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BISPECIFIC IMMUNOGLOBUTLIN-LIKE ANTIGEN BINDING PROTEINS
AND METHOD OF PRODUCTION

The subject invention claims benefit of U.8. Provisional Application €0/206,749, filed

May 24, 2000, the contents of which are incorporated by reference in their entirety.

FIELL OF THE INVENTION

The present invention is directed to praduction of immunaglobulin (1g) type antigen-
binding proteins. More particularly, the invention provides bispecific antigen-binding
proteins which can exhibit properties of natural immunoglobulins. Natral [gG
immunoglobulins are monospecific and bivalent, having two binding domains which are
specific for the same antigen epitope. By contrast, an [gG iype antigen-binding protein of the
present invention can be bispecific and bivalent. The proteins of this invention have four
antigen-binding sites, one on each of two light chains and one on euch of two heavy chains.
When the antigen binding sites on the light chain differ from those on the heavy chain, the
protein is bispecific and bivalent. When the antigen binding sites are the same, the 1gG type
protein is monospecific and tetravalent. The design of the present antigen-binding proteins
provides for efficient praduction of such molecules in a manmer avoiding undesirable variable

domain pairings.

BACKGROUND OF THE INVENTION

Antibody specificity refers to selective recognition of the antibody for a particular
epitope of an antigen. Natura) antibodies, for example, are monospecific. Bispecific
antibodies (BsAbs) are antibodics which have two different antigen-binding specificities or
sites. Where an ‘antigen—binding protein bas more than one specificity, the recopnized
epitopes may be associated with a single antigen or with more than ene antigen.

Valeney refers to the number of binding sites which an antipen-binding protein has for
a particular epitope. For cxample, a natural IgG antibody is monospecific and bivalent.
Where an antigen-binding protein has specificity for more than one epitope, valency is
calculated for cach cpitope. For example, an antigen-binding protein which has four binding
sites and recognizes a single epitope is tetravalent. An antigen-binding protein with four

binding sites, and specificitics for two different epitopes is considered bivalent.

JP 2004-511430 A 2004.4.15
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A natura) antibody molecule is composed of two identical heavy chains and two
identical light chains. Each light chain is covatently linked to a heavy chain by an interchain
disulfide bond. The two heavy chains are further linked to one another by multiple disulfide
bonds. Fig. ! represents the structure of a typical [gG antibody. The individual chains fold
into domains having similar sizes {110-125 amino acids) and structures, but different
functions. The light chain comprises one variable domain (V) and one constant domain (C).
The heavy chain comprises one variable domain (V,} and, depending on the class or isotype
of antibody, three or four constant domains (Cyl, Cy 2, 3 and Cd). [ mice and hwnans,
the isotypes are IgA, gD, IgE, IgG, and IgM, with IgA and IgG further subdivided into
subclasses or subtypes. The portion of an antibody consisting of V,, and V,; domains is
designated “T'v” and constituies the anfigen-binding site. A single chain Fv {scFv) is an
engineered protein containing 2 V, domain and a V; domain on ane polypeptide chain,
wherein the N terminms of one demain and the € ierminus of the other domain are joined by a
flexible linker. “Fab™ refers 1o the portion of the antibody consisting of V|, ¥, C; and Cyt
domains.

The variable domains show considerable amino acid sequence vatiablity from one
antibody to the next, panicularly at the location of the antigen binding site. Three regions,
called “hypervariable™ or “complementarity-detenmining regions™ (CDR's) are found in.each
of V. and Vi,

“Fe” 15 the designation for the portion of an antibody which comprises paired heavy
chain constant domains. In an IgG antibody, for example, the Fe comprises C;,2 and C,3
domains. The Fc of an IgA or an g antibody further comprises a C;4 domain.  The Fe is
associafed with Fe teceptor binding, activation of complement-mediated cytotoxicity and
antibody-dependent celbular-cytoxicity. For natural antibodies sach as IgA and IgM, which
are complexcs of multiple IgG like proteins, complex formation requires Fe constant
domaios.

Finally, the “hinge” region separates the Fab and Fe portions of the antibody,
providing for mability of Fabs telative ta each other and relative to Fe, as well as including
multiple disulfide bonds for covalent linkage of the two heavy chains.

Multispecific antipen-binding proteins have been used in several smalt-scale clinical
trials as cancer imaging and therapy agents, but broad clinical cvaluation has been hampered

by the lack of efficient production methods. The design of such proteins thus far has been
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concerned primarily with providing multispecificity. In few cases has apy attention been
devoted to providing other useful functions associated with nafural antibody molecules,

T recent years, a variety of chemical and recombinant methods have been develaped
for the production of bispecific and/or multivalent antibody fragments, For review, see:
Holliger, P. and Winer, G., Curr. Opin. Biotechnol. 4, 446-449 (1993); Carter, P. efal.,.J
Hematotherapy 4,463-470 (1995); Pliickthun, A. and Pack, P, hnmunotechnology 3, §3-105
(1997). Bispecificity and/or bivalency has been accomplished by fusing two scEv molecules
via flexible linkers, leucine zipper motifs, Cy,Cy-hetcrodimerization, and by association of
scFv molecnles to form bivalent monosperific diabodics and related structures. Multivalency
has been achieved by the addition of multimerization sequences at the ¢arboxy or amino
terminus of the scFv or Fab fragments, by using [or example, p53, streptavidin and helix-turn-
helix motifs. For example, by dimerization via the helix-turn-helix motif of an scFv fusion
protein of the form (seFv1)-hinge-helix-turm-helix-(scFv2), a tetravalent bispecific
miniantivody is produced having two scFv binding sitcs for cach of two target antigens.

Production of IgG type bispecific antibodies, which resemble Ig(G antibodies in that
they possess 3 more or less complete IgG constant domain structure, has been achieved by
chemieal cross-linking of two different Ie(i molecules or by co-expression of two antibodies
from the same cell. Chemical cross-linking is inefficient and can result in loss of antibody
activity. Both methods result in production of significant amounts of undesired and non-
functional speeies duc to nrispairing among the cemponent heavy and lght chains. Methods
which have been employed to reduce or ¢liminate mispairing have other undesirable effects.

The production of undesired heterogeneous products has been a gignificant drawback
to many of the methods employed so far. For example, in proparation of bispecific antibodies
(BsAbs), in the absence of o method for insuring the proper association of the varions
domains, only a portion of the product is actually bispecific. One sirategy developed to
overcome unwanted pairings between two different scts of IgG heavy and lighi chains co-
expressed in transfected cells is modification of the C,3 domains of two heavy chains to
reduce homodimerization between like antibody heavy chains. Merchant, A. M., et ol |
(1998) Nat. Bictechnology 16, 677-681. In that method, light chain mispairing was
eliminated by requiring the use of identical light chains for each binding site of those

hispecilic antibodics.

JP 2004-511430 A 2004.4.15
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In most work directed toward obtainining bispecific molecules, little attention has
been paid to the maintenance of functional or structural aspects other than antigen specificity,
For example, both complement-mediated cytotoxicity (CMC) and antibody-dependent cell-
mediated cytotoxicity (ADCCY), which require the presence and function of Fe region heavy
chain consiant domains, are lost in most bispecific antibodies. Coloma and Morrison created
a homogeneous population of bivalent BsAb molecules with an Fe domuin by fusing a seFv
0 the C-terminus of a complete heavy chain. Co-xpression of the fsion with an antibody
light chain resulted in the productien of a homogencous population of bivalent, bispecific
molecules that bind to one antigen at one end and to a second antigen 2t the other end
(Coloma, M. J. and Morrison, S. L. {1997) Nat. Biotechnulogy 15, 159-163). However, this
melecule had a reduced ability to activate complement and was incapabie of effecting CMC.
Furthermore, the Cp,3 domain bound to high affinity Fo receptor (FoyR1) with reduced
affinity.

The present invention overcomes these disadvantages by providing antigen-binding
proteins (1) which can be bispecific and bivalent, (2) in which constrainls regarding selection
of antigen-binding sites can be elimsinated, (3) which have Fo constant domains and
associated [unctions, (4) which are substantially homogeneous, and (5) which can be

produced in mammalian or other cells without further processing.

SUMMARY OF THE INVENTION

The present invention is directed 10 an antigen-binding protein comprising a complex
of two first pelypeptides and two second polypeplides which are stably associated in an
tmmunoglobulin-like coroplex. The first polypeptide comprises an antigen-binding site
located to the N ierminus of an immunoglobulin light chain constant domain (C;, domain)
capable of stable association with an immunoglobulin heavy chain first constant domain (Cyl
domain). The second polypeptide comprises an antigen-binding site located 1o the N
terminus of a C, 1 domain followed by one or more heavy chain Fe region constant domains
(Cy; domains). The Fe €, domains are capable of stable self association, #.e. each C,; domain
can pair or bind te another copy of ttself. Thus, antigen-binding protcins of the invention
generally consist of four polypeptides and four antigen binding sites. In preferred
embodiments, antigen-binding sites are provided by single chain Fvs although the antigen-

binding sile can also be provided by any sequence of amino acids capable of binding to an
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antigen. When the binding sites of the first and second polypeptides are different, the
andigen-binding protein is bispecific. When they ave the same, the antigen-binding protein is
monospecific. Usually, thongh not necessarily, the polypepiides are covalently joined by
disulfide bridges. In a preferred configuration, the antigen-binding proteins of the invention
are bispecific and bivalent. That is, they bind to two different epitopes which may be carried
on the same antigen or on different antigens.

In addition to providing for association of the polypeptide chains, Fe constant domains
contribute other immunoglobulin functions. The functions include activation of complenent
mediated cytotoxicity, activation of antibody dependent ceil-mediated cytotoxicity and Fo
receptor binding. When antipen-binding proteins of the invention are administered for
treatment or diagnostic purposes, the Fo constant domatns can also contribute to scrum balf-
lifs. The Fc constant domains can be from any mammalian or avian species. When antigen-
binding proteins of the invention are used for treatment of humans, constant domains of
human origin are preferred, although the variable domaing ¢an be non-human. In cases where
buman vasiahle domains are preferred, chimeric scFvs can be used.

The antigen-binding sites can be specific for any antigen and ean be obtained by any
means. For example, a scFv can be obtained from a monoclonal antibody, or from a library
of randorn combinations of and V| and V,, domains.

In a preferred cmbodiment, the scFv binds specifically to human kinase insert domain-
containing receptor (KDR). Particularly preferred are antigen-binding proteins that bind to
the extracellular domain of KDR and block binding by its ligand vascular cndothelial growth
factor (VEGF) and/or neutralize VEGF induced activation of KDR. In another preferted
embadiment, the scFv binds specifically to Flt-1. Also particularly preferred are antigen-
binding proteins that bind to the extracellular domain of Fit-1 and block binding by one or
both of its ligands ‘JEGF and placental growth factor (PIGF) andfor neutralize VEGF inducd
or PIGF induced activation of Fit-1,

Drual receptor blockade with the bifunctional antigen-binding protein can be more
effective in inhibiting VEGF-stimulated angiogenesis. In a preferred embadiment, a
recambinant bispecific bivalent antigen-binding protcin is capable of blocking ligand binding
for both Fit-1 and KDR from binding t their ligands, including VEGF and placenta growth
factor (PIGF). Thus, a preferred bispecitic bivalent antigen-binding protein interferes with
KDR/VEGF, Fit-1/VEGF and/or Flt-1/PIGF interaction. Such an antigen-binding proiein can
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be a stronger inhibitor of VEGF-stimulated mitogenesis of human endothelial cells, and of
VEGF and PIGF-induced migration of buman leukemia cells then its parent antibodies.

Antigen-binding proteins of the invention that block ligand binding of nieutralize
activation of KDR and/or Flt-1 are uscful to reduce endothelial cell proliferation,
angiogenesis and tumor growth and to inhibit VEGF- and PIGF-induced migration of human
leukenuia cells.

The present jnvention further includes methods for making antigen binding proteins
whereby one or more recombinant DNA consiructs enceding the: first and second
polypeptides of ihe invention are coexpressed in mammalian cells for a time and in a manner
sufficient to allow expression and complexution and the antigen-binding protein is recovered.

In certain embadiments of the present invention, penes enceding scFv domains (V.
and V) ate cloned and assembled into @ bacterial vector which provides for scFv expression
and screening. Nucleotide sequences encoding desired seFvs are linked, in frame, to
sequences encoding desired heavy or light chain constant domains in a cloning vector
desigred 1o provide efficient expression in mamimalian eells. Thus, two constructs, the first
encoding a s¢Fv and light chain canstant domain and the second encoding a scFv and heavy
chain. constant domains, and which may be in the same or separate expression vectors, are
transfected into a host cell and coexpressed.

The antigen-binding proteins of the invention which are bivalent and bispecific have a
combination of desirable features. First, they are homogeneous. By design, mispairing of
antibody heavy and light chains is greatly reduced or eliminated. For examplc, a typical
bispecific antibody requires the usc of two different heavy chains to provide two specificitics.
Four combinations are possible when the heavy chains are arranged into an [yG type
melecule. Two of those consist of mispaired heavy chains such that the product is
monospecific. Contrarywise, in proteins of the invention, all heavy ¢hains are equivalent and
mispairing does nut oceur, Because each heavy chain comprises a first complete binding site,
and cach light chain comprises a second different binding site, only one type of heavy chain
and one type of kight chain is required fo provide bispecificity.

A second advantage of bispecific proteins of the invention is that in tetrameric form,
they are bivalent for cach binding specificity. A feature of a natural antibody which is

missing from a dimeric BsAb is that the natural antibody is bivalent for the antibody binding

site that it comprises. A dimeric BsAb is monovalent for each of the two binding sites that it

JP 2004-511430 A 2004.4.15
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comprises. This is significant for antibody function because bivalency allows for
cooperativity of binding and a significant increase in binding avidity over a molecule
comprising a single antigen-binding site.

