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(57) ABSTRACT 

The present invention provides a family of binding proteins 
that bind and neutralize the activity of hepatocyte growth 
factor (HGF), in particular human HGF. The binding proteins 
can be used as diagnostic and/or therapeutic agents. With 
regard to their therapeutic activity, the binding proteins can be 
used to treat certain HGF responsive disorders, for example, 
certain HGF responsive tumors. 
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HEPATOCYTE GROWTH FACTOR (HGF) 
BINDING ANTIBODY 

RELATED APPLICATIONS 

This application claims the benefit and priority to U.S. 
Provisional Application Nos. 60/810,714, filed Jun. 2, 2006, 
and 60/860,509, filed Nov. 21, 2006, the disclosures of which 
are incorporated by reference herein. 

FIELD OF THE INVENTION 

The field of the invention is molecular biology, immunol 
ogy and oncology. More particularly, the field is antibody 
based binding proteins that bind human hepatocyte growth 
factor (HGF). 

BACKGROUND 

Hepatocyte Growth Factor (HGF), also known as Scatter 
Factor (SF), is a multi-functional heterodimeric protein pro 
duced predominantly by mesenchymal cells, and is an effec 
tor of cells expressing the Met tyrosine kinase receptor (Bot 
taro et al. (1991) SCIENCE 251:802-804, Rubinet al. (1993) 
BIOCHIM. BIOPHYS. ACTA 1155: 357-371). The human Met 
receptor is also known as “c-Met.” Mature HGF contains two 
polypeptide chains, the C-chain and the f-chain. Published 
studies suggest it is the C-chain that contains HGF’s c-Met 
receptor binding domain. 
When it binds to its cognate receptor, HGF mediates a 

number of cellular activities. The HGF-Met signaling path 
way plays a role in liver regeneration, wound healing, neural 
regeneration, angiogenesis and malignancies. See, e.g., Cao 
et al. (2001) PROC. NATL. ACAD. SCI. USA 98: 7443-7448, 
Burgess et al. (2006) CANCER RES. 66: 1721-1729, and U.S. 
Pat. Nos. 5,997,868 and 5,707,624. Investigators have been 
developing a number of HGF modulators, including antibod 
ies, to treat various disorders that involve HGF activity, for 
example, certain HGF responsive cancers. See, e.g., Interna 
tional Application Publication No. WO 2005/017107. 

The basic structure common to all antibodies is shown 
schematically in FIG. 1. Antibodies are multimeric proteins 
that contain four polypeptide chains. Two of the polypeptide 
chains are called heavy or H chains and two of the polypeptide 
chains are called light or L chains. The immunoglobulin 
heavy and light chains are connected by an interchain disul 
fide bond. The immunoglobulin heavy chains are connected 
by a number of interchain disulfide bonds. A light chain is 
composed of one variable region (V, in FIG. 1) and one 
constant region (C, in FIG. 1), while the heavy chain is 
composed of one variable region (V in FIG. 1) and at least 
three constant regions (CH, CH, and CH in FIG. 1). The 
variable regions determine the specificity of the antibody and 
the constant regions have other functions. 
Amino acid and structural information indicate that each 

variable region comprises three hyperVariable regions (also 
known as complementarity determining regions or CDRS) 
flanked by four relatively conserved framework regions or 
FRs. The three CDRs, referred to as CDR, CDR, and CDR, 
are responsible for the binding specificity of individual anti 
bodies. When antibodies are to be used as diagnostic and 
therapeutic agents, typically it is desirable to create antibod 
ies that have the highest binding specificity and affinity to the 
target molecule. It is believed that differences in the variable 
regions can have profound effects on the specificity and affin 
ity of the antibody. 
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2 
U.S. Pat. No. 5,707,624 describes the use of anti-HGF 

antibodies in the treatment of Kaposi's sarcoma. Similarly, 
U.S. Pat. No. 5,997.868 describes treating a tumor by admin 
istering an anti-HGF antibody to the patient to be treated so as 
to block the ability of endogeneous HGF to promote angio 
genesis in the tumor. More recently, investigators propose 
that antibodies that bind the B-chain of HGF may have poten 
tial as therapeutic agents in patients with HGF-dependent 
tumors (Burgess (2006) supra). 

Notwithstanding, there is still a need for additional HGF 
modulators that can be used as therapeutic and diagnostic 
agents. 

SUMMARY OF THE INVENTION 

The invention is based, in part, upon the discovery of a 
family of binding proteins that specifically bind HGF, in 
particular, human HGF. The binding proteins are antibody 
based in so far as they contain antigen (i.e., HGF) binding 
sites based on the CDRs of a family of antibodies that spe 
cifically bind HGF. The CDRs confer the binding specificity 
of the binding proteins to HGF. The binding proteins can be 
used as diagnostic and therapeutic agents. When used as a 
therapeutic agent, the binding proteins are engineered (e.g., 
humanized) so as to reduce or eliminate the risk of inducing 
an immune response against the binding protein when admin 
istered to the recipient (e.g., a human). 
The binding proteins neutralize the activity of HGF and, 

therefore, can be used as a therapeutic agent. In certain 
embodiments, the binding proteins prevent HGF from bind 
ing to its cognate receptor, c-Met, thereby neutralizing HGF 
activity. In other embodiments, the binding proteins bind to 
HGF and neutralize its biological activity but without pre 
venting HGF from binding to the c-Met receptor. Because 
HGF has been implicated in the growth and proliferation of 
cancer cells, the binding proteins can be used to inhibit the 
proliferation of cancer cells. Furthermore, when administered 
to a mammal, the binding proteins can inhibit or reduce tumor 
growth in the mammal. 

These and other aspects and advantages of the invention 
will become apparent upon consideration of the following 
figures, detailed description, and claims. 

DESCRIPTION OF THE DRAWINGS 

The invention can be more completely understood with 
reference to the following drawings. 

FIG. 1 is a schematic representation of a typical antibody. 
FIG. 2 is a schematic diagram showing the amino acid 

sequence defining the complete immunoglobulin heavy chain 
variable region of the antibodies denoted as 1A3, 1 D3, 1F3, 
2B8, 2F8, 3A12, 3B6 and 3D11. The amino acid sequences 
for each antibody are aligned against one another and the 
regions defining the signal peptide, CDR, CDR, and CDR 
are identified in boxes. The unboxed sequences represent FR 
Sequences. 

FIG. 3 is a schematic diagram showing the CDR, CDR, 
and CDR sequences for each of the immunoglobulin heavy 
chain variable region sequences presented in FIG. 2. 

FIG. 4 is a schematic diagram showing the amino acid 
sequence defining the complete immunoglobulin light chain 
variable region of the antibodies 1A3, 1D3, 1F3, 2B8, 2F8, 
3A12, 3B6, and 3D11. The amino acid sequences for each 
antibody are aligned against one another and the regions 
defining the signal peptide, CDR, CDR, and CDR are 
identified in boxes. The unboxed sequences represent FR 
Sequences. 
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FIG. 5 is a schematic diagram showing the CDR, CDR, 
and CDR sequences for each of the immunoglobulin light 
chain variable region sequences presented in FIG. 4. 

FIG. 6 is a graph Summarizing results from an experiment 
to measure tumor inhibitory activity of anti-HGF antibodies 
1D3, 1F3, 1A3 and 2B8 in a U87MG Xenograft model. Dia 
monds correspond to PBS: triangles correspond to anti-HGF 
antibody 1A3: X corresponds to anti-HGF antibody 1D3; 
squares correspond to anti-HGF antibody 1F3, and circles 
correspond to anti-HGF antibody 2B8. 

FIG. 7 is a graph Summarizing results from an experiment 
to measure tumor inhibitory activity of anti-HGF antibodies 
1D3, 1F3, 1A3 and 2B8 in a U118 xenograft model. Dia 
monds correspond to IgG; Squares correspond to anti-HGF 
antibody 1F3, triangles to anti-HGF antibody 1D3; X corre 
sponds to anti-HGF antibody 1A3; and circles correspond to 
anti-HGF antibody 2B8. 

FIG. 8 is a table Summarizing Surface plasmon resonance 
data on antigen-binding affinity and kinetics of interaction 
between human HGF and chimeric, chimeric/humanized, or 
humanized 2B8 antibodies. The table lists the pairs of Kappa 
light chain and IgG1 heavy chain tested. Those antibodies 
with standard deviations (STDEV) listed were analyzed in 
three independent experiments. 

FIG. 9 is a bar chart summarizing experimental data indi 
cating that Hu2B8 binds an epitope mutually exclusive to 
murine monoclonal antibody 2B8. Humanized or chimeric 
2B8 was captured on an anti-human Fc chip. HGF then was 
bound to the humanized or chimeric 2B8. The ability of 
mouse 2B8 or the control antibody (polyclonal goatanti-HGF 
antibody) to bind the captured HGF was measured. Both 
humanized 2B8 antibodies and chimeric 2B8 prevent murine 
2B8 from binding HGF. White bars correspond to the chi 
meric 2B8 antibody; gray bars correspond to the humanized 
Hu2B8 antibody (kappa variable region Kv1-39.1 and heavy 
chain variable region HVS-51.1); black bars correspond to the 
humanized Hu2B8 antibody (kappa variable region Kv3-15.1 
and heavy chain variable region Hv,5-51.1). 

DETAILED DESCRIPTION OF THE INVENTION 

The invention is based, in part, upon the discovery of a 
family of binding proteins that specifically bind, and neutral 
ize the activity of, HGF, in particular, human HGF. The bind 
ing proteins can be used in a variety of diagnostic and thera 
peutic applications. The binding proteins are based upon the 
antigen binding sites of certain monoclonal antibodies that 
have been selected for their ability to bind, and neutralize the 
activity of HGF. In particular, the binding proteins contain 
immunoglobulin variable region CDR sequences that 
together define a binding site for HGF. 

In view of the neutralizing activity of these antibodies, they 
are particularly useful in modulating the growth and/or pro 
liferation of HGF responsive cells, for example, cancer cells. 
When used as a therapeutic agent, the binding proteins can be 
engineered so as to minimize or eliminate the risk of inducing 
an immune response against the binding proteins when 
administered to the recipient. Furthermore, depending upon 
the particular application, it is contemplated that the binding 
proteins can be conjugated to other moieties, for example, 
detectable labels, for example, radiolabels, and effector mol 
ecules, for example, other protein and Small molecule-based 
therapeutics. Each of these features and aspects of the inven 
tion are discussed in more detail below. 
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I Binding Proteins that Bind HGF 

In one aspect, the invention provides an isolated binding 
protein that binds human HGF. The binding protein com 
prises (i) an immunoglobulin light chain variable region com 
prising the structure CDR-CDR-CDRs, and (ii) an 
immunoglobulin heavy chain variable region comprising 
three complementarity determining regions (CDRS), wherein 
the immunoglobulin light chain variable region and the 
immunoglobulin heavy chain variable region together define 
a single binding site for binding human HGF. CDR com 
prises the amino acid sequence XX SerX, XXX, Xs Xo, 
Xo XXX XXs, wherein amino acid X is Arg, Lys, 
or Ser, X is Ala or Thr, X is Glu, Gln, or Ser, Xs is ASn, Asp, 
or Ser, X is Ile or Val, X, is Asp, Lys, Ser, Val, or Tyr, X is a 
peptide bond or Tyr, X is a peptide bond or Asp, X is a 
peptide bond or Gly, X is a peptide bond or ASn, X2 is a 
peptide bond, Ile, or Ser, X is ASn or Tyr, Xa is Ile, Leu, 
Met, or Val, X is Ala, Asn. His, or Ser. CDR, comprises the 
amino acid sequence X1, X1, Xs Xo, X-20X2, X-2, wherein 
amino acid X is Ala, Asp, Arg, Gly, or Val, X, is Ala, Thr, 
or Val, Xs is ASn, Ser, or Thr, X is Arg, ASn, Lys, or His, X 
is Leu or Arg, X is Ala, ASn, Glu, Val, or Pro, X is Asp, Ser, 
or Thr. CDR comprises the amino acid sequence X, X 
X2s X2, X27X2s Pro Xao Thr, wherein amino acid X2 is Leu, 
Gly, or Gln, X is His or Gln, X2 is Phe, Ser, Trp, or Tyr, X 
is Asp, Ile, Ser, Trp, or Tyr, X, is Gly, Glu, ASn, or Ser, Xs 
is Asp, ASn, Phe, Thr, or Tyr, X is Leu, Phe, Pro, or Tyr. 

In another aspect, the invention provides an isolated bind 
ing protein that binds human HGF comprising (i) an immu 
noglobulin heavy chain variable region comprising the struc 
ture CDR-CDR-CDR and (ii) an immunoglobulin 
light chain variable region comprising three complementarity 
determining regions (CDRs), wherein the immunoglobulin 
heavy chain variable region and the immunoglobulin light 
chain variable region together define a single binding site for 
binding human HGF. CDR comprises the amino acid 
sequence X Tyr X X Xs, wherein amino acid X is Asp, 
Asn. Ser, or Thr, X is Phe, Ser, Trp, or Tyr. X is Ile, Leu, or 
Met, Xs is ASn, His, or Ser. CDR comprises the amino acid 
sequence X Ile Xs Xo, Xio XI Gly Xia XXs TyrX, Xs 
XXX X, whereinamino acid X is Lys, Gln, Glu, Val, 
or Tyr, X is ASn, Gly, Ser, Trp, or Tyr, X is Ala, Pro or Ser, 
Xois Gly or Thr, X is a peptide bond, Asp, Asn., Gly, or Ser, 
X is Asp, ASn, His, or Ser, X is Seror Thr, X is ASn or 
Tyr, X7 is ASnor Pro, Xs is Ala, Asp, Gly, Gln, Glu, Pro, or 
Ser, X is ASn, Lys, Met, or Ser, X is Leu, Phe or Val, X 
is Lys, Met, or Gln, X2 is Asp, Gly or Ser. CDR comprises 
the amino acid sequence X2, X2, X2s X2, X2, X2s X20, Xso 
X X X X Tyr, wherein amino acid X2 is Arg, ASn, 
Gln, or Glu, X is Gly, Leu, Arg, or Tyr, Xs is a peptide bond, 
Asp, or Gly, X is a peptide bond or Gly, X2, is a peptide 
bond or Tyr, Xs is a peptide bond, Leu, or Tyr, X is a peptide 
bond, Gly, Leu, Arg, or Val, X is a peptide bond, Asp, Gly, 
or Glu, X is a peptide bond, ASn, Arg, Ser, or Tyr, X is 
peptide bond, Ala, Gly, Ile, or Tyr, X is Met or Phe, X is 
Ala or Asp. 

It is understood that the binding protein can comprise both 
the immunoglobulin light chain and the immunoglobulin 
heavy chain sequences or the fragments thereof, noted above. 
Furthermore, it is understood that the binding protein can be 
an intact antibody or an antigen binding fragment thereof, or 
a biosynthetic antibody site. 

In certain embodiments, the CDR sequences of the immu 
noglobulin light chain and the immunoglobulin heavy chain 
are interposed with framework regions (FR). 
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In certain other embodiments, the CDR sequences of the 
immunoglobulin light chain and the immunoglobulin heavy 
chain are interposed between human or humanized frame 
work regions. 

In another aspect, the invention provides an isolated bind 
ing protein that specifically binds human HGF. The binding 
protein comprises: (a) an immunoglobulin light chain vari 
able region comprising the structure CDR-CDR-CDR 
and (b) immunoglobulin heavy chain variable region, 
wherein the immunoglobulin light chain variable region and 
the immunoglobulin heavy chain variable region together 
define a single binding site for binding human HGF. The 
CDR comprises a sequence selected from the group con 
sisting of SEQID NO. 8 (1 A3), SEQID NO. 18 (2B8), SEQ 
ID NO. 28 (2F8), SEQ ID NO. 38 (3B6), SEQ ID NO. 48 
(3D11), SEQ ID NO. 58 (1D3), SEQID NO. 68 (1F3), and 
SEQ ID NO. 78 (3A12). The CDR, comprises a sequence 
selected from the group consisting of SEQID NO. 9 (1 A3), 
SEQID NO.19 (2B8), SEQID NO. 29 (2F8), SEQIDNO. 39 
(3B6), SEQID NO. 49 (3D11), SEQID NO. 59 (1D3), SEQ 
ID NO. 69 (1F3), SEQID NO. 79 (3A12) and SEQID NO. 
206 (LRMR2B8LC). The CDR, comprises a sequence 
selected from the group consisting of SEQID NO. 10 (1 A3), 
SEQID NO. 20 (2B8), SEQIDNO.30 (2F8), SEQIDNO. 40 
(3B6), SEQID NO. 50 (3D11), SEQID NO. 60 (1D3), SEQ 
ID NO. 70 (1F3), and SEQ ID NO.80 (3A12). Throughout 
the specification and claims, the sequences denoted by a 
particular SEQ ID NO. are followed in parentheses by the 
antibody that was the origin of the particular sequence. By 
way of example, SEQ ID NO. 8 (1 A3) indicates that the 
sequence of SEQID NO. 8 is based upon the sequence present 
in antibody 1A3. 

In one embodiment, the binding protein comprises an 
immunoglobulin light chain variable region comprising a 
CDR, comprising the sequence of SEQID NO. 8 (1 A3), a 
CDR comprising the sequence of SEQID NO. 9 (1 A3), and 
a CDR, comprising the sequence of SEQID NO. 10 (1 A3). 

In another embodiment, the binding protein comprises an 
immunoglobulin light chain variable region comprising a 
CDR, comprising the sequence of SEQID NO. 18 (2B8), a 
CDR comprising the sequence of SEQID NO. 19 (2B8) or 
SEQID NO. 206 (LRMR2B8LC), and a CDR, comprising 
the sequence of SEQID NO. 20 (2B8). 

In another embodiment, the binding protein comprises an 
immunoglobulin light chain variable region comprising a 
CDR comprising the sequence of SEQID NO. 28 (2F8), a 
CDR, comprising the sequence of SEQ ID NO. 29 (2F8), 
and a CDR, comprising the sequence of SEQ ID NO. 30 
(2F8). 

In another embodiment, the binding protein comprises an 
immunoglobulin light chain variable region comprising a 
CDR comprising the sequence of SEQID NO. 38 (3B6), a 
CDR comprising the sequence of SEQ ID NO. 39 (3B6), 
and a CDR, comprising the sequence of SEQ ID NO. 40 
(3B6). 

In another embodiment, the binding protein comprises an 
immunoglobulin light chain variable region comprising a 
CDR comprising the sequence of SEQID NO. 48 (3D11), 
a CDR, comprising the sequence of SEQID NO. 49 (3D11), 
and a CDR, comprising the sequence of SEQ ID NO. 50 
(3D11). 

In another embodiment, the binding protein comprises an 
immunoglobulin light chain variable region comprising a 
CDR comprising the sequence of SEQID NO. 58 (1D3), a 
CDR comprising the sequence of SEQID NO. 59 (1D3), 
and a CDR, comprising the sequence of SEQ ID NO. 60 
(1D3). 
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In another embodiment, the binding protein comprises an 

immunoglobulin light chain variable region comprising a 
CDR comprising the sequence of SEQID NO. 68 (1F3), a 
CDR comprising the sequence of SEQID NO. 69 (1F3), 
and a CDR, comprising the sequence of SEQ ID NO. 70 
(1F3). 

In another embodiment, the binding protein comprises an 
immunoglobulin light chain variable region comprising a 
CDR comprising the sequence of SEQID NO. 78 (3A12), 
a CDR, comprising the sequence of SEQID NO. 79 (3A12), 
and a CDR, comprising the sequence of SEQ ID NO. 80 
(3A12). 

In each of the foregoing embodiments, the CDR, CDR, 
and CDR sequences preferably are interposed between 
human or humanized immunoglobulin FRS. It is understood 
that the binding protein can be an intact antibody, an antigen 
binding fragment thereof, or a biosynthetic antibody site. 

In another aspect, the invention provides an isolated bind 
ing protein that binds human HGF. The binding protein com 
prises (a) an immunoglobulin heavy chain variable region 
comprising the structure CDR-CDR-CDR, and (b) an 
immunoglobulin light chain variable region, wherein the 
immunoglobulin heavy chain variable region and the immu 
noglobulin light chain variable region together define a single 
binding site for binding human HGF. The CDR comprises 
a sequence selected from the group consisting of SEQID NO. 
5 (1 A3), SEQID NO. 15 (2B8), SEQID NO. 25 (2F8), SEQ 
ID NO. 35 (3B6), SEQID NO. 45 (3D11), SEQID NO. 55 
(1D3), SEQID NO. 65 (1F3), and SEQID NO. 75 (3A12); 
the CDR comprises a sequence selected from the group 
consisting of SEQID NO. 6 (1 A3), SEQID NO. 16 (2B8), 
SEQID NO. 26 (2F8), SEQID NO. 36(3B6), SEQID NO.46 
(3D11), SEQID NO. 56 (1D3), SEQID NO. 66 (1F3), SEQ 
ID NO. 76 (3A12), SEQID NO. 202 (Hu2B8 Hv1f.1), SEQ 
ID NO. 203 (Hu2B8 Hv5a. 1 or Hu2B8 Hv5-51.1), SEQ ID 
NO. 204 (LR2B8EHC) and SEQID NO. 205 (LRMR2B8HC); 
and the CDR comprises a sequence selected from the group 
consisting of SEQID NO. 7 (1 A3), SEQID NO. 17 (2B8), 
SEQID NO. 27(2F8), SEQIDNO.37 (3B6), SEQIDNO.47 
(3D11), SEQ ID NO. 57 (1D3), SEQID NO. 67 (1F3), and 
SEQID NO. 77 (3A12). 

In one embodiment, the binding protein comprises an 
immunoglobulin heavy chain variable region comprising: a 
CDR comprising the sequence of SEQID NO. 5 (1A3); a 
CDR comprising the sequence of SEQID NO. 6 (1 A3); and 
a CDR comprising the sequence of SEQID NO. 7 (1 A3). 

In another embodiment, the binding protein comprises an 
immunoglobulin heavy chain variable region comprising: a 
CDR comprising the sequence of SEQID NO. 15 (2B8); a 
CDR comprising the sequence of SEQID NO. 16 (2B8), 
SEQID NO. 202 (Hu2B8 Hv1f.1), SEQID NO. 203 (Hu2B8 
Hv5a.1 or Hu2B8 Hv5-51.1), SEQID NO. 204 (LR2B8HC) 
or SEQID NO. 205 (LRMR2B8HC); and a CDR compris 
ing the sequence of SEQID NO. 17 (2B8). 

In another embodiment, the binding protein comprises an 
immunoglobulin heavy chain variable region comprising: a 
CDR comprising the sequence of SEQID NO. 25 (2F8); a 
CDR comprising the sequence of SEQID NO. 26 (2F8); 
and a CDR, comprising the sequence of SEQ ID NO. 27 
(2F8). 

In another embodiment, the binding protein comprises an 
immunoglobulin heavy chain variable region comprising a 
CDR comprising the sequence of SEQID NO. 35 (3B6); a 
CDR comprising the sequence of SEQ ID NO. 36 (3B6); 
and a CDR comprising the sequence of SEQ ID NO. 37 
(3B6). 
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In another embodiment, the binding protein comprises an 
immunoglobulin heavy chain variable region comprising: a 
CDR comprising the sequence of SEQID NO. 45 (3D11): 
a CDR comprising the sequence of SEQID NO. 46 (3D11): 
and a CDR comprising the sequence of SEQ ID NO. 47 
(3D11). 

In another embodiment, the binding protein comprises an 
immunoglobulin heavy chain variable region comprising: a 
CDR comprising the sequence of SEQID NO. 55 (1D3); a 
CDR comprising the sequence of SEQID NO. 56 (1D3); 
and a CDR comprising the sequence of SEQ ID NO. 57 
(1D3). 

In another embodiment, the binding protein comprises an 
immunoglobulin heavy chain variable region comprising: a 
CDR comprising the sequence of SEQID NO. 65 (1F3); a 
CDR comprising the sequence of SEQID NO. 66 (1F3); 
and a CDR comprising the sequence of SEQ ID NO. 67 
(1F3). 

In another embodiment, the binding protein comprises an 
immunoglobulin heavy chain variable region comprising: a 
CDR comprising the sequence of SEQID NO. 75 (3A12); 
a CDR comprising the sequence of SEQID NO. 76 (3A12); 
and a CDR, comprising the sequence of SEQ ID NO. 77 
(3A12). 

In each of the foregoing embodiments, the CDR, 
CDR, and CDR sequences preferably are interposed 
between human or humanized immunoglobulin FRS. It is 
understood that the binding protein can be an intact antibody, 
an antigen binding fragment thereof, or a biosynthetic anti 
body site. 

In another aspect, the invention provides a binding protein 
that binds human HGF. The binding protein comprises an 
immunoglobulin heavy chain variable region selected from 
the group consisting of residues 20-141 of SEQ ID NO. 2 
(1A3), residues 20-137 of SEQ ID NO. 12 (2B8), residues 
20-137 of SEQID NO. 22 (2F8), residues 20-139 of SEQID 
NO. 32 (3B6), residues 20-132 of SEQID NO. 42 (3D11), 
residues 20-141 of SEQID NO. 52 (1D3), residues 20-141 of 
SEQID NO. 62(1F3), and residues 20-141 of SEQID NO. 72 
(3A12) and an immunoglobulin light chain variable region 
selected from the group consisting of residues 21-127 of SEQ 
ID NO. 4 (1 A3), residues 21-127 of SEQID NO. 14 (2B8), 
residues 20-131 of SEQID NO. 24 (2F8), residues 23-129 of 
SEQID NO. 34 (3B6), residues 23-128 of SEQID NO. 44 
(3D11), residues 21-127 of SEQID NO. 54 (1D3), residues 
21-127 of SEQID NO. 64 (1F3), and residues 21-127 of SEQ 
ID NO. 74 (3A12). 

In another embodiment, the binding protein comprises an 
immunoglobulin heavy chain variable region comprising the 
amino acid sequence of residues 20-141 of SEQ ID NO. 2 
(1A3), and an immunoglobulin light chain variable region 
comprising the amino acid sequence of residues 21-127 of 
SEQID NO. 4 (1 A3). 

In one embodiment, the binding protein comprises an 
immunoglobulin heavy chain variable region comprising the 
amino acid sequence of residues 20-137 of SEQID NO. 12 
(2B8), and an immunoglobulin light chain variable region 
comprising the amino acid sequence of residues 21-127 of 
SEQID NO. 14 (2B8). 

In another embodiment, the binding protein comprises an 
immunoglobulin heavy chain variable region comprising the 
amino acid sequence of residues 20-137 of SEQID NO. 22 
(2F8), and an immunoglobulin light chain variable region 
comprising the amino acid sequence of residues 20-131 of 
SEQID NO. 24 (2F8). 

