-PGE, DVD-lg Molecules With Human Linkers

Assays used to identify and characterize PGE, binding activity of anti-murine

INFo/ant-PGE, DVD-lgs with human linkers, mcluding the “H- PGE, BLISA are

described m Example | uniess otherwise stated. 2B5-8.0, 2B5-huSL-8C1HT and 2B5-hl.1-

8C11 and PGE, at Ky, values of 334, 23K, 383 pM, respectively.

Example 2.2.3.2: Assavs Te Identify Anti-PGE, Neutralization Activity OfF Anti-

Mouse TNFo/Anti-PGE, BDVD-1o Melecules With Human Linkers

Assays used to identify and charactenize PGE, neutralization activity of anti-

murine TNFo/anti-PGE2 DVD-les with human Hinkers, including the EP4 assay, are




described in Example I unless otherwise stated. 2B5-8.0, 2B35-huSL-8C1] and 2B5-hLL-
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Example 2.2.3.3: Assavs Te Jdentify Anti- TNFo Bindino Activity Of Mouse

TNFa/Anti-PGE, DVD-ir Molecules With Human Linkers

Assays used to identify and characterize TNEo binding activity of anti-murine

INFo/anti-PGE, DVD-1os with human linkers, including ELISA, are described in

Example [ unless otherwise stated. 8C11, 2BS5-huSL-C11 and 2B5-hLL-8C}]

neutralized PGE; at ICsy values of 201, 234, 256 pM, respectively

Example 2.2.3.4: Assays To ldentifv Anti- TNFg Neutralization Activity Of Mouse

TNFo/Anti-PGE, DVD-1g Molecules With Human Linkers

Assays used to identify and characterize TNFo neutralization activity of anti-

murine TNFo/anti-PGE; DVD-Tes with human linkers. including the 1.929 assay are

described i Example | unless otherwise stated. 8C11, 2B5-huSL-8C T and 2B5-hi1-
8CHI neutralized PGEy at [Cys values of 5852, 4389, and 88 pM, respectively, Alihough
the exact reason for why 2B5-hLL-8C11 has much more potent activity to neutralize

formation of DVD-lg molecules with murine TNFo,

Example 2.3:  Construction and Characterization Of Anti-Human TNFo/Anti-

PGE: DVD-ic Molecules

A dual variable domain immunoglobulin (DVD-lg) molecule was designed such
that two different light chain variable domains (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 domains (VH) linked in tandem, followed by the constant
domain CHI and Fe region using the methods disclosed in US Patent Publication No.
20070071675, The constant region of a human DVID-Ig molecule can either be a hurnan

IgG1, 1G2, 1263, TeG4.

Using the human ant-TNFo, DZE7, and HUZB5.7 as building blocks, four anti-

TNFo/PGE, DVD-Ig molecules were constructed: two variants with either the TNFa- or
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PGEz-binding domains at the N-termini, and each with short (SL) or long (LL) linkers for

bridging the heavy and light chains of the two antigen binding domains.

The VH and VL domains of two parental antibodics used to generate a DVD-Tg

o
capable of binding human TNFo and PGE2 is listed in Table 8, Bricfly, parent mAbs

.

PGE2 (HU2BS.7), respectively. The VL/VH genes of anti-TNFa monoclonal antibody
D2E7 were amplified by PCR from plasmids encoding DNA sequence of D2E7, as
described in US Patent No. 6,258,562, The VL/VH genes of HU2BS.7 were from
plasmids encoding DNA sequence of HU2BS.7, as illustrated in Example 2.3, The all
DVD2-1g molecules were constructed similarly, except that they had a linker between the
two variable domains in both the light chain and the heavy chain. These linker
sequences, selected from the N-termint of human Ck and CHI, are a natural extension of
the variable domains and exhibit 2 flexible conformation without significant secondary
structures based on the analysis of several Fab crystal structares. The detailed procedures

of the PCR cloning is described below:

Example 2.3.%; Melecular Cloning Of Human Anti-Human TNFo/Anti-PGEZ DV-

(43
ot

The general construction of DVD-Ig molecules is deseribed in US Patent
Publication No. 20070071675,  Using overlapping PCR, four human anti-human
TNFo/anti-PGE2 DVD-Jg molecules with human short linker (SLj and human fong linker
(LL) were generated and thelr protein sequences of VH and VL were listed in Table 8
below. The DNA encoding VH of DVD-Ig molecules was fused to human heavy chain
l1gG1 constant region, and the DNA encoding VL of DVD-lg molecules was fused fo
human Tight chain k constant region repectively, The protein expression and purification
of DVD-lg molecules are essentially the same as that described in Example 1.3 and US

Patent Pubhication No. 20070071675,
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Table 8: List Of Amine Acid Seguences OF VH And VI Regions OF Anti-Human
TNFo/Anti-PGE2 DVD-le With Human Linkers

SEQ
D Protein region Sequancea
Ho .

‘SGVEDR sasesgmwmzsgmnvsv

YCFQVS VPYTFGEETEVEIKE:

12345678801 0348678%01 el

oy EVQLVESGGGWQP@RSLRLSCAASGFTE:}
1 DY AMEWVROAPGRSLEWVSEITWNSGHIDY |

S 8 wmsmxsmmswmmsmm
5 mvyyc:msmsms SLDYWGQGTLWS

23456785012 be"a 501 :34%7 50
Rt DIQMTQSPSSLSASVGQRVTITCRA&QGIR

- NYLAWYQOKPGKAPKLLI YARSTLQSCVES |
' :RFSGSGSG‘I'DFTLTISSLQPEDVKI’WCQR

5345678001234567550
yEees QEKASC} "




SEQ
D Protein region

Sequence

CHoMnst LEA

\SGFTED!
THNSGHIDYAT

TDLVOSGS

2|

: ;{L fEp GL‘"‘*S

130-250 of i
SEQUID |

I\ Y\zcgwqmm EG QFT

W¥<D€JAA

“?GoGSélﬂpmi'

.Mwaﬁ)w €

'fDW“WlﬂmPLQLPJMD




SEQ

-+
Z

Protein region

A5 ?:JSCKI;SCY
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SEQ
D

Protein

region

Seguence

"~{*thAwYQQ?PCFLPnJM;YAP.T
RFSGSGSGTDFILIISSLOPEDVATY

LQ

1 NR}PYT?uQGTKVEJhR

'”TVAA?évﬁigpp.




Table 9: Seguence Gf Human IoG Heavy Chain Constant Demain And Lioht Chain

Constant Domain

Protein Seguence Sequance
Identifier

SEQ ID
RC.:122

SEQ ID NO.:123

7SVLIVLHQDW
KGOPREPQV
'PSD ¥

PEIMHYT

=10 hug P

QUENVESCIVM

SEQ ID
NGO, 124

SEQ ID
NO.:125

Example 2.3.2:  Assavs To Characterize Anti-Human TNFo/Anti-PGE, DVD-1o

Molecules

Assays used 1o identify and characterize anti-human TNFo/anti-PGE2 DVD-1g
molecules, including ELISA, competition ELISA, “H- PGE, ELISA and/or "H- PGE,
competition ELISA, receptor blockade assay, are described in Example 1.1 unless

otherwise stated.

Affinity for PGE, was measured using “H- PGE,; ELISA. D2E7-SL-
HuZB5.7, D2E7-LL-Hu2B5.7 and HuZB3.7-SL-D2E7-SL molecules maintained

comparable binding affinitics PGE, {Table 10).
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Table 10: In Vitro Characterization of Anti-TNFo/PGE, DVD-fo Molecuies

TNFo PGE;

t;;lgi};f;ﬁ’r f i (,'Ia'_*.;’}_{u;i_a?"“ Affinity . { :ﬁ;’.!.?.l}fé.i‘l;_.

: a Ky (oMY i maw;t;:ﬂ é(..:f(; Ky (OM) I <m{ﬂ,§& i(,‘,.‘rf}
1BS - . 446 Lig

D2E7 27 41 -

BIET7-SL-HU2ZBS.Y 5(')-- - 37 210 45
DIE7-LI-HUIB5.T 12 14 253 161
HU2BS.7-50-D2E7 806 > 1600 261 113
HUIBS.7-L1L-B2ET 431 =1000 - 69

The prostaglandin binding specificity of anti-TNFo/PGE, DVD-Ig molecules was

evaluated using a "H- PGE, competition ELISA and was summarized in Table 11,

Table 11: Prostaglandin Binding Selectivity of D2E7-SL-Hu2B5.7 caleulated as ORI

(Yo)*

Prostaglandins A-1087775
PGE, 100
1 ~gitiydroxyl-15-keto P 0.017
RS Sctiagae 3.023
| 19R-hwdroxy PGEZ 0.07
PCA- 0.04
PGB 0.0003
PGD, < ix 10
PGF,, (.05
G-kato PGF,, G.145
8-is0 PGF2a 0.11
2, 3dinor-8-keto-PGF g 025
PGI; & its stable analogues PGI 0,13
tioprost .01
Carboprostacychn 0.7
TXA; stable analogues & metaboliles Pinane TXA, 4.8 % 107
18R-Pinane TXA, 2.9 %107
Carbooyglic TXA, 1.7 %107
TXB, 9.2 x 107
LTE4 0.0032
5{S}HETE <0.01
i Arachidonic acid <{.01

"CRECross Reactivity index) = 100 x {Cy of PGECy of other orostaglanding in & cornpetiion Rif. This number

reflecis the percentage of cross-reactivity.
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Example 2.3.3:  Functienal Activity apti-PGE2 Activity Of Human TNFo/Anti-

PGE? DVD-Te Molecules

Assays used to characterize the functional actvity of the anti-human TNFo/anti-
PGEZ DVD-tg molecules, including the EP4 bivassay, are described in Example 1.1
unless otherwise stated. Al the four DVD-Ig molecules maintained comparable binding

neutralization potencies in cell assays for PGE; (Table 10).

Example 2.3.4:  Affinity of Anti-Human TNFa/Anti-PGE2 DVD-Ig Melecules for
TNFg

Assays used to identify and characterize the anti-TNF activity of anti-human
the same as those described in Example 1.1 unless otherwise stated. The DVD-Ig
melecules, D2E7-SL-HU2BS.7 and D2E7-LL-HU2B5.7, with D2E7 at the N-termini
maintained comparable TNFa binding affinity, whereas HU2BS5.7-SL-D2E7 and
HU2BS.7-SL-D2E7 with D2E7 at the C-termini had significantly reduced TNFo binding

affinity (Table 10),

-.2.-» g

fe TNFa binding kinetics of D2ZE7-SL-Hu2B35.7 for TNFo from various species

was suwmmarized o Table 12,

Table 12: TNFa binding affinity of D2E7-SY -Hu?2Bs.7

Antigen oo (M7 s Kot (5 K (pM) Potency
{ICsn, pM)

Huinan TNFo 16 x10° 3.2 % 10° 64 55
Cynomolgus THFq 1.4 x10° 1x10° 73 35
Canine TNF¢ 6.3 x10° 1 5x10" 241 402
Murine TNFo 4x10° 2% 10° 4990 13.000
Rat TNFo ) 3 | i Be!ow“iittectéan
PGE. T . 210 45

Note: - not tasted.
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Example 2.3.5: Functional Activity Of Anti-TNFg Antibodies And Anti-TNFg

Activity Of Anti-TNFo/Anti-PGE2 DVD-Ig Molecules

The L929 assay used to characterize the functional anti-hwman TNFo activity of
anti-human TNFo/anti-PGE2 DVD-lg molecules is essentially the same as that described
in the Example 1.1.2.C unless otherwise stated. The DVD-Ig molecules, D2E7-SL-
HUZBS. 7 and D2ET-LL-HU2BS.7, with D2E7 at the N-termini maintained comparable
TNFo neutralization activity, whereas HUZBS.7-SL-D2E7 and HU2B5.7-SL-D2E7 with

D2ZET at the C-termint significantly reduced TNFo neutralization activity (Table 10).

The TNFa neutralization activity of D2E7-SL-Hu2B5.7 t¢ TNFa from various

species was sammarized in Table 12,

Example 2.3.6: Mutual Interference of Antigen Binding Of Anti-TNFo/Anti-PGE2

DV D-Io Molecules

To determine whether D2ZE7-SL-HU2ZBS5.7 can neutralize TNFo and PGE,
stmuttancously, D2ZET-SL-HU2ZBS.7 was pre-saturated with one antigen first, and then
rested for the neutrahization of the second antigen, D2E7-SL-HUZRS 7 did not show any

decrease m neutrabizanion potency for PGE, in the EP4 assay when pre-bound 10 TNF

nor was there any decrease in the neutralization potency for TNFa in the 1929 assay

when pre-bound to PGE,.