A third advantage of proteins of the invention is that heavy chain constant domains
which constitute the Fe region (e.g., C;;2 and C,3 for an lgG molecule) of a natural antibody
and which provide other antibody functions can be present. Furthermore, the multiple
binding domains, along with the C; and Cy1 domains, are separated from the Fe region such
that functions provided by the Fe region are not impaired. Retained functions relate ta the
ability of the Fe to bind to certain accessory molectles (e.g., binding to cell surface and
saluble Fe receplors, I chain association for IgA and 1gM, § protein for [gA) and inchude
activation of the complement pathway (complement mediated cytoxicity, CMC), recognilion
of antibody bound to target célls by several different leukocyte populations (antibody-
dependent cell-mediated cytoxicity, ADCC) and opsonization (enhancement of phagocytosis).
[0 addision, by aveiding the addition of large domains te the carboxy terminus of heavy
chains, steric hindrance is avoided. This is significant for many of the above-mentioned
functiens, as well a5 for assembly of antibody molecules of higher order struciure (s.&., [gA
consists of four heavy chains, associated through two Fes; 1gM consists of 1en heavy chains
associated by tive Fcs), Finaily, the Fc heavy chain constant dorains confer increased serum
half-life.

A fourth advantage of proteins of the invention is that there is no requirement for
processing in vitro to abtain the complete product. Though rearranged in an antificial manoer,
each of the domains has a natural character which allows expression in a biological system.

The present invention is also applicable to production of monespecific tetravalent
antigen-binding proteins. In snch proteins, all four binding sites have the same specificity,
Furthermore, the invention provides a method of making contemplaies menovalent bispecific
untigen-binding proteins and bivalent monespecific antigen-binding proteins. For example,
Fah type proteins can be made which comprise two difterent binding sites or two equivalent
binding sites, the first binding site linked to a C; domain and the secand binding site finked to

a C,1 domain.

In a preferred enthodiment, the first and sccond binding sites are each contributed bya

single chain Fv (scFv): A scFv having a first binding specificity is fusedto a Cy domain to

form a scFv-C,_ polypeptide, and a scFv having a second binding specificity is fused to C, tv

JP 2004-511430 A 2004.4.15
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form a scFv-Cy polypeptide. As referred to herein, a scFv-C,, polypeptide is defined as a
seFv fused to any portion of an antibody heavy chain so Jung as there are two or more Cy
domains with one of the domains being C,,1. A scFv-C,_ - scFv-C;; heterodimer is formed by
natural agsociation of the C, and ;] constant domains. The presence of at least one Cy2,
Cy3, or C4 constant domain allows pairing of two scFv-C; - scFv-Cy, heterodimers into an
untigen-binding protein having four binding sites by natural association of a Cy2, C,,3, or Cyd
domain on one peiypeptide with a copy of itself on another polypeptide.

The precise heavy chain constant domain structure is determined by desired functional
characteristics. If it is desired that an antigen-binding protein have a particular isotype, Cyy
domains from an immupoglobulin of that isotype will be selected. For example, where the
desired isotype is [gGt, the domain structure is {scFv),-C; 1-C,2-Cy 3, where the constant
domains are from an [gGt antibody.

This approach is employed to provide a homogenous population ef IgG-like antigen-
binding proteins having four antigen binding sites. Where each heterodimer comprises two
different binding sitcs, the antigen-binding protein thus formed is bispecific and bivalent.
Where the beterodimer comprises two equivalent binding sites, the antigen-hinding protein
furmed is monospecific and tetravalent. In embodiments detailed herein, the antigen binding
sites are comprised of antibody variable domains. Elowever, the invention further
contempiates bispecific molecules wherein one or more binding functions are contributed by
structures chosen on the basis of known binding interactions with a particular protein or
antigen of interest. For example, 2 portion of gp120 of HIV-1 may be selected on the basis of
iis ability o bind to CD4. Allernalively, a binding site may comprise an amino acid sequence
corresponding te a hormene or cytokine selected on the basis of its ability to bind to its
cognate receptor protein.

Certain antigen-binding proteins of the present invention arc uscd tor binding to
antigen or to block interaction of a protein and its ligand. Other antigen-binding proteins of
the present invention are used to promote interactions between immune cells and target cells.
Finally, antigen-binding proteins of the invention are used to localize anti-tumor agents,
target moicties, reporter molecules or detectable signal producing agents to an antigen of

interest.

JP 2004-511430 A 2004.4.15
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The present invention further provides antigen-binding proteins which bind to KDR
and its analogs, or W other receplor molecules which are involved in angiogenesis or

tumorigenesis.

DESCRIPTION OF THE FIGURES

Figure 1 is a schematic diagram of Bs(scFv)4-IgG and Bs(scFv)2-Fab molecules. In
Bs(scFv)a-1gG. the V,; and V| domains of a human 1gG1 molecule are replaced by two scFv
antibodies of different specificity. Co-expression of the scFv-light and scFv-heavy chain
fusion polypeptides in mammalian cells results in the formation of a bivalent, Ig(G-like
bispecific molecule. In Bs{scFv)2-Fab, a stop codon is intreduced at the C-terminal end of
the heavy chain Cl domain, whick results in the expression of a bivalent, Fub-like bispecific
molecule {also see Fig. 2A).

Figure 2 shows examples of expression constructs and purilied Bs(scFvM-IgG and
Bs(sclv)z-Fab antibodies {the domains are not 10 scale).. Panel A: Individuat scFv constructs
are fused at their 5 ends to a leader sequence for secretion in mammalian cells. and at their 3’
ends to the C, or ;)1 domains of a human IgG molecule. Panel B: SDS-PAGE analysis of
protein-G purified Bs(scFv)4-IgG and Bs(scFv)2-Fab antibodies. Lanes 1-3 are mun under
non~teducing conditions. Lane I, ¢-pl1Cl1, a chimeric TgG; Lane 2, Bs(scFv)4-1gG; Lane 3,
Bs(scFv)2-Fab. Lanes 4-6 are run under reducing conditions. Lane 4, ¢-p1Cl11; Lane 5,
Bs(scFv)4-1gG; Lane 6, Bs(scFv)2-Fab. Also shown are the positions of molecular weight
standards.

Figure 3 shows the results of ELISA assays for the bispecificity of Bs(seTv)4-1gl and
Bs(sckv)z-Fab antibodies, Pangl A shows binding of Bs(scFv-1gG, Bs(scFv)z-Fab and its
parent antibodies to KDR ECD) Ig domain deletion mutant-AP fusion proteins. Panel B
shows cross-linking ELISA, for detection of simultaneous binding by Bs{scFv)a-IgG and
Bs{scFv)2-Fab to the two ditferent epitopes that are located on separate KDR ECD g domain
deletion mutants, KDR(Ig(-3) and KDR{Ig3-7)-AP. The BsAb are incubated in solution with
KDR(Ig1-7)-AP, KDR(Iz1-3)-AP or KDR(123-7)-AP, and transferred to a plate coated with
untagged KDR(lgi-3). The cross-linking complexes formed between the soluble phase
antibody/KDR variant-AP complex and the immobilized KDR(Ig1-3) are detected by

~measuring the plate-bound AP activity. Data shown are menn + SD of rriplicate

determinations.
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Figure 4 shows dose-dependent binding of Bs(scFv)M-IgG, Bs(scFv)2-Fab and its
parcnt antibodies to immaobitized full length KDR-AP (Pancl A) and Fik-1-AP (Punel B).
Data shown are mean + STY of triplicate determinations.

Figure 5 demonstrates inhibition of binding of KDR. to immobilized VEGF by
Bs(scFv)4-1gG and ¢-plC11. Data shown are mean + SD of triplicate determinations.

Figure 6 demanstrates dose-dependent inhibition of VEGF-stimulated
phospharylation of KDR receptor by Bs(scFv)4-IgG and ¢-plC11. The KDR-transfected 293
cells were treated with various amounts of antibodies at RT for 15 min, followed by
incubation with 20 ng/m! of VEGF (cxcept the control group} at RT for additional 15 min.
Phosphorylation of KDR is analyzed following the protocol previously deseribed (Zhu ef al.
(1998} Cancer Res., 58, 3209-3214; Zhy et of. (1999) Cancer Len. 136, 203-213).

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides antigen-binding proteins which are homogeneous and
which can reiain the functional characteristics of natural antibodies such as cooperativity of
binding (avidity), and the ability to activate complement mediated cytotoxicity and antibody
dependent ceflular toxicity. Tn general, antigen-binding proteins of the invention have the
constant domain strueture of paturally-occurriog antibodies, with complete antigen binding
sites substituted for each antibody variable domain. Thus, in a naturally-occurring antibody, a
single binding site is provided by a combination of a light chain variable domain (V,} and a
heavy chain variable domain (¥), so that, for example, the four vatiable domains of an IgG
type anfibody provide two complete binding sites, In contrasi, the IgG type antigen-binding
proteins of the present invention have four complete binding sites, becauss a structure
comprising a complete antigen binding site is substituted for cach Vi, and Vy variable domain
of the natwrally occurring antibody.

As used herein, uniess otherwise indicated or clear from ihe context, antibody
domains, regions and fragments are accorded standard detinitions as are well known in the
art, Ses, e.g., Abbas, A. K., et ol , (1991) Celhular emd Molecutar Immunology, W B.
Saunders Company, Philadelphia, PA.

The antigen binding site of a typical Fv containg six complementarity determining,
reglons ¢CDRs) which contribute in varying degrees to the affinity of the binding site for

antigen. Antigen binding sites compriscd of fewer CDRs (e.g., three, four or five) ate also
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functional and included within the scope of the ipvention. The extent of CDR and framework
regions (FRs) is determined by comparison to a compiled database of amimo acid sequences
in which those regions have been defined aceording (o variability among the sengences.
There are three heavy chain variable domain CDRs (CDRE, CDRH2 and CDRH3) and three
light chain variable domain CDRs (CDRL1, CORL2 and CDR13).

Avidity is & measure of the strength of binding between an immunoglobulin and its
antigen. Unlike affinity, which measures the strength of binding at each binding site, avidity
is related to both the affinity and the valency of an immunogiobulin melectle.

The proteins of the invention are derived from, or incorporate portions of antibodies
of one of more immunoglobukin classes. Immunoglobulin classes include Iy, IgM, TgA,
IeD, and IgE isotypes and, in the case of IgG and IgA, their subtypes.

The antigen-binding proteins of the invention resemble 1gG type antibodies, in that
they are heteratetramers comptising two light chains and nwo heavy chains. However, unlike
G type antibodies, they have [our antigen binding sites, and may have fewer constant
domains provided at least C,} and one other C,, domain are present. The four antigen-
binding sites may comprise two binding sites for each of two binding specificities, or four
hinding siies for one binding specificity.

In a preferred embodiment, a bispecific protein having this form may display avidity
characteristics like those of naturally-occurning Igé type antibodies. For each binding
specificity, the presence of two equivalent antigen binding sites allows for cooperativity of
binding to antigen, as is the case for the naturally ocourring IgG molecule. Tt will be apparent
that by proper chaice of heavy chain constant region, as well known to one of skill in the art,
bispecific antibedies resembling antibodies of other classes, for example, I2A, IgM, and other
types of antibodies ¢an be produced.

The invention contemplates the linkage of binding domains of different specificiiy to
heavy and light ¢hain constant domains, such that upon pairing of heavy chains with Hght
chains, different binding specificities become associated in single heterodimeric molccules.
A population of such molecules is substantially homaogensous, in that praciically all dimers
comprise ope binding domain having a first specificity and one binding domain having a
seeond specificity. Dependence on the preferential natural pairing of heavy and light chains
via assoctation of C| and C,;} domains reduces or eliminates formation of dimers which

comprise two binding domains having the same specificity. Likewise, preferential
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association of the heavy chains occurs via the Fe region to form the antigen-binding proteins
of the invention.

In general, antigen binding proteins of the invention cemprise complete C, and C,1
domains, which are covalently linked by an interchain disulfide bend. However, the
inveniion also contemplates the use of modified C and Cy1 domains which may have amino
acids deleted or inserted, and which, together, may or may not have an interchain disulfide
bond, so long as the domains can asseciate in a stable complex.

By stable association, or complex, it is meant the under physiological conditions, the
polypeptides of the antigen binding protein exist as a complex. For example, on a native gel
under non-reducing conditions, the polypeptides migrate as o complex. It will be appreciated
that not all antibody light chains effectively associate with any given heavy chain and vice
versa. However, combinations of Cp and C,1 constant domains which pair effectively are
well kriown in the art and are preferred.

As with natural antibodies, the heavy chain - light chain heterodimers associate, via
association of particular heavy chain constant domains, te form structures of higher arder.
For example, IgG type antibodies camprise two heavy chain - light chain heterodimers joined
by covalent linkage in a tetrameric structure. Certain other antibody types comprise similar
tetrameric structures which are incorporated into a higher order structure comprising, for
example, iwo tetramers (IgA) or ten tetramers (IgM).

Like natural antibodics, bivalent bispecific antigen binding proteins of the invention
rely on Fc constant domains and hinge regions for proper association of heavy chains. In
general, the antigen-binding proteins of the invention comprise a hinge region and one or
more Fe constant domains or partions thereof. It is nsually desired to incorporate all Fo
constant domains to relain all the associated functions. However, the invention further
contemplates the inclusion of only certain constant domains, provided at least one such
domain is present. As various Fc functions depend on different portions of the Fe, fewer Cy
domains can be incorporated in the heavy chain if less than full functionality is desired, For
cxample, significant activation of complement requires €2 of IgG or Cy3 of [gM. The
invention also coniemplates the use of modified hinge and Fe heavy chain domains which
may have amino acids substituted, deleted, inserted or modified, so long as the heavy chains

can associate in z stable complex.
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The antigen binding sites of preferred antigen binding proleins consist of Fv regions
of any desired specificity. The Fv is a single chain Fv (scFv) and consists of a V,, domain and
a vV, domain, in ¢ither order, Linked by a peptide linker, which allows the domains to
associate to form a functional antigen binding site. {see, for example, U.S. Pat. Na.
4,946,778, Ladner et al., {Genex); WO 88/093#4, Creative Biomolecules, Inc., Ubston et al.)
WO 92/01047, Cambridge Antibody Technology/McCafferty et al., deseribes the display of
scPv fragments on the surface of soluble recombinant genetic display packages.