In another embodiment, the binding protein comprises an 
immunoglobulin heavy chain variable region comprising the 
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amino acid sequence of residues 20-139 of SEQID NO. 32 
(3B6), and an immunoglobulin light chain variable region 
comprising the amino acid sequence of residues 23-129 of 
SEQID NO. 34 (3B6). 

In another embodiment, the binding protein comprises an 
immunoglobulin heavy chain variable region comprising the 
amino acid sequence of residues 20-132 of SEQID NO. 42 
(3D11), and an immunoglobulin light chain variable region 
comprising the amino acid sequence of residues 23-128 of 
SEQID NO. 44 (3D11). 

In another embodiment, the binding protein comprises an 
immunoglobulin heavy chain variable region comprising the 
amino acid sequence of residues 20-141 of SEQID NO. 52 
(1D3), and an immunoglobulin light chain variable region 
comprising the amino acid sequence of residues 21-127 of 
SEQID NO. 54 (1D3). 

In another embodiment, the binding protein comprises an 
immunoglobulin heavy chain variable region comprising the 
amino acid sequence of residues 20-141 of SEQID NO. 62 
(1F3), and an immunoglobulin light chain variable region 
comprising the amino acid sequence of residues 21-127 of 
SEQID NO. 64 (1F3). 

In another embodiment, the binding protein comprises an 
immunoglobulin heavy chain variable region comprising the 
amino acid sequence of residues 20-141 of SEQID NO. 72 
(3A12), and an immunoglobulin light chain variable region 
comprising the amino acid sequence of residues 21-127 of 
SEQID NO. 74 (3A12). 

In each of the foregoing embodiments, the binding protein 
can be an intact antibody, an antigen binding fragment 
thereof, or a biosynthetic antibody site. 

In another aspect, the invention provides an isolated bind 
ing protein that binds human HGF. The binding protein com 
prises (i) an immunoglobulin light chain variable region 
selected from the group consisting of SEQ ID NO. 173 
(Hu2B8 Kv1-39.1 light chain variable region), SEQID NO. 
179 (Hu2B8 Kv3-15.1 light chain variable region), SEQ ID 
NO.193 (LR2B8LC light chain variable region), and SEQID 
NO. 199 (LRMR2B8LC light chain variable region); and (ii) 
an immunoglobulin heavy chain variable region selected 
from the group consisting of SEQ ID NO. 159 (Hu2B8 
Hv1f.1 heavy chain variable region), SEQ ID NO. 165 
(Hu2B8 Hv5a.1 heavy chain variable region), SEQ ID NO. 
169 (Hu2B8 Hví5-51.1 heavy chain variable region), SEQID 
NO. 183 (LR2B8EHC heavy chain variable region), and SEQ 
ID NO. 189 (LRMR2B8HC heavy chain variable region). 
The binding protein can be an intact antibody, an antigen 
binding fragment thereof, or a biosynthetic antibody site. 

In another aspect, the invention provides an isolated bind 
ing protein that binds human HGF. The binding protein com 
prises (i) an immunoglobulin light chain selected from the 
group consisting of SEQ ID NO. 177 (Hu2B8 Kv1-39.1+ 
kappa constant (Km (3) allotype (allele 2)), SEQID NO. 181 
(Hu2B8 Kv3-15.1+Kappa constant (Km(3) allotype (allele 
2)), SEQ ID NO. 197 (LR2B8LC+Kappa constant (Km (3) 
allotype (allele 1)), and SEQ ID NO. 201 (LRMR2B8LC+ 
Kappa constant (Km (3) allotype (allele 1)); and (ii) an immu 
noglobulin heavy chain selected from the group consisting of 
SEQ ID NO. 163 (Hu2B8 Hv1f.1+IgG1 Constant (G1m017, 
1) allotype)), SEQID NO. 167 (Hu2B8 Hv5a.1+IgG1 Con 
stant (G1m(17.1) allotype)), SEQID NO. 171 (Hu2B8 Hv5 
51.1+IgG1 Constant (G1m017,1) allotype)), SEQID NO. 187 
(LR2B8EHC+IgG1 Constant (G1mG) allotype) (allele 1)), 
and SEQID NO.191 (LRMR2B8HC+IgG1 Constant (G1m 
(3) allotype) (allele 1)). The binding protein can be an intact 
antibody, an antigen binding fragment thereof, or a biosyn 
thetic antibody site. 
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In another aspect, the invention provides an isolated bind 
ing protein that binds reduced human HGF. The binding 
protein comprises (i) an immunoglobulin light chain variable 
region comprising three CDRs, and (ii) an immunoglobulin 
heavy chain variable region comprising three CDRs. The 
CDRS typically are interposed between FRS. The CDRs of the 
immunoglobulin light chain and the immunoglobulin heavy 
chain together define a binding site that binds reduced human 
HGF, for example, the C-chain of reduced HGF. Reduced 
HGF refers to HGF treated with an amount of reducing agent, 
for example, dithiothreitol (DTT), 2-mercaptoethanol, orglu 
tathione sufficient to reduce the disulfide linkage between the 
C-chain and the B-chain. Exemplary concentrations include, 
for example, 100 mM DTT and 5% 2-mercaptoethanol. 

In certain embodiments, the binding protein comprises an 
immunoglobulin light chain variable region comprising at 
least one CDR selected from the group consisting of CDR, 
CDR and CDR. Optionally, the binding protein com 
prises two CDRs, for example, CDR, and CDR, or CDR, 
and CDR, or CDR, and CDR. Optionally, the binding 
protein comprises all three CDRs, i.e., CDR, CDR, and 
CDR. CDR comprises the amino acid sequence XX Ser 
XXXX, Xs XXX XXXIXs, wherein amino 
acid X is Arg or Lys, X is Ala or Thr, X is Glu or Gln, Xs is 
ASn, Ser, or Asp, X is Ile or Val, X7 is Tyr, Asp, or LyS, Xs is 
a peptide bond or Tyr, X is a peptide bond or Asp, Xio is a 
peptide bond or Gly, X is a peptide bond or ASn, X is a 
peptide bond or Ser, X is ASnor Tyr, Xa is Ile or Leu, Xs 
is Ala, ASn, or Ser. CDR comprises the amino acid sequence 
XX, XXo Leu XX, wherein amino acid X is Ala, 
Asp, Val, or Arg, X, is Ala or Val, Xs is ASn, Ser, or Thr, Xo 
is Arg, ASn, or His, X is Ala, Glu, Val, or Pro, X is Asp or 
Ser. CDR comprises the amino acid sequence X2, XX2s 
Xe X, Xs Pro X Thr, wherein amino acid X is Leu or 
Gln, X is His or Gln, Xs is Phe, Ser, or Tyr, X is Asp, Ile, 
or Trp, X, is Gly or Glu, Xs is Asp, Phe, or Thr, Xso is Phe, 
Pro, or Tyr. 

In another embodiment, the binding protein comprises an 
immunoglobulin heavy chain variable region comprising at 
least one CDR selected from the group consisting of CDR, 
CDR, and CDR. Optionally, the binding protein com 
prises two CDRS, for example, CDR and CDR, or 
CDR and CDR, or CDR and CDR. Optionally, the 
binding protein comprises all three CDRs, i.e., CDR, 
CDR and CDR. CDR comprises the amino acid 
sequence X Tyr X X Xs, wherein amino acid X is Asp, 
Asn. Ser, or Thr, X is Phe, Trp, or Tyr, X is Ile or Met, Xs is 
ASn, His, or Ser. CDR comprises the amino acid sequence 
X Ile Xs Xo, Gly X11 Gly Xia XXs Tyr X1, Xs Xo, Xo 
Lys X, whereinamino acid X is Lys, Gln, or Tyr, Xs is Gly, 
Ser, or Tyr, X is Pro or Ser, X is Asp, Gly, or Ser, X is Asp 
or Ser, Xa is Seror Thr, Xs is ASnor Tyr, X, is ASnor Pro, 
Xs is Ala, Asp, Gly, or Glu, Xois ASn, Met, or Ser, Xois Phe 
or Val, X2 is Asp or Gly. CDR comprises the amino acid 
sequence X23 X24X2s X26X27X28X29 Xso Xs, X32Xss Asp 
Tyr, wherein amino acid X is Argor Gln, X is Gly or Leu, 
Xs is Asp, Gly, or a peptide bond, X is Gly or a peptide 
bond, X7 is a peptide bond or Tyr, Xs is Leu, a peptide bond 
or Tyr, X is a Gly, Arg or Leu, X is Asp, Gly or Glu, X is 
a Tyr, Arg or ASn, X is Ala, Gly or Tyr, X is Met or Phe. 

It is understood that the binding protein can comprise both 
the immunoglobulin heavy chain and the immunoglobulin 
light chain sequences or the fragments thereof, noted above. 
Furthermore, it is understood that the binding protein can be 
an intact antibody or an antigen binding fragment thereof, or 
a biosynthetic antibody site. 
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In certain embodiments, the binding protein comprises an 

immunoglobulin light chain variable region comprising (i) a 
CDR having a sequence selected from the group consisting 
of SEQID NO. 8 (1 A3), SEQID NO. 28 (2F8), SEQID NO. 
38 (3B6), SEQID NO. 58 (1 D3), and SEQID NO. 68 (1F3), 
(ii) a CDR, having a sequence selected from the group 
consisting of SEQ ID NO. 9 (1 A3), SEQ ID NO. 29 (2F8), 
SEQID NO. 39 (3B6), SEQID NO. 59 (1D3), and SEQ ID 
NO. 69 (1F3), and (iii) a CDR, having a sequence selected 
from the group consisting of SEQID NO. 10 (1 A3), SEQ ID 
NO.30 (2F8), SEQID NO. 40 (3B6), SEQID NO. 60 (1 D3), 
and SEQ ID NO. 70 (1F3). The CDR sequences can be 
interposed between human or humanized FRS. In other 
embodiments, the binding protein comprises an immunoglo 
bulin light chain variable region comprising an amino acid 
sequence selected from the group consisting of residues 
21-127 of SEQID NO. 4 (1 A3), residues 20-131 of SEQID 
NO. 24 (2F8), residues 23-129 of SEQ ID NO. 34 (3B6), 
residues 21-127 of SEQ ID NO. 54 (1D3), and residues 
21-127 of SEQID NO. 64 (1F3). 

In certain other embodiments, the binding protein com 
prises an immunoglobulin heavy chain variable region com 
prising (i) a CDR, having a sequence selected from the 
group consisting of SEQ ID NO. 5 (1 A3), SEQ ID NO. 25 
(2F8), SEQ ID NO. 35 (3B6), SEQ ID NO. 55 (1D3), and 
SEQ ID NO. 65 (1F3), (ii) a CDR having a sequence 
selected from the group consisting of SEQID NO. 6 (1 A3), 
SEQID NO. 26 (2F8), SEQID NO. 36(3B6), SEQIDNO. 56 
(1D3), and SEQID NO. 66 (1F3), and (iii) a CDR, having a 
sequence selected from the group consisting of SEQID NO. 
7 (1A3), SEQID NO. 27 (2F8), SEQID NO. 37 (3B6), SEQ 
ID NO. 57 (1D3), and SEQ ID NO. 67 (1F3). The CDR 
sequences can be interposed between human or humanized 
FRs. In another embodiment, the immunoglobulin heavy 
chain variable region comprises an amino acid sequence 
selected from the group consisting of residues 20-141 of SEQ 
ID NO. 2 (1 A3), residues 20-137 of SEQID NO. 22 (2F8), 
residues 20-139 of SEQID NO. 32 (3B6), residues 20-141 of 
SEQ ID NO. 52 (1D3), and residues 20-141 of SEQID NO. 
62 (1F3). 

In another aspect, the invention provides an isolated bind 
ing protein that binds human HGF and comprises an immu 
noglobulin light chain variable region and an immunoglobu 
lin heavy chain variable region. The isolated binding protein 
competes for binding to HGF with at least one reference 
antibody selected from the group consisting of (i) an antibody 
having an immunoglobulin light chain variable region of 
residues 20-131 of SEQ ID NO. 24 (2F8), and an immuno 
globulin heavy chain variable region of residues 20-137 of 
SEQ ID NO. 22 (2F8), (ii) an antibody having an immuno 
globulin light chain variable region of residues 23-129 of 
SEQID NO. 34 (3B6), and an immunoglobulin heavy chain 
variable region of residues 20-139 of SEQID NO. 32 (3B6), 
and (iii) an antibody having an immunoglobulin light chain 
variable region of residues 23-128 of SEQID NO. 44 (3D11), 
and an immunoglobulin heavy chain variable region of resi 
dues 20-132 of SEQ ID NO. 42 (3D11). Under certain cir 
cumstances, the binding protein binds the same epitope of 
HGF as one of the reference antibodies. 

It is understood that each of the binding proteins discussed 
above can be an intact antibody, for example, a monoclonal 
antibody. Alternatively, the binding protein can be an antigen 
binding fragment of an antibody, or can be a biosynthetic 
antibody binding site. Antibody fragments include Fab, Fab', 
(Fab') or FV fragments. Techniques for making Such anti 
body fragments are known to those skilled in the art. A num 
ber of biosynthetic antibody binding sites are known in the art 
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and include, for example, single Fv or SEV molecules, 
described, for example, in U.S. Pat. No. 5,476,786. Other 
biosynthetic antibody binding sites include bispecific or 
bifunctional binding proteins, for example, bispecific or 
bifunctional antibodies, which are antibodies or antibody 
fragments that bind at least two different antigens. For 
example, bispecific binding proteins can bind HGF, for 
example, human HGF, and another antigen of interest. Meth 
ods for making bispecific antibodies are known in art and, 
include, for example, by fusing hybridomas or by linking Fab' 
fragments. See, e.g., Songsivilaietal. (1990) CLIN.EXP. IMMU 
NOL. 79: 315-325; Kostelny et al. (1992) J. IMMUNOL. 148: 
1547-1553. 
The binding proteins of the invention can bind hHGF con 

taining a cysteine to arginine Substitution at position 561 or a 
glycine to glutamate Substitution at position 555. 

In another aspect, the invention provides an isolated bind 
ing protein that binds human HGF withak, of 40x10s' or 
lower, 3.0x10 s' or lower, or 2.0x10 s' or lower. The 
isolated binding proteins can bind human HGF with a k from 
5.0x10 s to 0.5x10s, or from 4.0x10 s to 10x 
10 s', or from 3.0x10 s to 1.5x10 s. In another 
aspect, the invention provides an isolated binding protein that 
binds human HGF with a K of 100 pM or lower, or 20pMor 
lower, or 10 pM or lower, or 5 pM or lower. The isolated 
binding proteins can bind human HGF with a K from 100 
pM to 5pM, or from 20pM to 5pM, or from 15 pM to 10pM, 
or from 20 pM to 10 pM, or from 15 pM to 5 pM. Unless 
otherwise specified, K values are determined by the meth 
ods, and under the conditions, described in Example 6. 

In another aspect, the invention provides an isolated bind 
ing protein that binds human HGF, wherein the antibody 
binds to human HGF with lower K, at 37° C. than at 25°C. 
The binding protein binding optionally binds human HGF 
with a K, less than 5 pMat 37°C. 

In other aspects and embodiments, the binding proteins can 
inhibit hIGF from binding to c-Met. For example, the bind 
ing proteins can have an ICs (concentration at 50% of maxi 
mum inhibition) of at least about 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 
and 7.0 nM when assayed using the protocol described in 
Example 7(a). In certain other embodiments, the binding 
proteins can neutralize HGF BrdU incorporation in 4 MBr-5 
cells (ATCC, Catalog No. CCL208) using the method 
described in Example 7(b). 
The binding proteins have an ICs of 50 nM or lower, 

preferably 45,40,35,30, 25, 20, 15, 10, 5, 1, 0.5 nM or lower, 
when assayed using the protocol described in Example 7(b). 
In certain other embodiments, the binding proteins can be 
used to inhibit HGF stimulated c-Met phosphorylation in 
PC-3 cells (ATCC, Manassus, Va. Catalog No. CRL-1435) 
using the assay described in Example 9. The binding proteins 
inhibit HGF-stimulated (1.25 nM) c-Met phosphorylation in 
PC-3 cells with an ICs of 2 nM or less (Table 8), using the 
assay described in Example 9. 

II Production of Binding Proteins 
Binding proteins of the invention can be produced in vari 

ous ways using approaches know in the art. For example, 
DNA molecules encoding light chain variable regions and 
heavy chain variable regions can be chemically synthesized, 
using a commercial synthesizer and sequence information 
provided herein. Such synthetic DNA molecules can be 
ligated to other appropriate nucleotide sequences, including, 
e.g., constant region coding sequences, and expression con 
trol sequences, to produce conventional gene expression con 
structs encoding the desired binding proteins. Production of 
defined gene constructs is within routine skill in the art. 
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Alternatively, the sequences provided herein can be cloned 
out of hybridomas by conventional hybridization techniques 
or PCR techniques, using synthetic nucleic acid probes whose 
sequences are based on sequence information provided 
herein or prior art sequence information regarding genes 
encoding the heavy and light chains of murine antibodies in 
hybridoma cells. Production and use of such probes is within 
ordinary skill in the art. 
The nucleic acids encoding the desired binding proteins 

can be introduced (ligated) into expression vectors, which can 
be introduced into a host cell via standard transfection or 
transformation techniques known in the art. Exemplary host 
cells include, for example, E. coli cells, Chinese hamster 
ovary (CHO) cells, HeLa cells, baby hamster kidney (BHK) 
cells, monkey kidney cells (COS), human hepatocellular car 
cinoma cells (e.g., Hep G2), and myeloma cells that do not 
otherwise produce immunoglobulin protein. Transfected host 
cells can be grown under conditions that permit the host cells 
to express the genes of interest, for example, the genes that 
encode the immunoglobulin light or heavy chain variable 
regions. The resulting expression products can be harvested 
using techniques known in the art. 
The particular expression and purification conditions will 

vary depending upon what expression system is employed. 
For example, if the gene is to be expressed in E. coli, it is first 
cloned into an expression vector. This is accomplished by 
positioning the engineered gene downstream from a Suitable 
bacterial promoter, e.g., Trp or Tac, and a signal sequence, 
e.g., a sequence encoding fragment B of protein A (FB). The 
resulting expressed fusion protein typically accumulates in 
refractile or inclusion bodies in the cytoplasm of the cells, and 
may be harvested after disruption of the cells by French press 
or sonication. The refractile bodies then are solubilized, and 
the expressed proteins refolded and cleaved by the methods 
already established for many other recombinant proteins. 

If the engineered gene is to be expressed in eukaryotic host 
cells, for example, myeloma cells or CHO cells, it is first 
inserted into an expression vector containing a suitable 
eukaryotic promoter, a secretion signal, immunoglobulin 
enhancers, and various introns. This expression vector 
optionally can contain sequences encoding all or part of a 
constant region, enabling an entire, or a part of a heavy or 
light chain to be expressed. The gene construct can be trans 
fected into myeloma cells or CHO cells using established 
transfection protocols. Such transfected cells can express V, 
or V fragments, V-V heterodimers, V-V, or V-V. 
single chain polypeptides, complete heavy or light immuno 
globulin chains, or portions thereof, each of which may be 
attached to a protein domain having another function (e.g., 
cytotoxicity). 

III Modifications to the Binding Proteins 
It is understood that the binding proteins can be modified to 

optimize performance depending upon the intended use of the 
binding proteins. For example, when the binding protein is 
being used as a therapeutic agent, the binding protein can be 
modified to reduce its immunogenicity in the intended recipi 
ent. Alternatively or in addition, the binding protein can be 
fused or coupled to another protein or peptide, for example, a 
growth factor, cytokine, or cytotoxin. Such modifications can 
be achieved by using routine gene manipulation techniques 
known in the art. 

Various techniques for reducing the antigenicity of anti 
bodies and antibody fragments are known in the art. These 
techniques can be used to reduce or eliminate the antigenicity 
of the binding proteins of the invention. For example, when 
the binding proteins are to be administered to a human, the 
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binding proteins preferably are engineered to reduce their 
antigenicity in humans. This process often is referred to as 
humanization. Preferably, the humanized binding proteins 
have the same or Substantially the same affinity for the antigen 
as the original non-humanized binding protein it was derived 
from. 

In one well known humanization approach, chimeric pro 
teins are created in which immunoglobulin constant regions 
of antibodies from one species, e.g., mouse, are replaced with 
immunoglobulin constant regions from a second, different 
species, e.g., a human. In this example, the resulting antibody 
is a mouse-human chimera, where the human constant region 
sequences, in principle, are less immunogenic than the coun 
terpart murine sequences. This type of antibody engineering 
is described, for example, Morrison, et al. (1984) PROC. NAT. 
ACAD.Sci. 81: 6851-6855, Neubergeretal. (1984) NATURE312: 
604-608; U.S. Pat. No. 6,893,625 (Robinson): U.S. Pat. No. 
5,500,362 (Robinson); and U.S. Pat. No. 4,816,567 (Cabilly). 

In another approach, known as CDR grafting, the CDRs of 
the light and heavy chain variable regions of an antibody of 
interest are grafted into frameworks (FRs) from another spe 
cies. For example, murine CDRS can be grafted into human 
FR sequences. In some embodiments, the CDRs of the light 
and heavy chain variable regions of an anti-HGF antibody are 
grafted into human FRS or consensus human FRS. In order to 
create consensus human FRS, FRs from several human heavy 
chain or light chain amino acid sequences are aligned to 
identify a consensus amino acid sequence. CDR grafting is 
described, for example, in U.S. Pat. No. 7,022,500 (Queen): 
U.S. Pat. NO. 6,982,321 (Winter); U.S. Pat. No. 6, 180,370 
(Queen): U.S. Pat. No. 6,054,297 (Carter); U.S. Pat. No. 
5,693,762 (Queen): U.S. Pat. No. 5,859,205 (Adair); U.S. 
Pat. No. 5,693,761 (Queen): U.S. Pat. No. 5,565,332 (Hoo 
genboom): U.S. Pat. No. 5,585,089 (Queen): U.S. Pat. No. 
5.530,101 (Queen): U.S. Pat. NO. Jones et al. (1986) NATURE 
321:522-525; Riechmannet al. (1988) NATURE 332:323-327: 
Verhoeyen et al. (1988) SCIENCE 239: 1534-1536; and Winter 
(1998) FEBS LETT 430: 92-94. 

In an approach called 'superhumanization, antibodies in 
which human immunogenicity is reduced or eliminated are 
created by an alternative form of grafting. In Superhumaniza 
tion, human FR sequences are chosen from a set of human 
germline genes based on the structural similarity of the 
human CDRs to those of the mouse antibody to be human 
ized. This approach is described, for example, in U.S. Pat. No. 
6,881,557 (Foote) and in Tan et al. (2002) J. IMMUNOL 169: 
1119-1125. 

Other approaches to reduce immunogenicity include, tech 
niques are known as “reshaping.” “hyperchimerization, or 
“veneering/resurfacing to produce humanized antibodies. 
See, e.g., Vaswami et al. (1998) ANNALS OF ALLERGY, 
ASTHMA, & IMMUNOL. 81: 105; Roguska et al. (1996) PROT. 
ENGINEER 9:895-904; and U.S. Pat. No. 6,072,035 (Hardman). 
In the Veneering/resurfacing approach, the Surface accessible 
amino acid residues in the murine antibody are replaced by 
amino acid residues more frequently found at the same posi 
tions in a human antibody. This type of antibody resurfacing 
is described, for example, in U.S. Pat. No. 5,639,641 (Peder 
sen). 
One exemplary approach for converting a mouse antibody 

into a form Suitable for medical use in humans is known as 
ACTIVMABTM technology (Vaccinex, Inc., Rochester, 
N.Y.), which involves a vaccinia virus-based vector to express 
antibodies in mammalian cells. High levels of combinatorial 
diversity of immunoglobulin heavy and light chains are said 
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14 
to be produced. See, e.g., U.S. Pat. Nos. 6,706,477 (Zaud 
erer); U.S. Pat. NO. 6,800.442 (Zauderer); and U.S. Pat. No. 
6,872,518 (Zauderer). 

Another exemplary approach for converting a mouse anti 
body into a form Suitable for use in humans is technology 
practiced commercially by KaloBios Pharmaceuticals, Inc. 
(Palo Alto, Calif.). This technology involves the use of a 
proprietary human “acceptor' library to produce an “epitope 
focused’ library for antibody selection. 

Another exemplary approach for modifying a mouse anti 
body into a form suitable for medical use in humans is 
HUMAN ENGINEERINGTM (HETM) technology, which is 
practiced commercially by XOMA (US) LLC. See, e.g., 
International Application Publication No. WO 93/11794 and 
U.S. Pat. Nos. 5,766,886; 5,770, 196; 5,821,123; and 5,869, 
619. 
Any suitable approach, including any of the above 

approaches, can be used to reduce or eliminate human immu 
nogenicity of a binding protein of interest. 

In addition, it is possible to create fully human antibodies 
in mice. In this approach, human antibodies are prepared 
using a transgenic mouse in which the mouse's antibody 
producing genes have been replaced by a substantial portion 
of the human antibody producing genes. Such mice produce 
human immunoglobulin instead of murine immunoglobulin 
molecules. See, e.g., WO 98/24893 (Jacobovitz et al.) and 
Mendez et al. (1997) NATURE GENETICs 15: 146-156. Fully 
human anti-HGF monoclonal antibodies can be produced 
using the following approach. Transgenic mice containing 
human immunoglobulin genes are immunized with the anti 
gen of interest, e.g., HGF. Lymphatic cells from the mice then 
are obtained from the mice, which are then fused with a 
myeloid-type cell line to prepare immortal hybridoma cell 
lines. The hybridoma cell lines are screened and selected to 
identify hybridoma cell lines that produce antibodies specific 
to HGF. 

Binding proteins of the invention can be conjugated with 
other molecules, depending upon their intended use. For 
example, if the binding protein is going to be used as a 
therapeutic, then the binding protein can be conjugated with 
another agent, for example, an effector molecule that modu 
lates or otherwise promotes the therapy. To the extent that the 
effector is non-protein based agent, for example, a small 
molecule drug, a radiolabel or toxin, then, the agent can be 
chemically coupled to the binding protein using standard in 
vitro coupling chemistries. If, on the other hand, the effector 
molecule is a protein or peptide, for example, an enzyme, 
receptor, toxin, growth factor, cytokine or other immuno 
modulator, then the binding protein can either be chemically 
coupled to the effector using in vitro coupling chemistries or 
can be coupled to the effector as a fusion protein. Fusion 
proteins can be constructed and expressed using the tech 
niques similar to those discussed in section II. 
IV Use of Binding Proteins 
The binding proteins described herein can be used as a 

diagnostic agent or a therapeutic agent. 
(1) Therapeutic Applications 
Because the binding proteins of the invention neutralize the 

activity of HGF, they can be used in various therapeutic 
applications. For example, certain binding proteins of the 
invention are useful in the prevention or treatment of hyper 
proliferative diseases or disorders, e.g., various forms of can 
C. 