Example 2.3.7: EP3 Receptor Comnpetitive Inhibition Assay

The EP3 receptor competitive inhibition assay used to characterize the functional
activity of anti-human anti-PGE; activity of anti-human TNFo/anti-PGE, DVD-Ig
molecules are described in the Example T unless otherwise stated, The 1Css value for
D2E7-SL-HU2BS.7 to block 3H- PGE, binding to EP receptor was in the range of 70-120
pM.

Example 2.3.8: Human Cviokine Cross-Reactivity

The cytokine selectivity of D2E7-SL-HU2BS5.7 was assessed by ELISA as
described in Example 1. A panel of 26 soluble human cytokines was tested for
competition with D2E7-SL-HUZBS.7 for binding to immobilized biotinviated TNFar,

Spectfic competitive binding occurred only with TNFa; no other cytokines showed
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competition with D2E7-SL-HUZB3.7 for binding to biotinylated TNFe. This data

suggests that D2E7-SL-HU2BS3.7 is highly specific for TNFa.

Example 2.3.9: Incobation of DZET-ST-HUZBA.7 With Human Bloed

The mieraction of DZE7-Hu-2B5.7 with human blood cells was mvestigated by
assays 10 determine cytokine release and cell surface binding as described in Example 1.
These assays help to evaluate whether D2E7-Hu-2B5.7 causes activation of inflammatory
cells or binds to unintended cell surface proteins in blood. Incubation of CHO cell-
derived D2E7-Hu-2B5.7 with human peripheral blood cells did not induce any cytokine
release above controf values, suggesting i does not cause activation of inflammatory

cells.

Example 2.3.10: [p Vive Efficacy Of Anti-PGE, Activity Of Human TNFo/Anti-

PGEL DVD-Te Molecules In 2 Carrageenan-Induced Footpad Edema Model

Carrageenan-Induced Footpad Edema is an acute rodent model of innate immune
function. Intradermal (1D) injection of an inflammatory agent causes a rapid influx of
neutrophils and fluid edema, which peaks at approximately 4 hours, followed by an influx
of macrophages and monocytes, which peaks at approximately 48 hours. C57.BL/6 mice

{(8-10-week-oid, Jackson Laborstones, Bar Harbor, MEY were iniected 1D in the rea

footpad with 30ul of e PBS (lefty or -carrageenen ( Stgma Aldrich, St, Louis, MO
i PBS (righty at a concentration of 5.0 mg/mL (1 50ug/mouse ). Rear footpad thickness

was measured by the Dyer spring caliper model #310-119 at baseline (time=(), and 4
hours post carrageenan challenge. Significant difference for paw thickness was
determined by comparing mean paw swelling for each treatment group to vehicle in a

Student’s two-tailed t-tost.
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ce were give
molecule D2ET-SL-Hu2B5.7 or an anti- ?’(1& gmnbm v (2BA-8.0) intraperitonially (IP) 1
hours prior (o carrageenan challenge, or Indomethacin, PO 2 hours prior © challenge. The
endpoint measured was the difference in paw swelling (edema) between right and left
paws 4 hours afier treatment. The anti-PGE, antibody inhibited paw edema dose-
dependently, and provided a maximal 40-50% inhibition of paw swelling at 10 mu/kg,

comparable to the maximal inhibition achieved by indomethacin, Two independent
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experiments with D2E7-S1.-Hu2B35.7 demonstrated very similar inhibitions. Serum
concentrations of D2E7-SL-Hu2BS.7 that provided maximal inhibition (at 10 mg/kg) was
~5( ug/mlb at 22 hours post-dose, and this level was similar to that observed for anti-

PGES mAb. These results indicated that the anti-PGE~ binding domain of D2E7-SL-
Hu2B5.7 DVD-1g was fully functonal in vive (Table 13),

Table 13: Paw Swelling in Mouse Carrageenan-Induced Footpad Fdema after
Ab or DVD-lg Treatment

Vehicle Anti-PGE- DZET-81-Hu2B5.7 | Indomethacin
(PBS) (10 mg/kg, ip.y | (12.5 mg/ke L.p.) (3 mu/ke, p.o.)

A Paw nse

Sweiling Ml S 0529 1004 0.600 + 0.00 0.486 + 0.03
{mm) o

gf/ﬂ . ~ . -

Inhibifion NA 38 +46 30 £0.0 57 +3.5

Example 2,311 Human TNFa/Anti-PGE, DVD-1g Molecules Rescue LPS-D-

Galactosamine-Induced Lethality

D2ZE7-SL-Hu2B5.7 was prepared in sterile saline (Baxter lot C735694) and
mected 1.p. at 100, 30, 10, 3, T mg/ky into female C57BLAN mice (n=10) (8- 10-week-
old, Jackson Laboratories, Bar Harbor, ME) IR hours prior to LPS challenge. Saline
alone was used as a negative confrol. Another group received mg/kg 8SCHI-1ELO, an anti-

mouse TNF monocional antibody, as & positive control.

At the time of challenge, the mice were injected Lp. with 500uL dose volume of
satine comtaining 100ng/mouse LPS (Sigma L4130, lot 095K4056, St. Louis, MO) and
20mg/mouse D-Galactosamine (Sigma G-0500 | lot 048K 1547, St. Louis, MOy, The
mice were then monitored for fethality twice a day for 48 hours. At 48 hours the

remaining surviving mice were sacrificed and bled for plasma antibody levels,
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The results are shown in Table 14, The D2E7-SL-Hu2B3.7 at 100 mg/kg
protected 90% of the mice from lethality. The protection was achieved at an average
(mean & 503 exposure of 307.7 + 26, Tug/ml. Al other dose groups provided Bttle or no
protection. The mouse anti-monse anti- TNF-amtibody (RCII-LEI0) at 12 mg/ke was ased
as a positive control and provided 100% protection from LPS/D-gal-induced lethality,

This efficacy with the 8C11 antibody was achieved at an average (mean + SD) exposure

of 65 + 4.0 pg/ml.

Table 14:  Abilitv of D2E7-SL-HuZB5,7 to Rescue LPS.-D-Galactosidase-Tduced

Lethality

- % Survival Mean Plasma Ab
Concentration {pgfmi)

Saline 0 NA

D2E7-SL-
HuZBS7 @ 1 0 NA
mglkg

D2E7-3L~
HuZBS7 @ 3 10 26.6
mglkg

B2E7-SL-
HuZB5.7 @ 10 20 91.7
miglkg

D2E7-8L-
Hu2B57 @ 30 10 184.0
mg/kg

D2ET.85L-
HuZB5.7 @ 100 80 3077
mg/kg

D2E7-5L-
HuZB5.7 @ 12 100 65.2
mg/kg P

Example 2.3.12: In Vive Efficacy Of Anti-Human TNFa Activity Of Human
TNFa/Anti-PGE2 DVD-Ig Molecules In A Human TNFo Transeenie Induced
Arthritis Model

Example 2.3.12.1: Human TNFa Transgenic Induced Arthritis Model

Human TNFa transgenic BO.Co(SILW-Te(TNF) N21+ mice (40 male and 40
females) (Tacenic, Hudson, NY) at 4 weeks age were divided into 10 groups of 8 mice (4
male and 4 females / group). Each week, starting from week 5 until week 12 of age the

{7
fing



morphology of the rear ankle joints of the mice were evaluated and scored for signs and

symptoms of arthritis. Arthritic scores were assigned as follows.

G = no arthritis (normal appearance and flexion)

1 = mild arthritis {joint distortion)
3 2 = moderate arthritis {swelling, joint deformation); and
3 = severe arthritis (ankylosis detected on flexion and severely impaired movement)

Ammals were randomized to achicve approximately similar mean arthritic score
(MAS) for all groups at week 9 at first signs of symptoms, Animals were then treated 1.p.
twice a week starting from week 10 of age untit week 12 of age. Mice in group 1 served
16 as untreated control were administered PBS. Group 2 and 3 animals received anti- TINFo
(I3ZE7) mAb treatment at 30 and 10 mg/kg, respectively, while group 4 and 5 animals
received anti-PGE; (2B5-8.0) mAb treatment 30 and 10 mg/kg, respectively. Groups 6
and 7 animals were treated with both anti- TNFa (D2E7) and anti-PGE, (2B5-8.0y mAb

treatment with cach mAb at 30 and 10 me/'kg respectively. Groups 8, 9 and 10 animals

L)

were treated with D2E7-SL-Hu2B5.7 DVD-Ig at 40, 13.3 and 4 me/ke respectively

Figure 4 shows the mean arthritic score of antmals treated with JB3-80 DIET ara

combination 2B5-8.0 and D2E7.

Example 2.3.12.2: In Vive Ffficacv In & Human TNFa Transgenic Induced Arthrits
Model

20 Unlike the collagen-induced arthritis model, in which disease is driven by
multiple mechanisms, discase in the human TNFa transgenic mouse model is driven
primarily by over-expression of human TNFao. Symptoms of discase are typically evident
at 9-10 weeks and fully develop by 20 weeks of age. These mice were freated with

equivalent doses of DZE7-SL-Hu2B5.7, D2E7, or anti-PGE, mADb 2B5-8.0 twice weekly

[
A

between weeks 10 and 12, Disease was scored weekly starting from week 9 and was
expressed as the mbibition of AUC of the mean arthritis score. D2E7-SL-Ha2B3.7
reduced arthritis in a dose-dependent manner in the 3 mg/ke (30%) and 10 me/ke (63%)
groups. The maximal efficacy achieved at 10 mg/kg (63%) and 30 mg/ke (60%)

equivalent doses was comparable to the maximal efficacy (59%) of the anti-human TNFo

1.2
0
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maAb D2E7 at 30 mg'kg. There was no significant effect on disease progression in this
model from PGE, blockade with 2B5-8.0, because arthritis in this model is primarily
driven by human TNFo. Overall, these results demonstrated the in vive activity of the

anti-TNFo binding domain.

Example 2.3.13: Pharmacokinetic Analvsis of DZE7-SL-hu2B3.7-DVD-1e

Pharmacokinetic studies with D2E7-SL-hu2BS5.7-DVD-1g were carried out in
Sprague Dawley rats and cynomolgus monkeys. Male and female rats were dosed
intravenouslty or subcutaneously with a single dose of 4 mg/kg (rats) or 5 mg/ky
(monkeys) of D2E7-SL-hu2B35.7-DVD-Ig and serum samples were analyzed using
antigen capture based chemiluminescent MSD (Meso Scale Discovery) method.
Pharmacokinetic parameters were caleulated by non-compartmental analysis using

WinNonin.

Example 2.3.13.1: Assav used to guantitate D2E7-SL-hu2B5.7-DVD-Iy in PK serum

samples
The following MSD assay was used to measure DVD-lg concentrations in rat,

MSD streptavidin plates (Meso Scale Discovery) were washed with phosphate buffered
saline containing 0.05% Tween-20 (diluted from 10X PBS, Abbott Bioresearch Center,
Media Room, Worcester, MA and Tween-20, Sigma, St. Louis, MOY. Plates were
biocked with 250G nLAwell blocking solution {MSD Block, Meso Scale Discovery, diluted
to 3% final concentration i PBS} for 1 hour, covered, with shaking (600rpm) at room

temperature.