Peptide linkers used to produce scFvs arc flexiblc peptides selected to assure proper
three-dimensional folding and asseciution of the V) and ¥ domains and maintenance of
target molecule binding-specificity. Generally, the carboxy terminus of the Vi or Vy
sequence is covalently linked by such a peptide linker to the amino terminus of a
complementary Vy; or V, scquence. The linker is generally 10 10 50 amine acid residues, but
uny length of sufficient flexibility to allow formation of the antigen hinding site is
contemplated. Prefcrably, the linker is 10 to 30 amino acid residues. More preferably the
linker is 12 to 30 amino acid residuss. Most preferably is a linker of 15 to 25 amino acid
rtesidues. Example of such linker peptides include (Gly-Gly-Gily-Gly-Ser);.

¥, and V,, domains from any source can be incorporated into  3¢Fv for use in the
present invention. For example, V, and V,, domains can be obtained directly from a
menoclonal antibody which has the desired binding characteristics. Alteratively, V| and V)
domains can be from libraries of V gene sequences from a mammal of choice. Elements of
such libraries express random combinations of V| and V,; domains and are screened with any
desired antigen to identify those clements which have desired binding characteristics.
Particularly preferred is a human V gene library. Metheds for such screening are known in the
art. V, and V,, domains from a selected non-human source may be “bumanized,” for example
by substitution of CDR Tloops into human V| and V,, domains, or modified by other mcans
well known in the art to reduce immunogenicity when administesed to a human,

In a physiological immune response, mittation and selection of expressed antibody
genes leads to the production of antibodies having Wigh affinity for their target antigen. The
V, and V|, domains expressed in a scFy can similarly be subject to ir vifre mutation and
screening procedures to obtain high affinity variants.

Veetors for construction and expression of sclFvs are available which contain bacterial

secretion signal sequences and convenient restriction cloning sites. Vi and Vi gene
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combinations encading binding sites specific for a particular antigen are jsolated from ¢DNA
of B cell hybridomas. Alternatively, random combinations of V, and ¥, genes are obtained
from genomic DNA and the products then sereened for binding to an antigen of interest.
Typically, the polymerase chain reaction (PCR) is employed for cloning, using primers which
are compatible with restriction siles in the cloning vector. See, e.g., Dreher, MiL. et al.
1991).J. fimmunol. Methods 139:197-205; Ward, E.S. (1993) ddv. Pharmacot. 24:1-20;
Chowdbury, P.8. and Fastan, L. (1999) Nat. Biatechnol. 17:568-572.

To cxpress scFvs with selected or random combinations of V, and Vi, domains, V
genes encoding those damains are assembled into a bacterial expression vector. For example,
a vector can be used which has sequences encoding a baclerial secretion signal sequence and
a peptide Jinker and which has convenient restriction sites for insertion of V, and Vy, gencs.
Alternatively, it might be desired to first assemble all necessary coding sequences (z.g.,
sevretion signal, ¥, V}; and linker peptide) into a single sequence, for example by PCR
amplification using overlapping primers, followed by ligation into a plaswid or other vector.
Where it is desired to provide a specific combination of V; and V, domains, PCR primers
specific to the sequences encoding those domains are used. Where it is desired to create a
diverse combinations of a large number of ¥, and V; domain, mixiures of primers are used
which amplify multiple sequences.

Preferred bacterial vectors allow for expression of scFv linked to a coat protein of 2
fitamentous phage. The phage coat protein most commonly used is the gene 1Tl protein of
phage M13. The display of scFv on filamentous phage is particularly nseful where it is
desired to screen a large population of scFv for desired binding characteristics. Bacterial cells
expressing the seFv-glll protein fusion are infected with an M13 variant which allows for
preferential packaging of vector DNA carrying the scFy-glIl fusion gene into phage particles
into which the scFv-glll coat protein fusion is incorporated. Tach resulting phage particle
displays a particular scFv and coniains a vector which encodes the scFv. A population of
such phage particles displaying a diverse colleciion of scFvs is then enriched for desired
binding characteristics by a panning procedure. Typically, desired particles are immobilized
on a solid surface coated with an antigen to which the desircd phage particles can bind, The
bound parlicles are collected and used io further infect bacterial cells. The panning procedure

is repeated to further enrich for desired binding characteristics.
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The vector encoding the scFy-glll fusion may include a translational termination
codon at the junction of the scFv and glll ¢coding regions. When expressed in a bacterial cell
carrying a corresponding translation termination suppressor, the fusion protein is produced.
“When expressed in a bacterial cell without the corresponding suppressor, fre¢ scFv is
produced.

Vascular endothelial growth factor (VEGF) is a key regulator of vasculogenesis
during embryanic development and angiogenic processes during adult life such as wound
healing, diabetic retinopathy, rheumatoid arthritis, psoriasis, inflammatory disorders, tamor
growith and metastasis. VEGF is a strong inducer of vascular permeability, stimulator of
endotheliat cell migration and proliferation, and mediates its activity mainly through two
tyrosine kinase receptors, VEGF reccptor 1 (VEGFR-1), or fins-like fyrosine receptor 1
(Fli-1), and VEGF receptor 2 (VEGFR-2), ar kinase insert domain-containing receptor (KDR,
and Flk-1 in mice) Ferrara, N., Curr. Top. Microbiol. fmmmunn]., 237, 1-30 (1999),
Klagsbrum, M., ef al., Cytokine Growth Factor Rev. 7, 259-270 (1596); Neufeld, G, et al.
FASER J, 13,9-22 (1999), Numerous studies have shown tha‘t'over»axpression of VEGF and.
its receptor play an impontant rolc in tumer-associated angiogenssis, and hence in both tumox
growth and metastasis.

Flt-1 2nd KDR have distinet functions in vascular development in embryos. Targeted
deletion of genes encoding either receptar in mice is lethal to the embryo, demonstrating the
physiological importance of the VEGF pathway in embryonic development. KDR-deficient
mice have impaired biood island formation and lack maturc cndothelial cells, whereas Flt-1
null embryos fail to develop normal vasculature due to defective formation of vascular tubes,
albeit with abundant endothelial cells. Shalaby, F., ef ai., Narure 376, 02-66 (1995); Fong,
GH., ef al., Nature 376, 66-70 (1995). On the other hand, inactivation of Fit-1 signal
transduction by truncation of the tyrosine kinase domain does not impair mouse embryonic
angiogenesis and embryo development, suggesting that signaling through the Flt-1 receptor is
not essential for vasculature development in the embryo, Himtsuka, S, ef af , Proc. Naii
Acad. Sci US4, 95,9349-9354 (1998). The biological responses of Flt-1 and KDR to VEGF
in the adult also appear to be different. Ti is generally believed that KDR is the main VEGF
signal transducer that results in endothelial cell proliferation, migration, differentiation, tube
formation, increase of vascular permeability, and maintenance of vascular integrity. Fle-1

possesses a much weaker kinase activity, and is unable 1o generate a mitogenic response
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when stimulated by VEGY - although it binds to VEGF with an aflinity that is approximately
[0-fold higher than KDR. Flt-1 is also been implicated in VEGF and placenta growth factor
(PIGF)-induced migration of monoeytes/macrophage and production of lissue factor.
Barleon, B, et al., Blood 87, 3336-3343 (1996); Clauss, M., ef al., J. Biof, Chem. 271,
17629-17634 (1996).

In a preferred embodiment, an anfigen binding protein of the present invention
comprises a scFv that binds t0 KDR and blocks VEGF binding o KDR. scFv plC11 (SEQ
1D NOS: 27, 28} is produced from a mouse scl'v phage display library. (Zhu er af., 1998).
pIC11 blocks VEGF-KDR interaction and inhibits VEGF-stimulated receptor
phosphorylation and mitogenesis of human vascular endothelial cells (IIUVEC). This scFv
binds both soluble KDR and cell surface-expressed KDR on, e.g., HUVEC with high atfinity
(K=2.10M).

In a second preferred embodiment, an antigen binding protein of the present invention
compriscs 2 scFv that binds to Flt-1 and blocks VEGF binding and/or PIGF binding to Fli-1.
Mab 6.12 binds to soluble and cell surface-expressed Flt-1. scT'v 6.12 comprises the V| and
Vy, domains of mouse monoclonal antibody Mab 6.12 A hybridoma cell liee producing Mab
6.12, has been deposited as ATCC number PY'A-3344. The deposit was madc under the
provisions of the Budapest Treaty on the Intemnational Recognition of the Deposit of
Microorganisms for the Purposes of Patent Procedure and the regulations thereunder
(Budapest Treaty). This assures maintenance of a viable culture for 30 years from date of’
deposit. The organisms will be made available by ATCC under the terms of the Budapest
Treaty, and subject to an agreement between Applicants and ATCC which assures
unrestricted availability upon issuance of the pertinent U.S. patent. Availability of the
deposited strains is not to be construed as a license to practice the invention in contravention
of the rights granicd under ihe authority of any government in accordance with its patent
laws.

Antigen-binding proteins of the invention can have binding sites for any epitope,
antigenic site or protein, Preferred antigen-binding proteins neutralize aclivation of receptor
proteins. Of particular interest are VEGF receptors and other reeeptors which are involved in
angiogenesis. VEGF receptors include KR, Fik-1, Fit-1. Other factors implicated as
possible regulators of angiogenesis 47 vivo include fibroblast grewth factor (FGF), platelet
derived growth factor (PDGF), epidcrmal growth factor (EGF). The corresponding receptors
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are fibroblast growth factor (FGF-R) and platclet derived growih factor recepter (PDGE-R),
epidermal growth factor receptor (EGF-R). Also of interest are receptor tytosine kinases

involved in angi is and/or oncog is. Such receptor tyrosine kinases include FLT4,

HERZ2/neu, Tek and Tie2. Receptors of inferest inchude buman proteins and homologues
from ather mammals. Antibodics are known for the abowve listed receptors and are sources of
scbv V; and V, domains for use in antigen binding proteins of the present invention. Antigen
binding proteins of the invention which are specific for any of the listed receptors can be
monospecific or bispecific. Certain bispecific antigen-binding protejns of the invention bind
to two of the above listed receptors. In one preferred embodiment, such a bispecific antigen-
binding protein binds to HER2 and BEGF-R. In a second preferred embodiment, an antigen-
binding protein of the inventior binds to KDR and FLT-1.

Bispecific antigen-binding proteins of the invention can cross-link antigens on target
cells with antigens on immune system effector cells. This can be useful, for example, for
premoting immungc responses directed against cells which have a particular antigens of’
interest on the cell surface. According to the invention, immune system effector cells include
antigen specific cells such as T ¢ells which activate cellular immune responses and
nonspecific cells such as macrophages, neutraphiis and vatural kitier (NK) cells which
mediate cellular immune responses.

Antigen-binding proteins of the invention ¢an have a binding site for any cell surface
antigen of an immune system effector cell. Such cell surface antigens include, for example,
cytokine and lymphokine receptors, Fe receptors, CD3, CDM6, CD28, CD32 and CD64. [n
general, antigen binding sites are provided by scFvs which are derived from antibodies to the
atorementioned antigens and which are well known in the arl. Antigen-binding sites of the
invention which arc specific for cytokine and lymphokine receptors can also be sequences of
amino acids which correspond to all or part of the ratusal ligand for the receptor. For
cxample, where the cell-sutface antigen is an [L-2 receptor, an antigen-binding protein of the
invention can bave an antigen-binding site which comprises a sequence of amino acids
corresponding or 11.-2. Other cytokines and lymphokines include, for example, interleukins
such as interleukin-4 (IL-4) and interleukin-5 (IL-5), and colony-stimulating faclors (CSFs)
such as pranvlocyte-macrophage CSF (GM-CSF}, and granulocyte CST (G-CSF).

Preferred antigen-binding proteins of the invention are mude by expressing a first

polypeptide having a scFv linked to a C,_light chain constant domain and a second
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polypeptide having a scFv linked to a Cy1, ;2 and €,;3 heavy chain constant domains. The
DNA fragments coding for the scFvs can be cloned, e.g, into BCMV veetors designed io
express either hwman light chains of Human heavy chains in mammalian cells. (See, 2. g,
Bendig, ef af, U.S. Patent 5,840,299; Macda, et al. {(1991) Hum. Antibod. Hybridomas 2,
124-134). Such vectors camain the human cytomegalovirus (HCMV) promoter and enhancer
for high level transcription of the light chain and beavy chain constructs. In a preferred
embodiment, the light chain expression vector is pKN100 (gift of Dr. 5. Tannan Jones, MRC
Collaborative Center, London, England), which encodes a human kappa light chain, and the
heavy chain expression vector is pG1D105 (gift of Dr. 5. Tannao Jones), which encodes a
human gamma-1 heavy chain. Both veetors eontain HCMV promeoters and enhancers,
replication origins and selectable markers functional in mammalian cells and E. coif.

A selectable marker is a gene which encodes a protein necessury for the survival or
growth of transformed host cells grown in a selective culture medium. Typical selectable
markers encode proteins that (2) confer resistance to antibiotics or other toxins, e.g.
ampicillin, neomycin, methotrexate, or tetracycling, {b) complement auxotrophic deficiencics,
or () supply enitical putrients nof available from complex media, ¢.g. the gene encoding
Dr-alanine racemase for Bacilli. A particularly useful sciectable marker confers resisiance to
methotrexate. For example, cells transformed with the DHFR. selection gene are first
identified by culturing all of ihe transformants in a culture medium that contains methotrexate
(Mtx), a competitive antagonist of DHFR. An appropriate host cell when wild-type DHER 15
employed is the Chinese hamster ovary {CHO) cell line deficient in DHTR activity, prepared
and propagated as described by Urlaub and Chasin (1980) Froe. Nark. Acad. Sci. US4 77,
4216. The transformed cells are then exposed 10 increased levels of methotrexate. This leads
1o the synthesis of multiple copies of the DHFR gene, and, concomitantly, multiple copies of
other DNA comprising the expression vectors, such as the DNA encading the antibody ot
antibody fragment.