The binding proteins can be used to inhibit or reduce the 
proliferation of tumor cells. In such an approach, the tumor 
cells are exposed to a therapeutically effective amount of the 
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binding protein so as to inhibit or reduce proliferation of the 
tumor cell. In certain embodiments, the binding proteins 
inhibit tumor cell proliferation by at least 50%, 60%, 70%, 
80%, 90%, 95% or 100%. 

In certain embodiments, the binding protein is used to 
inhibit or reduce proliferation of a tumor cell wherein the 
binding protein reduces the ability of hiGF to bind to c-Met. 
In other embodiments, the binding protein is used to inhibitor 
reduce the proliferation of a tumor cell even when the binding 
protein binds hiGF but does not substantially inhibit hIGF 
binding to c-Met, as shown by antibody 3B6 in Tables 5 and 
6. 

In addition, the binding protein can be used to inhibit, or 
slow down tumor growth or development in a mammal. In 
Such a method, an effective amount of the binding protein is 
administered to the mammal so as to inhibit or slow down 
tumor growth in the mammal. Accordingly, the binding pro 
teins can be used to treat tumors, for example, in a mammal. 
The method comprises administering to the mammal athera 
peutically effective amount of the binding protein. The bind 
ing protein can be administered alone or in combination with 
another pharmaceutically active molecule, so as to treat the 
tumor. 

It is contemplated that the binding proteins of the invention 
can be used in the treatment of a variety of HGF responsive 
disorders, including, for example, HGF responsive tumor 
cells in lung cancer, breast cancer, colon cancer, prostate 
cancer, ovarian cancer, head and neck cancer, ovarian cancer, 
multiple myeloma, liver cancer, gastric cancer, esophageal 
cancer, kidney cancer, nasopharyngeal cancer, pancreatic 
cancer, mesothelioma, melanoma and glioblastoma. 
As used herein, “treat, “treating” and “treatment” refer to 

the treatment of a disease-state in a mammal, particularly in a 
human, and include: (a) preventing the disease-state from 
occurring in a mammal, in particular, when Such mammal is 
predisposed to the disease-state but has not yet been diag 
nosed as having it; (b) inhibiting the disease-state, i.e., arrest 
ing its development; and/or (c) relieving the disease-state, 
i.e., causing regression of the disease state. 

Generally, a therapeutically effective amount of active 
component will be in the range of from about 0.1 mg/kg to 
about 100 mg/kg, optionally from about 1 mg/kg to about 100 
mg/kg, optionally from about 1 mg/kg to 10 mg/kg. The 
amount administered will depend on variables such as the 
type and extent of disease or indication to be treated, the 
overall health status of the particular patient, the relative 
biological efficacy of the binding protein delivered, the for 
mulation of the binding protein, the presence and types of 
excipients in the formulation, and the route of administration. 
The initial dosage administered may be increased beyond the 
upper level in order to rapidly achieve the desired blood-level 
or tissue level, or the initial dosage may be smaller than the 
optimum and the daily dosage may be progressively 
increased during the course of treatment depending on the 
particular situation. Human dosage can be optimized, e.g., in 
a conventional Phase I dose escalation study designed to run 
from 0.5 mg/kg to 20 mg/kg. Dosing frequency can vary, 
depending on factors such as route of administration, dosage 
amount and the disease condition being treated. Exemplary 
dosing frequencies are once per day, once per week and once 
every two weeks. A preferred route of administration is 
parenteral, e.g., intravenous infusion. Formulation of mono 
clonal antibody-based drugs is within ordinary skill in the art. 
In some embodiments of the invention, the binding protein, 
e.g., monoclonal antibody, is lyophilized and reconstituted in 
buffered saline at the time of administration. 
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The binding proteins may be administered either alone or 

in combination with other pharmaceutically active ingredi 
ents. The other active ingredients, e.g., immunomodulators, 
can be administered together with the binding protein, or can 
be administered before or after the binding protein. 

Formulations containing the binding proteins for therapeu 
tic use, typically include the binding proteins combined with 
a pharmaceutically acceptable carrier. As used herein, “phar 
maceutically acceptable carrier” means buffers, carriers, and 
excipients, that are, within the scope of sound medical judg 
ment, Suitable for use in contact with the tissues of human 
beings and animals without excessive toxicity, irritation, 
allergic response, or other problem or complication, com 
mensurate with a reasonable benefit/risk ratio. The carrier(s) 
should be “acceptable' in the sense of being compatible with 
the other ingredients of the formulations and not deleterious 
to the recipient. Pharmaceutically acceptable carriers, in this 
regard, are intended to include any and all buffers, solvents, 
dispersion media, coatings, isotonic and absorption delaying 
agents, and the like, compatible with pharmaceutical admin 
istration. The use of Such media and agents for pharmaceuti 
cally active Substances is known in the art. 
The formulations can be conveniently presented in a dos 

age unit form and can be prepared by any Suitable method, 
including any of the methods well known in the pharmacy art. 
A pharmaceutical composition of the invention should be 
formulated to be compatible with its intended route of admin 
istration. Examples of routes of administration include 
parenteral administration or non-parenteral administration, 
for example, intravenous, intradermal, inhalation, transder 
mal (topical), transmucosal, and rectal administration. Useful 
Solutions for oral or parenteral administration can be prepared 
by any of the methods well known in the pharmaceutical art, 
described, for example, in Remington's Pharmaceutical Sci 
ences, 18th ed. (Mack Publishing Company, 1990). 

Formulations suitable for oral administration can be in the 
form of discrete units such as injectables, capsules, gelatin 
capsules, Sachets, tablets, troches, or lozenges, each contain 
ing a predetermined amount of the binding protein; a powder 
or granular composition; a solution or a Suspension in an 
aqueous liquid or non-aqueous liquid; or an oil-in-water 
emulsion or a water-in-oil emulsion. 

Formulations suitable for parenteral administration 
include, for example, the following components: a sterile 
diluent such as water for injection, Saline solution, fixed oils, 
polyethylene glycols, glycerine, propylene glycol or other 
synthetic solvents; antibacterial agents such as benzyl alcohol 
or methyl parabens; antioxidants such as ascorbic acid or 
Sodium bisulfite; chelating agents such as ethylenediamine 
tetraacetic acid; buffers such as acetates, citrates or phos 
phates and agents for the adjustment of tonicity Such as 
sodium chloride or dextrose. pH can be adjusted with acids or 
bases, such as hydrochloric acid or sodium hydroxide. The 
parenteral preparation can be enclosed in ampoules, dispos 
able syringes or multiple dose vials made of glass or plastic. 

In general, compositions Suitable for injectable use include 
aqueous solutions (where water Soluble) or dispersions and 
powders for the extemporaneous preparation of sterile inject 
able solutions or dispersion. For intravenous administration, 
Suitable carriers include physiological Saline, bacteriostatic 
water, Cremophor ELTM (BASF, Parsippany, N.J.) or phos 
phate buffered saline (PBS). It should be stable under the 
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conditions of manufacture and storage and should be pre 
served against the contaminating action of microorganisms 
Such as bacteria and fungi. The carrier can be a solvent or 
dispersion medium containing, for example, water, ethanol, 
polyol (for example, glycerol, propylene glycol, and liquid 
polyetheylene glycol), and Suitable mixtures thereof. 

Pharmaceutical formulations preferably are sterile. Steril 
ization can be accomplished, for example, by filtration 
through sterile filtration membranes. Where the composition 
is lyophilized, sterilization using this method can be con 
ducted prior to or following lyophilization and reconstitution. 
Once the pharmaceutical composition has been formulated, it 
can be stored, for example, in vials as a solution, Suspension, 
gel, emulsion, Solid, or as a dehydrated or lyophilized powder. 

(2) Diagnostic Applications 
Whenever the binding proteins are used for diagnostic 

purposes, either in vitro or in vivo, the binding proteins typi 
cally are labeled either directly or indirectly with a detectable 
moiety. The detectable moiety can be any moiety which is 
capable of producing, either directly or indirectly, a detect 
able signal. For example, the detectable moiety may be a 
radioisotope, such as Hydrogen (H), ''Carbon (''C), 
Phosphorus (P), Sulfur (S), or 'Iodine (I); a fluo 

rescent or chemiluminescent compound, such as fluorescein 
isothiocyanate, rhodamine, or luciferin; an enzyme. Such as 
alkaline phosphatase, beta-galactosidase, or horseradish per 
oxidase; a spin probe, such as a spin label; or a colored 
particle, for example, a latex or gold particle. It is understood 
that the binding protein can be conjugated to the detectable 
moiety using a number of approaches known in the art, for 
example, as described in Hunter et al. (1962) NATURE 144: 
945; David et al. (1974) BIOCHEMISTRY 13: 1014: Pain et al. 
(1981).J. IMMUNOL. METH. 40: 219; and Nygren (1982) J. HIS 
TOCHEM. AND CYTOCHEM. 30: 407. The labels may be detected, 
e.g., visually or with the aid of a spectrophotometer or other 
detector. 
The binding proteins can be employed in a wide range of 

immunoassay techniques available in the art. Exemplary 
immunoassays include, for example, Sandwich immunoas 
says, competitive immunoassays, immunohistochemical pro 
cedures. 

In a sandwich immunoassay, two antibodies that bind an 
analyte or antigen of interest are used, e.g., one immobilized 
onto a solid Support, and one free in Solution and labeled with 
a detectable moiety. When a sample containing the antigen is 
introduced into this system, the antigen binds to both the 
immobilized antibody and the labeled antibody, to form a 
“sandwich immune complex on the surface of the support. 
The complexed protein is detected by washing away non 
bound sample components and excess labeled antibody, and 
measuring the amount of labeled antibody complexed to pro 
tein on the supports surface. Alternatively, the antibody free 
in solution can be detected by a third antibody labeled with a 
detectable moiety which binds the free antibody. A detailed 
review of immunological assay design, theory and protocols 
can be found in numerous texts, including Butt, ed., (1984) 
PRACTICAL IMMUNOLOGY, Marcel Dekker, New York; Harlow et 
al. eds. (1988) ANTIBODIES, A LABORATORY APPROACH, Cold 
Spring Harbor Laboratory; and Diamandis et al., eds. (1996) 
IMMUNOASSAY, Academic Press, Boston. 

It is contemplated that the labeled binding proteins are 
useful as in vivo imaging agents, whereby the binding pro 
teins can target the imaging agents to particular tissues of 
interest in the recipient. A preferred remotely detectable moi 
ety for in vivo imaging includes the radioactive atom Tech 
netium’" ("Tc), a gamma emitter with a half-life of about 
six hours. Non-radioactive moieties also useful in in vivo 
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imaging include nitroxide spin labels as well as lanthanide 
and transition metal ions all of which induce proton relax 
ation in situ. In addition to immunoimaging, the complexed 
radioactive moieties may be used in standard radioimmuno 
therapy protocols to destroy the targeted cell. Preferred nucle 
otides for high dose radioimmunotherapy include the radio 
active atoms'Yttrium ('Yt), ''Iodine (''I) and '''Indium 
('''In). The binding protein can be labeled with 131I, '''In 
and "TC using coupling techniques known in the imaging 
arts. Similarly, procedures for preparing and administering 
the imaging agent as well as capturing and processing images 
are well known in the imaging art and so are not discussed in 
detail herein. Similarly, methods for performing antibody 
based immunotherapies are well known in the art. See, for 
example, U.S. Pat. No. 5,534.254. 

Throughout the description, where compositions are 
described as having, including, or comprising specific com 
ponents, it is contemplated that compositions also consist 
essentially of or consist of the recited components. Simi 
larly, where processes are described as having, including, or 
comprising specific process steps, the processes also consist 
essentially of, or consist of the recited processing steps. 
Except where indicated otherwise, the order of steps or order 
for performing certain actions are immaterial so long as the 
invention remains operable. Moreover, unless otherwise 
noted, two or more steps or actions may be conducted simul 
taneously. 

EXAMPLES 

The following Examples discuss the production and char 
acterization of a number of anti-hPIGF monoclonal antibod 
ies. 

Example 1 

Production of Anti-hPIGF Monoclonal Antibodies 

This Example describes the production of a number of 
anti-hPIGF monoclonal antibodies. 

Immunizations, fusions, and primary Screens were con 
ducted at MBS Inc. (Portland, Me.), following the Repetitive 
Immunization Multiple Sites (RIMMS) protocol. Five AJ 
mice and Five Balbic mice were immunized with recombi 
nant human HGF (R&D Systems, Minneapolis, Minn.; Cata 
log No. 294-HGN-025). Two mice with sera displaying high 
est anti-HGF activity by Enzyme Linked Immunosorbent 
Assay (ELISA) were chosen for subsequent fusion. Spleens 
and lymph nodes from the appropriate mice were harvested. 
B-cells then were harvested and fused with an myeloma line. 
Fusion products were serially diluted on one or more plates to 
near clonality. Supernatants from the resulting fusions were 
screened for their binding to hiGF by ELISA. Supernatants 
identified as containing antibodies to HGF were further char 
acterized by in vitro functional testing as discussed in the 
following examples. A panel of hybridomas was selected and 
the hybridomas were subcloned and expanded. The mono 
clonal antibodies then were purified by affinity chromatogra 
phy on Protein A/G resin under standard conditions. 
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Example 2 

Sequence Analysis of Anti-hIGF Monoclonal 
Antibodies 

This Example describes isotype and sequence analyses of 
the anti-hHGF monoclonal antibodies produced in Example 
1. 

a. Determination of HGF Murine Monoclonal Antibody 
Isotypes 
The light-chain type and heavy chain isotype of each 

monoclonal antibody were determined using the IsoStrip 
Mouse Monoclonal Antibody Isotyping Kit in accordance the 
manufacturers instructions (Roche Applied Science). 

All the antibodies were determined to contain a Kappa 
immunoglobulin light chain and an IgG1 immunoglobulin 
heavy chain. 

b. Determination of Nucleotide Sequences Encoding 
Immunoglobulin Heavy and Light Chain Variable Regions 

Total RNA was extracted from each monoclonal hybri 
doma cell line using the RNeasy Miniprep kit according to the 
manufacturers instructions (Qiagen Venlo, The Nether 
lands). Full-length first strand cDNA was generated using the 
BDSMARTTM RACE cDNA Amplification Kit according to 
the manufacturers instructions (Clontech) using the oligo 
nucleotide primers BDSMART II A (5' aagcagtggtatcaacg 
cagagtacgcggg 3') (SEQ ID NO. 85) and 5'-RACE CDS 
Primer (5' ttttittttittttttittttitttttttvn3", where v=a, g, or c and na, 
g, c, ort) (SEQID NO.86) for the purpose of 5 RACE (Rapid 
Amplification of cDNA Ends). 
The variable regions of the Kappa and Heavy (IgG1) 

immunoglobulin chains were amplified by PCR (Polymerase 
Chain Reaction) using the Expand High-Fidelity PCR Sys 
tem (Roche Applied Science) according to the manufactur 
er's instructions. Heavy chain variable regions were ampli 
fied with the 5' oligonucleotide primer mix Universal Primer 
Mix A (mix of 5' ctaatacgacticactatagggcaag 
cagtggtaticaacgcagagt 3' (SEQID NO. 87) and 5' ctaatacgact 
cactatagggc 3'(SEQ ID NO. 88)) and a 3' IgG1 Constant 
Region specific primer, either 5' tatgcaaggcttacaaccaca 3' 
(SEQ ID NO. 89) or 5' gccagtggatagacagatgggggtgtcg 3' 
(SEQID NO. 90). Kappa chain variable regions were ampli 
fied with the 5' oligonucleotide primer mix Universal Primer 
Mix A and a 3' Kappa Constant Region specific primer, either 
5"ctcattcctgttgaagctctgacaat 3' (SEQID NO. 91) or 5' cgact 
gaggcaccticcagatgtt 3' (SEQID NO. 92). 

Individual PCR products were fractionated by agarose gel 
electrophoresis and purified using the Qiaquick Gel Purifica 
tion kit according to the manufacturers instructions 
(Qiagen). The PCR products were subsequently cloned into 
the pCR2.1 TOPO plasmid using the topoisomerase based 
cloning kit TOPOTA Cloning R. Kit (with pCRR.2.1-TOPOR) 
vector) according to the manufacturers instructions (Invitro 
gen, Carlsbad, Calif.) and transformed into DH5 bacteria 
using standard transformation techniques. Plasmid DNA iso 
lated from transformed bacterial clones was sequenced using 
T7 (5'TAATACGACTCACTATAGGG 3') (SEQID NO.93), 
M13 Forward (5' GTAAAACGACGGCCAGT3') (SEQ ID 
NO. 94), and M13 Reverse primers (5' CAGGAAACAGC 
TATGACC 3') (SEQ ID NO. 95) by Agencourt Bioscience 
using standard dideoxy DNA sequencing methods to identify 
the sequence of the variable region sequences. The sequences 
were analyzed using Vector NTI software (Invitrogen, Carls 
bad, Calif.) and the IMGT/V-Quest webserver (http://imgt 
.cines.fr/textes/vduest) to identify and confirm variable 
region sequences. 

20 
c. Determination of Nucleotide Sequences Encoding 

Immunoglobulin Heavy and Light Chain Constant Region 
Sequences for 1A3, 1D3, 1F3, and 2B8 Kappa and IgG1 
Chains 

5 Full Length cDNAs for the 1A3, 1D3, and 1F3 IgG1 chains 
were PCR amplified from the cDNA created above using the 
forward primer 5' ggggacaagtttgtacaaaaaag.caggctgccacc 
atgaactittgggcticagattgatttitcc 3' (start codon underlined) (SEQ 
ID NO. 96) and the reverse primer 5' ggggaccactttgtacaa 
gaaagctgggttcatttaccaggagagtgggagagg3' (stop codon under 
lined) (SEQID NO. 97). Full Length cDNA for the 2B8IgG1 
chain was amplified from the cDNA created above using the 
forward primer 5' ggggacaagtttgtacaaaaaag.caggctgccacc 
atggatggagctatatcatcctictitt 3' (start codon underlined) (SEQ 
ID NO. 98) and reverse primer 5' ggggaccactttgtacaa 
gaaagctgggttcatttaccaggagagtgggagag 3' (stop codon under 
lined) (SEQID NO. 99). 

Full Length cDNA for the 2B8Kappa Chain was amplified 
using the forward primer 5' ggggacaagtttgtacaaaaaagcag 
gctgccaccatgaatcacagactctggtettcata 3 (start codon under 
lined) (SEQID NO. 100) and the reverse primer 5'ggggac 
cactttgtacaagaaagctgggtctaacacticatcctgttgaagctic 3' (stop 
codon underlined) (SEQID NO. 101). PCR fragments were 
subcloned into pI)ONR221 (Invitrogen, Carlsbad, Calif.) by 
Gateway BP recombination reaction (Invitrogen, Carlsbad, 
Calif.) and sequenced by Agencourt BioScience using stan 
dard dideoxy DNA sequencing methods to identify the 

so sequence of the constant region and further confirm variable 
region sequences. 
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d. Sequence Analysis 
Variable Regions (normal text) were identified using 

IMGT/V-QUEST webserver software (http://imgt.cines.fr/ 
textes/vduest/). Signal Peptide sequences were predicted 
based on identification of the in frame start codon (ATG) that 
was upstream of the identified Variable Region. Signal Pep 
tide sequences were identified and are underlined below. 

35 

The last nucleotide of each variable region is the first base 
of the next codon generated by the variable/constant region 
junction. This nucleotide is included in the variable region 
cause it is part of that exon. Amino acid sequences of the 
constant regions listed below include the translation of this 
junction codon. 

40 

45 

In order to create the complete heavy or kappa chain anti 
body sequences, the variable region sequences noted below 
are combined with their respective constant region sequences 
(the signal sequences are underlined). 

50 

(1) 1A3 Heavy Chain Variable Region (SEQ ID NO. 1) 
atgaactittg gect cagatt gattitt CCtt etcCttgttct 
taaaaggtgt gaagttgaa 

55 
61 gtgcagotgg tagt ctgg gggaggctta gtgcagcctg 

gagggtc.cct gaalactictoC 

121 tdtgcago: ct ctdaatt cac titt cagtaac tattacatgt 
Cttgggttcg C cagacticca 

60 181 gagaagaggc tigcagtgggit cqcatacatt agt cctggtg 
gtgg tagctic ctact atcca 

241 gocagtgttga agggit catt Caccatcto C agaga caatg 
c caagaacac cct gtacctg 

65 30 caaatgagca gtctgaagtic taggacaca gcc atgt att 
actgtgcaag acaaggggat 
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121 ggalagattga tiggcagtgaa cacaaaatg gC9tcctgaa 
Cagttggact gat Caggaca 

181 gcaaaga cag cacct acagc atgagcago a cc ct cacgtt 
gaccalaggac gag tatgaac 

241 gacataa.cag ctatacctgt gaggccactic acaagacatc 
aactt caccc attgttcaaga 

3O1 gct tcaa.cag gaatgagtgt tag 

(2O) Mouse Kappa Light Chain Constant Region De 
termined for 1A3 containing one altered nucleotide 
compared to 1D3, 1F3. and 2B8 (underlined) (SEQ ID 
NO. 84) 

gggctgatgc tigcaccaact gitatic catct tcccaccatc 
Cagtgagcag ttalacatctg 

61 gaggtgcct c agt cqtgtgc titcttgaaca acttctaccc 
caaagacatc aatgtcaagt 

121 ggalagattga tiggcagtgaa cacaaaatg gC9tcctgaa 
Cagttggact gat Caggaca 

181 gcaaaga cag cacct acagc atgagcagda cc ct catgtt 
gaccalaggac gag tatgaac 

241 gacataa.cag ctatacctgt gaggccactic acaagacatc 
aactt caccc attgttcaaga 

3O1 gct tcaa.cag gaatgagtgt tag 

Each of the amino acid sequences defining the immuno 
globulin heavy chain variable regions for the antibodies pro 
duced in Example 1 are set forth in FIG. 2. Each of the 
sequences are aligned with one another and the sequences 
defining the signal peptide, CDR, CDR and CDR are iden 
tified by boxes. FIG. 3 shows an alignment of the separate 
CDR, CDR and CDR sequences for each of the antibodies. 

Each of the amino acid sequences defining the immuno 
globulin light chain variable regions for each of the antibodies 
produced in Example 1 are set forth in FIG. 4. Each of the 
sequences are aligned with one another and the sequences 
defining the signal peptide, CDR, CDR and CDR are iden 
tified by boxes. FIG. 5 shows an alignment of the separate 
CDR, CDR and CDR sequences for each of the antibodies. 

For convenience, Table 1 provides a concordance chart 
showing the correspondence between the antibody sequences 
discussed in this Example with those presented in the 
Sequence Listing. 

TABLE 1. 

SEQ. ID NO. Protein or Nucleic Acid 

1 Heavy Chain Variable Region 1A3 - nucleic acid 
2 Heavy Chain Variable Region 1A3 - protein 
3 Light (kappa) Chain Variable Region 1A3 - nucleic acid 
4 Light (kappa) Chain Variable Region 1A3 - protein 
5 Heavy Chain CDR 1A3 
6 Heavy Chain CDR 1A3 
7 Heavy Chain CDR 1A3 
8 Light (kappa) Chain CDR11A3 
9 Light (kappa) Chain CDR2 1A3 
10 Light (kappa) Chain CDR 1A3 
11 Heavy Chain Variable Region 2B8 - nucleic acid 
12 Heavy Chain Variable Region 2B8 - protein 
13 Light (kappa) Chain Variable Region 2B8 - nucleic acid 
14 Light (kappa) Chain Variable Region 2B8 - protein 
15 Heavy Chain CDR2B8 
16 Heavy Chain CDR. 2B8 
17 Heavy Chain CDR. 2B8 
18 Light (kappa) Chain CDR2B8 
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TABLE 1-continued 

SEQ. ID NO. Protein or Nucleic Acid 

19 Light (kappa) Chain CDR. 2B8 
2O Light (kappa) Chain CDR. 2B8 
21 Heavy Chain Variable Region 2F8 - nucleic acid 
22 Heavy Chain Variable Region 2F8 - protein 
23 Light (kappa) Chain Variable Region 2F8 - nucleic acid 
24 Light (kappa) Chain Variable Region 2F8 - protein 
25 Heavy Chain CDR 2F8 
26 Heavy Chain CDR. 2F8 
27 Heavy Chain CDR. 2F8 
28 Light (kappa) Chain CDR 2F8 
29 Light (kappa) Chain CDR. 2F8 
30 Light (kappa) Chain CDR. 2F8 
31 Heavy Chain Variable Region 3B6 - nucleic acid 
32 Heavy Chain Variable Region 3B6 - protein 
33 Light (kappa) Chain Variable Region 3B6 - nucleic acid 
34 Light (kappa) Chain Variable Region 3B6 - protein 
35 Heavy Chain CDR 3B6 
36 Heavy Chain CDR. 3B6 
37 Heavy Chain CDR 3B6 
38 Light (kappa) Chain CDR3B6 
39 Light (kappa) Chain CDR2 3B6 
40 Light (kappa) Chain CDR 3B6 
41 Heavy Chain Variable Region 3D11 - nucleic acid 
42 Heavy Chain Variable Region 3D11 - protein 
43 Light (kappa) Chain Variable Region 3D11 - nucleic acid 
44 Light (kappa) Chain Variable Region 3D11 - protein 
45 Heavy Chain CDR 3D11 
46 Heavy Chain CDR 3D11 
47 Heavy Chain CDR 3D11 
48 Light (kappa) Chain CDR 3D11 
49 Light (kappa) Chain CDR2 3D11 
50 Light (kappa) Chain CDR 3D11 
51 Heavy Chain Variable Region 1 D3 - nucleic acid 
52 Heavy Chain Variable Region 1 D3 - protein 
53 Light (kappa) Chain Variable Region 1D3 - nucleic acid 
S4 Light (kappa) Chain Variable Region 1 D3 - protein 
55 Heavy Chain CDR 1D3 
56 Heavy Chain CDR 1D3 
57 Heavy Chain CDR 1D3 
58 Light (kappa) Chain CDR 1D3 
59 Light (kappa) Chain CDR2 1D3 
60 Light (kappa) Chain CDR 1D3 
61 Heavy Chain Variable Region 1F3 - nucleic acid 
62 Heavy Chain Variable Region 1F3 - protein 
63 Light (kappa) Chain Variable Region 1F3 - nucleic acid 
64 Light (kappa) Chain Variable Region 1F3 - protein 
65 Heavy Chain CDR 1F3 
66 Heavy Chain CDR, 1 F3 
67 Heavy Chain CDR, 1 F3 
68 Light (kappa) Chain CDR 1F3 
69 Light (kappa) Chain CDR, 1 F3 
70 Light (kappa) Chain CDR 1F3 
71 Heavy Chain Variable Region 3A12 - nucleic acid 
72 Heavy Chain Variable Region 3A12 - protein 
73 Light (kappa) Chain Variable Region 3A12 - nucleic acid 
74 Light (kappa) Chain Variable Region 3A12 - protein 
75 Heavy Chain CDR3A12 
76 Heavy Chain CDR 3A12 
77 Heavy Chain CDR 3A12 
78 Light (kappa) Chain CDR3A12 
79 Light (kappa) Chain CDR2 3A12 
8O Light (kappa) Chain CDR 3A12 

Also, for convenience, the following sequences represent 
the actual or contemplated full length heavy and light chain 
sequences (i.e., containing both the variable and constant 
region sequences) for each of the antibodies described in this 
Example. It is noted that the constant regions of the murine 
antibodies 2F8,3A12,3B6, and 3D11 were not sequenced but 
are presumed to have the same constant region sequences as 
the 1D3, 1F3, and 2B8 antibodies, which were sequenced, as 
they were all derived from AJ strain mice. It is appreciated, 
however, that the variable region sequences described herein 
can be ligated to each of a number of other constant region 
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- Continued 

121 ssedltsgga svvcflnnify pkdinvkwki dgserqngvl 
nswtdodskd stysms stilt 

181 ltkdeyerhn Sytceathkit stspivksfn rnec 

For convenience, Table 2 provides a concordance chart 
showing the correspondence between the full length 
sequences of the antibodies discussed in this Example with 
those presented in the Sequence Listing. 