Prior to analysis, rat samples were thawed on ice, mixed gently, and centrifuged at
14,000rpm for 3 minutes at 4°C in an eppendorf centrifuge. Standard curve and control
samples were prepared in rat serum. Study samples, standard curve samples, blanks, and
quality control samples were incubated in solution in a separate 2mL deep well 96-well
plate (Corning, Coming, NY) 111 = VIVIV with biotinylated TNFo (A-923884.0 Lot
no. 1346920, Abbott Bioresearch Center Biologics Pharmacy, Worcester, MA: 0, lug/mi
in assay buffer) and sulfo-tagged goat anti-human IgG (Meso Scale Discovery, 1 ug/mlL

in assay buffer) for 1 hour at room temperature. The samples were then transferred to the

x ox 1 FATEY

M5TD plates and incubated for an additiona] hour with shaking (600 rpm) at room



teraperature. The MSD plates were washed and developed with 2x Read Buffer (Meso
Scale Discovery). Chemilumeniscence was measured within ten minutes on the MSD

Sector Imager 6660,

Stancard curves were analyzed using four-parameter logistic fit and sample
concentrations were calculated by XLfitd software version 2.2.1 Build 16, {Microsoft
Corporation, Redmond, WA}, Pharmacokinetic parameters were caleulated for each
animal using Winonlin software version 5.0.1 (Pharsight Corporation, Mountain View,

CA} by noncompartmental analysis (Table 15),

Example 2.3.13.2: Pharmacokinetic Studies carvied ouf in SD rat

Surgically altered (jugular vein cannulated, JVC) and recular male and female
Sprague-Dawley Rats (approximately seven weeks old, Wcighmg 240-390 grams} were
purchased from Charles River Laboratories (Wilmington, MA). The animals were
housed in rooms maintained at constant temperature and humidity under 12hour
light/dark cycle, fed with normal rodent chow and were allowed food and water ad

libitum. Hydration and clinical conditions of the animals were monitored daily

Blood sampies were collected (6.2 mL from the rats and 0.5 mbL from the
monkeys) at various timepoints, allowed to clot for 30 minutes at room temperature,
centrifuged for & minutes at 13,200 rpm, the serum transferred to eppendorf tubes and

stored frozen at -80°C.

Following intravenouns administration in rat, D2E7-SL-2B5.7 DVD-lg exhibited
bi-exponential decay, tvpical of antibodies. D2E7-SL-2B5.7 DVD-le clearance and
velumes of distributions were low, with a long half-life of 10 days; that is comparable (o
other therapeutic human monoclonal antibodies. Following subcutancous administration
in rat, absorption was slow, with high Cmax of about 25-31 ug/ml reached by 3 days. In
the amimals without ADA, the half-life was long (T1/2 ~ 12 days), and the bioavailability

was high (F: 87-98 %)} (Table 15).

At
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Table 15: Main Pharmacekinetic Parameters Of DZE7-SL-Hu2B3,7-DVD-io In

Sprague-Dawlev Rat And In Cyvnomoleus Monkey

v
AU g
. T i, Wz Vg {mgshr/ml MRT
| Snecies /dose (day}) {mi ik} (miJkg) (ml/ke) } {chavy
FRat MN=10y] L +20 | 0345006 16+ 139 107+ 14 [21+23 1356286
(4 mg/kg) FN=10y | 94+25 | 031 +0.04 98 + 21 8 96 + 199 134423 134+34
5C
AUC, o
Coex Tmax T MRT (mpehr/mi, H
Species {pg/mi) {dav}) {day} {day} } (Y}
Rat M (N = 8} 32423 284 G35 12.0% 18.1% P1u* G 3F
(4 mefg) FN=10) | 306+73| 35+256 112+37% 1 17.0+40% [ 11 140.%

86.9 +

Example 2.4: Physicochemical Analvsis Of Anti-TNFo/Anti-PGE, DVD-Io

Example2.d.: Size Exclusion Chromatesranhv

DZET-SL-Hu2B5.7 DVD-Ig samples were diluted 10 1 mg/mL with PRS and 20

ul was mjected onto Shimadzu HPLC system with a TSK gel G3006 SWXL column

(Tosoh Bioscience, cat# 08541). Samples were eluted from the column with 100 mM

sodium sulfate, 100 mM sodium phosphate, | mM sodium azide, pH 6.8, at a flow rate of

0.5 mL/minutes. The HPLC system operating conditions were the following,

Molbile phase:

sodium axide, pH 6.8,

Cradient:

Flow rate:

Detector wavelength:

Autosampler cooler temp: 4°C

160 mM sodium phosphate, 100 mM sodium sulfate, 1 mM

Isocratic

.5 mL/minute

280 nm

~
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Column oven temperature: Ambient
Runtime: 30 minutes

The main peak eluted at around 16 minutes. The peak eluted at around 13 minutes
was associated with the aggregates. The monomer peak was 99.7%, and the aggregate

peak was 0.3%,.
Example 2.4.2.8B: SDS-PAGE

DZET-SL-Hu2B5.7 DVD-Ig samples are analyzed by sodium dodecyl sulfate -

polyacrylamide ¢

by

el electrophoresis (SDS-PAGE) under both reducing and non-reducing
copditions. For reducing conditions, the samples are mixed 1:1 with 2X Tris-Glyeine
5DS sample buffer (Invitrogen, cat# 1L.C2676) with 200 mM DTT, and heated to 70°C for
15 mmutes. For non-reducing conditions, the samples are mixed 1:1 with 2X Tris-
Gilyctne SDS sample buffer and heated at 75°C for 15 minutes. Both reduced and non-
reduced samples were loaded onto 8%-16% pre-cast Tris-Glycine gels (Invitrogen, catd
EC6045box). Mark 12 unstained standard (Invitrogen, catd LCS677) was used as a
molecular weight marker. The gels were run in an XCell SureLock mini cell gel box
(Invitrogen, cat# EH0001) and the proteins were separated by applying a voltage of 125 v
untii the dyve front reached the bottom of the gel. The running buffer used was X Tris-
Glycine SDS buffer, prepared from a 10X Tris-Glyeine SDS buffer (ABC, MPS-70-
030106)). The gels were stained overnight with colloidal blue stain (Invitrogen cat# 46-
7015, 46-7016) and destained with Milli-Q water until the background was clear. The

stained gels were then scanned using a flatbed densitometer (Bio-Rad, caté# GS-800).

Under non-reducing conditions a single major band consistent with the expected
molecular weight (~200KDay of the D2E7-SL-Hu2B5.7 DVD-Ig was observed. This
major band migrated higher than a tvpical IeG1, which is consistent with the additional
domains in a D2E7-SL-Hu2B5.7 DVD-Ig. Under reducing conditions two major bands
consistent with the expected molecular weight for heavy chain (62.5 KDa) and light chain

(37.5KDu) respectively are observed.

Example 2.4.3: Sedimentation Velocity Analvsis




A

D2E7-SL-Hu2B5.7 DVD-Ig samples were dialyzed against PBS overnight. The
samples are diluted in PBS to vield approximate absorbance values of 1.0 at 280 nm in
the 1.2 cm path-length celis in the analvtical cenmrifuge. This dilution resulted in a final
concentration of ~0.5 mg/mb. PBS was used in the reference cell. Solution density,
viscosity. and v-bar values were calculated using SEDINTERP (v1.09), Each DVD-1g
sample was analyzed independently and three identical replicates were run for each
sample, Sample solutions and reference blanks were loaded into standard two-sector cells
with a 1.2 cm optical path lengths, sapphire windows, and carbon epon centerpicces. Al
samples were examined simultanecuslty using a 4-hole (AN-60TH) rotor in a Beckman

Proteomelab XL-1 analytical ultracentrifuge (sernal # PLIOGCOT).

Run conditicns were programmed and centrifuge control was performed using

Proteomelab (v5.6). Absorbance data was used for analysis.

The samples and rotor were allowed to thermally equilibrate for greater than two
hours prior to starting the run (20.0 + 0.1°C). Confirmation of proper cell loading was
performed at 3000 rpm and a single scan is recorded for each cell. The sedimentation

velocity conditions were the following:
Sample Cell Volume: 420 pl
Reference Cell Volume: 420 ul
Temperature: 20°C
Rotor Speed: 35,000 rpm
Time: 8:00 hours
UV Wavelength: 280 nm
Radial Step Size: 0.003 cm
Data Collection: One data point per step without signal averaging

Total Number of Scans: 160
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The results from sedimentation velocity analytical ultracentrifugation demonstrate
that the D2E7-SL-Hu2BS5.7 DVD-Ig is predominately monomeric (99.58%) in solution
with a low percentage of aggregate. The sedimentation coefficient of the monomer (7.5 S)
was greater than the typical value of 6 - 6.5 S measured for 2 conventional human [oG |
molecule. This larger sedimentation coefficient measured for the D2E7-SL-Hu2B5.7
DVD-Ig is the result of the larger hydrodynamic size resuiting from the dual-variable
domain. Additionally, the frictional ratio (1.64) is greater than what is typically observed

for recombinant humanized TgGs. Most antibodies have frictional ratio of 1.4 - 1.5,
Example 2.4.4: SDS-CE

Both non-reduced and reduced SDS-CE of the D2E7-SL-Hu2BS5.7 DVD-Ig were
obtamed. The D2ZE7-SL-Hu2B3.7 DVD-lg samples were diluted to 2 mg/mL with Milli-
Q water and mixed I:1 with SDS-CE sample buffer. For non-reduced samples. 0.5 M
lodoacetamide (Sigma A3221-1VL) in the volume of 1710 of the protein sample was
added. For reduced samples, 1/10 protein volume of B-mercaptoethanot {Sigma M-7154)
was added mstead. Samples were vortexed and transferred to 70°C water bath. Samples
were incubated for 15 minutes then stopped in a room temperature water bath. Sample
vials were centrifuged at low speed briefly and vortexed 10 collect sample liquid in the
bottom. Samples were transferred w PCR vials and loaded in vial racks for analysis.
Proteomelab PABO0O capillary electrophoresis system (Beckman Coulter) and uncoated
bare fused-silica capillary (Beckman Coulter, part of P/N 10663) were used for the SDS-

CE analysis.

Non-reduced SDS-CE showed a main peak consistent with the intact D2E7-SL-
Hu2B5.7 DVD-Ig. The peak area percentage of this main peak was 95.3%. There were
minor peaks migrating earlier than the main peak. These minor peaks were likely
fragments of the DVD-Ig molecule, some of which were caused by the heat treatment
during sample preparation. Reduced SDS-CE showed two major peaks corresponding to
light chain (36.1%) and heavy chain (60.8%) respectively, The minor peaks migrating
after the heavy chain peak (0.5%) were most likely caused by incomplete reduction.
Reduced SDS-CE also showed a small peak (2.2%) in front of the heavy chain peak.

This peak was related to the non-glycosylated heavy chain,

Example 2.4.5: Dynamic Light Scattering
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D2ET-SL-Hu2B5.7 DVD-Ig samples and the two parent molecules D2E7 and
Hu2B3.7 were diluted 1o 2 mg/mL with PBS (GIBCO 20012). Samples were centrifuged
at 16,000 RPM for 10 minutes before measured on DynaPro-8G1 Dynamic light scattering
system. The hydrodynamic radius of the D2E7-SL-Hu2B5.7 DVD-Ig was 6.43nm. The
sverage hydrodynamic radius of D2E7 and Hu2BS5.7 was 5 46nm and 5.36nm,
respectively. These results demonstrate that the D2ZE7-SL-Hu2B5.7 DVD-lg has a larger
hydrodynamic radius than both of the two parent molecules, which is consistent with the
fact that the D2E7-SL-Hu2B5.7 DVD-Ig has additional domains than a typical 1gG1

molecule.