Where it is desired 10 express a gene construct in yeast, a suitable selection gene for
use in yeast is the trp] gene present in the yeast plasmid YRp7. Stinchcomb et al. (1579)
Nature, 282, 39; Kingsman et al. (1979) Gene 7, 141. ‘The trpl gene provides a selection
marker for a mutant strain of yeast lacking the ability to grow in tryptophan, for example,
ATCC No. 44076 or PEP4-1, Jones (1977) Genetics 85, 12. The presence of the trpl Jesion

in the yeast host cell genome then provides an effective environment for detecting
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transfommation by growth in the absence of tryptophan. Similarly, Leu2-deficient yeast
strains (ATCC 20,622 or 38,626) are complemented by known plasmids bearing the Leu2
gene.

Preferred host cells for transformation of vectors and expression of antigen-binding
proteins of the present invention are mammalian cells, a.g., COS-7 cells, chinese hamster
ovary (CHQ) cells, and cell lines of lymphoid origin such as lyruphoma, mysloma, or
hybridoma cells. Other eukaryotic hast, such as yeasts are alternatively used. The
transformed host cells are cultured by methods known in the art in a liguid medium
containing assimilablc sources of carbon, e.g. carbohydrates such as glucosc or lactosc,
nitrogen, e.g. amino acids, peptides, proteins or their degradation products such as pepiones,
ammonium salts or the like, and inorganic salts, e.g. sulfates, phosphates and/or carbonates of
sodium, potassivm, magnesium and calcium. The medium furthermors contains, for
example, growth-promoting substances, such as trace elements, for example iron, zine,
manganese and the like. '

Each variable domain of the antigen-binding proteing of (he present invention may be
a complete immunoglobulin heavy ar light chain variable domain, or it may be a functional
cquivalent or a mutant or derivative of a naturally occurring domain, or a synthetic domain
constucted, for example, in vitro using a tcchnique such as one described in WO 93/11236
(Medical Research Council et al /Griffiths et al.). For instance, it is possible to join together
domains correspending to antibody variable domains which are missing at least one amino
acid. The important characterizing feature is the ability of each variable domain to associate
with a complementary variable domain to form an antigen binding site.

Similarly, an important feature of constant domains is the ability to form a stable
complex. Although antigen binding proteins of the invention comprise eomplete C; and C,,1
demains, the invention also coniemplaies the use of madified C, and C;;l domains which may
bave amino acids deleted or inseried, and which may or may net have an interchain disulfide
bond, so long as the domains can associate in a stable complex.

Important charactetizing features of Fo constant domains include the ability to self-
associate, 10 bind 1o an Fe teceptor, to initiate CMC and 1o initiatc ADCC. As previously
noted, antigen-binding protein of the invention do not require that every constant domain

structure or function be present. Accordingly, the terms heavy chain variable domain, light -
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chain variable doinain, constant domain, scFv and Fo shoutd be construed to include all
variants which are functionally equivalcnt.

In a preferred embodiment of the invention, the antigen binding sites of a bispecific
antibody comprise scFv domains having two different binding specificities. For example,
substituted for the V, and V,, domains of an IgG molecule are scFv domains of differcnt
specificity such that the resulting molecule, herein designated Bs(soFv)4-IgG, is bivalent for
cach of its target antigens. Bs(scFv)4-IgG is functionally expressed and assembled in 2
variety of expression systems, and particulurly in mammatian cells, and is capable of binding
to two different epitopes simultanecusly.

As provided previously herein, a scFv is prefemed for linkage to light chain and heavy
chain constant domains. However, where desired or convenient the structure comprising the
antigen binding site of a bispecific antigen binding protein of the invention includes more or
less thao an Fv, For example, it further inclades constant region portions (e.g., linkage of an
Fab to a light chain or heavy chain domain) or only a portion of an Fv (e.g., where antigen
binding is determined predominanily by one vuriable domain and the second variable domain
contributes little to aflfinity or specificity). Thus, an antigen binding site compriszs of 2 single
polypeptide chain which is further linked to a light chain or beavy chain constant region,
allowing the arrangement of demains in the antigen-binding protein fo be unambiguously
predetermined, and 1o form an overall Ig-form strncture with at least two constant domains.

An antigen binding site for inclusion in a antigen-binding protein baving desired
binding characteristics is obtained by a variely of methods. The amino acid sequences of the
V, and V,, portions of a selected binding domain correspond to a naturaily-oceurring antibody
or are chosen or modified to obtained desired immunogeine or binding characteristics. For
example, chimeric vatiable domains are constructed in which antigen binding site derived
{from a non-human source are substituted into human variable domains. A chimeric construct
is particularly valuable for elimiation of adverse immunogenic chatacteristies, for example,
where an antigen binding dorrain from a nen-human souree is desired to be used for
treatment n a human. A preferred chimeric domain is ove which has amino acid sequences
which comprise one or more complementarity determining regions (CDRs) of 2 non-human
origin grafted 10 human framework ragions (FRs). For examples of such chimeras, see:
Jones, P. T. et al.,(1996) Nature 321, 522-525; Riechman, L. ef af., (1988) Noture 332,
323-327; U.S. Patent No. 5,530,101 to Queen ef al. Variable domains have a high degree of
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structural homology, allowing easy identification of amino acid residues within variable
domains which corresponding to CDRs and FRs. Sce, ¢.g., Kabat, E.A,, e al. (1991)
Sequences of Proteins of Immunological Interest. Sth ¢d. National Center for Biotechnology
Information, National Instituies of Health, Bethesda, MD. Thus, amino acids which
participate in antigen binding are easily identified. In addition, methods have been developed
to preserve o to enhance affinity for antigen of chimeric binding domuins comprising grafted
CDRs. Qne way is o include in the chimeric domain the foreign framework residues which
influence the conformation of the CDR regions. A sccond way is to grafi the foreign CDRs
onto human variable domains with the closest homology to the foreipn variable region.
Queen, C. ez al., (1989) Proc. Nail. Acad. Sci. US4 86, 10029-10033, CDRs are most easily
grafted onto different FRs by first amplifying individnal FR sequences using averlapping
primers which include desired CDR sequences, and joining (he resulting gene sepments in
subsequent amplification reactions. Grafting of a CDR onto a diffcrent variable domain can
further involve the substitution of amino acid residues which are adjacent to the CDR in the
amine acid sequence or packed against the CDR in the folded vanable domain structure
which affect the conformation of the CDR. Humanized domains of the invention therefore
include human antibodies which comprise one or more non-human CDRs as well as such
domains in which additional substitotions or replacements have been made to preserve or
enhance binding characteristics.

Chimeric binding domains of the invention alse inciude antibodies which have been
humanized by replacing surface-exposed residues to make the scFv appear as self to the
immune system (Padlan, E.A. (1991) Mol Immunol. 28, 489-498). Antibodies have been
humanized by this process with no lass of affinity (Roguska e al (1994) Proc. Narl. dcad.
Sei. US4 91, 969-973). Because the internal packing of amino acid residues in the vicinity of
the antigen hinding site remains unchanged, affinity is preserved. Substitution of surface-
exposed residucs of & scFv according to the invention fer the purpose of humanization does
not mean substitation of CDR residues or adjacent residues which influence binding
charactenstics.

The invention contemplates binding domains which are essentially human. Human
binding domains are obtained from phage display libracies wherein combinations of human
heavy and light chain variable domains are displayed on the surface of filamentous-phage
(See, e.g., McCafferly e ol. (1990) Neture 348, 352-554; Aujame ef al. (1997) Lluman
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Antibodies 8, 155-168). Combinations of variable domains are typically displayed on
filamentous phage in the form of Fabs or scFys. The hbrary is sereened for pbage bearing
combinations of variable domains having desired antigen binding characteristics. Preferred
variable domain combinations dispiay high affiity for a selecled antigen and little cross-
reactivity to other related antigens. By screening very large repertoires of antibody fragments,
(see e.g., Grifliths e al. (1994) EMBQ J, 13, 3245-3260) a good diversity of high affinity
Mabs are isclated, with many expected to have sub-nanemolar attinities for the desired
antigen.

Altermatively, human binding domains can be obtained from transgenic animals into
which unrearranged human Ig gene segmenis I ave been introduced and in which the
endagenaus motse [g genes have been inactivated (reviewed in Briiggemann and Taussig
(1997) Curr. Opin. Bistechnol 8,455-458). Preferred transgenic animals contain very larpe
contiguous Ig gene fragments that are over 1 Mb in size (Mendez et al. (1997} Naiure Gienet.
15, 146-156) but human Mabs of moderate affinity can be raised from transgenic animals
containing smaller gene loci (See, e.g., Wagner ef ai. (1994) Ewr. J. Inmunol, 42, 2672-268);
Green er ad. (1994) Matwre Gener. 7, 13-21).

Binding domains of the invention include those for which binding characteristics have
been improved by direct muiation or by methods of affinity maturation. Affinity and
specificity may be modified or improved by mutating CDRs and screening for antigen
binding sites having the desired characteristics (Sce, e.g., Yang «f ¢l (1993} J. Mol. Bio. 254,
392-403). CDRs are mutated in a variety of ways. One way is to randomize individual
residucs or combinations of residues so that in a population of otherwise identical anligen
binding sites, all twenty amino acids are found at particular positions. Alternatively,
mutations are induced over a renge of CDR. residues by error prone PCR. methods (See, e.g.,
Hawkins ef al (1992)J. Moi. Bio. 226, 889-896). Phage display vectors containing heavy
and light chain variable region genes are propagated in mutator strains of . coli (See, e.g.,
Low er al. (1996) J. Mol. Bio. 250, 359-368). These methods of mutagenesis arc illusirative
of the many metheds known to one of skill in the ant.

In another aspect of the inveation, the antigen-binding proteins can be chemieally or
biosynthetically linked to anti-tumor agents or detectable signal-producing agents. Anti-
tumar agents linked to an antibody include any agents which desiroy or damage a tumor to

which the antibody has bound or in the environment of the cell to which the antibody has
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bound. For example, an anli-tumor agent is a toxic agent such as a chemotherapeutic agent or
a radivisotope. Suitable chemotherapeutic agents arc known to those skilled in the art and
include anthracyclines {e.g. daunomyein and doxorubicin), methotrexate, vindesine,
neocarzinostatin, cis-platinum, chlorambucil, cytosine arabinoside, S-fluorouridine,
melphalan, ricin and calicheamicin. The chemotherapeutic agents are conjugated io the
antibody using conventional methods (See, e.g., Hermentin and Sciler (1988) Befring Ist,
Mir. 82,197-215).

Detectable signal-producing agents are uscful in vive and in vitro for diagnostic
purposes. The signal producing agent produces 4 measurable signal which is detectible by
external means, usually the measurement of electromagnetic radiation. For the most part, the
signal producing agent is an enzyme or chromaophore, or emits light by fluorescence,

phospho or chemilumi ice. Chromophores include dyes which absorb light in

the ultravielet or visible region, and can be substrates or degradation products of enzyme
caralyzed reactions.
The invention further contemplates antigen-binding proteins of the invention to which

target or reporter moieties ure linked. Target moictics arc first members of binding pairs.

h

Anti-tumor agents, for example, arc conjugated to second m of such pairs and are
thereby directed Lo the site where the antigen-binding protein is bound. -A common example
of such a binding pair is adivin and biotin. In a preferred embodiment, biatin is conjugated to
an anfigen-binding protein of the invention, and thereby provides a larget for an anti-tumor
agent or other moiety which is conjugated 1o avidin or sireptavidin. Altermatively, biotin or
another such moiety is linked to an antigen-binding protein of the invention and used as &
reporier, for cxample in a diagnostic system where a detectable signal-producing agent is
conjugated to avidin of streptavidin,

Suitable radioisotopes for use as anti-fumor agents are also known to those skilled in
the art. For example, "L or ' At is used. These isotopes are attached to the antibody using
conventional techniques (See, ¢ g, Pedley et al. (1993) Br. [ Cancer 68, 69-73).
Alternatively, the anti-tumor ageal which is attached o the antibody is an enzyme which
agtivates a prodrug. Tn this way, a prodrag is administered which remains in its inactive form
until it reaches the tmor site where it is converted lo its eywloxin form once the antibady
complex is administered.. In practice, the antibody-enzyme conjugate is adminisicred to the

patient and allowed to localize in the region of the tissue to be treated. The prodrug is then
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administered to the patient so that conversion to the cytotoxic drug occurs in the region of the
ssue (o be treated, Alternatively, the anti-tumor agent conjugated to the antibody is a
eytokine such as interleukin-2 (IL-2), interleukin-4 (IL-4} or tumor necrosis factor alpha
(TNF-0). The antibody targets the cytokine to the tumor so that the cytokine mediates
damage to or destruction of the tumor without affecting other tissucs. The eytokine is fused
fo the antibody at the DNA level using conventional recombinant DNA techniques.

The proteins of the invention can be fused 1 additional amine acid residues such as a
peptide tag to facilitate isolation or purification, or a signal sequence to promote secretion or
membranc transpert in any pariicular host in which the protein is ¢xpressed.

Specific examples of the invention are provided herein which relate to bispecific
proteins having binding domains specific for iwo different epitopes of KDR and demonstrate
the advantageous functional aspects of antigen-binding proteins of the invention. The
employed binding domains are derived from seFy plC11 and scFv p4G7, which are isolated
from a phage display Jibrary constructed from a mouse immunized with KDR., (Zhw et af..
1998; Lu et al., 1999).

sckv p4(i7 binds to an epitope commen to both KDR and the mouse homolog Flk-1
and does not interfere with the binding of VEGF to either receptor. seFv plC11 binds to a
separatc cpilope of KDR and is capable of blocking binding of VEGF, but does not bind to
Flk-1. Thus, a bispecific bivalent immunoglobulin-like melceule displaying two of each
binding domain is tetravalent for binding to KDR and bivalent for binding te Flk-1.