TABLE 2 

SEQ. 
ID NO. Protein or Nucleic Aci 

22 1A3 Heavy Variable + IgG1 constant - nucleic acid 
23 1A3 Heavy Variable + IgG1 constant - protein 
24 1A3 Light Variable + constant - nucleic acid 
25 1A3 Light Variable + constant - protein 
26 2B8 Heavy Variable + IgG1 constant - nucleic acid 
27 2B8 Heavy Variable + IgG1 constant - protein 
28 2B8 Light Variable + constant - nucleic acid 
29 2B8 Light Variable + constant - protein 
30 2F8 Heavy Variable + IgG1 constant - nucleic acid 
31 2F8 Heavy Variable + IgG1 constant - protein 
32 2F8 Light Variable + constant - nucleic acid 
33 2F8 Light Variable + constant - protein 
34 3B6 Heavy Variable + IgG1 constant - nucleic acid 
35 3B6 Heavy Variable + IgG1 constant - protein 
36 3B6 Light Variable + constant - nucleic acid 
37 3B6 Light Variable + constant - protein 
38 3D11 Heavy Variable + IgG1 constant - nucleic acid 
39 3D11 Heavy Variable + IgG1 constant - protein 
40 3D11 Light Variable + constant - nucleic acid 
41 3D11 Light Variable + constant - protein 
42 1D3 Heavy Variable + IgG1 constant - nucleic acid 
43 1D3 Heavy Variable + IgG1 constant - protein 
44 1D3 Light Variable + constant - nucleic acid 
45 1D3 Light Variable + constant - protein 
46 1F3 Heavy Variable + IgG1 constant - nucleic acid 
47 1F3 Heavy Variable + IgG1 constant - protein 
48 1F3 Light Variable + constant - nucleic acid 
49 1F3 Light Variable + constant - protein 
50 3A12 Heavy Variable + IgG1 constant - nucleic acid 
51 3A12 Heavy Variable + IgG1 constant - protein 
52 3A12 Light Variable + constant - nucleic acid 
53 3A12 Light Variable + constant - protein 

Example 3 

Production of Various Recombinant hPIGF Proteins 

This Example describes the cloning and expression of a 
number of recombinant proteins used to characterize the anti 
bodies created in Example 1 and in Example 14. In particular, 
this Example describes the cloning and expression of recom 
binant hIGF protein, a recombinant hHGF protein contain 
ing a glycine to glutamate Substitution at position 555 
(G555E), a recombinant hHGF protein containing a cysteine 
to arginine substitution at position 561 (C561R), a recombi 
nant mouse-human-mouse (mhm) chimeric HGF protein 
containing the human V495-L585 HGF sequence disposed 
within mouse HGF sequence, a recombinant mhm chimeric 
HGF protein containing the human I499-R566 HGF 
sequence disposed within mouse HGF sequence, and a 
recombinant mhm chimeric HGF protein containing human 
W507-L585 HGF sequence disposed within mouse HGF 
Sequence. 
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The following expression constructs were generated using 

standard molecular techniques and the resulting cDNA 
sequences were confirmed by DNA sequencing: 

a. hEIGF-Fc 
In a first round of PCR, two overlapping PCR fragments 

were generated introducing a Not I site and encoding a 6xHis 
tag between hiGF and hIgEc. The overlapping PCR frag 
ments served as template in a second round to amplify hHGF 
his-IgEc. The resulting fragment was digested by Nhe and 
BamHI and cloned into pcDNA5/FRT (Invitrogen, #35 
3.014). Then, hHGF was amplified from Invitrogen clone ID: 
IOH29794 (human HGF cDNA). The sequence was found to 
correspond to the sequence deposited at the NCBI under 
accession number NM 000601.4. 

(1) 5 hHGF Nhe Primer 
(SEQ ID NO. 102) 

ACTGGCTAGCATGTGGGTGACCAAACTCCT 

(2) 3' hHGF Not I His Tag Primer 
(SEQ ID NO. 103) 

GTGATGGTGATGGTGATGGCGGCCGCATGACTGTGGTACCTTATATG 

(3) 5' His IgFc Primer 
(SEQ ID NO. 104) 

ACTGGCGGCCGCCATCACCATCACCATCAC 

(4) 3' IgFc BamHI Primer 
(SEQ ID NO. 105) 

ACTGGGATCCTCACTATTTACCCGGGGACAG 

hHGF-Fc mutants G555E and C561R were generated by 
site directed mutagenesis using the QuikChange II XL site 
directed mutagenesis kit (Stratagene) according to manufac 
turers instructions. 

(1) hCGF-Foc (G555E) Sense Primer 
(SEQ ID NO. 106) 

CATGATGTCCACGAAAGAGGAGATGAG 

(2) hCGF-Foc (G555E) Anti-sense Primer 
(SEO ID NO. 107) 

CTCATCTCCTCTTTCGTGGACATCATG 

(3) hCGF-Foc (C561R) Sense Primer 
(SEQ ID NO. 108) 

GGAAGAGGAGATGAGAAACGCAAACAGGTTCTCAATG 

(4) hCGF-Foc (C561R) Anti-sense Primer 
(SEQ ID NO. 109) 

CATTGAGAACCTGTTTGCGTTTCTCATCTCC TCTTCC 

The mouse-human-mouse chimera IgFc construct contains 
mHGF alpha chain-hIGF, B-chain amino acids Val 495-Leu 
585 of human HGF, and mHGF C-terminal beta chain fol 
lowed by 6xHis tag and IgG-Fc. 
Human HGF cDNA encoding amino acids V495-L585 was 

amplified from Invitrogen clone ID: IOH29794 (human HGF 
cDNA). The sequence corresponds to the sequence deposited 
at the NCBI under accession number NM 000601.4. Mouse 
HGF sequences were amplified by RT-PCR from mouse liver 
total RNA (Clontech, # 636603) using the Super Script One 
Step RT-PCR kit from Invitrogen (#10928-034) according to 
manufacturers instructions. The mHGF cDNA sequence cor 
responds to the sequence deposited at the NCBI under acces 
Sion number D10213.1. 

Three fragments, referred to as Fragments 1, 2, and 3, were 
generated using overlapping PCR primers and annealed in 
consecutive rounds of PCR amplification. The final product 
was cleaved with Nhe and NotI and cloned into pcDNA5/ 
FRT IgGFc. 
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(1) Fragment 1 Primers for mHGF alpha chain 5 'NheI 
(SEQ ID NO. 110) 

5 ATCGGCTAGCATGATGTGGGGGACCAAAC 

(SEQ ID NO. 111) 
3 * GAATCCCATTTACAACCCGCAGTTGTTTTGTTTTGG 

(2) Fragment 2 Primers for hHGF beta chain aa 
W495-L585 

(SEQ ID NO. 112) 
5. CCAAAACAAAACAACTGCGGGTTGTAAATGGGATTC 

(SEQ ID NO. 113) 
3 CAGGATTGCAGGTCGAGCAAGCTTCATTAAAACCAGATCT 

(3) Fragment 3 Primer for mHGF beta chain C 
terminus 3 ''Not I 

(SEQ ID NO. 114) 
s' AGATCTGGTTTTAATGAAGCTTGCTCGACCTGCAATCCTG 

(SEQ ID NO. 115) 
3 
C 

GTAATTTTGACATACAAGTTGTGCGGCCGCCATCACCATCACCATCA 

d. Construction of hPIGF and mhm Chimera 
The vectors encoding hiGF and mhm chimera (V495 

L585), pcDNA5/FRT hHGF and pcDNA5/FRT-mhm chi 
mera (V495-L585), without Fc-tag were generated by site 
directed mutagenesis. A stop codon was introduced 3' of the 
6xHis tag using the QuikChange II XL site-directed 
mutagenesis kit (Stratagene) according to manufacturers 
instructions. The mutagenesis primer included Primer 1: 
CATCACCATCACCATCAC 
TAAGCGGGTCTGGTGCCACG (SEQ ID NO. 116), and 
Primer 2: CGTGGCACCAGACCCGCTTAGTGATGGT 
GATGGTGATG (SEQID NO. 117). 

In addition, two additional mhm chimeras were created 
from the pcDNA5/FRT-mhm (V495-L585) construct by site 
directed mutagenesis using the QuikChange II XL site-di 
rected mutagenesis kit (Stratagene) according to manufactur 
er's instructions. One mhm construct contained the region of 
I499-R556 of hHGF disposed between murine sequences. 
The other mhm construct contained the region of W507-L585 
of hEGF disposed between murine sequences. 

For the mhm chimera (I499-R556), the following point 
mutations were made in order in the template pcDNA5/FRT 
mhm chimera (V495-L585) construct: D558E, C561R, 
V564I, V567I and M583L, using the appropriate oligonucle 
otide sequences. For the mhm chimera (W507-L585), the 
following point mutations were introduced in one step in the 
template pcDNA5/FRT-mhm chimera (V495-L585) con 
struct: Q502R, N.T and I505V, using the appropriate oli 
gonucleotide sequences. 
The resulting nucleotide sequence of the hHGF-Fc protein 

is set forth as SEQ ID NO. 118, including signal sequence 
(nucleotides 1-93) and prodomain (nucleotides 94-162). The 
amino acid sequence of the hHGF-Fc protein is set forth as 
SEQID NO. 119. 
The resulting nucleotide sequence encoding the mhm 

(V495-L585)-Fc chimeric protein is set forth in SEQID NO. 
120, including signal sequence (nucleotides 1-96) and pro 
domain (nucleotides 97-165). The amino acid sequence of the 
mhm (V495-L585)-Fc chimeric protein is set forth in SEQID 
NO. 121. 
The resulting nucleotide sequence encoding, and the pro 

tein sequence defining, the mhm (V495-L585) construct are 
set forth in SEQ ID NOS. 211 and 212, respectively. The 
nucleic acid sequence set forth in SEQID NO. 211 includes 
the signal sequence (nucleotides 1-96) and the prodomain 
(nucleotides 97-165), and the protein sequence set forth in 
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SEQID NO. 212 includes the active protein sequence (with 
out the signal sequence or the prodomain). The resulting 
nucleotide sequence encoding, and the protein sequence 
defining, the mhm (I499-R556) construct are set forth in SEQ 
ID NOS. 213 and 214, respectively. The nucleic acid 
sequence set forth in SEQ ID NO. 213 includes the signal 
sequence (nucleotides 1-96) and the prodomain (nucleotides 
97-165), and the protein sequence set forth in SEQ ID NO. 
214 includes the active protein sequence (without the signal 
sequence or the prodomain). The resulting nucleotide 
sequence encoding, and the protein sequence defining, the 
mhm (W507-L585) are set forth in SEQ ID NOS. 215 and 
216, respectively. The nucleic acid sequence set forth in SEQ 
ID NO. 215 includes the signal sequence (nucleotides 1-96) 
and the prodomain (nucleotides 97-165), and the protein 
sequence set forth in SEQ ID NO. 216 includes the active 
protein sequence (without the signal sequence or the pro 
domain). 

e. Protein Expression 
(1) Cell Culture 
CHO FlpIn cells (Invitrogen, Catalog No. R758-07)) were 

grown in F12K media (ATCC, Catalog No. 30-2004), 10% 
FCS (Invitrogen, Catalog No. 10438026), 1% Penicillin 
(10000 units/mL)/Streptomycin (10,000 g/mL) (Invitrogen, 
Catalog No. 15140-122) at 37° C., 5% CO, 100 g/mL 
Zeocin (Invitrogen, Catalog No. R250-01). 

(2) Generation of Stable CHO FlpIn Cell Lines 
CHO FlpIn host cells were transfected with a 9:1 ratio of 

pOG44:pcDNA5/FRT expression plasmid DNA using lipo 
fectamine 2000 according to the manufacturer's instructions 
(Invitrogen, Catalog No. 11668-027). As controls, cells were 
transfected with empty pcDNA5/FRT vector/p0G44 and 
pOG44 plasmid (Invitrogen, Catalog No. 35-3018) alone. 
Twenty four hours after transfection, the cells were split, and 
after forty eight hours 0.5 mg/mL Hygromycin B (Sigma, 
Catalog No. H0654-SPEC) was added to the cells. Polyclonal 
selection of stable cells was performed in F12K, 10% FCS, 
1% Penicillin/Streptomycin, 0.5 mg/mL Hygromycin B. 

(3) Protein Expression in Stable CHO FlpIn Cell Lines 
Approximately 2x10 cells were seeded in 15 cm plates 

and grown in F12K (ATCC, Catalog No. 30-2004)/DMEM 
high-glucose (Invitrogen, Catalog No. 11995065) 1:1, 5% 
ultralow IgG FCS (Invitrogen, #16250-78) at 37°C.,5% CO, 
for 5-6 days. Supernatants were harvested and resulting pro 
teins analyzed by ELISA and by Surface plasmon resonance. 

Example 4 

Binding Characteristics of Anti-hhGF Monoclonal 
Antibodies 

The monoclonal antibodies produced in Example 1 were 
characterized by their ability to bind hHGF, and certain of the 
recombinant HGF proteins produced in Example 3. 
The antibodies were analyzed by Surface-plasmon reso 

nance using a BIAcore T100 instrument to assess their ability 
to bind HGF and certain of the fusion proteins discussed in 
Example 3. Each antibody was immobilized on a carboxym 
ethylated dextran CM5 sensor chip (BIAcore, Catalog No. 
BR-1006-68) by amine coupling (BIAcore, Catalog No. 
BR-1000-50) using a standard coupling protocol according to 
manufacturers instructions. 

Analyses were performed at 25° C. using PBS (GIBCO, 
Catalog No. 14040-133) containing 0.05% surfactant P20 
(BIAcore, Catalog No. R-1000-54), 2 mg/mL BSA (EMD, 
Catalog No. 2930) and 10 mg/mL CM-Dextran Sodium salt 
(Fluka, Catalog No. 86524) as running buffer. Supernatant 
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containing different HGF fusion proteins or supernatant from 
cells transfected with empty vector were injected over each 
antibody at a flow rate of 30 ul/min for 3 minutes. The 
resulting binding was determined as resonance units (RU) 
over baseline 30 seconds after the end of injection. Binding 
was compared to human HGF (R&D Systems, Catalog No. 
294-HGN-025) diluted in running buffer. Non-specific bind 
ing was monitored by comparing binding to a control Surface 
where mouse IgG (Rockland, Catalog No. 010-0102) was 
immobilized using the same amine coupling procedure. 
The results are summarized in the Table 3. 

TABLE 3 

rhHGF (R&D rmHGF (R&D mhm chimera 
Antibody Systems) Systems) (V495-L585) 

1A3 Yes No No Yes 
1D3 Yes No Yes Yes 
1F3 Yes Yes Yes Yes 
2B8 Yes No Yes Yes 
2F8 Yes Yes No Yes 
3A12 Yes No No Yes 
3B6 Yes No No Yes 
3D11 Yes No No Yes 

The results in Table 3 demonstrate that each of the antibod 
ies bind rHGF and purified human HGF. Furthermore, all of 
the antibodies bindhhGF containing point mutations G555E 
and CR. In general, all of the antibodies except for 1F3 and 
2F8 did not bind murine HGF demonstrating that the anti 
bodies 1A3, 1D3, 2B8, 3A12, 3B6, and 3D11 specifically 
bind human HGF. Antibodies 1D3, 1F3, and 2B8 bind the 
mouse-human-mouse chimera whereas the remaining anti 
bodies did not. The results suggest that the antibodies 1D3 
and 2B8 at least in part bind to residues 495-585 of human 
HGF. The antibodies 1A3, 3A12, 3B6, and 3D11 appear to 
bind portions of human hHGF other than residues 495-585. 
At present, it is uncertain why 2F8 does not bind the mhm 
chimera as it appears to bind both hPLGF and mHGF. 

Example 5 

Ability of Anti-hhGF Monoclonal Antibodies to 
Bind Reduced and Non-Reduced HGF 

In this Example, the anti-hhGF monoclonal antibodies 
produced in Example 1 were analyzed for their ability to bind 
reduced and non-reduced HGF. 

The reactivity of the anti-HGF sera with the recombinant 
hHGF was assessed by immunoblotting. Eight ug of recom 
binant hHGF protein in NuPAGE MOPS SDS running buffer 
(Invitrogen) with or without NuPAGE sample reducing buffer 
(Invitrogen) was fractionated on a 4-12% Bis-Tris 1.0 
mmx2D well gel (Invitrogen, Carlsbad, Calif.). The fraction 
ated proteins then were transferred onto a nitrocellulose 
membrane using standard procedures. The nitrocellulose 
membranes were blocked with 5% nonfat milk powder solu 
tion in Tris buffered Saline with 0.1% Tween-20R) (TBST), 
and then mounted onto a Mini Protean II Multi-Screen appa 
ratus (BioRad) for further blocking. 
The resulting membranes were probed with the purified 

antibodies on a Multi-Screen apparatus. The purified antibod 
ies were diluted to 5ug/mL in blocking buffer. The nitrocel 
lulose membrane then was removed from the apparatus, and 
incubated with horseradish peroxidase-labeled anti-mouse 
IgG antibodies. The results are summarized in Table 4, where 
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the numbers reflect the extent of binding with representing 
the least (little or no binding) and 3+ representing the most 
binding. 

TABLE 4 

Reduced Non-Reduced 
Antibody (exposure: 3-5 min) (exposure: 20 sec) 

1A3 2+ 2+ 
1D3 2+ 2+ 

human HGF GSSSE CS61R 

Yes Yes 
Yes Yes 
Yes Yes 
Yes Yes 
Yes Yes 
Yes Yes 
Yes Yes 
Yes Yes 

TABLE 4-continued 

Reduced Non-Reduced 
Antibody (exposure: 3-5 min) (exposure: 20 sec) 

1F3 2+ 2+ 
2B8 1+ 
2F8 2+ 2+ 
3A12 2+ 
3B6 3+ 2+ 
3D11 3+ 

The data in Table 4 demonstrate that all the antibodies bind 
non-reduced rhPIGF. In contrast, monoclonal antibodies 1A3, 
1D3, 1F3, 2F8, 3B6 bound reduced rhIGF but antibodies 
2B8, 3A12, and 3D11 did not bind to reduced rhIGF. 

Example 6 

Binding Affinities 

The binding affinities and kinetics of interaction of each of 
the antibodies produced in Example 1 against hIGF were 
measured by Surface plasmon resonance. 

Rabbit anti-mouse immunoglobulins (BIAcore, Catalog 
No. BR-1005-14) were immobilized on carboxymethylated 
dextran CM5 sensor chips (BIAcore, Catalog No. BR-1006 
68) by amine coupling (BIAcore, Catalog No. BR-1000-50) 
using a standard coupling protocol according to manufactur 
er's instructions. The analyses were performed at 25°C. using 
PBS (GIBCO, Catalog No. 14040-133) containing 0.05% 
surfactant P20 (BIAcore, Catalog No. BR-1000-54), 2 
mg/mL BSA (EMD, Catalog No. 2930), and 10 mg/mL CM 
Dextran Sodium salt (Fluka, Catalog No. 86524) as running 
buffer. 
The antibodies were captured in an individual flow cell at a 

flow rate of 10 uL/min. Injection time was variable for each 
antibody to yield approximately 20 RU of antibody captured 
for each cycle. Buffer or HGF (R&D Systems, Catalog No. 
294-HGN-025) diluted in running buffer was injected 
sequentially over a reference Surface (no antibody captured) 
and the active surface (antibody to be tested) for 2 minutes at 
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60LL/min. The dissociation phase was monitored for 15 or 90 
minutes, depending on concentration. The Surface then was 
regenerated with 10 mM Glycine-HCl, pH 1.7 (BIAcore, 
Catalog No. BR-1003-54) injected for 3 minutes at a flow rate 
of 60 LL/min before another cycle was initiated. HGF con- 5 
centrations tested were 0.46 nM to 7.5 nM. 

Kinetic parameters were determined using the kinetic 
function of the BIAevalutation software with reference sub 
traction. Kinetic parameters for each antibody, k (association 
rate constant), k (dissociation rate constant) and K, (equi- 10 
librium dissociation constant) are summarized in Table 5. 

TABLE 5 

KD 15 
Antibody ka (1/Ms) SE (ka) kd (1/s) SE (kd) (pM) SD 

1A3 1.7 x 10° 7.3 x 10' 5.2 x 10 8.4 x 107 30.1 5.6 
1D3 1.7 x 10° 3.1 x 10' 8.2 x 10 1.7 x 10 54.2 27.4 
1F3 1.5 x 10° 5.0 x 10 2.6 x 10. 6.6 x 107 18.1 8.2 
2B8 1.6 x 10 2.9 x 10 2.1 x 10 1.4 x 107 13.5 4.4 
3A12 1.6 x 10° 3.7 x 10' 1.6 x 10- 1.6 x 10° 103.0 10.4 20 
3B6 2.0 x 10° 6.5 x 10' 3.9 x 10' 3.2 x 107 17.0 3.4 

The data in Table 5 demonstrate that the antibodies bind 
hHGF with a K, of about 100 pMorless, about 50pMorless, 
or 20 pM or less. 25 

Example 7 

Neutralization Activity of Anti-hhGF Antibodies 
30 

In this Example, the antibodies produced in Example 1 
were characterized for their ability to (a) inhibit the binding of 
hHGF to c-Met, and (b) inhibit HGF stimulated BrdU incor 
poration in 4 MBr-5 cells. 

a. HGF-Met Binding Inhibition Assay (Neutralization 
Assay) 
The antibodies were tested by ELISA for their ability to 

inhibit hHGF binding to c-Met. 
Specifically, Wallac 96-well DELFIA assay plates (Wallac 

Inc., Catalog No. AAAND-0001) were coated with 100 uL of 
6.25 ug/mL HGF (R&D Systems, Catalog No. 294-HGN 
025) in carbonate coating buffer (15 mMNaCO, and 34 mM 
NaHCO, pH 9.0) for 16 hours at 4°C. The plates then were 
blocked with 200 uL of 5% non-fat dry milk in PBS for 1 hour 
at room temperature. The antibodies were prepared in a sepa 
rate plate by adding increasing concentrations of the antibod 
ies under investigation (0.033-667 nM, 3-fold-serial dilution) 
to 2 nM c-Met (R&D Systems, Catalog No. 358-MT/CF) in 
5% non-fat dry milk in PBS. 100 uL of sample per well was 
transferred to the assay plate and incubated overnight at 4°C. 
The assay plates then were washed 3 times with PBS-0.1% 
Tween 20, and incubated for 2 hours at room temperature with 
100 uL/well of 2 ug/mL biotinylated anti-human c-Met anti 
body (R&D Systems, Catalog No. BAF358) prepared in 5% 
non-fat dry milk in PBS. 
The resulting plates then were washed three times with 

PBS-0.1% Tween 20, and incubated for 1 hour at room tem 
perature with Eu-labeled Streptavidin (Wallac, Catalog No. 
1244-360) diluted 1:1000 in DELFIA assay buffer (Wallac, 
Catalog No. 4002-0010). The resulting plates were washed 3 
times with DELFIA wash solution (Wallac, Catalog No. 
4010-0010) and incubated with 100 uL/well DELFIA 
enhancement solution (Wallac i4001-0010) for 15 minutes at 
room temperature with agitation. 
The plates were read on Victor V instrument (Perkin 

Elmer) using the Europium method. The ICs values were 
calculated and are summarized in Table 6. 
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TABLE 6 

Antibody ICso (nM) SD 

1A3 5.65 O.91 

1D3 4.43 2.27 

1F3 6.57 O.28 

2B8 5.57 1.19 

2F8 5.36 O.88 

3A12 S.26 2.11 

3B6 

3D11 S.66 2.75 

The results demonstrate that all the antibodies (i.e., 1D3, 
1A3, 2B8, 3A12, 1F3, 3D11, and 2F8) other than 3B6 effi 
ciently neutralize HGF binding to c-Met. 

b. Neutralization of HGF Stimulated BrdU Incorporation 
in 4 MBr-5 Cells 

Ten LL of 12.5 nM of hiGF was dispensed into individual 
wells of a 96-well tissue culture microtiter plate (Costar Cata 
log No. 3903). Ten uL of serially diluted antibodies at con 
centrations of 6667,2222, 740, 247, 82,27, 9.1, 3.0, 1.0, 0.33 
nM were added to each well. The HGF antibody mixture then 
was incubated at room temperature for 30 minutes. Monkey 
bronchial epithelial cells 4 MBr-5 (ATCC, CCL208) cultured 
in F-12K(ATCC, 30-2004), 15% FBS (Gibco 10438-026),30 
ng/mL EGF (Sigma E9644), 1% penicillin/streptomycin (PS, 
Gibco CatalogNo. 15140-122) were dissociated with Trypsin 
(Gibco Catalog No. 25200-056), resuspended in assay media 
(F-12K, 2.5% FBS, 1% PS) at 75,000 cells/mL, and 80 uL of 
the cell suspension was dispensed to the HGF antibody mix 
ture. 