Example 2.4.6: LC-MS Molecular Weight Measurement

The mtact molecular weight and deglveosylated molecular weight of D2E7-S1.-
Hu2B5.7 DVD-Ig sample was analyzed by LC-MS. Each sample was diluted to
approximately | mg/mL with water. 0.5 pl. of the diluted sample was injected onto the
Agilent 6510 Q-TOF LC/MS system (Agilent G6510A, serial no. US65020122) with a
Poroshell 300SB-C3 column (Agilent, catif 661750-909). A short gradient (Table 16)
was used to ehute the samples. The gradient was run with mobile phase A (0.1% formic
acid n water, . T, Baker, cat# 9834-03) and mobile phase B (0.1% formic acid in
scetomitrile, T, Baker, cat# 9832-03) at a flow rate of 50 pl/minute. The mass
spectrometer was operated at 5 kvolts spray voltage and scan range is from 600 10
3200 mass to charge ratio. To deglycosylated the D2E7-SL-Hu2B5.7 DVD-lg, 50 pe of
DVD-Ig sample is mixed with 2.5 nL of 10% N-oetylglucoside (Sigma, catd OR001Y and
I ul of PNGase F (Prozyme, caté GKES006A). Milli-Q water was added to cach sample
to make the total volume 50 ui.. The sample was incubated at 37°C for 17 hours. The
same HPLC and mass spectrometry conditions used to acquire the intact molecular

R RTINS o AT " S RPN DI S R T, )
weight was used to obtamn the deglveosylated molecular Wizt {
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Table 16: HPLC Gradient For Intact Melecular Weirht Analvsis

Time (min} (% Buffer B
5 S

5.5 05

10 95

i0.5 S

i5 S

The intact molecular weight of the D2E7-SL-Hu2B3.7 DVD-Ig was 200,574
Dalton, with 5 Dalton difference from the theoretical value of 200,569 based on the
amino acid derived from c-DNA sequence, with the addition of the two N-linked
oligosaccharide modification of NGA2F. Molecular weight of 200,736 Dalton and
200,894 Dalton were also observed, corresponding to different oligosaccharide
modifications. After deglycosylation, the molecular weight of the DVD-Tg was
determined as 197,684 Dalton, with 5 Dalton difference from the theoretical value of
197,679, Low level of peaks with molecular weight 197 810 Dalton and 197,936 Dalton
were also observed, which correspond to deglycosylated molecutar weight with -

rerminal lysines,

Example 2.4.7: LE-MS Molecular Weight Measurement of Light Chain and Heavy

Chain

Molecular weight measurements of D2E7-SL-Hu2B5.7 DVD-ig light chain (1.C),
heavy chain (HC) and deglycosylated HC were analvzed by LC-MS. A DVD-1g sample
was diluted to 1 mg/mL with water and the sample was reduced to LC and HC with a
final concentration of 25 mM DTT for 30 minutes at 37°C. 0.5 uL of the diluted sampie
was injected onto the Agitent 6510 Q-TOF LC/MS system (Agilent G6510A, serial no.
US65020122) with a Poroshell 3005B-C3 column (Agilent, cat# 661750-906). A
gradient (Table 17) was run with mobile phase A {0.1% formic acid in water, J. T. Baker,
cat# 9834-03) and mobile phase B (0.1% formic acid in acetonitrile, J. T. Baker, cat#
9%32-03) at a flow rate of 50 ul/minute. The mass spectrometer was operated at § kvolts
spray voltage and scan range was from 600 to 3200 mass to charge ratio. The

deglvcosylated DVD-Ig was reduced with a final concentration of 25 mM DTT for 30

2164



LA

LA

20

LA

minutes at 37°C. The deglycosylated heavy chain molecular weight was acquired using

the same conditions as above.

Table 17: HPLC Gradient For Reduced Molecular Weisht Analvsis

Time (min) | % Buifer B
0 5
5 35
20 65
21 95
25 ER}
26 5

The light chain molecular weight of the DVD-Ig was determined as 36,193
Dalton, matching the theoretical value of 36,193 Dalton. The heavy chain molecular
weight was 64,097 Dalton, with | Dalton difference from the theoretical value of 64,096
Dalton based on the amino acid sequence and the addition of N-linked oligosaccharide
NGAZF. Molecular weights of 64,260 Dalton and 64,423 Dalton were also observed,
corresponding to the heavy chain with the N-finked oligosaccharide modifications of
NATF and NAZF, respectively. After deglycosylation, the light chain molecular weight
does not change, indicating the absence of oligosaccharide modification on the light
chain. The heavy chain melecular weight was 62 653 Dalton, with 2 Dalton difference
from the theoretical value 0f 62,651, Low level of C-terminal lysine variant is also

observed as a molecular weight of 62,781 Dalion.

Exampile 2.4.8: Peptide Mapping

Peptide mapping of D2E7-SL-Hu2BS.7 DVD-1g was performed as followings:
200 pg DVD-1g sample was dituted to 1 mg/mL with 50 mM ammonium bicarbonate
{Mallinckrodt cat# 0153), redeced and denatured in 10 mM DTT (EM Sciences, cati
3810} and 6 M Guanidine HCI (Plerce, produce no. 241153 at 37°C for 30 minutes. 10
ul I M Todoacetic acid (Sigma catff 14386-100G) was added and the sample was
incubated in dark at 37°C for 30 minutes. The reduced, denatured and alkylated sample
was first dialyzed using a slide-A-lyzer (Pierce, product no 66333) against 4 L S0 mM
ammonium bicarbonate at 4°C for 30 minutes, then dialyzed against 4 L 50 mM
ammonium bicarbonate overnight. The sample was recovered and digested with trypsin

(Promega, catf V511A}at a 1120 enzyme to protein ratio (w/w), at 37°C for 4 hours,

Z61
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Digestion was stopped by addition of 2 ull of TFA {J. T. Baker, cat# 9470-01). The
sample was transferred to an HPLC vial for LC/MS analysis, 5 ul. sample was injected
and the sample is separated by reverse phase HPLC using a Vydac C18 column (Vydac,
cat# 218MS51) on an Agilent 1200 capillary HPLC system. The column heater was set
at 60°C. The separation was run with a gradient shown in Table 18 using buffer A (0.1%
FA inwater, J. T. Baker, cat¥# 9834-03) and buffer B (0.1% FA in acetonitrile, J. T,
Baker, cat# 9832-03) at a {low rate of 50 uL/minute. The Agilent 6510 Q-TOF LC/MS
system (Agilent cat# G6510A, serial no. US65020122) is operated in positive
clectrospray mode. The mass spectrometer is operated at 5.0 kvolts spray voltage and

scan range from 200 to 3000 mass to charge rato.

Table 18: HPLC Gradient For LC-MS Pentide Mapping (Lot 1587940)

Time Mobile phase A Mobile phase B
{minutes) (Vo) {%e)
0 9% 2
10 v¥ 2
160 65 35
180 50 50
260 2 9%
210 2 9%
21z 4% it
222 a8 2
2221 Stop

Theoretically, the D2E7-SL-Hu2B3.7 DVD-Ig molecule has 332 amino acids in
is light chain and 373 amino acids in its heavy chain. Peptide map by LC-MS reports
observed amino scids and their sequences. Tables 20-22 show the LO/MS results of Tight
cham and heavy chain peptides.  All of the DVD-Ig light chain and heavy chain amino
acids were detected. The observed mass all matched well with the theoretical mass, with
difference being less than 0.02 Dalton. The overall sequence recovery was 100% for the
DVD-Ig.  Although C-terminal lysine residues were coded for the heavy chains, they
could be removed post-translationally by endogenous carboxypeptidase B expressed by
the host cells. LC-MS peptide map demonstrates that although the C-terminal lysine was

present, the majority of the C-terminal peptide was without lysine,



Table 19: DZIE7-SL-HuBS5.7 DVD-Io Lioht and Heavy Chain Seanences
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Table 20: LC/MS Results of DVD-Ig Light Chain

Peptide Amino Acid Sequence Theoretical Observed Mass
{from - to) Mass
! C1-18° 1877.88 1877 8%
2 19-24 74939 749,40
3 25-30 630.34 630.34
4 31-42 1494.76 1494.76
5 43-45 314.20 314.20
0 46-61 1674.93 1674.93
7 62-90 3187.43 3187.43
8 91-93 451.22 451.22
o 94-103 1068.52 1068.52
10 104-107 48730 4873
6543 40 theo.
L 108-108" 174.11 643,40 observed
12 109-168 654029 £539.30
13 169-172 474.26 47428
14 173-179 776.3% 776.38
15 180-192 1302.61 1302.61
{6 193-195 374.23 374.23
17 196-221 290632 290432
18 222225 487 30 48730
210112 theo.
19 I26-226" 174.11 21601.12 observed
20 227-244 194502 194507
21 245-260 1797.87 179787
22 261-263 146,19 246,19
23 264-267 55931 35631
24 268-287 2134.96 213496
25 288-301 1501.75 1501.75
26 302-306 624.28 624,28
27 307-308 283.16 283.16
28 309-325 187590 | 1874.92
26 326-329 52226 522.28
869.33 theo.
30 330-332¢ 365.09 869.33 observed
a, Column 2 shows the amino acid number starting from the N-terminus
b, Pepude 11 was observed as incomplete digest of sequence 1042108
¢ Peptide 19 was observed ss incompleie digest of sequence 226-244
d, Peptide 30 wags observed as incomplete digest of sequence 326332
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Table 21: LC/MS Results of DVD-Ig Heavy Chain

Peptide Aming Acid Sequence Theoretical Observed Mass
{from - to) Mass
i 1-16° 1623.86 162386
2 17-19 374.23 37423
3 20-38 2233.96 2233.96
4 39-43 499.28% 49928
5 44-67 2661.25 2661.24
6 68-72 622.34 622.34
3265.58 theo.
7 73-76 446.21 3265.5% observed
8 77-87 133768 1337.68
9 B8-98 1290.54 1289 56
1 G9-125 2807.39 2807 39
11 126-139 1439.76 143976
12 140-146 685,41 685,41
13 147-150 46322 492 24
4 151-158 87342 87342
15 159-165 978.51 G78.51
16 166-190 2631 28 2931 2%
17 193-192 293,17 293.17
18 193-194 289,14 289,14
19 195-211 1888.91 [RXR 91
26 212-214 374.23 37423
21 215-225 F320.53 {31955
22 226-247 2218.64 J2is04
23 248-259 1185.64 FIRS .64
24 260-273 1321.65 1220.67
25 274-336 6713.29 6713.30
26 337-339 360,20 360,20
599.36 theo.

27 340-340° 146,11 59936 observed
28 341-344 471.27 471.27
29 345-348 50918 509,18
3 345-374 284542 284542

a. Column 2 shows the amino acid number starting from the N-terminus

b, Pepude 7 was observed as incomplete digest of sequence 44-72

c.  Peptide 27 was observed as incomplete digest of sequence 340-344

A
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Tabie 22: LC/MS Results of DVD-Ig Heavy Chain (continued)

Peptide Amino Acid Sequence Theoretical Observed Mass
{from - to) Mass

31 375-381° 834.43 83443
32 382-400 213900 v 2139.060
33 4G1-414 1676.79 1676.79
34 415-418 500.31 500.31
35 419-427° N/A 2633.04
16 428-443 1807.00 1807.00
37 444-446 438.21 438.21
38 447-448 307,12 0712
39 449-452 446.25 446,25
40 453-460 837.50 837.50
4] 461-464 44727 447.27
42 465-466 217.14 217.14
43 467-470 456.24 456.24
44 471-481 1285.67 1285.67
45 482-486 604.31 604.31
46 487-496 1161.61 1161.61
47 497-518 254312 254313
48 519-535 1872.61 187291
49 536-540 574.33 574,33
50 541-542 261.14 201.14
5 543-365 2801.24 2501.24
52 566-372 65935 ARG 33
hy ' 566-573 78744 787 44

a.  Column 2 shows the amine acid number starting from the N-wnminus,
b, Peptide 35 was observed as pepude with Nolinked oligosaccharide modificstion.
¢.  Low level of C-termunal lysine was observed.

Example 2.4.9; Disulfide Bond Mapping

The disulfide bond mapping was performed by peptide map of the D2E7-ST.-
Hu2B5.7 DVD-Ig under non-reducing conditions. Two aliquot of DVD-Ig samples were
dituted to 0.5 mg/mL with 50 mM ammonium bicarbonate and denatured i 0.1%
RapiGest SF (Waters Corporation, part no. 126001861) at 65°C for 1 hour. The total
volume of each sample was 100 pL. The samples were digested with trypsin (Promega,
catif V311A jand Lys-C (Roche Diagnostics, caté. 11 047 825 001, respectively. The
trypsin digestion was performed at an enzyme to protein ratio (wiw) of 1:6.25 and the

Lys-C digestion was performed at an enzyme to protein ratio of 1:20 (w/w), both at 37°C

for approximately 17 hours. Digestons were stopped by addition of 1 pl of TFA. The
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samples were incubated at 37°C for 30 minutes. Slight cloudiness was observed. The
samples were then centrifuged at 13,000 RPM for {0 minutes. The hydrolytic RapiGest
SF by-products were water imrniscible, and some precipitation was observed. The
supernatant was transferred o a sample vial for LC/MS analysis. The samples were
separated by reverse phase HPLC using 2 Vydac C18 column on an Agilent 1200
capillary HPLC system. The column heater was set at 60°C. The separation was run
with the same gradient used for peptide map shown in Table 18, using buffer A (0.19% FA
water) and buffer B (0.1% FA in acetonitrile) at a flow rate of 56 pl/minutes. The
Agilent 6510 Q-TOF LC/MS system was operated in positive electrospray mode, The
mass spectrometer was operated at 5.0 kvolts spray voitage and scan range from 200 to
3000 mass to charge ratio. Disulfide bonds were assigned by matching the observed
molecular weights of the peptides with the predicted molecular weights of tryptic or Lys-

C peptides hinked by disulfide bonds,

The DZE7-SL-Hu2B5.7 DVD-Ig has an additional variable domain on both light
chains and heavy chains compared to a typical [gG1 molecule. The experimental results
of the disulfide bond mapping of the DVD-Ig are summarized in Table 23, When
combining the results of trypsin digestion and Lys-C digestion, ali the theoretical

disulfide linked peptides were observed.