Bs(scFv)4-1gG, which is bivalent to FLk-1, has an avidity similat to DAB pdG7, a
bivalent diabody to Flk-1. The avidities of Bs(sePv)4-IgG and DAB p4G7 are approximaiely
10 to 23-fold higher than their respective monovalent counterparts, Bs(scFv)2-Fab and scFv
paG, demonstrating the enhanced hinding which results from bivalency. Bs(scFv)4-IgG
retains the biolegical functions of both of its component binding sites, binding as efficiently
as the parent antibodies 1o both KDR and Flk-1 (Fig. 4). Bs(scFv)4-IgG binds 1o surface-
expressed KIDR on human endothelial cells, blocks KDR/VEGF interaction, and efficiently
neutralizes VEGF-induced KR teceptor phosphorylation in a dose-dependent manner (Fig.
5 and 6). Notably, Bs(scFv)4-IgG is as potent s ¢-p1C11 in nentralizing VEGF-induced
receptor phosphorylation despite the fact that Bs(scFv)4-1gG binds to KDR with a lower
affinity than e-pIC11, and is 4-fold less effective in blocking KDR/VEGF inferaction in an
EIISA assay. The enhanced biological activity of Bs(scFv)4-1gG is attribwable to the
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enhanced binding which resulis fiom being tetravalent with respect to KDR. Bs(scFv)4-1gG
has the capacity for intra-molecular eross-linking (3.., croys-linking two epimbes within the
same KDR molecule) and/or inter-molecular eross-linking to form a multimolecular
complexes on the cell surface. ‘

The antigen-binding proteins of the present invention ave useful for treafing diseases
in bumans and other mammals. The antigen-binding preteins are used for the same purposes
and in the same manner as heretofore known for natural and engineered antibodies. the
present antigen-binding proteins thus can be used in vivo and in vifro for investigative,
diagnostic or treatment methods which are well known in the art.

Tt is understood that antigen binding proteins of the invention, where used in the

human body for the purpose of diagnosis or it it, will be administered in the form of a
compasition additionally comprising a pharmacewtically-acceptable carrier. Suitable
pharmaceutically acceptable carriers include, for example, one or more of water, saline,
phosphate buffered saline, dextrose, glycerol, cthanol and the like, as well as combinations
thereof. Pharmaceutically acceptable carriers may further comprise minor amounts of
auxiliary substances yuch as wetting or emulsifying agents, presewati\jes or buffers, which
enhance the shelf life or effectivencss of the binding proteins. The compositions of this
invention may be in a variety of forms. These include, for example, solid, semi-solid and
liquiid dosage forms, such as tablets, pills, powders, liquid solutions, dispersions or
suspensions, lippsomes, suppositories, injectable and infusible solutions. The preferred form
depends on the intended mode of administation and therapeutic application. The prefemed
compasitions ate in the form of injectable or infusible solutions.

The preferred pharmaceutical compositions of this invention arc similar to those used
for passive immunization of humans with other untibodies. The preferred mode of
administration is parenteral.

[t is to be understood and expected that vaciations in the principles of invention herein
disclosed may be made by one skilled in the art and it is intended that such modifications are
10 be included within the scope of the present invention.

The examples which follow further illustrate the invention, but should not be
construcd to limit the scope of the invenlion in any way. Detailed desclipﬁons of
conventional methods, such as those employed in the construction of vectors and plusmids,

the insertion of genes encoding polypeptides into such vectors and plasmids, the introduction
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of plasmids into host ¢¢lls, and the expression and determination thereof of genes and genc
proaducts can be obtained from numerous publication, including Sambrook, 1. ef #f., {1989)
Maolecular Cloning: A Laboratory Manual, 2™ ed., Cold Spring Harbor Laboratory Press. All

references mentioned herein are incorporated in their entirety.
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EXAMPLE I: Materials and Methods
Proteins and antibodies

The complete KDR coding sequence Vaseular endothelial growth factor (VEGF),
kinase insert domain-containing receptor-alkaline phosphatase fusion protein (KDR-AT) and
its mouse homolog, fetul liver kinase 1 (Flk-1)-AP, are expressed in baculovirus and NIFT 3T3
cells, respectively, and puritied following the procedures described (Zhu ef al., 1998).

The human KDR coding sequence is published {GenBank Accession Ne. AFQ35121).
KDR extraceliular domain (ECD) immunoglobulin (Ig) domain deletion mulants are
construeled by PCR cloring, expressed in NIH 3T3 cells and purified as described ([u er al.,
(20000 .J. Biod. Chem. 275, 14321-14330). The KDR ECD Ig domain deletion mutants have
the following structures:

KDR(lgl-7): the full length KDR ECD containing all seven Ig domains of the

receptor (from amino acid Met' to Val™?),

KDR(gl-3):  the mutant contsining the three N-terminal ECD Ig demains (from

amino acid Met! to Tys™); and

KDR(1g3-7): the mutant containing KDR ECD Ig domain 3 through 7 (from amine

acid Asp™ to Val™).

Anti-KDR single chain Fv (scF¥) p1C11 and scFv pdG7 are isolated from a phage
display library constructed from a mouse immunized with KDR, as reported in Zhu ef al.
(1998) Cancer Res., 58, 3209-3214 and Lu e7 of. (1999} . Immunol. Methods, 230, 159-171.

Diabody DAB p4(i7, a [orm of bivalent scFv fragment (Holliger ef al. (1993) Proc.
Matl. Acad. Sci. US4 90, 6444-6448; Zhu et af, (1996) Bio/Technology, 14, 192-196) is
constructed from scFv p4G7 as previously described in Zhu et ed. (1996) and Lu ef af. (1999),
c-plC11, 2 mouse/human chimeric IgG1 antibody constructed from scFv plC11, and C225,a
chimeric IgG1 antibody directed against epidermal growth factor (EGF) receptor, arc both
produced at ImClone Systems Incorporated (New York, NY). Zhu, ef ol (1999).

The hybridema cell line (ATCC Ne, PTA-334) producing the anti-Flt-1 antibody,
abs.12 (IgGl, k), was esiablished at ImClone Systems Incorporated (New York, NY) from
a mouse immunized with a recombinant form of the receptor.

Imintunization of #tice and construction of siugle chain antibody phuge display library

Female BALB/C mice are given iwo intraperitoneal (i.p.) injections of 10 ug
KDR=-AP in 200 121 of Ribi Adjuvant System followed by one i.p. injection without RTBL
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adjuvant over a period of two months. The mice are also given a subentaneous (5.¢.) injection
of 10 2g KDR-AP in 200 1 of RIBI ai the tirne of the first immunization. The mice are
boosted i.p. with 20 ug of KIDR-AP three days before enthanasia. Spleens from donor mice
arc removed and the cells are isolated. RNA is extracted and mRINA is purified from total
RNA of splenocytes. Following reverse transcription, eDDNAs corresponding to expressed V.
and V,; genes ure separately umplified. The amplificd products can be inserted into a vector
designed to accept each gene separately or linked to nuclentides encoding a secretion signal
sequence and polypeptide linker {e.g., by PCR amplification) and the fused product inserted
into a desired vector. See, e.g., Zhueral, 1998,

Maierials and procedures for displaying mouse scFv on filamentous phage are
commercially available (Recombinant Phage Antibody System, Amersham Pharmacia
Biotech). Briefly, to display the scFv on filamentous phage surface, antibody Vg and V.
domains are joincd together by 2 15 amino acid linker (GGGGS),. The C terminus of this
construct is joined to the N terminus of phage protein Il with a 15 amino-acid E tag, endiog
with an amber endon (TAG). The amber codon pesitioned between the E tag and profein 11
allows production of sclv in soluble form when transformed into a nonsupressor host (e.g,
HB2151 cells), and phage display via protein I when transformed into a suppressor host
(e.g., TG cells).

The scFe-gene I construct is ligated into the pCANTAB SE vector. Transformed
TG1 cells are plated onto 2YTAG plates (17 g/l ryptone, 10 g/l yeast extract, 5 g/l NaCl,

20 g/l glucose, 100 pgfml ampicillin, 15 g/l Bacto-agar) and incobated. The colonies are
scraped into 10 ml of 2YT medium (17 g/l iryplone, 10 g/l yoast exteact, 5 g/l NaCl), mixed
with 5 ml 50% glycerol and stored at -70°C as the library stock.

Biopunning

The library stock is grown to log phase, rescued with M13K07 helper phage and
amplified overnight in 2YTAK medium (2YT containing 100 zg/ml of ampicillin and 50
ug/ml of kanamycin) at 30°C. The phage preparation is precipitated in 4% PEG/0.5M NaCl,
resuspended in 3% fat-free mitk/PBS containing 500 1g/ml of alkaline phosphatase (AP) and
incubated at 37°C for 1 h to block phage-sckv having specificity for AP sckFv and 1o block
ather nonspecific bindiog.

KDR-AP (10 pg/ml) coated Maxisorp Star tubes (Nune, Denmark) are first blocked
with 3% mifk/PBS at 37°C for 1 h, and then incubated with the phage preparation at room
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temperature for 1 h. The tubes are washed 10 times with PBST (PBS containing 0.1% Tween
20), followed by 10 times with PBS. The bound phage is eluted at room temperature for 10
min. with | m! of a freshly prepared selution of 100 mM triethylamine. The elufed phage are
ingubated with 10 ml of mid-log phase TG cells at 37°C for 30 min. stationary and 30 min.
shaking, The infected TG1 cells are then plated ooto 2Y TAG plates and incubated overnight
at 30°C as provided above for making of the phage stock.

Successive rounds of the screening procedure {panning) are employed to further
enrich for displayed scFv having the desired binding specificity. Atter two or three rounds of
panning, individual bacterial colonies are scresned individually to identify clones having
desired KDR binding characteristics. Identitied clones can be fusther tested for blocking of
VEGF binding. DNA fingerprinting of cloues is used to differentiate unigue clones.
Representative clones of each digestion pattern are picked and subject to DNA sequencing.
Phage ELISA

Individual TGN clones are grown at 37°C in 96 well plates and rescued with MI3K07
belper phage as described above. The amplified phage preparation is blocked by addition of
1/6 velume of 18% milk/T'BS at RT for 1 h and addcd o Maxi-sorp 96-well microtiter plates
(Nunc) which have been coated with KDR-AP or AP (1 pg/ml x 100 ). After incubation at
room temperature for | h, the plates are washed 3 times with PBST and incubated with a
rabbit anti-M13 phage Ab-IIRP conjugate. The plates are washed 5 times, TMB peroxidase
substrate added, and the OD at 430 nm read using a microplate reader.

Preparatiou of soluble sciv

Phage of individual clones are used to infect a nonsuppressor E.calf host 1B2151 and
the infectant selected on 2¥Y TAG-N (2YTAG; 100 wg/ml nalidixic acid) plates. Expression of
scFv in HB2151 cells is induced by culturing the cells in 2YTA medium containing [ mM
1sopropyl-1-thio-B-D-galactopyranoside at 30°C. A periplasmic extract of the cells is
prepared by resuspending the cell pellet in 25 mM Tris (pH 7.5) containing 20% {w/v)
suerose, 200 mM NaCl, | mM EDTA and 0.1 mM PMSF, followed by incubation at 4°C with
gentle shaking for 1 h. Afier cenirifugation at 13,000 rpm for 15 min., the soluble scFv is
purified from the supernatant by affinity chromatography nsing the RPAS Purification
Module (Pharmacia Biotech).

Preparativn of scFv from Mab6,12
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The ¥V, and V| genes of Mab 6.12 are cloned by RT-PCR from mRNA isolated from
the hybridoma cclls, following the procedures of Bendig et al. (1996) In: Antibody
Engincering: A Practical Approach, McCafferty, J., Hoogenboom, H.R_, Chiswell, D.J., eds.,
Osford University Press, Incorporated; pl47-168. Eleven 5' primers, specifically designed to
hybridize ta the 5' ends of mouse antibady light chain leader sequences, and one 3' primer that
hybridizes to the 5 end of mouse « light chain constant region, are used to clone the Vi gene.
Twelve 5' primers, specifically designed to hybridize to the 5' ends of mouse antibody heavy
chain leader sequences, and one 3' primer that hybridizes to the 5' end of mouse 1gG1 heavy
chain constant region are used to clone the V, gene. Tn total, twenty-three PCR reactions,
eleven for the V; genc and (welve for the ¥y, gone, are carried out for cach of the antibodies.
All PCR-generated fragments with size betwsen 400 to 500 base pairs are cloned into the
PCR® 2.1 veetor as described in the munulacturer's instruction (TA Cloning® Kit,
Tuvitrogen, Carlsbad, CA), followed by transformation of E.coli strain, XL-1.

PCR fragments encoding the ¥V and the V), genes of MAB 6.12 are used to assemble
scFv 6.12, using overlapping PCR. In this scFv, the C-tcrminal of Mab 6.12 V,, iz licked 1o
the N-terrninal of Mab 6.12 V via a 15 amino acid linker,
(Glycine-Glycine-Glycine-Glycine-Senne),, or (GGGGS), (Fig. 1A). The
scFv 6.12-encoding gene is then cloned into vector pCANTAB SE (Amersham Pharmacia
Biotech, Piscataway, NJ) for the expression of the soluble scTv protein.

Construction of expression vectors for BsAb-IgG | Bs(scFvj4-Ig G and
BsAb-Fab{Bs(svFvj2-Fab]

A gene encoding scFv pdG7 is amplified from the scFv expression vector by FER
using primers JZZ-2 (SEQ ID NO: 29) and JZZ-3 (SEQ ID NO: 30). A leader peptide
sequence for protein secretion in mammalian cells is then added to the 57 end of the seFv
coding sequence by PCR using primers JZZ-12 (SEQ 1D NO: 31) and JZZ-3 (SEQ I
NG: 30).

Similarly, the gene encoding scPy pl €11 is amplified from the scFv expression vector
by PCR using primers IZZ-2 (SEQ ID NQO: 29) and p1C11VL3-2 (S8EQ ID NO: 32), followed
by PCR with primers JZZ-12 (SEQ ID NO: 31) and p1C11V1.3-2 (SEQ ID NO: 32) to add
the leader peptide sequence.