The resulting cells were incubated at 37° C., 5% CO. 
Forty eight hours later, 10 uL of 100 uMBrdU (Roche Cata 
log No. 1669915) was added. Seventy two hours later, the 
media was removed, the plates were dried with a hair dryer 
and were processed with the BrdU ELISA in accordance with 
manufacturers instructions (Roche Catalog No. 1669915). 
The luminescent signal was quantified by a Synergy HT 

plate reader (Bio-Tek). The data were fit to a sigmoidal dose 
response with variable slope with the equation y=bottom-- 
(top-bottom)/(1+10 (log(EC50-x)*hill slope)) in GraphPad 
Prism (GraphPad Software). Each experiment was repeated 
at least 3 times in duplicates, and average ECso values are 
presented in Table 7. 

TABLE 7 

Antibody ICso (nM) 

1A3 4.69 
1D3 4.99 
1F3 1.94 
2B8 1.41 
2F8 1924 
3A12 30.30 
3B6 36.08 
3D11 51.12 

The results in Table 7 demonstrate that all of the antibodies, 
1A3, 1D3, 1F3, 2B8, 2F8,3A12, 3B6, and 3D11 inhibit HGF 
induced proliferation in 4 MBr-5 cells. 
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Example 8 

Anti-Scatter Activity of Anti-hHGF Antibodies 

This Example describes a characterization of the antibod 
ies produced in Example 1 for their ability to inhibit HGF 
induced scatter activity. HGF induces “scattering” (motility) 
of clusters in MDCK cells (ATCC, Manassas, Va., Catalog 
No. CCL-34). 
MDCK cells were seeded in 96-well Costartissue culture 

plates (Corning Incorporated, Corning, N.Y., Catalog No. 
3595) at a density of 4x10 cells per well in 80 uL MEM 
(ATCC, Manassas, Va., Catalog No. 30-2003) containing 
10% Fetal Bovine Serum (Invitrogen CatalogNo. 10438026), 
and 1% penicillin-streptomycin (Invitrogen Catalog No. 
1514.0122). Each of the antibodies to be investigated was 
diluted to 6,667 nM in MEM containing 10% Fetal Bovine 
Serum and 1% penicillin-streptomycin. Each of the different 
antibody dilutions, as well as MEM containing 10% Fetal 
Bovine Serum and 1% penicillin-streptomycin without anti 
body, then was separately combined with an equal Volume of 
MEM containing 10% Fetal Bovine Serum and 1% penicil 
lin-streptomycin, and 100 ng/ml HGF (R&D Systems Cata 
log No. 294-HGN-025). The antibody/HGF dilutions were 
incubated for 30 minutes at 25°C. Twenty uL of each anti 
body/HGF dilution was added separately to individual wells, 
yielding a final antibody concentration of 666.7 nM, and a 
final HGF concentration of 10 ng/ml. The MDCK cells then 
were incubated for 24 hours at 37°C. with 5% CO. 

After 24 hours incubation, the MDCK cells were carefully 
washed once with 100 uL per well of ice-cold PBS (Invitro 
gen CatalogNo. 14190144), and fixed with 100LL per well of 
ice-cold methanol while rocking for 10 minutes at 25°C. The 
plates then were washed carefully once with distilled water. A 
volume of 100 uL crystal violet solution, consisting of 0.5% 
crystal violet (Sigma, St. Louis, Mo., Catalog No. C3886) and 
50% ethanol in distilled water, was added to each well, and 
the cells were incubated for 20 minutes at 25°C. while rock 
ing. 

Following staining with crystal violet solution, the cells 
were washed carefully three times with distilled water. Then, 
PBS was added to each well to prevent drying of samples. The 
cells were imaged using the Leica DMIRB microscope (Leica 
Microsystems GmbH. Wetzler, Germany), DC500 camera 
(Leica Microsystems GmbH. Wetzler, Germany), and 
MagnaFire 2.1C software (Optronics, Goleta, Calif.), and 
samples were rated for level of scattering. The results are 
summarized in Table 8. 

TABLE 8 

Inhibition of HGF-induced MDCK Cell 
Scattering 

Antibody Trial 1 Trial 2 

1A3 ---- -- 
1D3 ---- 
1F3 -- -- 
2B8 ------ 
2F8 -- -- 
3A12 
3B6 ---- 
3D11 

- No Inhibition 
+++ Very strong, nearly complete inhibition 
++ Strong inhibition 
+ Detectable inhibition 
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The results in Table 8 demonstrate that antibody 2B8 inhib 

ited HGF-induced scattering more than the other antibodies. 
Antibodies 1D3 and 3B6 displayed an intermediate level of 
inhibition; antibody 1A3 displayed a low to intermediate 
level of inhibition: antibodies 1F3 and 2F8 displayed a low 
level of inhibition; and antibodies 3A12 and 3D11 gave little 
or no detectable inhibition. 

Example 9 

Inhibition of HGF-Stimulated c-Met 
Phosphorylation 

This Example describes a characterization of the antibod 
ies produced in Example 1 for their ability to inhibit the 
HGF-stimulated c-Met phosphorylation in PC-3 cells. HGF 
induces phosphorylation of Met in PC-3 cells (ATCC No. 
CRL-1435). 

PC-3 cells were seeded into individual wells of 96-well 
Costar tissue culture plates (Corning Catalog No. 3595) at a 
density of 4.5x10" cells per well in 100 uL F-12K (ATCC, 
Manassas, Va., Catalog No. 30-2004) containing 10% Fetal 
Bovine Serum (Invitrogen Catalog No. 10438026) and 1% 
penicillin-streptomycin (Invitrogen Catalog No. 1514.0122). 
After 24 hours at 37° C. with 5% CO, the media was 
removed, and cells were rinsed once with serum-free F-12K 
containing 1% penicillin-streptomycin. Cells then were incu 
bated for 24 hours in 100 uL serum-free F-12K containing 1% 
penicillin-streptomycin. 
The following 10 different dilutions of each of the antibod 

ies being investigated were prepared in serum-free F-12K 
containing 1% penicillin-streptomycin: 6667 nM, 2222 nM. 
741 nM, 247 nM, 82.3 nM, 27.4 nM, 9.1 nM, 3.0 nM, 1.0 nM, 
and 0.3 nM. Each antibody dilution, and, serum-free F-12K 
containing 1% penicillin-streptomycin without antibody, 
were separately combined with an equal Volume of serum 
free F-12K containing 1% penicillin-streptomycin and 500 
ng/mL HGF (R&D Systems Catalog No. 294-HGN-025). 
These antibody/HGF dilutions were incubated for 30 minutes 
at 25°C. This resulted in a final concentration of 1.25 nM 
HGF. 
The PC-3 cells then were rinsed once with serum-free 

F-12K containing 1% penicillin-streptomycin. Next, 70LL of 
serum-free F-12K containing 1% penicillin-streptomycin 
was added to the cells, followed by 10 uL of 10 mM NaVO 
(Sigma Catalog No. S6508) in serum-free F-12K containing 
1% penicillin-streptomycin. The cells then were incubated 
for 60 minutes at 37°C. with 5% CO. Following this incu 
bation, 20LL of each antibody/HGF dilution was added sepa 
rately to separate wells, yielding a final HGF concentration of 
50 ng/mL, and the following final concentrations of each 
antibody: 666.7 nM, 222.2 nM, 74.1 nM, 24.7 nM, 8.23 nM, 
2.74 nM, 0.91 nM, 0.30 nM, 0.10 nM, 0.03 nM. The cells then 
were incubated for 10 minutes at 37° C. with 5% CO, after 
which point the media/antibody/HGF mixture was removed, 
the plates were placed on ice. The cells then were rinsed once 
with 100 u, per well of ice-cold PBS (Invitrogen Catalog No. 
14190144) containing 1 mM NaVO. The cells then were 
incubated for 30 minutes at 4°C. in 100 uL per well ice-cold 
lysis buffer consisting of 1% OmniPur Triton X-100 
(MERCK KGaA, Darmstadt, Germany, Catalog No. 9410), 
50 mM Tris-HCl pH 8.0, 100 mMNaCl, 0.3 mMNaVO, 1x 
protease inhibitor cocktail (Sigma Catalog No. P8340), and 
1x phosphatase inhibitor cocktail 2 (Sigma Catalog No. 
5726). 

Biotinylated anti-human HGF-R (c-met) antibody (R&D 
Systems Catalog No. BAF358) was diluted to a concentration 



US 7,649,083 B2 
55 

of 2 ug/mL in DELFIA Assay Buffer (PerkinElmer, Turku, 
Finland, Catalog No. 4002-0010) containing 1% bovine 
serum albumin (Sigma Catalog No. A2153), and 50 uL of this 
dilution was added per well of yellow streptavidin microti 
tration plates (PerkinElmer Catalog No. AAAND-0005). The 
plates then were incubated with antibody for 30 minutes at 
25°C. with rocking. Following incubation, the plates were 
washed with DELFIA wash solution (PerkinElmer Catalog 
No. 4010-0010), and 80 uL of each of the different PC-3 cell 
lysates was added separately to individual wells of the 
washed streptavidin microtitration plates. 

The streptavidin microtitration plates containing PC-3 cell 
lysates were incubated for 60 minutes at 25°C. with shaking, 
and then washed with DELFIA wash solution. 100 uL of 600 
ng/mL DELFIA Eu-NI P-Tyr-100 antibody (PerkinElmer 
Catalog No. AD0159) diluted in DELFIA Assay Buffer con 
taining 1% bovine serum albumin was added to each well of 
the washed Streptavidin microtitration plates previously incu 
bated with PC-3 cell lysates. The plates were incubated for 60 
minutes at 25°C., with rocking. The plates were washed a 
final time with DELFIA wash solution. Then 200 uL of 
DELFIA Enhancement Solution (PerkinElmer Catalog No. 
4001-0010) was added to each well of the washed streptavi 
din microtitration plates, and the plates were incubated in the 
dark for 5 minutes at 25°C., with shaking. 

Signal then was measured using the Europium protocol on 
the Victor3V reader (PerkinElmer). ECso values were calcu 
lated using Prism 4 for Windows (GraphPad Software, Inc., 
San Diego, Calif.) and the sigmoidal dose-response equation. 
The results summarized as EC50s in nM are tabulated in 

Table 9. 

TABLE 9 

Average of Standard 
Antibody Two Trials Deviation 

1A3 O.684 O.242 
1D3 O.984 O.129 
1F3 1.19 1.01 
2B8 O.287 O.104 
2F8 1.39 2.12 
3A12 2.00 0.553 
3B6 1.01 1.11 
3D11 2.28 NA 

The data in Table 9 demonstrate that all eight antibodies are 
potent inhibitors of HGF-induced c-Met phosphorylation in 
PC-3 cells. 

Example 10 

Tumor Inhibition in U87MG Xenograft Model 

The ability of murine monoclonal antibodies of the inven 
tion to inhibit tumor growth was tested in an U87MG 
xenograft model. U87MG cells (ATCC) were expanded in 
culture at 37°C. in an atmosphere containing 5% CO2 and 
95% air, using a medium comprising Dulbecco's Modified 
Eagle medium (DMEM) with 10% fetal bovine serum, 100 
units/mL penicillin and 100 ug/mL Streptomycin. The cells 
were subcultured and maintained by detaching the cells from 
the wall of the culture dish using trypsin-EDTA. 

Near-confluent cells were collected by trypsinization and 
then 5x10° cells in 50% Matrigel (BD Biosciences; catalog 
no. 356237) were injected subcutaneously into the upper 
dorsal area between the shoulderblades of 7-week old female 
ICR SCID mice (Taconic Labs). The long (L) and short (W) 
diameters (mm) of tumors were measured with a caliper. 
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Tumor volume (vol.) was calculated as: Volume (mm)=Lx 
W°/2. When the tumors grew to approximately 200 mm, the 
tumor-bearing mice were randomized into 5 groups of 10 
mice each. One group received PBS. Each of the other 4 
groups received one of the antibody 1A3, 1D3, 1F3 or 2B8. 
All antibodies were dosed at 1 mg/kg body weight, twice per 
week, by intra-peritoneal injections of 5 doses. Tumor vol 
umes and mouse body weights were recorded twice per week. 
Tumor growth inhibition was analyzed using Student's t-test. 
The results are summarized in FIG. 6 and Table 10. 

TABLE 10 

Percent Inhibition 

2B8ws PBS 93% p = 0.001 
1A3 vs PBS 7396 p = 0.0075 
1D3 vs PBS 51% p = 0.075 
1F3 vs PBS 60% p = 0.027 

Partial regression was achieved in 2B8 treated group (FIG. 
6). Statistically significant growth inhibition was observed in 
the 1A3-treated and 1 F3-treated groups (Table 10). There was 
51% tumor growth inhibition for 1D3 with ap value of 0.075. 
No significant body weight loss was observed. 

Example 11 

Tumor Inhibition in U118 Xenograft Model 

The ability of the antibodies 1A3, 1D3, 1F3 and 2B8 to 
inhibit tumor growth was tested in an U118 xenograft model. 
U118 cells (ATCC) were expanded as described in Example 
10 (above) with respect to the U87MG cells. 

Subcutaneous tumors were established as described in 
Example 10 above, except that the mice used were 7 weeks 
old female NCr nude mice (Taconic), and treatment was 
started when the tumors grew to approximately 80mm. As in 
the U87MG model, all the antibodies were dosed at 1 mg/kg 
body weight twice a week by intra-peritoneal injections for 4 
doses. Tumor volumes and body weights of the mice were 
recorded twice per week. Tumor growth inhibition was ana 
lyzed using Student's t-test. The results are summarized in 
FIG. 7 and Table 11. 

TABLE 11 

Percent Inhibition 

2B8 vs IgG 75% p = 0.007 
1A3 vs IgG 579, p = 0.01 
1D3 vs IgG 47% p = 0.12 
1F3 vs IgG 30% p = 0.39 

Statistically significant tumor growth inhibition was 
observed in 2B8 and 1 A3 treated groups (FIG. 7). There was 
modest tumor growth inhibition in 1F3 and 1D3 groups with 
p values less than 0.05, which was defined as statistical sig 
nificance in this study (Table 11). No significant body weight 
loss was observed. 

Example 12 

Humanization of Murine Monoclonal Antibodies 

This Example describes the humanization of the murine 
2B8 antibody, together with a characterization of the resulting 
humanized antibodies. The murine 2B8 Heavy and Light 
Variable Regions were “humanized by two methods. 
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A. Humanization Procedure 1 
In the first method, three humanized heavy chain variable 

regions and two humanized kappa light chain variable regions 
were designed based on the “superhumanization' method 
described in Hwangetal. (2005) METHODS 36:35-42; Tan et al. 
(2002) J. IMMUNOL. 169:1119-1125: U.S. Pat. No. 6,881,557. 
The Chothia canonical structural class was determined for 

each mouse 2B8 CDR based on CDR length and amino acid 
composition. Human germline variable regions consisting of 
the same Chothia canonical structural class light and heavy 
variable regions were identified based on known human ger 
mline variable region reference alleles described at the Inter 
national Immunogenetics Information System (IMGT) web 
site (available on the world wide web at imgt.cines.fr and 
biochem.unizh.ch/antibody/Sequences/index.html). These 
human germline variable regions of the same structural class 
were compared to murine 2B8 variable regions by calculating 
the percent identity or similarity between CDR amino acid 
residues. Those human germline variable regions with the 
highest identity and/or similarity with mouse 2B8 CDR resi 
dues were chosen for CDR grafting. The framework residues 
of the human germline variable regions were preserved while 
the mouse 2B8 CDR residues were used to replace the corre 
sponding human germline variable region residues that were 
different between mouse 2B8 CDR and human germline 
CDRs. The human J region that was most similar to the 2B8 
mouse J region was then added to the carboxyl terminus of the 
'Superhumanized variable region. A signal sequence was 
then added to the amino terminus of the “superhumanized 
variable regions and these amino acid sequences were con 
Verted into nucleic acid sequences. 
The complete variable region nucleic acid sequence was 

constructed using gene synthesis PCR methods (Young et al. 
(2004) NUCL. ACIDS RES. 32:e59) and cloned into a mammalian 
expression vector (based on pcDNA3.2 DEST (Invitrogen)) 
containing human constant IgG1 (Glm (17.1) allotype) or 
Kappa (Km (3) allotype (allele 2)) regions (downstream of the 
variable regions) using standard molecular biology tech 
niques. All four heavy chain IgG1 antibodies (chimeric 2B8 
and 3 humanized heavy chains (Hu2B8 HV 1-f.1, Hu2B8 
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Hv5-a.1, Hu2B8 Hviš-51.1) were expressed in the possible 
combinations with all 3 kappa chain antibodies (chimera 2B8 
and 2 humanized light chains (Hu2B8 Kv1-39.1 and Hu2B8 
Kv3-15.1) creating 12 different antibody proteins. Binding of 
the chimeric, chimeric/humanized, and humanized antibod 
ies to human HGF was then measured as described below and 
the results are summarized in FIG. 8. Each of the possible 
combinations of immunoglobulin heavy chain and immuno 
globulin light chain variable regions are set forth below in 
Table 12A. 

TABLE 12A 

Heavy Chain Variable Region Light Chain Variable Region 

Chimeric 2B8 (SEQID NO: 12) Chimeric 2B8 (SEQID NO: 14) 
Chimeric 2B8 (SEQID NO: 12) Hu2B8 Kv1-39.1 (SEQID 

NO: 173) 
Chimeric 2B8 (SEQID NO: 12) Hu2B8 Kv3-15.1 (SEQID 

NO: 179) 
Hu2B8 Hv1-f.1 (SEQID NO: 159) Chimeric 2B8 (SEQID NO: 14) 
Hu2B8 Hv1-f.1 (SEQID NO: 159) Hu2B8 Kv1-39.1 (SEQID 

NO: 173) 
Hu2B8 Hv1-f.1 (SEQID NO: 159) Hu2B8 Kv3-15.1 (SEQID 

NO: 179) 
Hu2B8 Hv5-a.1 (SEQID NO:165) Chimeric 2B8 (SEQID NO: 14) 
Hu2B8 Hv5-a.1 (SEQID NO:165) Hu2B8 Kv1-39.1 (SEQID 

NO: 173) 
Hu2B8 Hv5-a.1 (SEQID NO:165) Hu2B8 Kv3-15.1 (SEQID 

NO: 179) 
Hu2B8 Hv5-51.1 (SEQID NO: 169) Chimeric 2B8 (SEQID NO: 14) 
Hu2B8 Hv5-51.1 (SEQID NO: 169) Hu2B8 Kv1-39.1 (SEQID 

NO: 173) 
Hu2B8 Hv5-51.1 (SEQID NO: 169) Hu2B8 Kv3-15.1 (SEQID 

NO: 179) 

Each of the possible combinations of immunoglobulin 
heavy chains and immunoglobulin light chains are set forth 
below in Table 12B. 

TABLE 12B 

Immunoglobulin Heavy Chain mmunoglobulin Light Chain 

Chimeric 2B8 IgG1 (SEQ ID NO: 155) Chimeric 2B8 Kappa (Km (3)) 
(SEQID NO: 157) 

Chimeric 2B8 IgG1 (SEQ ID NO: 155) Hu2B8 Kv1-39.1 + Kappa Constant (Km (3) 
allotype) (allele 2) (SEQID NO: 177) 

Chimeric 2B8 IgG1 (SEQ ID NO: 155) Hu2B8 Kv3-15.1 + Kappa Constant (Km (3) 
allotype) (allele 2) (SEQID NO: 181) 

Hu2B8 Hv1-f.1 + IgG1 Constant Chimeric 2B8 Kappa (Km (3)) 
(G1M(17, 1)) allotype (SEQID NO: 163) (SEQID NO: 157) 
Hu2B8 Hv1-f.1 + IgG1 Constant Hu2B8 Kv1-39.1 + Kappa Constant (Km (3) 
(G1M(17, 1)) allotype (SEQID NO: 163) allotype) (allele 2) (SEQID NO: 177) 
Hu2B8 Hv1-f.1 + IgG1 Constant Hu2B8 Kv3-15.1 + Kappa Constant (Km (3) 
(G1M(17, 1)) allotype (SEQID NO: 163) allotype) (allele 2) (SEQID NO: 181) 
Hu2B8 Hv5-a.1 + IgG1 Constant Chimeric 2B8 Kappa (Km (3)) 
(G1M(17, 1)) allotype (SEQID NO: 167) (SEQID NO: 157) 
Hu2B8 Hv5-a.1 + IgG1 Constant Hu2B8 Kv1-39.1 + Kappa Constant (Km (3) 
(G1M(17, 1)) allotype (SEQID NO: 167) allotype) (allele 2) (SEQID NO: 177) 
Hu2B8 Hv5-a.1 + IgG1 Constant Hu2B8 Kv3-15.1 + Kappa Constant (Km (3) 
(G1M(17, 1)) allotype (SEQID NO: 167) allotype) (allele 2) (SEQID NO: 181) 
Hu2B8 Hv5-51.1 + IgG1 Constant Chimeric 2B8 Kappa (Km (3)) 
(G1M(17, 1)) allotype (SEQID NO: 171) (SEQID NO: 157) 
Hu2B8 Hv5-51.1 + IgG1 Constant Hu2B8 Kv1-39.1 + Kappa Constant (Km (3) 
(G1M(17, 1)) allotype (SEQID NO: 171) allotype) (allele 2) (SEQID NO: 177) 
Hu2B8 Hv5-51.1 + IgG1 Constant Hu2B8 Kv3-15.1 + Kappa Constant (Km (3) 
(G1M(17, 1)) allotype (SEQID NO: 171) allotype) (allele 2) (SEQID NO: 181) 
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Two of the possible antibody constructs containing the full 
length immunoglobulin heavy and light chains containing - Continued 
humanized variable regions are designated below: O2 tgcaagg to t c caacaaagc cct cocagoc cc catcgaga 

sh2B8-9 (G1m(17.1))=hu2B8 Hví5-51.1 (+IgG1 constant 5 aaaccatct c caaagccaaa 
reg1On (G1m017,1) allotype) (SEQ ID NO. 171) plus O81 gggcagc.ccc gagaaccaca ggtgtacacic ctgcc cc cat 
hu2B8KV 1-39.1 (+Kappa constant region (Km (3) allo- cc.cgggatga gctgacCaag 
type (allele 2))) (SEQ ID NO. 177) 14 alaccagg to a gcc tacctg cctggtcaaa ggcttctatic 

sh2B8-12 (G1mG17.1))=hu2B8 Hví5-51.1 (+IgG1 constant Ccagcgacat cqc.cgtggag 
region (G1m017,1) allotype)) (SEQ ID NO. 171) plus 10 
hu2B8 Kv3-15.1 (+Kappa constant region (Km (3) allo- 2O1 tdggaga.gca atgggcagcc ggagaacaac tacaagacca 

cgcct cocqt gctggactic C 
type (allele 2))) (SEQID NO. 181). 

The nucleic acid sequences encoding and the protein 261 gacggct cot tottccticta cagdaagctic accqtggaca 
sequences defining each of the humanized antibodies are 15 aga.gcaggtg gCagc agggg 
summarized below. In this section, the last nucleotide of each 321 aacgt.cttct catgctic cqt gatgcatgag gotctgcaca 
variable region is the first base of the next codon generated by accactacac gcagalagagc 
the variable/constant region junction. This nucleotide is 
included in the Variable Region because it is part of that exon. 
Amino acid sequences of Constant Regions listed below 20 (2) Protein Sequence Defining the Full Length 
include the translation of this junction codon. Chimeric 2B8 Heavy Chain (Chimeric 2B8 IgG1 

(Glm (17, 1) allotype) (without signal sequence) 
(SEO ID NO. 155) 

381 ct citc cctdt citccggg taa atga 

(1) Nucleic Acid Sequence Encoding the Full Length qvolqopgae livkpgtsvkl sckasgytft tywmhwVnor 
Chimeric 2B8 Heavy Chain (Mouse Variable Region pgqglewige inptinghtny 
and Human IgG1 Constant Region) (allotype Glm (17, 25 
1) ) (signal sequence underlined) (SEQ ID NO. 154) 61 nekflkskatl tvdkiss stay molls slitsed savyycarny 

atgggatgga gctatat cat cotctttittg gtagcaa.ca.g vg sifdy Wgqi gttlt vssas 
Ctacagatgt ccacticcCa9 

121 tkgpsviplaps skistsggit aalgclvkdy toepvtv Swn 
6 gtcCaactgc agcagcctgg ggctgaact g g taagcctg sgalts.gvht fpavlossgil 

ggactitcagt gaagctgtc.c 30 

181 ySlssvvtvp ss slgtotyi cnvnhkpSnt kvdikkvepks 
121 togcaaggctt ctoggctacac ctitcaccacc tactggatgc colkthtcppc papelliggps 

actgggtgaa toagaggcct 

241 v flfppkpkd tilmisrtpev tovvvdvshe dpevkfnwyv 18 gga caaggcc ttgagtggat tgagagatt aatcctacca 
digvevhnakt kpreedynst acggit catac taact acaat 35 

24 gagaagttca agagcaaggc cacactgact gtag acaaat 3O1 yrvvsvltvl holdwlingkey kickvsnkalp apiektiska 
cct coag cac agcct acatg kgqprepovy tilpp srdelt 

3 O caact cago a gcc togacat c tdaggacticit gciggtctatt 361 knowslit clv kgfypsdiav ewesngqpen nykttppvld 
actgtgcaag aaactatgtt 40 sdgsfflysk litvdiksrwgg 

3 61 ggtag catct ttgactact g gggccaaggc accactict ca 421 gnvfscs vmh ealhnhytok slsl Spgk 
cc.gtctic ct c agcct coacc 

(3) Nucleic Acid Sequence Encoding the Full Length 
42 aagggcc cat cqgtott coc cctdgcaccc to ct coaaga Chimeric 2B8 Light Chain (Mouse Variable Region 

gcaccitctgg gggcacagcg 4s and Human Constant Region) (Chimeric 2B8 Kappa 
(Km (3) ) ) (signal sequence underlined) (SEQ ID NO. 481 gcc ctgggct gcctggt caa ggact actt C cc.cgaaccgg 156) 

toac totic t aactica 
gacggtgtc. gttgg atggaat cac agacitctggit Ctt catat cc at actgctict 

541 ggcgc.cctga Ccagcggcgit gcacaccitt C ccggctgtc.c ttatatoid to Ctcat 
tacagtic ct c agg actic tac 

50 61 aac attgtaa tdacc caatc. tcc caaatcc atgtc. catgt 
6 O to cct cagca gcgtggtgac cqtgc cct cc agcagottgg Cagtaggaga gagggit cacc 

gcacccagac ctacatctgc 
121 titgagctgca aggc.cagtga gaatgtggitt tot tatgtat 

66 aacgtgaatc acaagcc cag caacaccaag gtggacaaga cctggitatica acagaaacca 
aagttgagcc caaatcttgt 

55 181 gogcagt ct c ctaaactgct gatatacggg gcatcca acc 
72 gacaaaactic acacatgcc c accqtgcc.ca gcacctgaac ggaac actgg ggtc.ccc.gat 

to Ctgggggg accgt cagtic 

241 cqctt cacag goagtggat c togcaacagat ttcactctga 
78 titcct ct tcc ccc caaaacc caaggacacic ct catgatct c catcagcag ttgcgggct 

cc.cggacccc tagg to aca 

60 3O1 gaaga ccttg Cagattatca citgtgggcag agttacaact 84 tgcgtggtgg togacgtgag cc acgaaga C cctgagg to a 
atc.cgtacac gttcggaggg agttcaact g g tacgtggac 

901 ggcgtggagg toggataatgc caaga caaag cc.gcgggagg 361 gggaccaggc tiggaaataaa acgaactgtg gctgcac cat 
agcagtacaa cagcacgtac ctgtc.tt cat citt cocqc.ca 

96 cgtgtggtca gcgt.cct cac cqtcCtgcac caggactggc 65 421 totgatgagc agttgaaatc tigaactgcc totgttgttgt 
tgaatggcaa ggagtacaag gcc togctgaa taactitctat 
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The first amino acid is derived from translation of the last 
nucleotide of variable region and beginning two nucleotides 
of the Kappa Light Chain sequence. 