Table 23: Disulfide Bond Mapping of the DZE7-SL-Hu2B5.7 DVD-ls

Trypsin Lys-C

LC (cys) LC {cysy Theaoretical Observed Theorefical Ohiserved Confirmed
23 88 3818.78 381877 10438 37 MEA, Yas
136 206 §331.58 8331.84 584391 MIA Yes
252 312 355575 355575 388392 3883 .93 Yes

HC {eys) HC {cys) Theaoretical Observed Theoretica Qbserved Confinrmed
22 g7 3406.47 3406.48 716847 7169 47 Yes
151 227 16858.73 169573 6539400 6393 96 Yes
276 332 7916.92 7916 80 7916.92 TG B Yes

360-363 360-363 5454 78 5454.78 545478 545475 Yes
395 457 232810 2328.10 3144.52 3144 50 Yes
503 563 3844 .82 3844.83 4087 .85 4087 .95 Yes

L.C {cys) HC (cys) Theoretical Observed Theoretical Observed Confirmed
332 352 756.25 75625 1260.49 1260.48 Yes
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Example 2.4.10: Free Sulfhvdrvi Determination

The micthod used to quantify free cysteines in the D2E7-SL-Hu2B3.7 DVD-Ig was

based on the reaction of Ellman’s reagent, 5 5¢- dithio-bis (2-nitrobenzoic acid) (D'TNB),

with sulfhydryl groups (SH), which gives rise to a characteristic chromophoric product,

S-thio-(2-nitrobenzoic acid) (TNB). The reaction is ilfustrated in the formula:

DTNB + RSH ® RS-TNB + TNB- + H+

The absorbance of the TNB- was measured at 412 nm using a SPECTRA max

Plas 384 (Molecular Devices) plate reader.

An absorbance curve 18 plotted using

dilutions of 2 mercaptoethanol ($-ME) as the free SH standard and the concentrations of

the free sulfhydryl groups in the protein were determined from absorbance at 412 nm of

the sampie.

The B-ME (Pierce, cat¥ 35602) standard stock was prepared by a serial dilution of

14.2 M B-ME with HPLC grade water to 2 final conceniration of 0.142 mM. Then

standards in triplicate for cach concentration were prepared. The samples were mixed on

a shaker at room temperature for 20 minutes {Table 24). Afier thorough mixing, the

samples and standards were mixed with 54 pl 100 mM Tris, pH 8.1, and 90 ul. 2 mM

DXTNE (Sigma, D8130). The OD was measured for absorption at 412 nm. The standard

curve was obtained by plotung the amount of free SH and ODy;» nm of the B-ME
Y p g

standards. Free SH content of samples were calculated based on this curve after

subtraction of the blank.

Table 24: Sample and Control Preparation Scheme

Sample sample | 20% Mg“- Final ool | medmt
{prepared | volume, | SDS, Coiwolume | T e
PN WaleT, sampie | sample
%8 [0 k. ik
ul
Plank GGk 18 72 180 .08 0.0
VD sample 90 18 72 180 10,94 243

Tnix in
shaker in
TOOM
ternp for
20
Tines

add uL of

add | total wl

'j‘{)‘() mM of 2mM ;TEF{;‘"(:{‘D

5 P ian | reading

8.1 :
34 90 334
54 O 31244

The standard curve for the determination of free sulfhydryl concentration covered

an absorbance range at 412 nm from 0.002 to 1.347 OD. The correlation coefficient for

the fitted data was 0.994.
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analyzed. The free sulthydryl levels of the two duplicate samples were 0.35% and 0.63%

respectively.

Example 2.4.16: Weuk Cation Exchance Chromatography

The D2E7-SL-Hu2BS5.7 DVD-Ig sample was diluted to | my/ml in buffer A
(10 mM Sodium phosphate dibasic, pH 7.5), and analyzed by a weak cation exchange
HPLC method using the ProPac WCX-10 column (Dionex, ProPac WCX-10, product no.
054993, 4 mm = 250 mm). Table 25 shows the HPLC systemn operating conditions for
WOX-10 analysis. The results showed that DVD-Ig has 19.3% acidic species, 65.2%

main peak, and 15.5% basic species.

Table 25: HPLC Svstem Operation Conditions for WCX-18 Analvsis

{tem Description/ Operating Conditions
Column Dionex ProPac WUX-10, 4 mm » 250 mum
Guard cohann DHonex ProPac WG 4 mm < 30 mm
Muobile phase A 10 mM Sedium phosphate, pli 7.5
Mobile phase B 10 mM Sodium phosphate, 300 mM sodium chioride, plf 5.5
Time (minute}y Mohile phase B (%)
O 8
34 ]
36 100
41 100
Oradient ey z
49 Stop
Fiow rate 1.0 ml/min
Autosampler temperature 4%
Columm oven temperature Ambient
Sample Toad 30 pl of 1.6 mg/mL sample diluied in Buffer A
Run time 49 minutes
UV detection 280 am

Example 2.4.11: Capillary Zone Electrophoresis

Capiliary zone electrophoresis is a capillary electrophoresis method in which the
capillary is only filled with buffer. The separation mechanism was based on differences
in efectrophoretic mobility of the analyte. The clectrophoretic mobility of a molecule was

related to the char

ge-to-size ratio. Beckman-Coulter Proteomelab PA 800 was used fi

i Cra o ww
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the CZE analysis. A neutral capillary (eCAP neutral, 6 om total length, 50um 1. D.
Beckman-Coulter, P/N 47744 1) was used. The method uses 2 30.2 em capiliary with a
detection window 20.2 cm from the sample introduction inlet. The running buffer was
prepared by mixing S mL Citrate/MES buffer (Beckman Coulter, cat# 477443) with 0.5
ml. 1% MO solution (Convergent Bioscience, cat? 101876) and centrifuging at 10, 000

RPM for 2 minutes.

The results show two basic peaks migrating before the main peak. The peaks
corresponded to the lysine variants. The main peak showed a tailing on the acidic side,

which is caused by acidic species that are not well resolved from the main peak.

Example 2.4.12; Qligosaccharide Profiling

Oligosacchandes released after PNGase F treatment of antibody were derivatized
with a 2-aminobenzamide (2-AB) labeling reagent. The fluorescent-labeled
oligosaccharides were separated by normal phase high performance liquid
chromatography (NPHPLC) and the different forms of oligosaccharides were

characterized based on retention time comparison with known standards.

The D2E7-SL-Hu2B5.7 DVD-Ig was first digested with PNGase F to cleave N-
nked oligosaccharides from the Fe portion of the heavy chain. 200 ug of DVD-Ig was
digested with 3 pL. PNGase F (Prozyme: cat#. GKES006D) in the presence of 2.5 ulL
10% N-octylglucoside (Sigma, cat# O8001). Milli-Q water was added to bring the final
vohume o 50 pL. The sample was incubated in a thermomixer set at 37°C and 700-800

RPM for 17 hours.

After deglycosvlation, the protein was precipitated at 95°C for 6 minutes. The
sample tube was centrifuged at 10,000 RPM for 5 minutes, The supernatant was
transferred into & microcentrifuge tube and placed into a speed vacuum centrifuge. The
solution was brought to dryness. The temperature was set to ro0m temperature or up to

30°C 1o speed up the process.

The 2-AB labeling kit from Prozyme was used for the labeling step. To prepare

the reagent, 150 uL of acetic acid (vial C) was added to a vial of DMSO (vial By and

-

mixed

Y IR TR T T v AR AC LRI TR L finosm o popd e o
well by vortexang. 100 L of the acetic acid/DMSO mixture was then added to a
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vial of 2-AB dye (vial A) and vortexed until the dve was dissolved. The entire content of
this vial was then added to the reductant vial (vial D). The vial was heated at 65°C till
dissolved, and then mixed by vortexing until the contents fully dissolved. This was the
labeling reagent. 10 ul. of the labeling reagent was added to each dried oligosaccharide
sample. The sample tubes were vortexed to get the dried oligosaccharides into solution.

The tubes were centrifuged quickly to collect the entire volume to the bottom, They were

then placed in a thermomixer set at 65°C and 730 RPM for 2 hours.

After the sample was labeled, the free fluorescent reagent was removed using
GlycoClean S cartridges. Each cartridge was washed with 1 mL Milli-Q water and
allowed to drain completely. The water wash was followed by 5 x [ mbL of 30% acetic
acid and allowed fo drain completely. The cartridge was washed with 2 x | mL

acetomtrile and allowed to drain completely.

After labeling the oligosaccharides, each tibe was centrifuged quickly to collect
all volume at the bottom of the tube. All tubes were allowed 1o cool to room temperature,
Each sample was spotted onto the freshly washed membrane of the GiyeoClean S
cartridge, with the sample spreading over the entire membrane surface. Fach sample tube
was rinsed with 20 pl. acetonitrile and the volume was added o the corresponding
cartridge membrane. Each GlycoClean S cartridge was left at room temperature for a
minmmum of 15 minutes o allow the labeled oligosaccharides to adsorb onto the

membrane.

Each cartridge was washed with T mL of 100% acetonitrile and allowed to drain
completely. 5 x 1 mb of 96% acetonitrile solution is added, allowing each aliquot to drain
before the next one is applied. The flow through was discarded to waste. The cartridge
dead volume was removed from the base of the caruidge before sample elution. Fach
cartridge was placed over an appropriately labeled 1.5 mL microcentrifuge tube. The 2-

AB labeled oligosaccharides are cluted with 3 x 400 pl of Milli-Q water,

Each sample was diluted by a factor of 3.3 x with acetonitrile. 150 uL of eluted
2-AB labeled oligosaccharide sample was mixed with 350 pL of acetonitrile. 200 pl was

injected for HPLC analysis.

)
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The oligesaccharides were separated using a Glycosep N HPLC (cat¥ GKI-4728)
column connected to a Shimadzu HPLC system. The Shimadzu HPLC svstem consisted
of a system controiler, degasser, binary pumps, autosampler with a sample cooler, and a

fluorescent detector.

The oligosaccharide profiling results of the D2E7-SL-Hu2B5.7 DVD-Ig is shown

in Table 26.

TableZ6: HPLC Conditions For The N-Linked Qlisosaccharide Analvsis

fem Description/ Operating Conditions
Guard column GlycoSep™ N Guard, 4.6 x 10 mm
Colunmn GlycoSep™ N, 4.6 x 250 mm
Mobile phase A 100% acetontirile
Mobile phase B 50 mM ammoniurmn formate, pH 4.4
Column storage 75% acetonitrile/water
Time (minute} Mobile phase B%
0.01 35
5 35
75 40
) 40
Gradient 0 100
iR 100
Lo7 35
127 35
127.1 Stop
Fiow rate (.40 mL/min
Excitation wavelength 330 nm
Emission wavelength 420 nm
(Gain 4
%enf;i.tivity Medium
Response 1.5 sec
Autosampler temperature  Nominal 4°C
Column oven temperature  30°C
Sample load 150 puL
Run time 127.1 minutes
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Table27: Summary of Olivosaccharide Profiling Results

Gal® | Gall | Gal2 | Man Man Man Muan Gal 0- Gal 1- Mannose
3 & 7 & GleNAe | GleNAc | wal
PV 558 2.6 R 6.5 2.4 & I 57 I i1

Exampie 2.4.13: Circular Dichroism

D2E7-SL-Hu2B5.7 DVD-Ig sample was dituted to 0.3 mg/mL with 5 mM sodium

phosphate pH 6.8, 500 pL of the sample was first dialvzed against 5 mM sodiam

phosphate pH 6.8 for 20 minutes at 4°C, and then dialyzed against the same buffer

overnight at 4°C. After the sample was recovered from the Slide-A-Lyzer casseties, the

Aggg protein absorbance was measured. The samples were further diluted to 0.15 mg/mL

with the dialysate and the final Agg value 18 10 0.221 OD. 5 mM sodium phosphate

buffer, pH 6.8 was used as reference blank for backeround subtraction.

Far-UV spectra were acquired on a Jasco J-810 spectropolarimeter using a

thermostatically controlled housing at 20°C. Each CD measurement represented a

corrected average of three wavelength scans from 184-260 nm. The cuvette chamber was

continuously flushed with nitrogen throughout the experiment. Detector voltages HTTV]

were kept below 600 volis 1o avoid PMT saturation.