The same leader peplide consisting of 19 amine acids, MGWSCIILFLVATATGVHS
(SEQ ID NQ: 33), is used for secretion of both the light and the heavy chains.
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Scparate expression vectors for the light and heavy chains of Bs(scFv)4-[gG are
construeted. The cloned selv p4G7 gene is digested with Hind Il and BamH I and ligated
into the vector pKN100 (a gift from Dr. 8. T. Jones, MRC Collaborative Center, London,
England) containing the human x light chain constant region (€, ) to create the expression
vector for the BsAb-IgG light chain, BslgG-L. The cloned scFv plC11 pene is digested with
Hind 11 and BamH [ and ligated into the vector pG1D105 (a gift from Dr, §. T. Jones)
containing the human IgG1 heavy chain constant domain (Cy)) 1o create the expression vector
for the BsAb-IgG heavy chzﬁn, BslgG-H. These vectars arc similar to the light chain
(HEMV-V, - HC, ) and heavy chain (HCMV-V,-HC,,) vectors described in ULS. Patent
5,840,299 except for the presence of a DHFR gene which confers resistance to methotrexate
and provides amplification of vector sequences.

To prepare the expression vector for Bs(scFv)2-Fab, a stop codon is introduced into
vector BslpG-H immediately after the first constant domain (C,]) to terminate the protein
trapstation, by PCR using primers JZZ-12 (SEQ 1D NO: 31) and 1ZZ-18 {SEQ ID NO: 34).
The gene fragment is digested with Hind [I[ and Nae 1 and inserted into vector pG D103 i
create vector BsFab-H. All constructs are examined by restriction enzyme digestion and
verified by DNA sequencing.

The primer sequences used in this example are provided below and in the Sequence
Listing.

JZZ-2 Sequence (SEQ 10 NO: 29):

S-CTAGTAGEAACTGCCACCGSCGTACATTCACAGGTCAAGCTGC-Y

JZZ-3 Sequence {SEQ 1D NO: 30):

S-TOGAAGGATCACTCACCTTTTATTTCCAGC-3'

JZZ-12 Sequence (SEQ 1D NO: 31):

SAGOTCAAAAGCTTATGGGATGGTCATGTATCATCCTTTTTCT

AGTAGCAACT-3

p1C11VL3-2 Sequence (SEQ 1D NO: 32):
“TCGATCTAGAAGGATCCACTCACGTTTTATTTCCAG-3'

Leader Peptide (SEQ 1D NO: 33):

MGWSCILFLVATATGVHS

JZZ-18 (SEQ ID NO: 34):

F-TCTCGGCCOGGCTTAAGCTGCOCATGTGTGAGT-3"
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Artibody expression and purification

COS cells are co-transfeoted with equal amounts of DNA from vector BslgG-L and
BslgG-H, or BslgG-L and BsFab-H, for transient expression of Bs(scFv)4-IgG and
Bs(scFv)2-Fab, respectively, following the procedure described in Zhu e al. (1999) Cancer
Lett. 136, 203-213. The celis are switched to serum-free mediwm 24 h after iransfection. The
conditioned supematant is collected a1 48 h and 120 h after transfection. The Bs(scFv)4-IpG
and Bs(scFv)2-Fab are purified from the pooled supernatant by aftinity chromatography using
Protein G column following the protocol described by the manufacturer (Pharmacia Biotech,
Piscataway, NJ). The antibody-containing fractions are pooled, buffer cxchanged inio PBS
and concentrated using Centricon 10 concentrators (Amicon Corp., Beverly, MA). The purity
of the antibodies is analyzed by SDS-PAGE. The concentration of purified antibody is
determined by ELISA using goat anti-human IgG Fo specific antibody as the capture agent
and HRP-conjugated goat anti-human x chain antibody as the detection agent, A siandard
cutve is calibrated using clinical grade antibedies, C225 orc-p1CI11.

Binding Assays for Bispecific Antibodies to KDR

Two different assays are carricd out to demonstrate the dual specificity of the Bsab
described hereinabove.

In the dircet binding assay, a 96-well plate (Nunc, Roskilde, Denmurk) is first coated
with KDR(Igl-7)-AP, KDR(Igi-3)-AP or KDR(ig3-7)-AP fusion proteins (1.0 pg/ml x 100
wl per well) using a rabbit anti-AP antibody (DAKO-Immunogloblins A/S, Denmark) as the
capturing agent. The plate is then incubated with the BsAb, ¢-p1C11 or DAB p4G7 at room
temperature for 1 b, follewed by incubation with rabbit auti-human tgG Te specific antibody-
HRP conjugaie (Cappel, Organon Teknika Corp. West Chester, PA} for the BsAb and e-
piC11 or mouse aph-F tag antibody-lIRP conjugate (Pharmacia Biotech} for DAB p4G7.
The plates ure washed five times, TMB peroxidase substrate (KPL, Gaithersburg, MD) is
added and the O1) at 450nm read using a microplate reader (Molecular Device, Sunnyvale,
CA) (Zhu et ul., 1998).

Tn the eross-linking assay, the antibodies are first incubated in solution with KDR{Igl-
7)-AP, KDR(Igl-3)-AP or KDR(Ig3-7>-AP. The mixtures are ransferred to a 96-well plate
coated with KDR(Ig)-3) (untagged) and incubated at room temperature for 2 b, The plate is
washed and the KDR(Ig1-3) (umtagged)-bound AP activity is measured by the additionof AP
substrate, p-nitropheny! phosphate (Sigma) and read OD at 405nm (Zhu ef ai., 1298).
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Quantitative Binding Assay for Bs(scFv)d-IgG and Bs(scFv)2-Fab to KDR urnd FiR-1

Various amounts of Bs(scFv)4-IgG, Bs(scFv)2-Fab, ¢-plCl11 or scFv p4G7 are added
to 96-well Maxi-sotp micrptiter plates (Nunc) coated with either KDR-AP or Flk-1-AP
{100 ng protein/welf) and incubaied at room iemperature for 1 h, followed by incubation a1
room temperature for 1 howith rabbit anti-buman IgG Fe specific antibody-HRP conjugate for
bispecific antibodies and c-p1C11 or mousc anii-E tag antibody-HRP conjugate for seFv
p4G7. The plates are washed and developed as described above.
Flow Cytometry (FACS) Analysiy

Early passage HUVEC cells are grown in growth tactor-depleted EBM-2 medinm
overnight to induce the expression of KDR receptor. The cells are harvested and washed
three times with PRS, incubated with 5 ug/m) Bs(seFv-1gG or ¢-pICL1 for 1 hat 4°C,
followed by incubation with a FITC-labeled mbbit anti-human Fc antibody {€appel, Organon
Teknika Corp.) for an additional 1 h. The cells are washed and analyzed by a flow cymeter
{Zhu er al., 1999).
Analysis of Binding Kinetics

The binding kinetics of the BsAb and parent scFv are measurcd by surface plasmon
resonance, using a BlAcore biosensor (Pharmacia Biosensor). KDR-AP, Flk-1-AF, or
Flt-1-Fc fusion proteins are immobilized onto a senser chip, and various antibodies are
injected at concentrations ranging from 1.5 nM to 200 nM, Sensorgrams are obtained at each
concentration and are evaluated using a program, BIA Evaluation 2.0, to determine the rate
vonstants &, and k. Kd is calenlated as the ratio of rate constants k%, ..
VEGF/KDR, VEGF/Fit-1. and PIGF/Flt-1 Ligand Blocking Assays

In the blocking assay, various amounts of BsAb, seFv or c-plC11 are mixed with 2
fixed amount of KDR-AP, Flk-{-AP or Flt-1-Fc (R&D Systems, Minneapolis, MIN) and
incubated at room temperature for 1 h. The mixtures are then transferred to VEGF165- or
PIGF-coated 96-well plates and incubated at RT for an additional 2 h after which the plates
are washed S times. VEGF165 and PIGF are typically coated at 200 ng/well. VEGFis5 is the
165 amino acid form of VEGE. For KDR-AP or Flk-1-AP, the VEGF-bound AP activity is
quantified as described {Zhu, e? al., 1998, 1999). To determine VEGF- or PIGF-bound
Flt-1-F, the plate is incubated with a mouse anti-human Fe-HRP conjugate.

Phosphorylation Inhibition Assay
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The KDR phosphorylation assay is cartied out following the procedure previously
described (Zhu e¢ af., 1998; 1999), using a stable 293 cell line transfected with the Tull length
KDR (ImClone Systems). Briefly, the transfected 293 cells (~3 x 10° cells per plate) are
incubated in the presencéor absence of antibodies for 15 min, followed by stimulation with
20 ng/ml of VEGF 165 at roam temperature for an additional 15 min. The cells are then lysed
and the ccll lysate used for KDR phosphorylation assays. The KDR receptor is
immunoprecipitated from the cell lysates with Protein A Scpharose beads (Sunla Croz
Bivtechnology, Inc., CA) coupled te an anti-KDR antibody, Mab 4.13 (ImClone Systems).
Proteins are resolved with SDS-PAGE and subjected to Western blot analysis. To detect
K DR phosphorylation, blots are probed with a1 anti-phosphotyrosine Mab, PY20 {[CN
Biomedicals, Inc. Aurora, OH). The signals arc detectcd using enhanced chemi-luminescence
(Amersham, Arlington Heights, IL). The blots are reprobed with a pelyclonal anti-KDR
antibody {(ImClone Systems) o assure that an equal amount of protein is loaded in each lane
of the SDS-polyacrylamide gels.

Aunti-pritogeric assay

HUVLEC (5 x 10° cellsiwell) are plated onto 96-well tissue culture plates (Wallach,
Ine., Gaithersburg, MI3) in 200 ul of EBM-2 medium (Clonetics, Walkersville, MD) without
VEGEF, basic fibroblast growth factor (bFGF) or epidermal growth: factor (EGF) and
incubated at 37°C for 72 h. Various amounts of antibodies are added to duplicate wells and
pre-incubated st 37°C for 1 h, sfter which VEGF163 is added to 2 final concentration of
16 ng/ml. After 18 h of incubation, 0.25 uCi of PH}-thymidine {"H}-TdR) {Amersham) is
added to each well and incubated for an additional 4 h. The cells atc placed on ice, washed
twice with serum-containing medium, followed by a 10 minute incubation at 4°C with 10%
TCA. The cells are then washed once with water and solubilized in 25 ul of 2% SDS.
Scintillation fluid (150 u1/well) is added and DNA incorporated radicactivity is determined
with a scintillation counter (Wallach, Made! 1450 Microbeta Scintiliation Counter).
Lewkemia migration assay

HL60 and HEL cells are washed three times with serum-free plain RPMI 1640
medium and suspended in the medium at 1 x 10%ml  Aliquois of 100 ] cell suspension are
added to either 3-um-pore transwell inserts (fot HL60 cclls), or 8-um-pore transwell inserts
(for HEL celis) {(Costar®, Coming Incorporated, Corning, NY) and incubated with the

antigen binding proteins for 30 min at 37°C. The insexts are then placed into the wells of
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24-well plates containing 0.5 m! of serum-free RPMI 16440 with or withoul VEGF165. The
migration is carried out at 37°C, 5% €0, for 16-18 h for HL60 eells, or for 4 h for HEL cells.
Migrated cells arc collected from the lower compartments and counted with a Coulter counter

(Maodel Z1, Coulter Electronics Ltd., Luton, England).

EXAMPLE 2: Produstion of Bispecfic Antibodies

Construction of Bs(scFv)4-IgG and Bs{scFv)2-Fab

Twao anti-KDR scFv antibodies, sckv plCT1 and pdG7, are used for the construction
of Bs(scFv)4-1yG and Bs(scFv)2-Fab (Fig. 2A). ScFv plC11 binds specifically to KDR and
blocks KDR/VEGF interaction, whereas scFv p4(G7 binds to both KDR and its mouse
homolog, Flk-1, but does not block either KDR/VEGF or Flk-1/VEGF interaction {Zhu e .,
1998, Lu et al., 1999}, Epitope mapping studics reveal that p1CI11 binds to cpilope(s) located
within KDR ECD 1g domain | to 3, whereas the epitope(s) for p4G7 are located within Ig
domain 6 and 7 (Lu ef @f., 2000). CGene segments cncoding scFv p1CIL and p4G7 are joined
to gene segments encoding Cyy and € of 2 human [gG1 moleculs, respectively, so that the
sck'v sequences are fused to the N-terminal end of €1 and Cy, respectively, to create
expression veetors BslgG-1't and BslgG-L (Fig. ZA). This arrangement replaces the original
Vy and V; domains of an IgG with twe scFv molecules, each constituting an independent
antigen-binding unit (Fig. 1). Co-cxpression of BsIgG-H and BslgG-L yvields an [pG-Tike
bivalent, bispecific molecule, Bs(scFv}4-IaG (Fig. 1). A monovalent, bispecifie Fab-like
molecule (Fig. 1), Bs(scFv)2-Fab, is also produced by co-expression of BslgG-L and
BsFab-H. Vector BsFah-H is coastructed from BslgG-LI by introducing a stop codon at the
end of Cyy1 domain (Fig. 2A).
Expression and purification of Bs(scFvi4-igG and Bs(scFv)2-Fab

The Bs(scFv)4-IgG and Bs(scFv)2-Fab are transiently expressed in COS cells and
purificd from the cell culture supernatant by an alfinity chromatography vsing a Protein G
column. The purified BsAb is analyzed by 8DS-PAGH (Fig. 2B). Under non-reducing
condition, Bs(scFv)4-1g{3 gives rise to a single band wilh a molecular mass of approximately
200 kI¥a, whereas Bs(scFv)2-Fab gives a major band ot ~ 75 kDa (Fig. 2B, lanes 2 and 3).
Under reducing conditions, Bs(scFv)4-1g( yields two major bands with the expected mobility
for scFy-CHI-CH2-CH?3 fusion {~63 kDa) and scFv-Cl.-fusion {(~37 kDa), respeetively (Fig.
2B, lane 5). On the other band, Bs(scPv)2-Fab gives rise to two major bands with molecular
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mass of ~38 kDa and 37 kDa, representing the scFv-C,/1 and seFv-C, fusions, respectively
(Fig. 2B, lane 6). As a control, ¢-plC11, a chimeric [gG1 antibody, gives rise to one band of
~150 ka under non-reducing conditions {Fig. 2B, lane 1} and two bands of ~50 kDla {the
heavy chain, Vg-Cyl-Ci2-C,y3 fusion) and ~25 kDa fthe light chain, V,-C, fusion) under
reducing condifions {Fig. 2B, lane 5).