(22) Protein Sequence Defining Human Kappa Chain Constant Region 
(Km (3) allotype) (allele 2). 

(SEO ID NO. 175) 
1 rtvaapsvii fpps deglks gtasvvcilln infypreakvg Wikvdnaldsg nsdesvteqd 

61 skidstysliss tiltlskadyc khikvyacevt hoglls spvtk sfnrged 

(23) Nucleic Acid Sequence Encoding the Full Length Humanized Hu2B8 
Kv1-39. 1 Light Chain Variable Region and Human Kappa Chain Constant 
Region (Km (3) allotype) (allele 2) (signal sequence underlined) 

(SEO ID NO. 176) 
atgga catga godt CCCCC to agct CC to gggctCctic tactctggct ccdaggtgcc. 

61 agatgttgaca to Cagatgac cc agtict cca t c ct Coctgt Ctgcatctgt aggagacaga 

121 gt caccatca cittgcaaggc cagtgaga at gtggitttctt atgitat cotg gtaticagoag 

181 aaac Caggga aagc.ccct aa gCtcct gatc tatggggg at C calaccggaa cactgggg.tc 

241 cc at Caaggt to agtggcag tigatctggg acagatttca citct caccat Cagcagtctg 

301 caacct gaag attittgcaac ttac tact.gt giggcagagtt acaactatico gtacacgttt 

361 ggcc agggga ccaa.gctgga gatcaaacga actgtggctg. cac catctgt Ctt Catct tc 

421 cc.gc.catctg atgagcagtt galaatctgga actgcctctg ttgttgttgcct gctgaataac 

481 ttct atcc.ca gagaggccaa agtacagtgg aaggtggata acgc.cct cca atcgggtaac 

541 toccaggaga gtgtcacaga gCagga cago aaggacagca cct acagcct cagcagcacc 

601 ctgacgctga gcaaag caga ctacgaga aa cacaaagt ct acgc.ctgcga agt cacccat 

661 Cagggcctga gCtcgc.ccgt cacaaagagc titcaiac aggg gagagtgttg a 

(24) Protein Sequence Defining the Full Length Humanized Hu2B8 
Kv1-39. 1 Light Chain Variable Region and Human Kappa Chain Constant 
Region (Km (3) allotype) (allele 1) 

(SEO ID NO. 177) 
1 digmtgsps's lsa.svgdrvt it cKasenvv syvs Wyggkp gkapkilliyg a Snrntgvps 

61 rfsg.sgsg to ftlt is slop edfatyycgg synypyttgg gtkleikirtv aapsvififpp 

121 sceglksgta svvcillnnify preakvowkv dinaldsgn sq esvteqdskd stysls stilt 

181 liskadyekhk Vyacev thqg ls spvtksfn rged 

(25) Nucleic Acid Sequence Encoding Humanized Hu2B8 Kv3-15. 1 Light 
Chain Variable Region (signal sequence underlined) 

(SEO ID NO. 178) 
1 atggaag.ccc cagogcagot totctt cotc ctdctactict gcticccaga taccactoga 

61 gaaatagtga tigacgcagtic to cagccacc Ctgtctgtgt CtcCagggga aagagccacc 

121 ct ct cotgca aggc.ca.gtga gaatgtggitt tott atgt at Cctggtacca gcaga aacct 

181 ggcc aggctic cc aggctic ct catctatggg gcatccalacc ggalacactgg tat cocagcc 

241 aggttcagtg gCagtgggtc. toggacagag titcact ct ca C catcaggag cctgcagt ct 

3O1 gaagattittg cagttt atta citgtgggcag agittacaact atc.cgtacac gtttggc.cag 

361 gggaccaa.gc tiggagatcaa ac 

(26) Protein Sequence Defining Humanized Hu2B8 Kv3-15. 1 Light Chain 
Variable Region (without signal sequence) 

(SEO ID NO. 179) 
1 eivnto spat lsvspgerat lisckasenvv syvs Wyggkp goaprlliyg a Snrntgipa 

61 rfsg.sgsgte fitlit is slds edfavyycgg synypytfgqi gtkleik 

72 
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- Continued 

76 

901 agcaggggala C9tcttctica tot cogtga tigcatgaggc tictgcacaac Cactacacgc 

961 agaagagcct ct coct gtcc ccgggtaaat ga 

For convenience, Table 13 provides a concordance chart 
showing the correspondence between the full length 
sequences and of the antibodies discussed in this section with 
those presented in the Sequence Listing. 

chains. Variable region nucleic acid sequences were first syn 
thesized by gene synthesis methods and then added to human 
constant region sequences. These human engineered antibod 
ies were cloned into mammalian protein expression vectors, 

TABLE 13 

SEQ. ID. NO. Protein or Nucleic Acid 

S4 Chimeric 2B8 IgG1 (G1m (17, 1)) - nucleic acid 
55 Chimeric 2B8 IgG1 (G1m (17, 1)) - protein 
56 Chimeric 2B8 Kappa (Km (3)) - nucleic acid 
57 Chimeric 2B8 Kappa (Km (3)) - protein 
58 Hu2B8 Hv1f.1 Heavy Chain Variable Region - nucleic acid 
59 Hu2B8 Hv1f.1 Heavy Chain Variable Region - protein 
60 Human IgG1 Heavy Chain Constant Region (G1m (17, 1)) allotype - nucleic acid 
61 Human IgG1 Heavy Chain Constant Region (G1m (17, 1)) allotype - protein 
62 Hu2B8 Hv1f1 + IgG1 Constant (G1m (17, 1) allotype) - nucleic acid 
63 Hu2B8 Hv1f1 + IgG1 Constant (G1m (17, 1) allotype) - protein 
64 Hu2B8 Hvisa.1 Heavy Chain Variable Region - nucleic acid 
65 Hu2B8 Hvisa.1 Heavy Chain Variable Region - protein 
66 Hu2B8 Hvisa.1 + IgG1 Constant (G1m (17, 1) allotype) - nucleic acid 
67 Hu2B8 Hvisa.1 + IgG1 Constant (G1m (17, 1) allotype) - protein 
68 Hu2B8 Hviš-51.1 Heavy Chain Variable Region - nucleic acid 
69 Hu2B8 Hviš-51.1 Heavy Chain Variable Region - protein 
70 Hu2B8 Hviš-51.1 + IgG1 Constant (G1m (17, 1 allotype) - nucleic acid 
71 Hu2B8 Hviš-51.1 + IgG1 Constant (G1m (17, 1 allotype) - protein 
72 Hu2B8 Kv1-39.1 Kappa Chain Variable Region - nucleic acid 
73 Hu2B8 Kv1-39.1 Kappa Chain Variable Region - protein 
74 Human Kappa Chain Constant Region (Km (3) allotype) (allele 2) - nucleic acid 
75 Human Kappa Chain Constant Region (Km (3) allotype) (allele 2) - protein 
76 Hu2B8 Kv1-39.1 + Kappa Constant (Km (3) allotype) (allele 2) - nucleic acid 
77 Hu2B8 Kv1-39.1 + Kappa Constant (Km (3) allotype) (allele 2) - protein 
78 Hu2B8 Kv3-15.1 Kappa Chain Variable Region - nucleic acid 
79 Hu2B8 Kv3-15.1 Kappa Chain Variable Region - protein 
8O Hu2B8 Kv3-15.1 + Kappa Constant (Km (3) allotype) (allele 2) - nucleic acid 
81 Hu2B8 Kv3-15.1 + Kappa Constant (Km (3) allotype) (allele 2) - protein 

40 

B. Humanization Procedure 2 

The second humanization method employed for reducing 
immunogenicity of the mouse 2B8 antibody is based on the 
method described in Studnicka et al. (1994) PROTEIN ENG. is 
7:805-814. The heavy and kappa human germline variable 
regions most identical (at the amino acid level) to those of 
mouse 2B8 were identified. Residues that differed between 
mouse and human were converted into the human sequence 
depending on the likely risk that such a change would affect 
binding or immunogenicity. Low risk residues (i.e., residues 
that when changed would likely not affect antigen binding 
and would also reduce potential immunogenicity) were 
changed to the human amino acid in the heavy variable region 
(creating LR2B8EIC) and the kappa variable region (creating 
LR2B8LC). Additionally, low risk and medium risk (i.e., 
residues that when changed are somewhat likely to have an 
effect on antigen binding residues and would also reduce 
potential immunogenicity) were changed to the human amino 
acid in the heavy variable region (creating LRMR2B8HC) 
and the kappa variable region (creating LRMR2B8LC). The 
human IgG1 heavy chain constant region (Glm(3) allotype 
(allele 1)) was added to the carboxyl terminus of the two 
human engineered heavy variable regions and the human 
Kappa constant region (Km (3) allotype (allele 1)) was added 
to the carboxyl terminus of two human engineered light vari 
able regions, thus creating four human engineered antibody 

50 

55 

60 

65 

and protein was expressed in the four possible combinations 
of heavy chain plus light chain. Binding of the chimeric, 
chimeric/humanized, or humanized antibodies to human 
HGF was measured using conventional techniques, as 
described below. 

The nucleic acid sequences encoding and the protein 
sequences defining each of the humanized antibodies are 
summarized below. In this section, the last nucleotide of each 
variable region is the first base of the next codon generated by 
the variable/constant region junction. This nucleotide is 
included in the Variable Region because it is part of that exon. 
Amino acid sequences of Constant Regions listed below 
include the translation of this junction codon. 

(1) Nucleic Acid Sequence Encoding the Humanized 
LR2B8HC Heavy Chain Variable Region (signal 
sequence underlined) (SEQ ID NO. 182) 

1 atdggctddt catat attat it ct ctitt citt gttgctacco 
Ct accgatet cact citcaa 

61 gtccaact cq tacaiaccagg 
gaa catctgt taalactic toa 

cgctgaagtic gtaaaac cc.g 

121 to aaagcct Caggatacac 
attgggtcaa toaa.gc.cccc 

titt cacaact tactggatgc 









(11) Nucleic Acid Sequence Encoding the Humanized 
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Variable Region (signal sequence underlined) 

1 atggaaagtic adaccCttgt. 

61 

121 

181 

241 

gacattgttga 

cittaattgca 

ggccalatcac 

agatttagtg 

galagacgttg 

tgacccaatc 

aa.gc.ct Coga 

CCaaactt Ct 

gatc.cggatc 

cagacitat ca 

att cat ct ct 

cc ccgatagt 

aaatgtcgtt 

catatacggc 

agct acagat 

ttgcggacaa 

(SEQ 
attctt ctitt gottet at 99 

atggcc atga gtgtaggaga 

t catatgtgt cittggitat ca 

gcttcaaaca gaalacacagg 

ttcacc citta ccatcagttc 

tottataact accottacac 

(12) Protein Sequence Defining Humanized LR2B8LC Light Chain 
(without signal sequence) Region 

(SEQ 
divmtospods mamsvgervt linckasenvv syvs Wyggkp gospkilliyg 

rfsgs.gsato ftltissvga edivadyhcgg synypytfgqi gtkleik 

LR2B8LC Light Chain 

ID NO. 192) 
aCCaCaCCCC 

aagagt cacc 

a Caaaaac Co. 

cgttc.ccgac 

agttcaagca 

att cq9ac aa 

Variable 

ID NO. 193 ) 
asnrntgvpd 

(13) Nucleic Acid Sequence Encoding the Human Kappa Chain Constant 
Region 

12 

18 

24 

(Km (3) allotype) 

gtacggtggc 

gaactgcct c 

ggalaggtgga 

gcaaggacag 

aacacaaagt 

gCttcaa.cag 

tgcaccatct 

tgttgttgttgc 

taacgc cct c 

caccitacago 

citacgc.ctgc 

gggaga.gtgt 

(allele 1) 

gt ctitcatct 

ctgctgaata 

Caatcgggta 

ct cagcagca 

galag to accc 

tag 

(SEQ 
t ccc.gc.catc tatgagcag 

acttctat co cagagaggcc 

actic cc agga gagtgtcaca 

CCCtgacgct gagcaaag.ca 

at Cagggcct gagct cqc cc 

The first amino acid is derived from translation of the last 
nucleotide of variable region and the beginning two nucle- 35 
otides of the Kappa Light Chain sequence. 

ID NO. 194) 
ttgaaatctg 

aaagtacagt 

gag caggaca 

gactacgaga 

gtcacaaaga 

(14) Protein Sequence Defining the Human Kappa Chain Constant Region 
(Km (3) allotype) (allele 1) . 

(SEQ ID NO. 195) 
1 rtvaapsvii fpps deglks gtasvvcilln infypreakvg Wikvdnaldsg nsdesvteqd 

61 skidstysliss tiltlskadye khikvyacevt hoglls spvtk sfnrged 

(15) Nucleic Acid Sequence Encoding the Full Length Humanized LR2B8LC 
Light Chain Variable Region and the Human Kappa Chain Constant Region 
(Km (3) allotype) (allele 1) 

(SEQ ID NO. 196) 
atggaaagtic adaccCttgt attcatct ct attctt Cttt gottet atgg agcagacggc 

61 gacattgttga tigacccaatic ccc.cgatagt atggc.catga gtgtaggaga aagagt cacc 

121 cittaattgca aagcct coga aaatgtcgtt toatatgtgt cittggitatica acaaaaac cc 

181 ggccaat cac ccaaacttct catatacggc gcttcaaaca gaalacacagg cqttic ccgac 

241 agatttagtg gat.ccggat.c agctacagat titcacc citta ccatcagttc agttcaagca 

3O1 gaagacgttg cagacitat cattgcggacaa tottataact acccttacac attcqgacaa 

361 ggaaccaaac togaaattaa acgtacggtg gctgcaccat citgtc.ttcat citt cocqc.ca 

421 totgatgagc agttgaaatc toggaactgcc tictdttgttgt gcc tdctgaa taactitctat 

481 cc cagagagg ccaaagtaca gtggaaggtg gatalacgc.cc ticcaatcggg taact Cocag 

541 gaga.gtgtca cagagcagga cagcaaggac agcacctaca gccticagoag Caccctgacg 

601 ctgagcaaag cagacitacga gaalacacaaa gtctacgc.ct gcgaagt cac ccatcagggc 

661 ctgagctcgc cc.gt cacaaa gagcttcaac aggggaga.gt gttag 
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(16) Protein Sequence Encoding the Full Length Humanized LR2B8LC Light 
Chain Variable Region and the Human Kappa Chain Constant Region (Km (3) 
allotype) (allele 1) 

(SEO ID NO. 197) 
1 divmtospods mamsvgervt linckasenvv syvs Wyggkp gospkilliyg a Snrntgvpd 

61 rfsgs.gsato ftltissvga edivadyhcgg synypytfgqi gtkleikirtv aapsvififpp 

121 sceglksgta svvcillnnify preakvowkv dinaldsgn sq esvteqdskd stysls stilt 

181 liskadyekhk Vyacev thqg ls spvtksfn rged 

(17) Nucleic Acid Sequence Encoding the Humanized LRMR2B8LC Light 
Chain Variable Region (signal sequence underlined) 

(SEQ ID NO. 198) 
1 atggaatc.cc aaac cottdt titt catct ct atcCttct cit docttt atgg coccoacgga 

61 gacatcgtaa togacacaatc ccct gact ct cittgctatga gcttggg.cga acgagtaa.ca 

121 cittaactgca aagcatc.cga aaatgtcgta t cittacgitat cotggitatica gcaaaaac ct 

181 gg.tcaaagtic ctaaacttct tatatatggit gcaagtaatc gtgaaagtgg cqtcc cagac 

241 agatttagcg gttcaggttc agcaactgac titta cactta caatttctag cqttcaggcc 

3O1 gaagacgttg cagacitat cattgttggacaa tottataact atccittatac titt cqgacaa 

361 ggcactaaac ttgaaattaa ac 

(18) Protein Sequence Defining the Humanized LRMR2B8LC Light Chain 
Variable Region (without signal sequence) 

(SEQ ID NO. 199) 
1 divmtospods lamslgervt linckasenvv syvs Wyggkp gospkilliyg a Snresgvpd 

61 rfsgs.gsato ftltissvga edivadyhcgg synypytfgqi gtkleik 

(19) Nucleic Acid Sequence Encoding the Full Length. Humanized 
LRMR2B8LC Light Chain Variable Region and the Human Kappa Chain 
Constant Region (Km (3) allotype) (allele 1) (signal sequence 
underlined) 

(SEQ ID NO. 2 OO) 
atgcaatcCC aa accCttgt titt Catct ct atcCttct cit docttt atgg cqc coacgga 

61 gacatcgtaa togacacaatc ccct gact ct cittgctatga gcttggg.cga acgagtaa.ca 

121 cittaactgca aagcatc.cga aaatgtcgta t cittacgitat cotggitatica gcaaaaac ct 

181 gg.tcaaagtic ctaaacttct tatatatggit gcaagtaatc gtgaaagtgg cqtcc cagac 

241 agatttagcg gttcaggttc agcaactgac titta cactta caatttctag cqttcaggcc 

3O1 gaagacgttg cagacitat cattgttggacaa tottataact atccittatac titt cqgacaa 

361 ggcactaaac ttgaaattaa acgtacggtg gctgcaccat citgtc.ttcat citt cocqc.ca 

421 totgatgagc agttgaaatc toggaactgcc tictdttgttgt gcc tdctgaa taactitctat 

481 cc cagagagg ccaaagtaca gtggaaggtg gatalacgc.cc ticcaatcggg taact Cocag 

541 gaga.gtgtca cagagcagga cagcaaggac agcacctaca gccticagoag Caccctgacg 

601 ctgagcaaag cagacitacga gaalacacaaa gtctacgc.ct gcgaagt cac ccatcagggc 

661 ctgagctcgc cc.gt cacaaa gagcttcaac aggggaga.gt gttag 

(2O) Protein Sequence Defining the Full Length Humanized LRMR2B8LC 
Light Chain Variable Region and the Human Kappa Chain Constant Region 
(Km (3) allotype) (allele 1) 

(SEQ ID NO. 201) 
1 divmtospods lamslgervt linckasenvv syvs Wyggkp gospkilliyg a Snresgvpd 

61 rfsgs.gsato ftltissvga edivadyhcgg synypytfgqi gtkleikirtv aapsvififpp 

86 
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121 sceglksgta svvcillnnify preakvowkv dinaldsgn sq esvteqdskd stysls stilt 

181 liskadyekhk Vyacev thqg ls spvtksfn rged 

For convenience, Table 14 provides a concordance chart sequences and of the antibodies discussed in this section with 
showing the correspondence between the full length those presented in the Sequence Listing. 

SEQ. ID NO. 

82 
83 
84 

85 

86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

Antibody 

Murine 2B8 

Heavy 

Hu238 Hw1.f. 1 

Hu2B8 Hwsa. 1 

51.1 

CDR1 

TYWM 

(SEQ 

TYWM 

(SEQ 

TYWM 

(SEQ 

TYWM 

(SEQ 

TYWM 

(SEQ 

NO : 

NO : 

TYWM 

(SEQ 

TABLE 1.4 

Protein or Nucleic Acid 

LR2B8HC Heavy Chain Variable Region - nucleic acid 
LR2B8HC Heavy Chain Variable Region - protein 
Human IgG1 Heavy Chain Constant Region (G1m (3) allotype) (allele 1) - 
nucleic acid 
Human IgG1 Heavy Chain Constant Region (G1m (3) allotype) (allele 1) - 
protein 

LR2B8HC + IgG1 Constant (Glm(3) allotype) (allele 1) - nucleic acid 
LR2B8HC + IgG1 Constant (Glm(3) allotype) (allele 1) - protein 
LRMR2B8HC Heavy Chain Variable Region - nucleic acid 
LRMR2B8HC Heavy Chain Variable Region - protein 
LRMR2B8HC + IgG1 Constant (G1m(3) allotype) (allele 1) - nucleic acid 
LRMR2B8HC + IgG1 Constant (G1m(3) allotype) (allele 1) - protein 
LR2B8LC Light Chain Variable Region - nucleic acid 
LR2B8LC Light Chain Variable Region - protein 
Human Kappa Chain Constant Region (Km (3) allotype) (allele 1) - nucleic acid 
Human Kappa Chain Constant Region (Km (3) allotype) (allele 1) - protein 
LR2B8LC + Kappa Constant (Km(3) allotype) (allele 1) - nucleic acid 
LR2B8LC + Kappa Constant (Km(3) allotype) (allele 1) - protein 
LRMR2B8LC Light Chain Variable Region - nucleic acid 
LRMR2B8LC Light Chain Variable Region - protein 
LRMR2B8LC + Kappa Constant (Km (3) allotype) (allele 1) - nucleic acid 
LRMR2B8LC + Kappa Constant (Km (3) allotype) (allele 1) - protein 

3s Table 15 summarizes the heavy chain CDR sequences (Ka 
bat Definition) of the humanized 2B8 antibodies prepared by 
humanization procedure 1 and by humanization procedure 2 
described herein above in this Example. 

TABLE 1.5 

Full Length 
Heavy Chain 
Variable 

CDR2 CDR3 Region 

EINPTNGHTNYNEKFKS NYWGSIFDY SEO ID NO: 12 

5) (SEQ ID NO: 16) (SEO ID NO : 17) 

EINPTNGHTNYNEKFOG NYWCSIFDY SEO ID NO: 59 

5) (SEQ ID NO: 2O2) (SEO ID NO : 17) 

EINPTNGHTNYNPSFOG NYWCSIFDY SEO ID NO: 65 

NO : 5) (SEQ ID NO: 2O3) (SEO ID NO : 17) 

EINPTNGHTNYNPSFOG NYWCSIFDY SEO ID NO: 69 

NO : 5) (SEQ ID NO: 2O3) (SEO ID NO : 17) 

EINPTNGHTNYNEKFKG NYWGSIFDY SEO ID NO: 83 

NO : 5) (SEQ ID NO: 2O4) (SEO ID NO : 17) 

EINPTNGHTNYNOKFOG NYWCSIFDY SEO ID NO: 89 

NO : 5) (SEQ ID NO: 2O5) (SEO ID NO : 17) 
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Table 16 Summarizes the light chain CDR sequences (Ka 
bat Definition) of the humanized 2B8 antibodies prepared by 
humanization procedure 1 and by humanization procedure 2 
described herein above in this Example. 

TABLE 16 

Full Length 
Light Chain 
Variable 

Antibody CDR1 CDR2 CDR3 Region 

Murine KASENVVSYVS GASNRNT GOSYNYPYT SEO ID 
2B8 Light (SEQ ID (SEQ ID (SEQ ID NO: 14 

NO: 18) NO: 19) NO: 2O) 

Hu2B8 KASENVVSYVS GASNRNT GOSYNYPYT SEO ID 
KW1-39.1 (SEQ ID (SEQ ID (SEQ ID NO : 73 

NO: 18) NO: 19) NO: 2O) 

Hu2B8 KASENVVSYVS GASNRNT GOSYNYPYT SEO ID 
KW3 - 15.1 (SEQ ID (SEQ ID (SEQ ID NO : 79 

NO: 18) NO: 19) NO: 2O) 

LR2B8LC KASENVVSYVS GASNRNT GOSYNYPYT SEO ID 
(SEQ ID (SEQ ID (SEQ ID NO : 93 
NO: 18) NO: 19) NO: 2O) 

LRMR2B8LC KASENVVSYVS GASNRES GOSYNYPYT SEO ID 
(SEQ ID (SEQ ID (SEQ ID NO: 199 
NO: 18) NO: 2O6) NO: 2O) 

C. Binding Affinity of Humanized 2B8 Antibodies 
Antigen-binding affinity and kinetics of interaction were 

assessed by surface plasmon resonance technology using a 
BIAcore T100 instrument. Mouse anti-human immunoglo 
bulins (Jackson ImmunoResearch Labs, 209-005-098) were 
immobilized on carboxymethylated dextran CM4 sensor 
chips (BIAcore, Catalog No. BR-1005-34) by amine cou 
pling (BIAcore, Catalog No. BR-1000-50) using a standard 
coupling protocol according to manufacturer's recommenda 
tions. The analyses were performed at 25° C. using PBS 
(GIBCO, Catalog No. 14040-133) containing 0.05% surfac 
tant P20 (BIAcore, Catalog No. BR-1000-54), 2 mg/mL BSA 
(EMD, Catalog No. 2930) and 10 mg/mL CM-Dextran 
Sodium salt (Fluka, Catalog No. 86524) as running buffer. 
The antibodies were captured on individual flow cell at a 

flow rate of 10 uL/min. Injection time was variable for each 
antibody to yield approximately 20 RU of antibody captured 
for each cycle. Buffer or HGF (R&D Systems, Catalog No. 
294-HGN-025) diluted in running buffer was injected 
sequentially over a reference Surface (no antibody captured) 
and the active surface (antibody to be tested) for 2 minutes at 
60LL/min. The dissociation phase was monitored for 15 or 90 
minutes, depending on concentration. The Surface then was 
regenerated with 10 mM Glycine-HCl, pH 2.0 (BIAcore, 
Catalog No. BR-1003-55) injected for 3 minutes at a flow rate 
of 60 LL/min before another cycle was initiated. HGF con 
centrations tested were 1.88, 3.75 and 7.5 nM. Determination 
of kinetic parameters was achieved using the kinetic function 
of the BIAevalutation software with reference subtraction. 
Kinetic parameters for each antibody, k, (association rate 
constant), k (dissociation rate constant) and K, (equilibrium 
dissociation constant) are Summarized in FIG. 8. 
The results summarized in FIG. 8 show that certain com 

binations of Superhumanized heavy chains (Hu2B8 HVSa. 1, 
Hu2B8 Hviš-51.1 or Hu2B8 Hv1-f.1) and light chains 
(Hu2B8 Kv1-39.1 or Hu2B8 Kv3-15.1) retain similar bind 
ing affinity (K) to HGF as chimeric 2B8 (mouse variable 
regions with human constant regions) and 2B8 (Table 5). 