Differences in protein secondary structure were measured based on distinctive

circular dichroism spectra in the far-ultraviolet region. a-Helical structure was

characterized by a strong positive band at approximately 190 nm and negative bands at

approximately 208 nm and 222 nm. B-sheet structare was characterized by a positive

band at approximately 200 nm and a negative band at about 216 nm. Random coil has a

negative band at approximately 195 nm and a positive band at about 220 nm. The CD

™

spectra of the DVD-Ig shows a positive band at approximately 200 nm and a negative

band at about 216 nm, which is the characteristic signature of B-sheet structure. The

results demonsirated that the DVD-Ig has a f-sheet secondary structure. There is a small

posttive ellipticity between 230 nm and 240 nm. This positive ellipticity is also observed

in HuZB3.7, one of the parent molecules, but not in D2E7, the other parent molecule. It

is pussible that this positive ellipticity is related to the folding of the anti-PGE-2 portion
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Example 2.4.14: Differential Scanning Calorimetry (DSC)

Differential Scanning Calorimetry (DSC) was performed on D2E7 and the D2 E7-

SE-HuZBS5.7 DVD-Ig according to the methods of Example 1.3.3.2.L. In contrast to

mventional antibodies

i one additional domain that theoretically can

unfold, i.e., one additional VHI and V1.1 dorsain. No overlap of the unfolding transition
temperatures (Tm) of the various domains assemed, 4 unfolding transitions may be
expected that can be characterized by DSC analysis. D2ZE7-SL-Hu2B5.7 DVD-Ig had 4
transitions, which can be determined at 58.8°C, 68.6°C, 75.0°C, and 83.4°C (Figure 6).
Furthermore, these data demonstrated that the DVD-Ig molecule has good intrinsic
conformational stability which makes it a very good candidate for success{ul product
development. as no domain of the DVD-molecule unfolds before 58.8°C, which is much
higher than the recommended storage temperature of biclogics products (compared to Tm

values of Adalimumab of 56.9°C, 67.4°C, and 76.75°C).

Example 3¢ Formulation Analvsis Development Of Anti-TNEF/anti-PGE. DVD-Ig

Example 3.1: Methods Applied For Biophvsico-Chemical Characterization And

Formulatien Develapment

Crtenia tested ranged from general quality parameters (e.g., protein coment, pH),
pararmeters indicating mtrinsic stability (DSC), physical stability (c.g., particle
contamination and insoluble aggregate and precipitate formation monitored by visual
inspection and light obscuration particle counting, purity including fragmentation and
aggregation monitoring by SEC). and parameters indicating protein chemical stability

{e.g., IEC for deamidation, oxidation, general chemical stability; SEC). Additionally,

characteristics imp{}rtam fora superi{)r bioiugics dosage form such as viscosity of high-

Subvisible particles were montored by the light blockage method accurding to
United States Pharmacopeia (USP). In addition, the physicochemical stability of the
formulations was assessed by SEC which allows detection of fragments and aggregates,
To monitor chemical stability, size exclusion high pressure liquid chromatography (SE-
HPLC) (detection of fragments and hydrolysis specimen) and CEX-HPLC (cation

ay
exchange HPLC) were applied. CEX-HPLC resolve
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degradation products (e.g., deamidated and oxidized species’ that may have formed

during storage.
o perd

Exampie 3.1.1: Size Exciugion Chromatoevraphv (8EC)

Size exclusion chromatography was used to separate proteins based on size.
Proteins are carried in an aqueons mobile phase and through a porous stationary phase
resin packed in a column. The retention time in the column 18 a function of the
hydrodynamic size of the protein and the size of the pores in the packed resin bed.
Smaller molecules can penetrate into smaller pores in the resin and are retained longer
than farger molecules. Upon elution from the column the proteins are detected by UV
absorbance. The SEC method used a TSK gel suard (TOSOH Biosciences,
Montgomervville, PA, cat. no. 085435 and & TSK gel G3000SWxL (TOSOH Biosciences,
Montgomeryville, PA, cat. no. 08541} The mobile phase was 100 mM Na2HPO4, 200
mM NaZS504, pH 7.0. The flow rate was 0.3 mL/minute. Injection volume was 20 puL of
Pmg/mL sample. The column temperture was room temperature. The autosampler
temperature was 2-8°C. The total run time was 30 minutes. The detection was based on
UV absorbance at 214 nm wavelength, with band width set at 8 nm, using reference

wavelength at 360 nm with band width 100 am.

Example 3.1.2: lon Exchance Chromatography (EC)

Dionex Propac WCX-10 4x250mm column, p/n 054993 4x50mM guard, p/n
054994, Buffer A: 10mM Na2HPO4, pH 7.5, buffer B 10mM Na2HPO4, 500 mM Na(l,

pH 5.5, Detection at 280 nm, column temperature 35°C, flow rate | mi/min.

Table Z8: IFC Gradient

Time {(min) %B
5 ]
39 25
41 100
46 100
48 8
52 8
52.10 Stop
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Example 3.1.3: Measurement of Subvisible Particle Levels

The number of subvisible particles was measured on 2 KLOTZ light obscuration

~y

particle counter in alignment with United States Pharmacopeia recommendations. 3.5 mi.

initial 0.8 mL rinse for each sample. Particle levels provided in the tables refer to the
P P

number of particles per mL of protein solution.

Example 3.1.4: Visual Inspection

The protein solution was carefully inspected against both a black and a white
background for signs indicating protein physical instability such as haziness, turbidity and

particle formation.
Example 3.1.5: Selubility

Protemn solubility was assessed in pH 6 (15 mM Histidine) buffer by concentrating

the protein to 100 mg/mL.

Example 3.1.6: Protein Viscosity

Protein viscosity was assessed on a Brookfield cone and plate rheometer at a shear

rate of 100/s between § to 25°C,

Example 3.1.7: DS

!

|

The thermal stability was assessed using a DSC instrument. The DSC instrument
used was an automated VP-DSC with Capillary Cell (Microcal). Unfolding of the
molecules was studied applying a 1°C/minute scan rate over a 25°C - 95°C temperature
range for samples at | mg/mL. Additional measurement parameters were: fitting period:
16 scconds, pre-scan wait: 10 minutes, feedback mode: none. Per individual
measurement, 420 pL. of sample/blank were filled into the DSC measurement sample
holder, with a plate fill scheme as provided below. The thermograms hence obtained were
fitted 10 a non two state model such as to obtain the midpoint temperatures and enthalpies

of the different transitions,
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Example 3.2: Fermulation Analvsis Development Of D2E7-SL-Hu2B5.7 DVD-ig
Example 3.2.1: Stabilitv Of DZE7-SL-HuZB5.7 DVD-1e Selutiens OGver Bread Ph

Kange At Recommended And Aceelerated Storage Conditions

P S BE TN SN SERUS  SE D T R R A Tal
rotein stability was assessed at 2mg/mb inlG mM phosphate, 10 mM cirate

buffer systems within a pH range of pH 4 1o pH 9 values. Stability studies were
conducted at recommended storage temperature (2-8°C) and at accelerated conditions
(40°C) for up 10 at least 3 months, Generally, the physico-chemical stability of proteins s
highly dependent on the pH and temperatures conditions at which they are stored and/or
formulated. Such stress conditions can result in instabilities such as, for example,
aggregation, deamidation, etc., during storage and can severly impact safety, efficacy and
general product quality. It is generally accepted that providing a stable, safe
pharmaceutical product based on large proteins is a challenging task, and very often,
protein instability necessitates lvophilization of the product fo maintain stability over
longer periods of time. It is not uncommon that biclogical development candidates that
are very promising in preclinical models fuil clinical development due to inadequate

stability,

Table 29: Monomer. Aguresate And Fravment Levels In D2FE7.SL-HulBS7 DVD-

lo Samples On Stability As Determined By SEC (3 Months Stoarace Time)

Monomer Aggregates [Fragments
(%) (Vo) (Vo)
T0
pH 4 959 £.99 2.1
pH & 559 212 .89
H 6 96 2,06 1.8%
vH 7 96 2,04, 1.93
bH & G5.5 2.47 1.94
H 9 96 203 1.97
21d, 46C
pH 4 249 .4¢ 61.4 Y12
HS5 87.76 8.47 3.75
nH 6 9254 4.7 2.7
H 7 91.8¥; 4.91 3.2
sH 8 8981 5.97 4.02
bH 9 6(.42 5.54 4.03
Im, 5C
H S 95.G5 2.87 2.04




Monomer Aggregates Fragments
(Ya) (Vo) (%e)
S 6 953 266 203
oH 7 95 44 2.4% 206
¥ ¥ 95 04 282 2,12
= 05 24 37 204

Table 30: Formation Of Acidic And Basic Iscforms In Samples On Stability As
Determined By 1EX.(3 Month Storage Time)

Main  |Acidic  Basic
Isoform [Species Species
(Vo) (Vo) (Vo)

10

nH 4 48.3% 377§ 13,84

nH 5 4956, 3728 1315

H6 47.87  40.21 L1.9
H 7 47,86 2R.75 13.3%
bH & 49.2% 3775 12.65
pH ¢ 4818  39.4] 12.4
H4 36,97 3738 2564

HS 42.65 38.71 18.62

H6 46.90 3874  14.2%
yH 7 465 5307 12.26
oH 8 20 49 STTA 1274
WH 9 2608 6112 127
3m. 5C [

H4 43.2 36. 2019
sH 5 46,58 3624 17.14
pH 6 46.5 3977 13.69

H 7 4874 3824 13
oH & 48.7 38.2 13
yH 9 4713 40693 11.93

Tables 29 and 30 provide the results of SEC and IEX stability testing forup to 3
months storage of D2E7-SL-Hu2BS5.7 DVD-1g over a very broad pH profile, showing the
levels of monomer and main isoform specimen, resp.. over time. Table 29 demonstrates
that D2ZE7-SL-Hu2B5.7 DVD-Ig reveals virtually identical monomer levels overa
solution pH ranging from pH 4 1o pH 9. All formulations reveal monomer levels ciearly
above a 90% monomer quality level (indicative for very good stability, even over 3
months real-time testing). The formulations actually maintain D2E7-SL-Hu2B5.7 DVD-
Ig long-term stability to an extent that even an extremely strict quality specification for

real-time stability festing of more than 90% would be met. Similarly, the decrease of the
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stability mdicating main isoform is less than 3% after 3 months storage over broader pH
ranges. Thus, the formulations of the mvention are able to provide physical and chemical
stabiiity over a very broad DZE7-SL-Hu2BS.7 DVD-Tg concentration range and over a
long time with regard to monomer level as well. This is very surprising, since it is well
aceepted in the scientific community that physical instability (leading 1o a decrease of
monomer) 18 strongly impacted by solution pH and that proteins usually are stable only

within a very narrow pH range.

Example 3.2.2: Stability Of D2E7-SL-Hu2B5.7 DVD-1g Solutions Over Broad pH

Ranee During Freeze-Thaw Processing

Protein stability was assessed at 1 mg/ml 10 mM phosphate. 10 mM citrate buffer
systems at various pH values between pH 4 to pH 9 using freeze thaw studies conducted
following a standard procedure. Freezing was performed by keeping the samples at —
80°C for at least 6 hours. Thawing was performed at 30°C in a water bath, Generally,
proteins are susceptible to physical instabilities such as aggregation and subvisible
particle formation due to denaturation that can occur at the ice-water interface which is
created during the process of freezing, or due to a variety of other parameters such as cold
denaturation and/or cryoconcentration. Since proteins are usually stored in Sozen form as
bulk drug substance and as lyophilized drug product {which includes freezing as first
process upit operations), freeze/thaw processing stability forms an integral part of a
protein’s stability feature to accommodate compliance with manufacturing operations and

general stabifity requirements.