EXAMPLE 3: BsAb Simuitaneously Bind to Two Epitopes
Daal specificity of the BsAb

Dual specificity of the BsAb is assayed using the full length KDR ECD and two of its
Ig domain-deletion mutants (Fig. 3A). As previously seen, pIC11 only binds 10 KDR
mutants containing Ig domain 1 to 3 (Zhu et ¢, 1999), whereas pdG7 onty binds to mutants
containing Ig domain § and 7 (Lu et af., 1999). In contrast, both Bs(scFv)4-IgG and
Bs(s¢Fv)2-Fab bind to all three KDR variants, indicating that the BsAbs possess two binding
sites; one 10 the epitope on g domain 1 to 3 and the other to the epitope on Ig domain 6
and 7. ’

To investigate whether the BsAb are capable of simultangous binding te both
epitopes, a cross-linking assay is carried out using several KDR ECD lg domain-delction
mutants that are either untagged or tagged with AP. In this assay, the BsAb are first
incubated with KDR(1g1-7)-Al%, KDR(1g1-3)-AP or KDR(Ig3-7)-AP. The mixtures are
transferred 1o a mictotiter plate coated with KDR({Igl-3) (umagped), followed by measuring
KDR(Ig1-3) (untagged)-bound AP activity (Fig.3B). Boih BsiscFv4-1gG and Bs(scFv)2-Fab
bind effectively to all three KDR-AP variants in solution and form cross-linking complexcs
with the immobilized KDR(Igl-3) (untagged), as demonstrated by plate-bound AP activity
(Fig. 3B). In contrast, c-pl C11 only cross-links KDR(Ig1-3} (untagged) with KDR variants
containing [g domain 1 to 3, i.e., KDR{Igl-73-AP and KDR(Ig1-3)-AP, but not KDR{Ig3-7)-
AP. As expected, p4G7 fails to cross-link any KDR variants to the immobilized KDR(Ig1-3)
{untagged), since p4G7 does not bind 1o the KDR(Ig1-3) mutant.

Auntigen binding by BsAb

The antigen binding efficiency of the BsAb is determined on immobilized KDR (Fig.
4A) and Flk-1 (Fig. 4B). Fig. 4A shows the dose-dependent binding of Bs(scFv)4-IgG and
Bs(scFv)2-Fab.to KDR. Boih Bs(scF¥)4-Ig0 and Bs(scFv)2-Fab bind KDR as.efficiently a3
c-plC11, a chimeric anti-KDR antibody with an affinity 8 to 10 fold greater that p1C11 from
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which it is derived. Bs{scFv)4-IgG and Bs(scFv)2-Fab, but not c-p1C11, also bind to Flk-1 in
a dose-dependent manner similar 1o scFv p4G7 (Fig. 4B). As expected, C225, a chimeric
antibody directed against human EGFR, dees not bind to either of the antigens.

Binding of the BsAb to cell surface-expressed receptor is assayed by FACS analysis.
As previowsly seen with c-pICIL1 (Zhu et o/, 1999), Bs(seFv)4-IgG binds efficiently to KDR.
expressed on early passage HUVEC.

The binding kinetics of the BsAb to KDR and Fik-1 are deiermined by surface
plasmon resonance using a BiAcore instrument (Table 1}, The overall atfinities (Kd), or
avidities, of Bs(scFv}4-IgG and Bs{scFv)2-Fab fo KDR are 1.4 nM and 1.1 nM, respectively,
which arc similar to those of the monovalent scFv pIC11 and p4G7, but are 4- 10 10-fold
weaker than those of the bivalent e-pl C11 or DAB p4G7. On the other hand, Bs{scFv)4-IgG,
which is bivalent to FIk-1, shows an avidity {Kd, 0.33 nM) that is similar 1o that of the
bivalent DAB pdG7 (Kd, 0.18 nM). Bs(scFv)Z-Fab and scFy pdG7, both monovalent to Flk-
I, bind to Flk-1 with similar affinity (Kd, 1.7 nM and 4.2 oM, respectively), which are 5
20-fuld weaker than those of their bivalent counterparts.

VEGF biocking by Bs(scFupd-IgG

Fig. 5 shows that Bs(scFv}4-1gG effcctively block KDR-AP from binding o
immobilized VEGF. The IC30, the antibody concentrations required to block 50% of KBR.
binding, of Bs{scFv)4-IgG and c-plCL1 are 4 oM, and 1 oM, respectively. As seen with scFy
p4G7, Bs(scFv)4-1oG does not block binding of the KIDR. mouse homolog Flk-1 10 VEGF
{not shown). Bs(scFv)4-1gG binds to the Flk-1 epitope corresponding to scFv p4G7 which
docs not affect VEGE/FIk-] binding. The KDR epitope for which seFy plcl] is specific is
absent from Flk-1. Thus, VEGF binding to Fik-1 is not blocked. €225, an anti-EGFR
antibody, showed no effect on KDR. binding to VEGF.

KDR phesphorylation inhibition by the BsAb

The biological effect of Bs(scFv)4-IgG on VEGF-indnced receptor phosphorylation is
determined using KDR-transfected 293 celts. As shown in Fig. 6, VEGF treatment induccs
sirong phosphorylation of KDR recepter. Pre-treatment with Bs(scFv)4-lgG inhibits VEGF-
induced receptor phospherylation in a dose-dependent manner (Fig. 6). Further, Bs(sckv)4-

IgG is equully potent as c-ptC11 at each antibady concentration assayed.
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{uhibition of mitogenesis

The effect of anti-K DR antibodies on VEGF-stimulated mitogenesis of hwman
endothelial cells is determined with a ['H]-TdR DNA incorporation assay using HUVEC.
HUVIC (5 % 10° cells/well) are plated into 96-well tissue culture plates in 200 o1 of EBM-2
medium without VEGF, bFGF or EGF and incubated at 37°C for 72 h. Varicus amounts of
antibodies are added to duplicaie wells and pre-incubated at 37°C for 1 hour, after which
VEGFI165 is added 10 a final coneentration of 16 ng/ml. After 18 hours of incubation, 0.25
#Ci of PH]-TdR is added to each well and incubated for an additional 4 hours, DNA
incorporated adivactivity is determioed with a scintillation counter.

Both sckv p1C11 and Bs(scFy)4-1gG e Yectively inhibit mitogenesis of HUVEC
stimulated by VEGF. Bs(scFv)4-Ig is a stronger inhibitor of VEGF-induced mitogenesis of
HUVEC than the parent scFv. As expecied, sckv p2A6, which docs not bind KDR, and scFv
pAG7, which does not block KDR/VEGEF binding, do not show any inhibitory effect on

VEGF-stimulated endothelial cell proliferation.
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WE CLAIM:
15 An antigen-binding protein comprising a complex of two first polypeptides

and two second polypeptides,
said first polypeptide having an antigen-binding site located to the N torminus
of an immunoglobulin light chain constant domain (C, demain), said €| domain
capable of stablc association with an immunoglobulin heavy chain first constant
domain (Cy1 domain), and
said second polypeptide having an antigen-binding site Jocated to the N
terminus of said Cyl domain, said C,;1 domain followed by one or more heavy chain

constant domains capable of stable sclf-association.

2. The antigen-binding protein of Claim 1 wherein one or more of said antigen-

binding sites are provided by a single chain ['v.

3. The antigen-binding protein of Claim 1 wherein said anligen-binding sites of

suid first and second polypeptides have different specificities.

4. The antigen-binding protein of Claim 1 wherein said antigen-binding sites of

said first and second polypeptides have the samre specificity.

5. The antigen-binding protein of Claim 3 wherein said specificities are for

epitopes which reside en different antigens.

6. The antigen-binding protein of Claim 3 wherein said specificities are for

epitopes which reside on the same antigen.

7. The antigen-binding protein of Claim 1 wherein said first polypeptide and said

second polypeptide arc covalently bound together.

8. The antigen-binding protein of Claim 1 wherein said two second pelypeptides

are covalently bound together,
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9. The antigen-binding protein of Claim | wherein said second pelypeptide has
Cul, G2 and Cy;3 domains of an antibody of isotype [gA. [gD or IgG.

10.  The antigen-binding protein of Claim | wherein said second poiypeptidc has
Cyl, Cy2, Cy3 and €4 domains of an antibedy of isotype IgE or IgM.

11.  The antigen-binding protein of Claim | wherein said constant domains are’

mammalian constant domais,

12.  The antigen-hinding protein of Claim | wherein said constant domains are

human constant domains.

13, The antigen-binding protein of Claim 1 wherein one or more of said single

chain ['vs are mouse single chain Fys.

14.  The antigen-binding protein of Claim | wherein one or more of said single

chain Fvs are chimeric single chain Fvs having human framewotk tegions.

15.  The antigen-binding protein of Claim | wherein said single chain Fv has

human V, and Vy, domains.
16.  The antigen-binding protein of Claim 1 wherein the hcavy chain constant
domains capable of stable self association are selested from the group consisting of Cpi2, Cy3,

and C,4 domains from any immuneglobulin isotype or subtype.

17.  The antigen-binding protein of Claim 1 which is capable of binding to an Fc

receptor.

18.  The antigen-binding protein of Claim 1 which is capable of effecting
complement.mediated cylotoxicity-(CMC).
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19.  The antigen-binding proiein of Claim 1 which is capable of effecting antibady
dependent cell-mediated cytotoxicity (ADCC).

20.  The antigen-binding protein of Claim 1 which is linked to an anti-tumor agent.

21.  The antigen-binding profein of Claim 1 which is linked to a detectable signal

producing agent.

22, The antigen-binding protein of Claim I which neutralizes activation of a
VEGF receptor.

23.  The antigen-binding protein of Claim 22 wherein the VEGE receplor is

maanalian.

24, The antigen-binding protein of Claim 22 wherein the VEGF receptor is

human.

25.  The antigen-binding protein of Clairm 24 wherein the VEGF receptot is
encoded by the fit-1 or flk-1 gene.

26.  The antigen-binding protein of Claim | wherein at least one of the antigen-

binding sites is specific for KDR.

27.  The antigen-binding protein of Claim 1 whersin at least one of the antigen-

binding sitcs is specific for FLT1.

28,  The antigen-binding protein of Claim 1 wherein at ieast one of the antigen-

binding sites is specific for FLT4.

29.  The antigen-hinding protein of Claim 1 whercin at least one of the entigen-

binding sites is specific.for EGF-R.
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30.  The antigen-binding protein of Claim 1 wherein at least one of the antigen-

binding sites is specific for HER2.

31, The antigen-binding protein of Claim ) wherein at lcast onc of (he antigen-

binding sites is specific for FGF-R.

32, The antigen-binding protein of Claim 1 wherein at least one of the antigen-

binding sites is specific for PDGY-R.

33, The antigen-binding protein of Claim 1 whercin at lvast one of the antigen-

binding sites is specific for a recepter tyrosine kinase.

34, The aniigen-binding protein of Claim 1 wherein at lsast one of the antigen-

binding sites is specific for Tek.

35.  The antigen-binding protein of Claim 1 wherein at least one of the antigen-

binding sites is specific for Tie-2.

36,  The antigen-binding protein of Claim 1 wherein one of the antigen-binding

sites is specific for KDR and the other antigen-binding site is specific for FLTL.
37.  The antigen-binding protein of Claim 1 wherein one of the antigen-binding
sites is specific for KDR and the oiher antigen-binding site is specific for an antigen selected

from the proup consisting of FL'T4, IGF-R, HER2, FGF-R, PDGF-R, Tek and Tie2.

38.  The antigen-binding protein of Claim 1 whercin une of the antigen-binding

sites is specific for EGF-R and the other antigen-binding site is specific for HER2.

39, The antigen-binding protein of Claim 1 wherein at least one of the antigen-

hinding sites ts specific for a cell-surace antigen of an immunc sysiem effector cell.
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40.  The antigen-binding protein of Claim 39 wherein the immune system cffector

cell is a T eed, 2 macrophage, a neutrophil, ar an NK cell.

41, The antigen-binding protsin of Claim 39 wherein the cell-surface antigen is
CI13, CD6, CHZR, CD32, CD64, an Fe receptor, a cytokine receptor or a lymphokine

Teceptor.

42, The antigen-binding protein of Claim 39 wherein the cell-surface antigen is a
receptor for a cytokine or lymphokine and wherein an antigen-hinding site compiiscs the

amino acid sequence of the cytokine or lymphokine or a portion thereof.

43, The antigen-binding protein of Claim 42 wherein the receptor is for IL-2, IL-4,
[L-5, GM-CSF or G-CSF.

44, The antigen-binding protein of any one of Claims 26, 27, 28, 29, 30, 31,32,
33, 34 and 35 wherein one of the one of the antigen-binding sites is specific for a cell-surface

apiigen of an immune system effector cell.

45, The antigen-binding protein of Claim 44 wherein the immuone system effector

cell is a T cell, s macropbage, a neutrophil, of an NK cell.

46.  The antigen-binding protein of Claim 44 wherein the cell-surface antigen is
CD3, CD16, CD28, €32, CD64, an Fe receptor, a cylokine recepior or a lymphokine

receptor.

47, Anantigen-hinding protein comprising a complex of two first polypeptides
and two second polypeptides,
said first polypeptide having a single chain Fv Jocated to the N terminus of an
immunoglobulin light chain constant demain (C, domain), said C; domain capable of
stable association with an immunoglobulin heavy chain first constant domain {Cyl

domaim), and
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said second polypeptide having a single chain Fy located to the N terminus of
said Cyyl domain, said ;1 domain followed by one or more heavy chain constant

domains capable of stable self-association.

48.  The antigen-binding protein of Claim 47 wherein said antipen-binding sitcs of’

said first and second polypeptides have different specificities.

49, The antigen-binding protein of Claim 47 wherein said anligen-binding sites of

said first and second polypeptides have the same specificity.
50.  The antigen-binding protein of Claim 47 which neutralizes activation of KDR.

51.  The antigen-binding protein of Claim 50 wherein one or both of said single

chain Fvs is single chain Fv plel i,

52, The antigen-binding protein of Claim 50 wherein one or both of said single

chain Fvs iz single chain Fv p4G7.