10 

15 

25 

30 
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40 

45 

50 

55 

60 

65 

90 
D. Mutually Exclusive Binding Assay 

Mutually exclusive binding to HGF was assessed by sur 
face plasmon resonance technology using a BIAcore T100 
instrument. Mouse anti-human immunoglobulins (Jackson 
ImmunoResearch Labs, 209-005-098) were immobilized on 
carboxymethylated dextran CM5 sensor chips (BIAcore, 
Catalog No. BR-1006-68) by amine coupling (BIAcore, 
Catalog No. BR-1000-50) using a standard coupling protocol 
according to manufacturer's recommendations. The analyses 
were performed at 25° C. using PBS (GIBCO, Catalog No. 
14040-133) containing 0.05% surfactant P20 (BIAcore, 
#BR-1000-54), 2 mg/mL BSA (EMD, Catalog No. 2930) and 
10 mg/ml CM-Dextran Sodium salt (Fluka, Catalog No. 
86524) as running buffer. 
The humanized antibodies were captured on an individual 

flow cell at a flow rate of 30 uL/min. Injection time was 
variable for each antibody to yield approximately 150 RU of 
antibody captured for each cycle. HGF (R&D Systems, Cata 
log No. 294-HGN-025) diluted in running buffer at a final 
concentration of 7.5 ug/mL was injected for 90 sec at 
30 uL/min over the captured humanized antibodies. Binding 
of HGF was monitored before subsequent injection of mouse 
2B8 antibody or polyclonal goat anti-HGF antibody (R&D 
Systems, AF294) for 3 min at 30 uL/min. The surface then 
was regenerated with 10 mMGlycine-HCl, pH 2.0 (BIAcore, 
Catalog No. BR-1003-55) injected for 3 min at a flow rate of 
60 uL/min before another antibody was tested. The results are 
summarized in FIG. 9. 

Results summarized in FIG. 9 show that both humanized 
2B8 antibodies and chimeric 2B8 antibodies prevent murine 
2B8 from binding HGF. These results demonstrate that the 
humanized antibodies still bind the same HGF epitope as the 
original 2B8 antibody. 

Example 13 

Production of Humanized 2B8 Variants 

a. HUMAN ENGINEEREDTM Antibodies 

Codon- and expression-optimized low risk and low-plus 
moderate risk Human Engineered light chain (LR2B8LC and 
LRMR2B8LC, respectively) and heavy chains (LR2B8HC 
and LRMR2B8HC, respectively) were cloned in-phase into 
XOMA’s transient antibody expression vectors, which con 
tain human Kappa and Gamma-1 constant regions modules. 
The four Human Engineered 2B8 variants were produced by 
transient transfection in HEK293E cells. The following four 
antibodies were produced: 
HE2B8-1=LR2B8HC (+IgG1 constant region (G1m(3) 

allotype (allele 1)) (SEQ ID NO. 187) plus LR2B8LC 
(+Kappa constant region (Km (3) allotype (allele 1))) 
(SEQ ID NO. 197) 

HE2B8-2=LR2B8HC (+IgG1 constant region (G1m(3) 
allotype (allele 1)) (SEQ ID NO. 187) plus 
LRMR2B8LC (+Kappa constant region (Km(3) allo 
type (allele 1))) (SEQID NO. 201) 

HE2B8-3-LRMR2B8EHC (+IgG1 constant region (G1m 
(3) allotype (allele 1)) (SEQ ID NO. 191) plus 
LR2B8LC (+Kappa constant region (Km (3) allotype 
(allele 1))) (SEQID NO. 197) 

HE2B8-4–LRMR2B8EHC (+IgG1 constant region (G1m 
(3) allotype (allele 1)) (SEQ ID NO. 191) plus 
LRMR2B8LC (+Kappa constant region (Km(3) allo 
type (allele 1))) (SEQID NO. 201) 
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The light and heavy chains were co-transfected into 
XOMA’s suspension adapted HEK293E cells grown in 
IS293 media (Irvine Scientific, Irvine, Calif.) using 2 liter (1) Nucleic Acid Sequence Encoding Human IgG1 

Heavy Chain Constant Region (Glm (3) allotype) 
shake flasks. After 24 hours in the shake flasks, 200 mL of (allele 2) (SEQ ID NO. 207) 
transfected cells were centrifuged, resuspended in 40 mL of 5 cct coaccaa goggcc catcg gttct tcc ccc tdgcaccctic 
fresh medium and transferred to Integra flasks (Wilson Wolf Ctccalaga.gc acctctgggg 
Manufacturing Inc., MN) for production. After incubation for 61 gcacagoggc cctgggctgc Ctggt caagg act act tcc C 
seven days, the cell Suspensions were removed from the Inte- cgalaccggtg acggtgtcgt. 
gra flasks, centrifuged and the culture Supernatants retained. 10 121 ggaactcagg caccatgace agegg.cgtge acacetto.ca 
Antibodies in the culture Supernatants were purified on pro- ggctgtc.cta cagtic ct cag 
tein Aspin columns (Pro-Chem), dialyzed against PBS, con 181 gactic tactic cct cagcago gtggtgaccg tocctic cag 
centrated and sterile filtered. Cagcttgggc accCalgacct 

b. SUPERHUMANIZEDTM Antibodies 
15 241 acatctgcaa cqtgaat cac aagcc cagoa acaccaaggt 

Full length Hu2B8 Hvs-51.1+human IgG1 constant gga caagaga gttgagcc.ca 
domain (G1 mC3) allotype) cDNA was cloned into pEE6.4 3 O1 aat cittgttga caaaact cac acatgcc cac cqtgcc.cagc 
(Lonza Biologics, Berkshire, UK) using HindIII and EcoRI acctgaactic ctggggggac 

restriction sites. Full length Hu2B8 Kv1-39.1 variable 361 catcagtct catct tcc.cc ccaaaaccca aggacaccct 
region+human Kappa constant domain cDNA and full length catgat ct co cqgaccc ctd 
Hu2B8 Kv3-15.1 variable region+human Kappa constant 421 agg to acatg cgtggtggtg gacgtgagcc acgaagaccC 
domain cDNA were each cloned into pEE 14.4 (Lonza Bio- tgaggltdaag ttcaactggit 
logics) using HindIII and EcoRI restriction sites. The hCMV- 481 acgtggacgg C9tggaggtg cataatgcca agacaaa.gc.c 
MIE promoter+full length Hu2B8 HVS-51.1+human IgG1 25 gcgggaggag cagtacaiaca 
constant domain (G1m03) allotype) cDNA+SV40 poly A 541 goacgtaccg tdtggtcago gtcct caccg. tcc tigcacca 
fragment (in pEE6.4) was removed by NotI/SalI digestion ggactggctg aatggcaagg 
and inserted into either Kappa chain pRE14.4 vector through 6O1 agtacaagtg caagg to tcc aacaaag.ccc ticcicagoccc 

30 catcgagaag accatct coa NotI/SalI sites, thus creating 2 different expression vectors 
that each simultaneously express heavy and light chain to 661 aagccaaagg gcago Coca gaaccac agg tdtac accct 

gcc cc catcc cqggaggaga 
make the following antibodies: 

sh2B8-9 (G1m(3))=hu2B8 Hv5-51.1 (+IgG1 constant 721 taccaagaa ccagg to agc Ctgacct gcc tdgtcaaagg 
9. 35 cittct atc cc agciga catcg 

region (G1m(3) allotype) (allele 2)) (SEQID NO. 210) 
plus hu2B8 KV 1-39.1 (+Kappa constant region (Km (3) 781 ccgtggagtg ggaga.gcaat gggcagc.cgg agaacaact a 
allotype (allele 2))) (SEQ ID NO: 177) caagaccacg cct cocq togc 

sh2B8-12 (G1m03))=hu2B8 Hví5-51.1 (+IgG1 constant 841 toggacticcga cqgct cottc titcct ctaca gcaa.gct cac 
region (G1m (3) allotype) (allele 2)) (SEQID NO. 210) 40 cgtggacaag agc aggtggc 
plus hu2B8 KV 3-15.1 (+Kappa COnStant region (Km(3) 901 agc aggggala C9tct tctica totc.cgtga tigcatgaggc 
allotype (allele 2))) (SEQ ID No. 181) tctgcacaac cactacacgc 

The nucleic acid sequences encoding and the protein 
sequences defining the human IgG1 Heavy Constant Region 
Glm(3) allotype (allele 2) and each of the full length heavy “ The first amino acid is derived from translation of the last 
chain sequences are set forth below. The light chain nucleotide of variable region and the beginning two nucle 
sequences were the same as described in Example 12. otides of the IgG1 Heavy Chain sequence. 

961 agaagagcct citc cc to tct c cqgg taaat ga 

(2) Protein Sequence Defining Human IgG1 Heavy Chain Constant Region 
(G1m (3) allotype) (allele 1 or 2) . 

(SEQ ID NO. 208) 
1 astkgpsvip laps skists g g taalgclvik dyfpepvtvs Wnsgaltsgv htfpavloss 

61 gly slissvvt Voss slgtot yicnvnhkps intkvdkrvep kS colkthtcp pcpapelligg 

121 psviflfppkp kidtlmisrtp evtcvvvdvis hedpevkfnw yvdgvevhna ktkpreedyn 

181 styrvvsvlt vilhqowlingk eykckvsnka lpapiektis kakggprepo Vytlops ree 

241 mtknowslitic livkgfypsdi avewesngqip ennykttppv losdgsffly skiltvdksrw. 

301 qqignvfscsv mhealhnhyt qkslSlspgk 

(3) Nucleic Acid Sequence Encoding the Full Length Chain Containing 
Humanized Hu2B8 Hv5-51.1 Heavy Chain Variable Region and the Human 
IgG1 Heavy Chain Constant Region G1m (3) allotype (allele 2) (signal 
sequence underlined) 
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Each dual expression vector was transfected into 293T 
cells for transient expression using DMEM 10% fetal bovine 
serum. Forty-eight hours after transfection, cells were 
washed with and then replaced with serum free medium, IS 
GROTM (Irvine Scientific, Santa Ana, Calif.) containing 4 
mM L-Glutamine. Supernatant was harvested daily and 
replaced with fresh media for 10 days. The culture superna 
tants were centrifuged, filtered (0.45 um) and concentrated 
10-100 fold. Antibodies were purified on ProSep VA resin 
(Millipore), dialyzed against PBS, concentrated and sterile 
filtered. 

Example 14 

Binding Characteristics of Humanized 2B8 Variants 

The humanized antibodies produced in Example 13 were 
characterized by their ability to bind hEIGF and the recombi 
nant HGF proteins produced in Example 3. 
The antibodies were analyzed by Surface-plasmon reso 

nance using a BIAcore T100 instrument to assess their ability 
to bind hHGF and the fusion proteins discussed in Example 3. 
Each antibody was immobilized on a carboxymethylated 
dextran CM5 sensor chip (BIAcore, Catalog No. BR-1006 
68) by amine coupling (BIAcore, Catalog No. BR-1000-50) 
using a standard coupling protocol according to manufactur 
er's instructions. 

Analyses were performed at 25° C. using PBS (GIBCO, 
Catalog No. 14040-133) containing 0.05% surfactant P20 
(BIAcore, Catalog No. R-1000-54), 2 mg/mL BSA (EMD, 
Catalog No. 2930) and 10 mg/mL CM-Dextran Sodium salt 
(Fluka, Catalog No. 86524) as running buffer. Supernatant 
containing different HGF fusion proteins or supernatant from 
cells transfected with empty vector were injected over each 
antibody at a flow rate of 30 ul/min for 3 minutes. The 
resulting binding was determined as resonance units (RU) 
over baseline 30 seconds after the end of injection. Binding 
was compared to human HGF (R&D Systems, Catalog No. 
294-HGN-025) diluted in running buffer. Non-specific bind 
ing was monitored by comparing binding to a control Surface. 
The results are summarized in the Table 17. 

5 

10 

15 
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30 

35 

TABLE 17 

rhHGF (R&D rmHGF (R&D MHM chimera MHM chimera 
Antibody Systems) Systems) (495-585) (507-585) 

2B8 Yes No Yes Yes 
HE2B8-1 Yes No Yes Yes 
HE2B8-2 Yes No Yes Yes 
HE2B8-3 Yes No Yes Yes 
HE2B8-4 Yes No Yes Yes 
sh2B8-9 Yes No Yes Yes 
(Glm(3)) 
sh2B8-12 Yes No Yes Yes 

(Glm(3)) 

55 

The results in Table 17 demonstrate that each of the human 
ized 2B8-based antibodies bind rhPIGF and all three mouse 
human-mouse chimeras. 

Example 15 

Binding Affinities of Humanized 2B8 Variants 

The binding affinities and kinetics of interaction of the 
antibodies listed in Table 15 were measured by surface plas 
O SOaC. 

60 

65 

96 
Mouse anti-human immunoglobulins (Jackson Labs, Cata 

log No. 209-005) were immobilized on carboxymethylated 
dextran CM4 sensor chips (BIAcore, Catalog No. BR-1006 
68) by amine coupling (BIAcore, Catalog No. BR-1000-50) 
using a standard coupling protocol according to manufactur 
er's instructions. The analyses were performed at 25°C. using 
PBS (GIBCO, Catalog No. 14040-133) containing 0.05% 
surfactant P20 (BIAcore, Catalog No. BR-1000-54), and 2 
mg/mL BSA (EMD, Catalog No. 2930). 
The antibodies were captured in an individual flow cell at a 

flow rate of 10 uL/min. Injection time was variable for each 
antibody to yield approximately 20 RU of antibody captured 
for each cycle. Buffer or HGF (R&D Systems, Catalog No. 
294-HGN-025) diluted in running buffer was injected 
sequentially over a reference Surface (no antibody captured) 
and the active surface (antibody to be tested) for 2 minutes at 
60LL/min. The dissociation phase was monitored for 15 or 90 
minutes, depending on concentration. The Surface then was 
regenerated with 10 mM Glycine-HCl, pH 2.2 (BIAcore, 
Catalog No. BR-1003-54) injected for 3 minutes at a flow rate 
of 60 LL/min before another cycle was initiated. HGF con 
centrations tested were 0.46 nM to 7.5 nM. 

Kinetic parameters were determined using the kinetic 
function of the BIAevalutationTM Software with reference 
subtraction. Kinetic parameters for each antibody, k (asso 
ciation rate constant), k (dissociation rate constant) and K 
(equilibrium dissociation constant) are Summarized in Table 
18. 

TABLE 1.8 

Antibody k (1/Ms) k (1/s) K (pM) SD 

2B8 1.4 x 10 1.0 x 10 7.3 
HE2B8-1 2.2 x 10 1.4 x 10 7.1 5.2 
HE2B8-2 1.8 x 10 9.6 x 10 5.2 2.7 
HE2B8-3 2.0 x 10 4.1 x 10 2.O 1.1 
HE2B8-4 1.7 x 106 1.1 x 10 6.5 1.3 
sh2B8-9 (Glm (17, 1) 2.0 x 10 1.7 x 10 8.1 5.3 
sh2B8-12(G1m (17, 1) 1.9 x 10 2.3 x 10 12 0.4 

MHM chimera 
(499-556) 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Yes 

These data show that the humanized antibodies have fast 
association rates (k), very slow dissociation rates (k), and 
very high affinities (K). In particular, the antibodies have 
affinities ranging from 2.0-12 pM. 

Example 16 
Comparison of Binding Affinities at 25°C. and 37° 

C. 
The binding affinities and kinetics of interaction of anti 

body HE2B8-4, sh2B8-9, sh2B8-12, and murine 2B8 were 
measured by Surface plasmon resonance under different con 
ditions. 
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Mouse anti-human immunoglobulins (Jackson Labs, Cata 
log No. 209-005) or rabbit anti-mouse immunoglobulins 
(BIAcore, Catalog No. BR-1005-14) were immobilized on 
carboxymethylated dextran CM4 sensor chips (BIAcore, 
Catalog No. BR-1006-68) by amine coupling (BIAcore, 
Catalog No. BR-1000-50) using a standard coupling protocol 
according to manufacturers instructions. In the case of 25°C. 
measurements for sh2b8-9 and sh2B8-12, a CM5 sensor chip 
(BIAcore, Catalog No. BR-1006-68) was used. The analyses 
were performed at 25° C. and 37° C. using PBS (GIBCO, 
Catalog No. 14040-133) containing 0.05% surfactant P20 
(BIAcore, Catalog No. BR-1000-54), and 2 mg/mL BSA 
(EMD, Catalog No. 2930) as running buffer. 
The antibodies were captured in an individual flow cellata 

flow rate of 10 uL/min. Injection time was variable for each 
antibody to yield approximately 20 RU of antibody captured 
for each cycle. Buffer or HGF (R&D Systems, Catalog No. 
294-HGN-025) diluted in running buffer was injected 
sequentially over a reference Surface (no antibody captured) 
and the active surface (antibody to be tested) for 2 minutes at 
60LL/min. The dissociation phase was monitored for 15 or 90 
minutes, depending on concentration. The Surface of mouse 
anti-human immunoglobulins sensor chips was then regener 
ated with 10 mMGlycine-HCl, pH 2.2 (BIAcore, CatalogNo. 
BR-1003-54) injected for 3 minutes at a flow rate of 
60 uL/min before another cycle was initiated. The surface of 
rabbit anti-mouse immunoglobulins sensor chips was regen 
erated with 10 mM Glycine-HCl, pH 1.7 (BIAcore, Catalog 
No. BR-1003-54) injected for 3 minutes at a flow rate of 
60 u/min before another cycle was initiated. HGF concen 
trations tested were 0.46 nM to 7.5 nM. 

Kinetic parameters were determined using the kinetic 
function of the BIAevaluation software with reference sub 
traction. Kinetic parameters for each antibody, k, (association 
rate constant), k (dissociation rate constant) and K, (equi 
librium dissociation constant) are summarized below in Table 
19. 

TABLE 19 

Antibody Temp. (C.) k (1/Ms) k (1/s) K (pM) 

2B8 25 1.6 x 10 2.1 x 10 13.5 

2B8 37 2.8 x 10 1.3 x 10 4.5 

HE2B8-4 25 2.0 x 10 1.2 x 10 S.6 

HE2B8-4 37 3.1 x 10 1.0 x 10 3.3 
sh2B8-9 25 2.0 x 10 1.7 x 10 8.1 

(G1m (17, 1)) 
sh2B8-9 37 2.5 x 106 1.4 x 10 5.8 

(Glm(3)) 
sh2B8-12 25 1.9 x 10 2.3 x 10 12.0 

(G1m (17, 1)) 
sh2B8-12 37 2.4 x 10 1.1 x 10 4.8 

(Glm(3)) 

As expected, the association rate constants increased with 
an increase in the temperature. Surprisingly, the dissociation 
constants did not change significantly with a corresponding 
increase in temperature. Consequently, the overall equilib 
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rium dissociation constants (K) were approximately 1.4 to 3 
times Smaller (higher affinity) at physiological temperature 
(37° C). 

Example 17 

Neutralization Activity of Humanized 2B8 Variants 

The antibodies described in Example 14 were character 
ized for their ability to (a) inhibit the binding of hHGF to 
c-Met, and (b) inhibit HGF stimulated BrdU incorporation in 
4 MBr-5 cells. 
HGF-Met Binding Inhibition Assay (Neutralization 

Assay) was performed as described in as follows. The anti 
bodies were tested by ELISA for their ability to inhibit hHGF 
binding to c-Met. Specifically, Wallac 96-well DELFIA assay 
plates (Wallac Inc., Catalog No. AAAND-0001) were coated 
with 100 uL of 6.25 g/mL HGF (R&D Systems, Catalog No. 
294-HGN-025) in carbonate coating buffer (15 mM NaCO, 
and 34 mMNaHCO, pH 9.0) for 16 hours at 4°C. The plates 
then were blocked with 200 uL of 5% non-fat dry milk in PBS 
for 1 hour at room temperature. The antibodies were prepared 
in a separate plate by adding increasing concentrations of the 
antibodies under investigation (0.033-250 nM, 2-fold-serial 
dilution) to 2 nMbiotinylated c-Met in 5% non-fat dry milk in 
PBS. c-Met (R&D Systems, Catalog No. 358-MT/CF) is 
biotinylated according to manufacturers instruction at 10:1 
biotin to c-Met ratio (Pierce, Catalog No. 21335). 100 uL of 
sample per well was transferred to the assay plate and incu 
bated for 2 hours at room temperature. The resulting plates 
were washed three times with PBS-0.1% Tween 20, and incu 
bated for 1 hour at room temperature with Eu-labeled Strepta 
vidin (Wallac, Catalog No. 1244-360) diluted 1:1000 in 
DELFIA assay buffer (Wallac, Catalog No. 4002-0010). The 
resulting plates were washed 3 times with DELFIA wash 
solution (Wallac, CatalogNo. 4010-0010) and incubated with 
100 uL/well DELFIA enhancement solution (Wallac #4001 
0010) for 15 minutes at room temperature with agitation. The 
plates were read on Victor Vinstrument (PerkinElmer) using 
the Europium method. The ICso values were calculated using 
Prism. 

The ICs values obtained are shown in Table 20. 

TABLE 20 

Antibody ICso (nM) SD 

2B8 9.2 1.2 
HE2B8-1 6.O 1.2 
HE2B8-2 5.7 1.1 
HE2B8-3 5.9 1.1 
HE2B8-4 6.5 1.2 
sh2B8-9 (G1m(3)) 4.2 
sh2B8-12 (G1m (3) 6.8 

These results from Table 20 demonstrate that the human 
ized antibodies tested efficiently neutralize HGF binding to 
c-Met. 
The antibodies in Table 17 were also tested in the cell 

proliferation assay described in Example 7(b). The results are 
summarized below in Table 21. 

TABLE 21 

Antibody ICso (nM) SD 

2B8 O.86 O.35 
HE2B8-1 O.47 O.15 
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TABLE 21-continued 

Antibody ICso (nM) SD 

HE2B8-2 O.66 O.13 

HE2B8-3 0.55 O.28 
HE2B8-4 O.S8 O.26 

sh2B8-9 (G1m(3)) O.S2 O.11 
sh2B8-12 (G1m(3)) O.81 O.22 

The results from Table 21 demonstrate that all the human 
ized antibodies tested inhibit HGF-induced proliferation of 4 
MBr-5 cells. 

Example 18 

Anti-Scatter Activity of Humanized 2B8 Variants 

The antibodies in Table 17 were tested in the anti-scatter 
assay described in Example 8. The results are summarized 
below in Table 22. 

TABLE 22 

Inhibition of HGF-induced MDCK Cell 
Scattering 

Antibody Trial 1 Trial 2 

---- 

---- 

---- 

---- 

---- 

---- 

---- 

---- 

---- 

---- 

---- 

---- 

---- 

---- 

- No Inhibition 
+++ Very strong, nearly complete inhibition 
++ Strong inhibition 
+ Detectable inhibition 

The results in Table 22 demonstrate that all the humanized 
antibodies tested inhibited HGF-induced scattering to the 
same extent as the murine monoclonal antibody 2B8. 

Example 19 

Inhibition of HGF-Stimulated c-Met 
Phosphorylation 

The antibodies in Table 17 were tested in the c-Met phos 
phorylation assay described in Example 9. The results are 
summarized below in Table 23. 

TABLE 23 

Average of Standard 
Antibody Two Trials Deviation 

2B8 O.91 O.O2 
he?B8-1 O.8O O.04 
he?B8-2 O.88 O.15 
he?B8-3 0.79 O.OS 
he?B8-4 0.75 O.14 
sh2B8-9 (G1m(3)) O.93 O.O3 
sh2B8-12 (G1m(3)) O.81 O.O7 
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The results in Table 23 demonstrate that all the humanized 

antibodies tested are potent inhibitors of HGF-induced c-Met 
phosphorylation in PC-3 cells. 

Example 20 

Tumor Inhibition in U87MG Xenograft Model 

The ability of the humanized monoclonal antibodies of the 
invention to inhibit tumor growth was tested in an U87MG 
xenograft model. U87MG cells (ATCC) were expanded in 
culture at 37° C. in an atmosphere containing 5% CO and 
95% air, using a medium comprising Dulbecco's Modified 
Eagle medium (DMEM) with 10% fetal bovine serum, 100 
units/mL penicillin and 100 ug/mL Streptomycin. The cells 
were subcultured and maintained by detaching the cells from 
the wall of the culture dish using trypsin-EDTA. 

Near-confluent cells were collected by trypsinization and 
then 5x10° cells in 50% Matrigel (BD Biosciences; catalog 
no. 356237) were injected subcutaneously into the upper 
dorsal area between the shoulderblades of 7-week old female 
ICR SCID mice (Taconic Labs). The long (L) and short (W) 
diameters (mm) of tumors were measured with a caliper. 
Tumor volume (vol.) was calculated as: volume (mm)=Lx 
W/2. When the tumors grew to approximately 200 mm, the 
tumor-bearing mice were randomized into 5 groups of 10 
mice each. One group received PBS and one group received 
human IgG control. Each of the other 4 groups received one of 
the humanized antibodies (HE2B8-1, HE2B8-2, HE2B8-3, 
and HE2B8-4). All the antibodies were dosed at 0.25 mg/kg 
body weight, twice per week, by intra-peritoneal injections of 
5 doses. Tumor volumes and mouse body weights were 
recorded twice per week. Tumor growth inhibition was ana 
lyzed using Student's t-test. 
The humanized antibodies tested were active in vivo. There 

was 57% tumor growth inhibition for HE2B8-1 with ap value 
of 0.02, 61% tumor growth inhibition for HE2B8-2 with a p 
value of 0.02, 85% tumor growth inhibition for HE2B8-3, 
with ap value of 0.0004, and 74% tumor growth inhibition for 
HE2B8-4 with ap value of 0.001. No significant body weight 
loss was observed. 
A Subsequent study was performed as described above in 

female NCR nude mice (Taconic Labs) bearing subcutaneous 
U87MG tumors inoculated in the flank. Each group (10 mice 
each) received one of the following treatments at 0.5 mg/kg: 
PBS vehicle control, huIgG control, HE2B8-4, or sh2B8-9. 
Treatment was given intra-peritoneal twice weekly for a mini 
mum of 5 weeks. Each treatment group demonstrated similar 
tumor regression with tumor growth inhibition of 113% for 
sh2B8-9 and 11.5% for HE2B8-4, and a minimum tumor 
growth delay of 30 days. Both treatments were well-tolerated 
with no significant body weight loss. 