Table 31: Formation Of Aggregates And Fragments In Samples Following

Freeze/Thaw Processing As Determined By SEC (Four Freere/Thaw Oveles Were

Performed)

Monome Fragmen
r Aggregatet
OF/T (%) (Vo) (%)
H 4 95,995 1.5 2,49
pH 5 96.13 1.56 2.3
H 6 95.09 1.69 32
nH 7 55.61 1.81 2.56
pH 8 95.84 1.87) 2.27
DH 9 95.545 2125 2.31
TET
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Monome Fragmen
r Agoregatet

0 F/T (%) (Vo) (Yo}
nH 4 93 8% 171 2.4
pH 5 96.13 171 2,145
oH 6 95.805 L6 2.58
yH 7 95,58 1.91 2.49
H & 9581536, 1.7771431  2.3923
pH & 95.595 2.14 2.255
2 F/T

H4 95.52 1.9% 2,43
pH 3 95,995 1.865 2.125
pH 6 9588 1.6 2.565
H 7 95.745 1.855 2.38
pH ¥ 45,75 2.01 2228
pH 9 03573 211 2.3
3ET
nH 4 - 95.315 2185 2485
vH S 95.85 1.985 2.15
nH 6 95.55 1.63 281

H7 95.9 1.85 2.235

H& 95.725 2.08 218
pH 9 95.31 2,32 2.36
4 F/T
pH 4 94.23i 2.465 126
pH S 9593 1,92 214
pH 6 05,418 i.645 2.505
pH 7 95.95 1.815 2.22
pH & 85,465 2,11 241
pH & 85.51 2.225 2.25

Table 32: Formation Of Subvisible Particles Greater Than Egual To 10 Microns

Per Ml Protein Selution In Samnples Following Freeze/Thaw As Determined By

KELOTZ Particle Counter (4 Freeze/Thaw Cvcles Were Performed)

OF/T  1TFT  ZFM  3FT  4FT

pht 4 1.3 i5.1 207.5 342 872
pH 5 1.5 3.1 62 136 2649
pH 6 2.6 28 142 440 418
oH 7 2.6 45 165 7440 4049
HE¥ 5.5 27.1 148 773 4537
pH 9 1.8 16.8 134 375 1425
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Table 33: Visual Inspection Of Samples Following Freeze/Thaw (4 Freeze/Thaw

Cyveles Were Performed). “Clear”™ Means That Ne Signs Indicative For Phvsical

instability Were Observed Such As Particle Foermation, Cloudiness, Harzipess O

Increased Turbidity And Opalescence

OF/T  1FT  2FT ¥/ WF/T
pH 4 Clear Clear Cicar Clear  |Clear
pi 5 Clear  (Clear Clear  [Clear  |Clear
pH 6 Clear  (Clear Clear  [Clear  [Clear
pH 7 Clear  Clear Clear  [Clear  [Clear
pH ¥ Clear  Clear Clear  Clear  |Clear
OH 9 Clear Clear Clear Clear Clear

[#%3

{t 18 well known that freeze/thaw processing can result in substantial protein
denaturation and aggregation, resulting in soluble and insoluble aggregate formation
{Parborji ¢t a., Pharm Res 11 (5) 1994). Even minimal amounts of protein (<0, 1%} are
known to account for precipitation (Hoffman, Analytical methods and stability testing of
biopharmaceuticals, in Protein formulation and delivery, ed. by MeNally, £. 1, 3 (2000)
71-110). All of the formulations presented herein were subjected 1o repeated freeze thaw
processing and the results demonstrated that none of the formulations were sensifive to
repeated freeze/thaw evcles (-80°C/30°C). All of the D2E7-SL-Hu2B5.7 DVD-Ig
formulations were similarly stable independent of their pH (in all cases there was no
significant change as compared to initial values) despite the higher pH of the
formulations, which were closer to the pl of D2E7-SL-Hu2B5.7 DVD-lg. Surprisingly,
D2E7-SL-Hu2B5.7 DVD-lg formulations are physically stable for up 1o at least four
freeze thaw cycles (all samples revealed monomer levels exceeding a 90% quality level),
subvisible particle levels (all samples were in compliance with subvisible particle number
requirements stated by US and European Pharmacopeias for low-volume parenteral
dosage forms), and visual inspection data (all samples were observed free from particles

and physical instability).
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Example 3.2.3; Stabilitv Of Anti-TNF-Anti-PGE2 DVD-IoG Solutions At Various

Selected Formulations During DSC Measurements

The thermal stability of Img/ml anti-TNF-anti-PGE2 DVD-1gG between pH 4 w0
pH 8 was assessed using & DSC instrument. The thermal stability as assessed by DSC is

correlated to the kinetic stability of the protein molecules during storage.

Table 34: The Midpeint Temperatures Of The Four Unfelding Transitions In 10

mM Citrate And 19 mM Phosphate Buffer Svstems At Different pH Values For The

Leng And Sheort Linker Anti-TNF-An{i-PGE2 BVD-Ie(s Molecule

Tm1 T2 Tm3 Tmd
D2E7-SL-Hu2B5.7
Universal Buffer pH 4 56.2 50.8 66.9 719
Universal Buffer pH 6 58.8 68.5 75 833
Universal Buffer pH 8 58.2 857 897 82.8

D2E7-LL-Hu2B5 7
Universal Buffer pH 4 5542 50.95] 70.22 79.83
Univarsal Buffer pH § 56.49 67.22 75.05 83.35

it could be shown that high temperatures are required (that are well above the
recommended storage temperatures of a anti-TNF/anti-PGE, DVD-1e( product) fo
induce forced unfolding of domains of ant-TNF/ami-PGE, DVD-1eG, regardiess of shor

tinker and long-linker anti-TNF/anti-PGE; DVD-1¢G molecules.

Example 3.2.4: Stabilitvy Of D2E7-S1.-Hu2B3.7 DVD-Ie Selutiens At 18 me/m!

During Freeze-Thaw Processing

D2E7-SL-Hu2B5.7 BVD-Ig stability during freeze/thaw stress was also assessed
at10 mg/ml in pH 6 (15 mM Histidine) buffer. Samples were frozen at —-80°C and thawed

m a 30°C water bath.

Table 35: Formation Of Aggrecates And Fragments In Samples Following

Freeze/Thaw As Determined By SEC (3 Freeze/Thaw Cveles Were Performed)

Wionomer |Aggregate Fragment]|
{%a} (%) (%} |
O FT 99427 0.57 £y
1R/ 99.39 06 0
2 FiT Gg 4 0,59 O
3T 9§ .38 0.61 £
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Table 36: Visual [nspection Of Samples Following Freeze/Thaw (3 Freeze/Thaw

Cyeles Were Performed Processing Of Anti-TNE-Anti-PGE2 DVD-100G Selutions

oFT  WET RFET. BET
pH 8 Clear Clear Ciear Clear

The formuiation presented herein was subjected to repeated freeze thaw
processing and the results demonstrated that D2E7-SL-Hu2B3.7 DVD-Ig was not
sensitive (o instability as a consequence of repeated freeze/thaw cycles (-80°C/30°C) at
10 mg/mlL concentrations. It could be demonstrated that anti- TNF-anti-PGE2 DVD-TeG
formulations are stable at 10 mg/mL for up to at least three freeze thaw cycles with regard
to physical stability (all samples revealed monomer levels exceeding a 90% quality level)
and visual inspection data (all samples were observed free from particles and physical

mstability).

Example 3.2.5: Stability Of D2E7-SL-Hu2B5.7 DVD-Ig In Various Formulations At

Recommended And Accelerated Storage Conditions

D2E7-SL-Hu2BS5 7 DVD-lg stability was assessed at 2 me/mi at pH 6 under

various formulation conditions. Stability studies were conducted at 2-8°C and 40°C.

Tablie 37: Formation Of Agorecates And Fracments In Apti-TNF-Anti-PGEZ DVD.

iog Stability Samples As Determined By SEC (Up To 3 Menths Storage)

Monomer |Aggregates Fragmeﬁt&;
(e} (%) (%)
10
15 mM citrate 86.51 1.44 2.04
15 mM Histidine 96.42 1.28 2.28
10 mM citrate and 10 mM Phosphate 10 mg/mi sucrose 96.12 1.58 2.28
10 mM cifrate and 10 mM Phosphate 0.81 % Tween 80 96 31 1.44 Z2.18
1m, 40C
15 mM citrate 90.72 53 3.97
15 mM Histidine 91.82 3.85 4.32
10 mM citrate and 10 mM Phosphate 10 mg/mi sucrose 80,03 592 4.03
11G mM citrate and 10 mM Phosphate 0.01 % Tween 80 8Y.54 5,42 4.02
am, 5C
15 mM citrate 895.96 1.85 2.07
15 mM Histidine 95.5 1.15 3.33
10 mM citrate and 10 mM Phosphate 10 mg/mi sucrose 85.15 2.38] 245
10 mM citrate and 10 mM Phosphate 0.01 % Tween 80 94.97 255 242
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Table 37 provides the results of SEC testing for up to 3 months storage of anti-
TNF-anu-PGE2 DVD-IgG in selected formulations, showing the fevels of monomer over
time. Table 37 demonstrates that the anti-TNF-anti-PGE2 DVD-1gG formulations reveal
virtually identical monomer levels indicating high stability and formulation robustness.
since all formulations reveal monomer levels clearly above a 90% monomer quality level
(indicative for very good stability, even over 3 months real-time testing). The
formulations actually maintain D2E7-SL.-Hu2B5.7 DVD-Ig long-term stability to an
extent that even an extremely strict quality specification for real-time stability testing of

maore than 90% monomer levels would be met.

Table 38: The Midpoint Temperatures Of The Four Unfolding Transitions Under

Different Fermulation Conditions At pH 6 As Determined By DSC

Tt T2 Tm3 Tm4

15 mM citrate 58.9 68,12 74 .52 8375
15 mM Histidine 61.74 67.47 73.87 83.38
10 mM citrate and 10 mM Phosphate 10 mg/ml sucrose|  59.22 68.09 74.81 83.65
10 mM citrate and 10 mi Phosphate 0.0 % Tween B 59 04 67 91 74 84 83 53

High temperatures are required (that are well above the recommended storage
temperatures of a anti-TNF-anti-PGE2 DVD-IgG product) to induce forced unfolding of

domains of ant- TNF-anti-PGEZ DVD-T1eG formulations.

Example 41 Generation and Characterization of Additional Dual Variable Domain

Immuneglebulins (DVD-1o) Specific for PGE2 and Second Tarvet

Dual variable domain immunoglobuling (DVD-Ig) using parent antibodies with
known amino acid sequences were generated by svnthesizing polynucleotide fragments
encoding DVD-Ig variable heavy and DVD-Ig variable light chain sequences and cloning
the fragments into a pHybC-D2 vector according to Example 1.4.4.1, The DVD-Ig
contructs were cloned nto and expressed in 293 cells as deseribed in Example 1,4.4.2.
The DVD-Ig protein was purified according to standard methods. Functional
characteristics were determined according to the methods deseribed in Example 1.1.1 and

1.1.2 as indicated.

The following examples comprise two tables each. The first table in cach

o ~ e 7 : T o s v d fver - ety by o3 o . ’ 3 ey
example contains the VH and VL sequences of two parent antibodies used in generating

284



DVD-lgs. The second table in each example contains the sequences of the DVD-Ig VH

and V1L chains constructed from the sequences of the first table.

Example 4.1:

Generation of VEGF and PGE2

Table 39

ovD Quter Inner Sequence
Variable Variable! Variable
SEQ . . .
Domain Domain Domain
In Name Nanme Name 1234567890123456789012345676%01234
NO
128 VD162H
YYCARBDGSSTY .r;f";; Q(“
129 WD162L EBG48VI u:gvﬂgsz?’ BLOASVGDRVIITCSASO
HYOOKPGRAPKVLIYFISSLESGVESR
DFTI TISSLOPED FLTYY( (f)“’f)"
3 ! LMTOTPLE
130 VDIG1H
2] ’SLJ>§>‘
TTIY GMLIWVY
131 VDIGIL AEQIAVL
I”?‘”‘L
CSCCJ 3

[

[H3



Example 4.2: Geperation of NGF and PGE2 BVI-Jog

Table 46
oVD Cuter Innexr Segquence
Variable Variasbhle! Variable
SEQ “ . )
Domaln Donain Domain
In |HMame Wame Name 123456789012345678901234567R8901L 2345
NC
132 [WD1648 ABLZOVH OVOLOESGPGLVKE TCTVEGFSLIGY DLW
,MNQP'X‘ GLEWI TOYHNSAVESRVTILS
] LADTENYYORRGEVIYATS
VIVESASTRGPEVOLVOSGARVER
SCYTFTEYVLGHVROAPEOELE
133 VDIE4Ln
134 [VD1le3R ?”“”Yvi,.w
135 WDRILE3L SCTES
[ 224
- SG
TLEYTEG Qr‘ .