53.  The antigen-binding protein of Claim 47 which neutralizes activation of FLTL.

54, The antigen-binding protein of Claim 53 wherein one or both of said single

chain Fvs is single chain Fv 6.12.

55.  The antigen-binding protein of Claim 50 wherein the amino acid sequence of
the complementarity determining regions (CDRs) of one or both of said single chain Fv is
represented by:

SEQ IDNQ: 1 at CDRH1;
SEQIDNO: 2 at CDRH2;
SEQ IDNO: 3 at CDRH3;
SEQIDNO: 4 at CDRLY;
SEQIDNO: 5 at CDRL2; and
SEQIDNQ: 6 at CDRIL3.
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56,  The antigen-binding protein of Claim 50 wherein the nucleotide sequence
encoding the cotplementarity determining regions (CDRS) of ane or both of said single
chain Fv is represented by:

SEQ D NG: 2 for CDRH1;
SEQ ID NG: 10 for CDRH2;
SEQ ID N 11 for CDRH3,
SEQ ID NG: 12 for CDRLL;
SEQ ID NO: 13 for CDRE2; and
SEQ ID NC: 14 for CDRL3.

57.  The antigen-binding protein of Claim 50 wherein the amino acid sequence of
the variable domains of one or both of said single chain Fv is represented by:
SEQ ID NO: 7 for the heavy-chain variable domain (Vy,); and
SEQ (I NO: 8 for the Light-chain vanable domain (V).

58,  The antigen-binding protein of Claim 50 wherein the nucleotide sequence
encoding the variable domains of one or both of said single chain Fv is represented by:
SEQ IE NG: 15 for the heavy-chain variable demain (Vy); and
SEQ [D NQ: 16 for the light-chain variable domain (V).

59.  The anligen-binding protein of Claim 50 wherein the amino acid sequence of
the complementarity determining regions (CDRs) of one or both of said single chain Fv is
represented by:

SLEQ ID NQ: T at CDRHL,
SEQ ID NO: 21 at CDRH2;
SEQ 1D NQ: 3 at CBRH3;
SEQID ND: 4 st CDRLI;
SEQ D NO: 3 at CDRLZ; ard
SEQ ID NO: Gat CDRL3.
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60.  The antigen-binding protein of Claim 50 wherein the nucleotide sequence
encoding the complementarity determining regions (C1)Rs) of one or both of said single
chain Fv js represented by:

SEQ ID NO: 8 for CDREI;
SEQ ID NO: 24 for CDRH2;
SEQ ID NO: 11 for CDRI3;
SEQ ID N 12 for CDRLL:
SEQ IDNO: 13 for CDRL2; and
SEQID NO: 14 for CDRL3.

61.  The antigen-hinding protein of Claim 50 wherein the amino acid sequence of
the variable domains of one or both of said single chain Fv is represenied by:
SEQ [D NO: 22 for the heavy-chain variable domain (V,); and
SEQ [D NO: 23 for the light-chain variable domain (V).

62.  The anigen-binding protein of Claim 50 wherein the nucleotide sequence
encoding the variable domains of one or both of said single chain Fv is represented by:
SEQ ID NO: 25 for the heavy-chain variable domain (Vy); and
SEQ D NO: 26 for the light-chain variable domain {V;).

63, The antigen-binding protein of Claim 50 wherein one or both of said single
chain Fv has a nucleotide sequence represented by SEQ [D NO: 27 or SEQ ID NO: 28,

64. A method for making an antigen-binding protein, which comprises
(@) coexpressing in a host celi
~a recombinant DNA construct encoding a first polypeptide having an antigen-
binding site located to the N terminus of an immunoglobulin light chain constant
domain (C, domain), said €, domain capable of stable association with an
immunoglobulin heavy chain first constant domain {Cy1 domain), and
a recombinant DNA construct encoding a second polypeptide having an

antigen-binding site located to the N terminus.of said Cy1 domain, said Cy,] domain
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followed by one or more heavy chain constant domains capable of siable self-association,
for a time and in a manner sufficient to allow expression of said polypeptides
and formation of said antigen binding proicin; and

(b) recovering said antigen binding protein.

65.  The method of Claim 64 wherein said constructs are en the same DNA.

cxpression vector,

66.  The method of Claim 64 wherein said constructs are on different DNA

expression vectors.

67, The method of Claim 64 wherein said bost cell is a bacterial cell, a yeast cell

or 2 mammalian cell.

§8.  The method of Claim 64 wherein said antigen-binding protein is secreted from

the host cell.

69. A method of ncutralizing the activation of a VEGF receptor, which comprises
treating a cell with an antigen-binding protein of Claim 1 in an amount sufficient to neutralize

activation of said receptor.

70.  The method of Claim 62 wherein at least one of the antigen-binding sites is

specific for KDR.

71.  The method of Claim 69 wherein ai least one of the antigen-binding sites is

specific for FLTI.
72. A method of reducing temor grewth which comprises treating a cell with an

antigen-binding protein of Claim 1, whercin at least one of the antigen binding sites is

specific for a VEGF receptor, in an amount sufficient to reduce tumor growth.
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73.  The method of Claim 72 wherein at least one of ihe antigen-binding sites is

specific for KDR.

74, The method of Claim 72 wherein at least one of the antigen-binding sites is

specific for FLT1.
75. A methed of inbibiting angiogenesis which comprises treating a cell with an
antigen-binding protein of Claim 1, wherein at least one of the antigen binding sites is

specific for a VEGFE receptor, in an amount sufficient to inbibit angiogenesis.

76, The method of Claim 75 wherein at least one of the antigen-binding sites is
specific for KDR.

77. The method of Claim 75 whercin at least one of the antigen-binding sites is

specific for FLT!.
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15

JP 2004-511430 A 2004.4.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 01/90192

«<2Ll> 10§
«212> PRT
<213> Mouse

<400> 23

RSP
1

Glu

Ile

Lys

Trp

Thx

50

ser

Rla

Gly

Glu

Wal

Gly

Ala

Ser

<210 24
<211> K1

<212
<213

DNA
Mouse

<400 24

Leu

Thr

0

Gln

Azn

Thr

Thx

cly
100

Gin

Leu

Sex

YL

85

Thy

Glo

Thr

Lys

Ala

Tyr

70

Tyx

Lys

tys

Pro

Ber

55

ser

Cys

Leu

Pro

Ser

Gly

40

Leuw

Gl

Glu

Ala

Ala

25

Thr

Val

Thr

Gln

Ile
105

Tle

10
Ser
Ber
Pro
Ile
Arg

30

Lys

Met

Ser

Pro

Ala

Sax

75

Jex

Ser Ala Ser
Ser Val Ser
30

Lys Leu Tip
45

Arg Phe Ser
50

Arg Met Glu

Ser Tyr Pro

tggattgatc ctgagaatgy tgattotgat tatgeccega agttoeaggg o

<210> 25
<211> 3Bl
«212> DNA
<213~ Mouse

<400 25

caggtcaagc
teetgoacaa
cotgaacagg
gccoogaadt
ctgcagetca
ggtgactacy

<210> 26
<211 318
=212> DNA
<213> Mouse

<400> 26

gacategage
ataacctgea
acttetocca
ttcagtggea
ygatgotgeca

tgcagoaghe
cttectgactt
gectggagtg
tecagggcaa
geagactgac
aaggcLactg

Lecactcagte
gtgccageke
sactckggat
grtggatctoy
cltattactyg

Lggggoagayg
caacattaaa
gattyggatyy
ggecaceaty
atetgaggac
gggccaagey

tecageaate
aagtgtaagt

ttatageaca
gaccLettac
coageaaagy

cttatggogt
gacttctata
attgatcocty
zrtgeoagact
actgeegtot
accacggtoa

aktgtctgecat
tacatgoact

tecnacetgy

tetetcacaa
agtagtracc

caggggecte
tgcactggat
agaatggtga
cateetocaa
attactgtaa
cCcgtotocte

ckecagggga
ggttocagea
crrerggagt
teageegaat
cattoacgtr

PCT/US01/16924
Pro Gly
15
Tyr Met
Ile Tyr
Gly Ser
Ala clu
B8O
Fhe Thr
25
51
agtcaasattg 60
gragcagagg 120
Erctgattat 180
cacagoctac 240
tocatactat 200
3 251
gaaggtcace 60
gasgeoagyge 120
ocooctgotege 180
goaggctgaa 240
coggcrogggy 300

(96)
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accaagotog aaataaaa

<21D=
<21l
<212z
<213

<400>

27
240
PRT
Mouse

27

Glon val Lys
1

ger Val Lys

Tycr Met His

35

Gly Trp Ile

50

Gln Gly Lys

65

Leu Gln Leu

Asn Ale Tyr

val Thx val

115

Gly Gly Gly
120

Bla Ser Proc

145

Val, Ser Tyr

Fhe Ser Gly

185

Met Glu Ala
210

Tyr Pro Phe

225

©210> 28
<211> 238

=212>
213>

<400>

PRT
Mouge

28

Gln val Lys

1

Sex

Tyr

lco

Sex

8er

Gly

Meb

Tyr

180

Ber

Glu

Thr

Leu Glo Gln Ser Gly Ala &

Tha
Ser
g5

aly

Sex

Bis
165
Sex
Gly

Asp

The

B

Glo

Met

70

Leu

Rap

Cly

Ile

Lys

150

Trp

Thi

Sexr

Ala

Gly
230

Cln

Asn

55

Thr

Thr

Tyr

Gly

Glu

135

val

Phe

Ser

Gly

ala

215

Ser

Gly

Thx

Ary
40

Clu

Gly

120

Lew

Thr

Gln

Asn

Thr

200

Gly

ala

Sex

25

Pro

hep

Asp

Glu

Gly

0%

Gly

Thr

Ile

Gln

Leu

188

Ser

Tyr

Thx

Glu

10

Gly

Glu

Ser

Ser

Asp

0

Tyy

Ser

Gln

Thr

Lys

170

Ala

Tyr

g%

Lew

Phe

Gln

Gly

Sexr

75

Trp

Cly

Ser

Cys

158

Fro

Sexr

Ser

Leu
235

Val

Asn

cly

Gly

Gln
220

Glu

Gly

Leu

45
Ala
Asn
Val
Gln
Gly
125
Ala
Ala

Thr

val

Ser

. Lys

30

alu

Pxo

Thr

aly
110

Gly §

Tle

Ser

PCT/US01/16924

Gly

1s
Aap
Trp
Lys
Ala
Tyx

a5

Thr

Met
Ser
Prao

175

ala

= Ser

Ser

s hrg

7))

Ala
Phe
Ile
Phe
Tyr

:1
Cys
Thr
Gly
Ser
Ser
160
Lys
Rxg
Arg
Ser

Ala
240

lu Leu Val Gly Ser Gly Ala
10 15
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Ser

Ty

Gly

Gln

65

Leu

Val

Gy

hla
145

Tyy
225

val

Mat.

Trp

50

Gln

Ala

Thr

1y
130

Trp
Ser
Glu

210

Pro

«210> 28
«21ll> 43

<212»
<213

<220>

223>

<400> 29

Lys

His

35

Ile

Lys

Leu

vY

val

11y

Pro

c TYX

Ile
Gly
1¥s

ala

Phe

DNA
artificial

Leu

20

Asp

Ala

Ser

Ty

100

Ser

Ser

Gly

Met

Tyx

1s0

Ser

Glu

Thr

Tha
Sex
85

Gly

Ser

His

165

Gly

Asp

Phe

Azp

cly

Ile

lys

150

T

Thx

Sexr

Ala

Gly
230

Thr

Gln

Asn

55

Thx

Thr

Iyr

Gly

Glu

i2s

val

Phe

Ser

Gly

Ala

215

Ser

Sequence

Synthetic primer

Thr

Arg

49

Ala

Ser

Gly
120
Leun
Thx
Gln
Ren
Thx
200

Thr

Gly

ser

25
Pro
Asp
Asp
Blu
Gly
105
cly
Thr
Ile
Gln
Leu
185
Ser

Tyr

Thr

Gly

Glu

Sexr

Ser

Asp

20

Ser

Gln

Thr

Lys

170

Ala

Tyx

Tyr

Lys

Phe

Gln

Lsp

Sex

75

Thx

Gly

Ser

Cys

15%

Pro

Sex

Sex

cys

Lea
235

Asr

Gly

Tyr

64

Sex

Ala

Sly

Gly

Pro

144

cly

Gly

Leu

Gln

220

Glu

ctagtageaa ctgocacogg cgtacatteoa caggtoaage tgo

«210> 20
<211= 30

<212
<213>

<220>

DNA
Artificial Sequence

2223 Synthetic primer

Ile

Leu

45

Ala

Asn

Val

cln

Gly

125

ala

Alx

Thr

Val

Thr

208

Gln

Ile

Lys

30

Glu

Fro

Thx

Tyr

Gly

110

Gly

Ile

Ser

Ser

Pro

190

Arg

Lys

PCT/US01/16924

Asp

Tzp

Lys

Ala

TyT

95

Thx

Ser

Met

Ser

ProQ

175

Ala

(98)

Phe
Ile
Phe
Tyr

80
Cys
Thr
Gly
Ser
Ser
160
Lys
Rrg

Arg

Ser
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<400= 30

tegaaggakc actcacctit tatttccage
210> 31

«211» 52

<212> DNA

<212> Artificial Sequence

<220

<223> Synthetic primer

<400= 31

ggtroaaaagce Ltatggggat ggbcatghbat catecttttt ctagtagoaza ct

210> 32

<211» 36

<212% DNA

<213» Arcificial Secuence
<2205

<223» Sigmal

<400> 32

togatctaga aggatccact cacgbbttat ttcoccag

<210» 33

<211 19

«212> PRT

zz1l3» Artificial Sequence
=220

=<223> leader peptide

<400 323

(99)

PCT/US01/16924

30

52

36

Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr Gly
&5 15

Val Hig Sex
1e

<210» 34

«211> 323

<2125 DNA

<213 artificial Seguence
220>

<223> Synthetic primex
<400> 34

tetoggoegy cbtaagotbge geatgtgbgs gt

32
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