AR86




Example 4.3: Generation of 11-174 and PGEI DV D-log
Table 41
BVD Cuter Inner Seguence
Variable Variaple! Variable
S5EQ . . .
Domain Domain Domain
D |[Name Hame Name 12245678901234567880123456 7850123458
KO )
136 |VD156H ; B
W L:'."\J
D
G
Q
137 (VBl156L
AAPD J.ﬂv“l O"’PLALP‘J’SD’"'T
C F‘:GT
GCTEVEILK F
138 (VDl55H
WEOGT L.‘J"‘
. BGOS P
| JYYOO0Y
|
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Example 4.4

Table 42

23456789012345

el
FSG

&
&
7
. :
o i
(438 el
w e
= R
[>] 18
i 1A
= I
™ )
o g
- > )
o Y 2 z
C ® & £
SR €
Bow ik
& oo
@ & S
i [ ;
@
3
by 8 T o
[Ca ST =
om0 on
(SR -
@
,m o
o
G oo g
AR -] M
oo o
O 08
R3]
Qo
e % mw wm m
R H el T} uy i}
W m m m e 4 i -t
[N~ a -1 W W W W
[
FEI - < i [N 3
[ <3 - kv oy
4 i [ i




Example 4.5: Generation of 11 -6 and P

Table 43

1

DD Cuter Inner Sequence
SEQ Vari:tzble Varigble Variable
Domain Domain Domain
D Name Name Name 12345678001234567830123456788012345
NO —
144 |VD250H

145 VDZE0L

VEYTECGGTEVEL

VD24 9H

SGAEVEKPGED

147

VDEZ4 9L

189




Example 4.6: Gen

tion of Abeta (Sea. 1Y and PGE2 DVD-Jog

Table 44

| DV Cuter Inner Sequendcs
SEQ:Variable Variable! Variable

Domain Domain Domain
ID |Name Name Name 12345678001234567830123456789012345
NO
148 [VD227H A SGGELVQP

L EOEG
149 wWD227L
150 VD228H
TVESASTREEY

151 [VD228L

296




Example 4.7: Generation of Abeta {Seq. 2} and PGE2 DVD-Tas

Table 45
DV Quter Inner Seguence
Variable | Variable| Variable
SR . . !
Domain Domain Domain
io Name Name Name 12345678501234567890123456785012345
RO
152 [VD199H

VDL2SL

WDZ0O0H

VDZO00L

241




Example 4.8: Generation of Abeta (Seq. 3) and PGE2 DVD-lus

Table 46

OV Cuter Inner Seguence
SEQ Variable | Variable| Variable

Domain Domain Domain
I Name Name Name 12345678B901234567890123456788012345
NO
156 [VD213H ABO4SVH

. ,}*’?«'j.;“gi‘

157 WDZ213L

55

IVBZ14H

o

ey
Wi

Y

VD214%

Ty

1

NPT
S EOL

292




Example 4.9: Generation of IL-18 and PGE2 DVD-Ius

Tahle 47

DVE Cuter Inner Sequence
Variable | Variable| Variable
SEQ . . i
Domain Domain Domain
D Hame Name Name 1224567800123456789012345676890123485

160 |[VD241H

-1

ENVOQLVQSGH

EGY o o

&J‘) Ly

i61  WD241L

x
-1

w17

162 WDh242H

THYNEKEFRDRYV

VY YCARS
VOSGTEVERPGEST

IROMPCHGLEWMGE

FISCEGSGY

i3 |VD242L

[
Lol




Fxample 4.10: Generation of 11-15 and PGE2 DVD-log
Table 48
DVD Cuter Innexr Sequence
Variable Variable! Variable!
SEL i . .
Domain Domalin Domain v
o Name Name Name i123456789(}12345£78 GOLZ3456T88012345
NO :
164 |(VD1B4H ARG4
‘.'z‘ S ”»>S ‘r‘(,:’-;’ﬁ‘i’“ T
L85 [VD154L
166 WVD1E3H RO4AZVH ABO4AGVHE FEVSCHAEEY T ,"I’KYWI.,C-S
EYD SRAREDRE,
"I'i"', JVQASTKGP
G5O
VDLS3L

294




Example 4.11: Generation ofS1P and PGE2 NVD-Tog

Table 49
DV Outer Inner Sequences
SEQ Variable | Variable Variable
Domain Domain Domain
In Name Name Rame 123456789012345676820123456788012345
j1e]
168 VD252H LS G FPGESLKISCOSFEYIFIDHTIH

""’“QPI EWN‘
DE’:; SSTRYLOWSS
11

WTSPRIEDT
3 ...AI)}&H D J i ! F
ASTKGPI‘"JQLW SGAR

CTEYWEMEPRG

WL

WDZ52L

370 [WD2S1H

BEDESSTY

o AT

WBZ251L
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Fxample 4.12: Generation of IL-6R 2nd PCE2 DVD-Iag
Table 50
PVD Cuter Innex Sequence
e (Variable | Variable| Variable
SEQ i A .
Domain Domain Domain
ID [Hame Name Name 123456789012345678801234567830123485
RO
172 [VD152H AB054VHE ABOAEVH EVOLOESGPGLVREPSOTLELTCTVIEY S ITS DR AW
SWYRQPPGRGLEWIGY ISYSGT ."‘“MI‘S»,,\.;R»
LRDTSKQESLRLSSVTARDTAY ’Y‘f(,‘]l\ R
107 5L 3

173 WDL52L 58
PHLL
OPED
SHTYLEY
174 [WD151B  RAB04S
175 [VD151L

nJ_.
O3 v Sk

L}

oy

[
b
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Example 4.13:

Cloning Vector Sequences Used to Clone Parent Antibodv and DVD-

Ig Sequences

Table 51

Vector
NAIGE

Nucleotide $@quences

.1‘45(%&,{ .

GOGOROE
pizalL o ¢

SCTOTG
Fa i EAS]

L CTTCCU
GTGARCCGT
AATCRL

’E‘G"’G % “f‘*.?s};

GOT G T

i.»CT CA
”] cT

CCTC
P GAGGTCACATRD

n'.rr-'s/‘v AACTGGTE e

TOCoe

IGAGGTCA

GOGAC
e e
SUTCCCGET

"‘ﬂ(‘«m{ﬂ:{ﬁcrw_

SIS

402 el O G

,.,-.r‘h{‘,u,\.{u N olaut
L Gl ALY

e
il

PR e R e

TGACATCC

ay

1

GGEECET

~
R ACARGOGRS

GOTGOTC

Peatrold

P
CGEGEEGTT

COOOTTRO0G
+ s

NN
e

R

4
g o~

ES \37-4‘,.1 RS
T N B O AT R T T T PR Ty
CETGGACTETAARETAAG

COTRRCY

3T

- < p
TARCCACTGCGETCRAS

WL
r-.(, CARTARCCTGC

GOGA

SOTT

TG :Awmw

TARTTCA

C:«C

COGLG

TGTTGRTE

CACATGCCCACCGTGUCCAGCALCT

T
CC G‘T' ‘_':C.H.C_. i
o

[ARGEN

SR NA,

2

AT R AT
L LY

|’Yacyr(:g"1/ TR

TQ"!’"(’ f‘f"‘
-+

(L

P :”] o

1“‘41\7\ Cr]-;mt- WCC
* A o e e

GLCATCT
GO B R

AXRGER

T e
SGGECTGCC
ha

GTCG Tf'"GmﬂCTL AGGCGCCCTGACCAGCG '\’...;”'“’ A
CRTACAGTCCTCAGGA
C,'Q CCTCCAGCAGCTTGGGCACCCAGACCTACATC TG AL

CAAGCCCAGCRACACCARSS

CTCTACTCCOTCAGCAGCETE
SGTG
CTGGACARGRAALG TTC'J AGUCORARLTCT
GAACTCCTGOES
COBARACCCABGOLLA MC’C’Z‘Cﬁ TGATC

GGG GETOGACG T .e‘"”")"x

'

NEYY:

P e T AT
21 \.']G'A\.“”‘\J‘ LA F

,-v.f«-.».f\

e

=

SCCHGE

T T

T

BGGGUAG

T Tt

TTOGET

TR TR
L ,L{_.‘L R

T T e
PR N o L Y

=

bd b

Pl

e

GOCGCCOTE
CTGATTGTAACCEC
S

e

R

BROCCC
L TTEC

T 'T‘C S

.:Fu-‘-_?& BUCH

CARGAT S GCGR

C CTTGCGUOTGAGCECC
TGO TRRGT

AT VT e
STOGUTGAGRGCACGET

TR0 R

-~ ~.l m!’ Ao &
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Vector

name

SEQ ID NOC

ﬁucleotlde sequences

6782012345¢

$567

i

i

G3
4

o~
™
G

s

TGCTATCCT

o '"’}'L'\F(“”‘ EEl C TSR T b .ﬁ\ r (‘ B ""I“!{:‘ 2

CTETAT IRCTN Y ATGATA LACAT
ATTTTC CCV‘C ETACGCCTATTTTTATAGE TTAR
TGTCAT ; GTTTC,TTAGACQ- TCAGETGHCECTTTTCGGEG 'A!»*_P\
TGTGCE TATTTGTTTATTTTTCTARAT '-’akm“ TTCARRTATG
TCCGCT TAARCCCTGATRAATCGCYTCARTARTATTGA ZLZJ\
GARAGRG SRACA 'J".T""":CGT"T GC CC’.’“’]" "sT"f"“CC'"}T’l“E‘T TTGC
I kel ST R Y

TTT

TCACCCAL

() b
[l }(;)

~
ol 2 2
BT T
EACT RO

(““(‘«’;C"'C’"C."f*

ARERGCRTOT

5

-
GGOATI

C LUTGC
C,( E,

'_‘?—\CAC

e
o AL U A

e
[ A

PRy

ES f\.;\.,\.,‘.‘:
1
i \:MGG.“.G\JCL

'W"W)x'\.:;“" TEETAAGCT

TROTOY

(vfw,f\z’ﬁ-cv T RIS AGGE C Cne

FiFiizls A PR L)

e e et alalss

-~ N Sy
]b{]blk_, EACI L O GOTGEETY

.i(sa,

TCAT
4

e~

TGAGCGTEG

P
CTCCCGT

GCAGC

{5

i
ACGAR

R TR T
PAECLTGUUTOA

GTCRGROCOCE

BB

LCRGT

R g R
WGTCGTET

-
LGGUGCA

GOGETON p/-'c TOGRARCGOGOEETT

ALY

CGRACG

CGO

SCGCC]
¢GCAC””T““
ACGECTGE
TCGATT!
GCRACGCGGCCTTTT

TETTCTTTCCEECG

CRGHBAGRGOS
LCT””CGG;”TTCSLCAQCT””GACTTQ”
”LT‘ BGOBGGGCCCAGCCTATGGRARARCGC
C”“”LC’W TGOTCR
GIAETTACCGD
AGCGOAGCT

e e
TCTCOC

P OTa
WGGHGAGCT

[ ~]
:
f_}
3
("
5 G
;)
”7

=]

g

P RS I ‘t‘ir‘uﬂ{“f‘-r‘«/"\'ﬂﬁe‘*
TGLUACGACAGGTTTCC e

CEATGTHAGTTAGC TCACTCATTA
CRCGTRTET TG TGTGGAL
TTCACACAGGRA *—aC SUTRTGACCATGETTACGC
STCGAGTUCCTCCCCAGCAGGUAGARGTATGOALD

TCAGCARCCRTAGTCCCGOCCUT AR TCCGOCCA
GCCCRGTTCUGLCCATTCTCOGCCCCAT LU TGAD
:’k\r..’”"\T}‘CULCG;&G,‘CC‘?::LC:- CEGCCTUTGAGCTAYT
xeleo "”""I‘”‘I"\;C.&GGC o CRBRDED(SC
S ARTOT CAGCT?};? 3
( TTCOGETGE CC CRAGTG

"5 e /m—]

¥ AN

O coroe
PR WL

e P e Tt
LoAaslylssiamig lias
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Vector | SEQ ID NO tide seq‘uences
name 1234587 123456

Py

1)
s m O JE]

IR

51 “’”"PGCCC

s

“,9 =R

CRCEGECCT

f) !

VAR T GUH i A.C'AGTGG

} : G(‘k,k,CGGGLGCC‘”ﬁLBG ‘CJ LV‘T C‘ FCCCF-xGCG
C.‘A\,'F*.TG’}‘TCL-JGCGAGa “GGOHGECTGCGAGCGCCGCCACCGAGARATCGGAL
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