INCORPORATION BY REFERENCE 

The entire disclosure of each of the patent documents and 
scientific articles referred to herein is incorporated by refer 
ence for all purposes. 

EQUIVALENTS 
The invention may be embodied in other specific forms 

without departing from the spirit or essential characteristics 
thereof. The foregoing embodiments are therefore to be con 
sidered in all respects illustrative rather than limiting on the 
invention described herein. Scope of the invention is thus 
indicated by the appended claims rather than by the foregoing 
description, and all changes that come within the meaning 
and range of equivalency of the claims are intended to be 
embraced therein. 
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SEQUENCE LISTING 

<16O NUMBER OF SEO ID NOS: 216 

<210 SEQ ID NO 1 
<211 LENGTH: 424 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
&223> OTHER INFORMATION: 

<4 OO SEQUENCE: 1 

atgaactittg ggct cagatt gattitt cott gtc.cttgttt 

gtgcagctgg tdgagtctgg gaggaggctta gttgcagcCtg 

tgtgcago: ct ctdaatticac titt cagtaac tattacatgt 

gaga agaggc tigcagtgggit cqcatacatt agt cctggtg 

gccagtgtga agggtcgatt cac catct Co agaga caatg 

caaatgagca gtctgaagtic taggacaca gcc atgt att 

ggttactacg gggactatgc tatggactac tigggtcaag 

t cag 

<210 SEQ ID NO 2 
<211 LENGTH: 141 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
&223> OTHER INFORMATION: 

<4 OO SEQUENCE: 2 

Met Asn. Phe Gly Lieu. Arg Lieu. Ile 
1. 

Wall 

Pro 

Ser 

Glin 
65 

Ala 

Thir 

Asp 

Lys 

Gly 

Asn 
SO 

Trp 

Ser 

Luell 

Tyr 
13 O 

Cys 

Gly 
35 

Tyr 

Wall 

Wall 

Cys 
115 

Trp 

5 

Glu Wall Glin Lieu. Wall 

Ser Lieu Lys Lieu. Ser 
4 O 

Tyr Met Ser Trp Val 
55 

Ala Tyr Ile Ser Pro 
70 

Lys Gly Arg Phe Thr 
85 

Leul Glin Met Ser Ser 

Ala Arg Glin Gly Asp 
12 O 

Gly Glin Gly Thr Ser 

> SEQ ID NO 3 
> LENGTH: 382 
> TYPE: DNA 

> ORGANISM: Artificial Sequence 
> FEATURE; 

> OTHER INFORMATION: Synthet 
1A3 

<4 OO SEQUENCE: 3 

135 

Phe Lieu Wall 
1O 

Glu Ser Gly 
25 

Cys Ala Ala 

Arg Glin Thr 

Gly Gly Gly 
7s 

Ile Ser Arg 
90 

Lieu Lys Ser 
105 

Gly Tyr Tyr 

Wall. Thir Wall 

ic Light (kappa) 

taalaaggtgt 

gagggtc.cct 

Cttgggttcg 

gtggtagctic 

c caagaacac 

actgtgcaa.g 

gaacct cagt 

Lell 

Gly 

Ser 

Pro 
6 O 

Ser 

Asp 

Glu 

Gly 

Ser 
14 O 

Wall 

Gly 

Glu 
45 

Glu 

Ser 

Asn 

Asp 

Asp 
125 

Ser 

Luell 

Luell 

Phe 

Ala 

Thir 
11 O 

Synthetic Heavy Chain Variable Region 1A3 

gaagttgttgaa 

gaaact citcc 

ccagact coa 

Ctact at CCa 

cctgtacctg 

acaaggggat 

caccgt.cticc 

Synthetic Heavy Chain Variable Region 1A3 

Lys Gly 
15 

Wall Glin 

Thir Phe 

Arg Lieu. 

Tyr Pro 

Lys Asn 
95 

Ala Met 

Ala Met 

6 O 

12 O 

18O 

24 O 

3OO 

360 

424 

Chain Variable Region 

atgagtgtgc C cacticaggit cctggggttg Ctgctgctgt ggcttacaga tigccagatgt 6 O 

102 



gacatccaga tigacticagtic ticcagcct co citatctgttt 

atca catgtc. gagcaa.gtga gaatatttat agtaatttag 

ggaaaatcto ct cagotcct ggit citatgct gcaacaaact 

aggttcagtg gcagtggat.c aggcacacag titt tocctica 

gaagattittg ggactt atta citgtcaac at ttittggggta 

gggaccalagc tiggaaataaa ac 

<210 SEQ ID NO 4 
<211 LENGTH: 127 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Light (kappa) 

<4 OO SEQUENCE: 4 

103 

Met Ser Wall Pro Thr Glin Wall Lieu. 
1. 

Asp 

Wall 

Ile 

Glin 
65 

Arg 

Ser 

Gly 

Ala 

Ser 

Tyr 
SO 

Luell 

Phe 

Luell 

Thir 

Arg 

Wall 
35 

Ser 

Luell 

Ser 

Cys Asp Ile Gln Met 

Gly Glu Thr Val Thr 
4 O 

Asn Lieu Ala Trp Tyr 
55 

Val Tyr Ala Ala Thr 
70 

Gly Ser Gly Ser Gly 
85 

Glin Ser Glu Asp Phe Gly 

Pro 
115 

Tyr Thr Phe Gly Gly 

SEO ID NO 5 
LENGTH: 5 
TYPE : 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 

PRT 

SEQUENCE: 5 

Asn Tyr Tyr Met Ser 
1. 5 

SEQ ID NO 6 
LENGTH: 17 
TYPE : 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 

PRT 

<4 OO SEQUENCE: 6 

12 O 

Gly Lieu. Lieu. 
1O 

Thr Glin Ser 
25 

Ile Thr Cys 

Glin Gln Lys 

Asn Lieu Ala 
7s 

Thr Glin Phe 
90 

Thr Tyr Tyr 
105 

Gly Thr Lys 

US 7,649,083 B2 

- Continued 

Ctgttgggaga 

catggitatica 

tag cagatgg 

agatcaa.ca.g 

citc.cgtacac 

Lell 

Pro 

Arg 

Glin 
6 O 

Asp 

Ser 

Lell 

aactgtcacc 

gCagaalacag 

tgtgc catca 

cctgcagtict 

gttcggaggg 

12 O 

18O 

24 O 

3OO 

360 

382 

Chain Variable Region 

Lell 

Ala 

Ala 
45 

Gly 

Gly 

Lell 

Glin 

Glu 
125 

Trp 

Ser 
3O 

Ser 

Wall 

His 
11 O 

Ile 

Synthetic Heavy Chain CDR1 1A3 

Synthetic Heavy Chain CDR2 1A3 

Lieu. Thir 
15 

Luell Ser 

Glu Asn 

Ser Pro 

Pro Ser 
8O 

Ile Asn 
95 

Phe Trp 

Tyr Ile Ser Pro Gly Gly Gly Ser Ser Tyr Tyr Pro Ala Ser Val Lys 
1. 

Gly 

5 

<210 SEQ ID NO 7 
<211 LENGTH: 13 

15 

104 
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- Continued 

&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Heavy Chain CDR3 1A3 

<4 OO SEQUENCE: 7 

Glin Gly Asp Gly Tyr Tyr Gly Asp Tyr Ala Met Asp Tyr 
1. 5 1O 

<210 SEQ ID NO 8 
<211 LENGTH: 11 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Light (kappa) Chain CDR1 1A3 

<4 OO SEQUENCE: 8 

Arg Ala Ser Glu Asn. Ile Tyr Ser Asn Lieu Ala 
1. 5 1O 

<210 SEQ ID NO 9 
<211 LENGTH: 7 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Light (kappa) Chain CDR2 1A3 

<4 OO SEQUENCE: 9 

Ala Ala Thir Asn Lieu Ala Asp 
1. 5 

<210 SEQ ID NO 10 
<211 LENGTH: 9 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Light (kappa) Chain CDR3 1A3 

<4 OO SEQUENCE: 10 

Gln His Phe Trp Gly Thr Pro Tyr Thr 
1. 5 

<210 SEQ ID NO 11 
<211 LENGTH: 412 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Heavy Chain Variable Region 2B8 

<4 OO SEQUENCE: 11 

atgggatgga gctatat cat cotctttittg gtagcaa.cag ctacagatgt ccact cocag 6 O 

gtcCaactgc agcagoctgg ggctgaactg gtgaa.gc.ctg ggactitcagt gaagctgtcC 12 O 

tgcaaggctt Ctggct acac Ctt caccacc tactggatgc actgggtgaa t cagaggcct 18O 

ggacaaggcc ttgagtggat tagagatt aatcc tacca acggit catac taact acaat 24 O 

gagaagttca agagcaaggc cacactgact gtaga caaat cct coag cac agcct acatg 3OO 

caacticagoa gcc toga catc tdagg act cit gcggit ctatt actgtgcaag aaactatgtt 360 

ggtagcatct ttgact actggggccaaggc accactict ca Cagtict cct C ag 412 

<210 SEQ ID NO 12 
<211 LENGTH: 137 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 



&223> OTHER INFORMATION: 

<4 OO SEQUENCE: 12 
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Met Gly Trp Ser Tyr Ile Ile Leu 
1. 

Wall 

Pro 

Thir 

Glu 
65 

Glu 

Thir 

Glin 

His 

Gly 

Thir 
SO 

Trp 

Ala 

Gly 
13 O 

Ser 

Thir 
35 

Ile 

Phe 

Cys 
115 

Thir 

5 

Glin Wall Glin Lieu. Glin 

Ser Val Llys Lieu. Ser 
4 O 

Trp Met His Trp Val 
55 

Gly Glu Ile Asn Pro 
70 

Llys Ser Lys Ala Thr 
85 

Met Glin Leu Ser Ser 

Ala Arg Asn Tyr Val 
12 O 

Thir Lieu. Thir Wal Ser 

SEQ ID NO 13 
LENGTH: 382 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Synthet 

<4 OO SEQUENCE: 13 

atggaatcac agacitctggit 

aacattgtaa 

ttgagctgca 

gcgcagtict c 

cgct tcacag 

gaag accttg 

gggacCaggc 

tgacccaatc 

aggc.ca.gtga 

ctaaactgct 

gcagtggatc 

cagattatca 

tggaaataaa 

SEQ ID NO 14 
LENGTH: 127 
TYPE : 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Synthet 

PRT 

<4 OO SEQUENCE: 14 

Met Glu Ser Glin. Thir 
1. 5 

135 

citt catat co 

toccalaat CC 

gaatgtggitt 

gatatacggg 

tgcaacagat 

Ctgttgggcag 

ac 

Leul Wall Phe 

Gly Ala Asp Gly Asn. Ile Val Met 

Met Ser Val Gly Glu Arg Val Thr 

Val Val Ser Tyr Val 
SO 

35 4 O 

Ser Trp Tyr 
55 

Phe Lieu Wall 
1O 

Gln Pro Gly 
25 

Cys Lys Ala 

Asin Glin Arg 

Thr Asn Gly 
7s 

Lieu. Thir Wall 
90 

Lieu. Thir Ser 
105 

Gly Ser Ile 

Ser 

ic Light (kappa) 

at actgctict 

atgtc catgt 

tct tatgtat 

gcatcca acc 

ttcactctga 

agittacaact 

ic Light (kappa) 

Ile Ser Ile 
1O 

Thr Glin Ser 
25 

Lieu. Ser Cys 

Glin Gln Lys 
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- Continued 

Ala 

Ala 

Ser 

Pro 
6 O 

His 

Asp 

Glu 

Phe 

Thir 

Glu 

Gly 
45 

Gly 

Thir 

Asp 

Asp 
125 

Ala 

Luell 

Tyr 

Glin 

Asn 

Ser 

Ser 
11 O 

Synthetic Heavy Chain Variable Region 2B8 

Thir Asp 
15 

Val Lys 

Thir Phe 

Gly Lieu. 

Tyr Asn 

Ser Ser 
95 

Ala Wall 

Trp Gly 

Chain Variable Region 

ggittatatgg 

Cagtaggaga 

cctggitatica 

ggaac actgg 

c catcagcag 

atc.cgtacac 

Lell 

Pro 

Pro 
6 O 

tgctgatggg 

gagggit cacc 

acagaaacca 

ggtc.ccc.gat 

tgttgcgggct 

gttcggaggg 

6 O 

12 O 

18O 

24 O 

3OO 

360 

382 

Chain Variable Region 

Lell 

Ala 
45 

Ala 

Trp 

Ser 
3O 

Ser 

Leu Tyr 
15 

Met Ser 

Glu Asn 

Glin Ser Pro 

108 
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Llys Lieu. Lieu. Ile Tyr Gly Ala Ser Asn Arg Asn. Thr Gly Val Pro Asp 
65 70 7s 8O 

Arg Phe Thr Gly Ser Gly Ser Ala Thr Asp Phe Thr Lieu. Thir Ile Ser 
85 90 95 

Ser Val Arg Ala Glu Asp Lieu Ala Asp Tyr His Cys Gly Glin Ser Tyr 
1OO 105 11 O 

Asn Tyr Pro Tyr Thr Phe Gly Gly Gly Thr Arg Lieu. Glu Ile Llys 
115 12 O 125 

<210 SEQ ID NO 15 
<211 LENGTH: 5 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Heavy Chain CDR1 2B8 

<4 OO SEQUENCE: 15 

Thr Tyr Trp Met His 
1. 5 

<210 SEQ ID NO 16 
<211 LENGTH: 17 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Heavy Chain CDR2 2B8 

<4 OO SEQUENCE: 16 

Glu Ile Asin Pro Thr Asn Gly His Thr Asn Tyr Asn Glu Lys Phe Lys 
1. 5 1O 15 

Ser 

<210 SEQ ID NO 17 
<211 LENGTH: 9 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Heavy Chain CDR3 2B8 

<4 OO SEQUENCE: 17 

Asn Tyr Val Gly Ser Ile Phe Asp Tyr 
1. 5 

<210 SEQ ID NO 18 
<211 LENGTH: 11 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Light (kappa) Chain CDR1 2B8 

<4 OO SEQUENCE: 18 

Lys Ala Ser Glu Asn Val Val Ser Tyr Val Ser 
1. 5 1O 

<210 SEQ ID NO 19 
<211 LENGTH: 7 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Light (kappa) Chain CDR2 2B8 

<4 OO SEQUENCE: 19 

Gly Ala Ser Asn Arg Asn Thr 
1. 5 
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SEQ ID NO 2 O 
LENGTH: 9 
TYPE : 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 

PRT 

SEQUENCE: 2O 

111 

Gly Glin Ser Tyr Asn Tyr Pro Tyr Thr 
1. 5 

SEQ ID NO 21 
LENGTH: 412 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 

<4 OO SEQUENCE: 21 

atggaatgga gctgggtctt 

gtc.cagctga 

tgcaaggctt 

ggac agggcc 

gagatgttca 

Cagcticagda 

ggacgtggct 

agcagt ctgg 

ctggctacac 

ttgagtggat 

alagacaaggc 

gcc toga catc 

ttgact actd 

SEQ ID NO 22 
LENGTH: 137 
TYPE : 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 

PRT 

SEQUENCE: 22 

totct tcc to 

agctgagctg 

Ctt CactaCC 

tggaaagatt 

cacattgact 

tgacgact ct 

gggcCaaggc 

Met Glu Trp Ser Trp Val Phe Leu 
1. 

Wall 

Pro 

Thir 

Glu 
65 

Glu 

Thir 

Glin 

His 

Gly 

Thir 
SO 

Trp 

Met 

Ala 

Phe 

Gly 
13 O 

Ile 

Phe 

Cys 
115 

Thir 

5 

Glin Val Glin Lieu Lys 

Ser Val Lys Met Ser 
4 O 

Tyr Ile His Trp Val 
55 

Gly Lys Ile Gly Pro 
70 

Lys Asp Lys Ala Thr 
85 

Met Glin Leu Ser Ser 

Ala Arg Arg Gly Lieu. 
12 O 

Thir Lieu. Thir Wal Ser 

<210 SEQ ID NO 23 
<211 LENGTH: 394 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

135 

Synthetic Light (kappa) 

ctgtcagtaa 

gtgaggcCtg 

tactatataC 

ggtc.ctggaa 

gtaga cacat 

gcggit ct att 

accactCtca 

Phe 

Glin 
25 

Asn 

Gly 

Luell 

Luell 
105 

Gly 

Ser 

Luell 
1O 

Ser 

Glin 

Ser 

Thir 
90 

Thir 

Arg 

Luell 

Gly 

Ala 

Arg 

Gly 

Wall 

Ser 

Gly 
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- Continued 

Chain CDR3 2B8 

Ctgcaggtgt 

ggactitcagt 

actgggtgaa 

gtggtag tac 

cct coag cac 

cagtctocto 

Ser 

Ala 

Ser 

Pro 
6 O 

Ser 

Asp 

Asp 

Phe 

Wall 

Glu 

Gly 
45 

Gly 

Thir 

Thir 

Asp 

Asp 
125 

Thir 

Luell 
3O 

Tyr 

Glin 

Ser 

Ser 
11 O 

Synthetic Heavy Chain Variable Region 2F8 

c cact gccag 

gaagatgtcC 

t cagaggcct 

ttact acaat 

agcct acatg 

aaggggactg 

ag 

Synthetic Heavy Chain Variable Region 2F8 

Ala Gly 
15 

Val Arg 

Thir Phe 

Gly Lieu. 

Tyr Asn 

Ser Ser 
95 

Ala Wall 

Trp Gly 

6 O 

12 O 

18O 

24 O 

3OO 

360 

412 

112 



&220s FEATURE: 

113 
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- Continued 

Chain Variable Region <223> OTHER INFORMATION: Synthetic Light (kappa) 
2F8 

<4 OO SEQUENCE: 23 

atggagacag acacaatcct gctatgggtg Ctgctgctct gggttcCagg 

gacattgttgc tigacccaatc. tccagcttct ttggctgtgt ct c tagggca 

atct cotgca aggc.ca.gc.ca aagtgttgat tatgatggta at agittatat 

caacagaaac caggacagcc acccaaagtic ct catctato ttgcatccaa 

gggat.cccag C caggtttag tigcagtggg totggga cag acttic accct 

Cctgtggagg aggaggatgc tigcaacct at tactgtcagc aaagt attga 

acgttcggtg Ctgggaccala gctggagctgaaac 

<210 SEQ ID NO 24 
<211 LENGTH: 131 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Light (kappa) 

<4 OO SEQUENCE: 24 

ctic cactggit 

gagggccacc 

caactgg tac 

tctagaatct 

caa.catcCat 

ggat.cct coc 

6 O 

12 O 

18O 

24 O 

3OO 

360 

394 

Chain Variable Region 

Met Glu Thir Asp Thir Ile Lieu. Lieu. Trp Val Lieu Lleu Lleu Trip 
1. 5 1O 

Gly Ser Thr Gly Asp Ile Val Lieu. Thr Glin Ser Pro Ala Ser 
2O 25 3O 

Val Ser Lieu. Gly Glin Arg Ala Thir Ile Ser Cys Lys Ala Ser 
35 4 O 45 

Val Asp Tyr Asp Gly Asn. Ser Tyr Ile Asn Trp Tyr Glin Glin 
SO 55 6 O 

Gly Glin Pro Pro Llys Val Lieu. Ile Tyr Val Ala Ser Asn Lieu. 
65 70 7s 

Gly Ile Pro Ala Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp 
85 90 

Lieu. Asn. Ile His Pro Val Glu Glu Glu Asp Ala Ala Thr Tyr 
1OO 105 11 O 

Gln Glin Ser Ile Glu Asp Pro Pro Thr Phe Gly Ala Gly Thr 
115 12 O 125 

Glu Lieu Lys 
13 O 

<210 SEQ ID NO 25 
<211 LENGTH: 5 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Heavy Chain CDR1 2F8 

<4 OO SEQUENCE: 25 

Thr Tyr Tyr Ile His 
1. 5 

SEQ ID NO 26 
LENGTH: 17 
TYPE : 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 

PRT 

Synthetic Heavy Chain CDR2 2F8 

Wall Pro 
15 

Lieu Ala 

Glin Ser 

Llys Pro 

Glu Ser 

Phe Thr 
95 

Llys Lieu. 
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- Continued 

<4 OO SEQUENCE: 26 

Lys Ile Gly Pro Gly Ser Gly Ser Thr Tyr Tyr Asn Glu Met Phe Lys 
1. 5 1O 15 

Asp 

<210 SEQ ID NO 27 
<211 LENGTH: 9 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Heavy Chain CDR3 2F8 

<4 OO SEQUENCE: 27 

Arg Gly Lieu. Gly Arg Gly Phe Asp Tyr 
1. 5 

<210 SEQ ID NO 28 
<211 LENGTH: 15 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Light (kappa) Chain CDR1 2F8 

<4 OO SEQUENCE: 28 

Lys Ala Ser Glin Ser Val Asp Tyr Asp Gly Asn. Ser Tyr Ile Asn 
1. 5 1O 15 

<210 SEQ ID NO 29 
<211 LENGTH: 7 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Light (kappa) Chain CDR2 2F8 

<4 OO SEQUENCE: 29 

Wall Ala Ser Asn Lieu. Glu Ser 
1. 5 

<210 SEQ ID NO 3 O 
<211 LENGTH: 9 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Light (kappa) Chain CDR3 2F8 

<4 OO SEQUENCE: 30 

Gln Glin Ser Ile Glu Asp Pro Pro Thr 
1. 5 

<210 SEQ ID NO 31 
<211 LENGTH: 418 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Heavy Chain Variable Region 3B6 

<4 OO SEQUENCE: 31 

atggaatggc cittgtat citt totct tcc to citgtcagtaa citgaaggtgt ccact cocag 

gttcagctgc agcagt ctgg ggctgaactg gtgaggcctg. g.gt cct cagt galagattitcC 

tgcaaggctt Ctggctatgt attcagtagc tactggatga actgggtgaa gcagaggcct 

ggacagggtc. ttgagtggat tacagatt tat cotggag atggtgatag taact acaat 

ggaalacttica agggtaaagc cacactgact gcagacaaat cct coagtac agcct acatg 

6 O 

12 O 

18O 

24 O 

3OO 

116 
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Cagcticagda gcc talacatc taggactict gcggtctatt totgtgcatc C cagctcggg 

citacgtgaga act actittga c tactgggg.c caaggcacca citct cacagt citcct cag 

<210 SEQ ID NO 32 
<211 LENGTH: 139 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Heavy Chain Variable Region 3B6 

<4 OO SEQUENCE: 32 

Met 
1. 

Wall 

Pro 

Ser 

Glu 
65 

Gly 

Thir 

Trp 

Glu Trp Pro Cys Ile Phe Leu Phe Lieu. Leu Ser Val Thr Glu Gly 
5 1O 15 

His Ser Glin Val Glin Lieu. Glin Glin Ser Gly Ala Glu Lieu Val Arg 
2O 25 3O 

Gly Ser Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Tyr Val Phe 
35 4 O 45 

Ser Tyr Trp Met Asn Trp Val Lys Glin Arg Pro Gly Glin Gly Lieu. 
SO 55 6 O 

Trp Ile Gly Glin Ile Tyr Pro Gly Asp Gly Asp Ser Asn Tyr Asn 
70 7s 8O 

Asin Phe Lys Gly Lys Ala Thr Lieu. Thir Ala Asp Llys Ser Ser Ser 
85 90 95 

Ala Tyr Met Gln Leu Ser Ser Lieu. Thir Ser Glu Asp Ser Ala Val 
1OO 105 11 O 

Phe Cys Ala Ser Gln Lieu. Gly Lieu. Arg Glu ASn Tyr Phe Asp Tyr 
115 12 O 125 

Gly Glin Gly Thr Thr Lieu. Thr Val Ser Ser 
13 O 135 

<210 SEQ ID NO 33 
<211 LENGTH: 388 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Light (kappa) Chain Variable Region 

<4 OO SEQUENCE: 33 

atggacatga gacccct gc ticagtttctt ggaat cittgt togctctggitt to caggitatic 

aaatgtgaca toaagatgac ccagt citcca tottccatgt atgcatctot aggagagaga 

gtcacaatca cittgcaaggc gag to aggac attaaaagct atttalagctg gttcCaggag 

aalaccaggga aatctoctaa gaccctgatc tat cqtgtaa acagattggit agatggggt C 

c cat Caaggt tdagtggcag tdatctggg caagatt Ctt Ctct cac cat Caccagcctg 

gagaatgaag atatgggaat ttatt attgt ctacagtatg atgagtttcc gttcacgttc 

ggagggggga C caagctgga aataaagc 

<210 SEQ ID NO 34 
<211 LENGTH: 129 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Light (kappa) Chain Variable Region 

<4 OO SEQUENCE: 34 

Met 
1. 

Asp Met Arg Thr Pro Ala Glin Phe Lieu. Gly Ile Lieu. Lieu. Lieu. Trp 
5 1O 15 

360 

418 

6 O 

12 O 

18O 

24 O 

3OO 

360 

388 
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Phe Pro Gly Ile Lys Cys Asp Ile Llys Met Thr Glin Ser Pro Ser Ser 
2O 25 3O 

Met Tyr Ala Ser Lieu. Gly Glu Arg Val Thir Ile Thr Cys Lys Ala Ser 
35 4 O 45 

Glin Asp Ile Llys Ser Tyr Lieu. Ser Trp Phe Glin Glin Llys Pro Gly Lys 
SO 55 6 O 

Ser Pro Llys Thir Lieu. Ile Tyr Arg Val Asn Arg Lieu Val Asp Gly Val 
65 70 7s 8O 

Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Glin Asp Ser Ser Lieu. Thr 
85 90 95 

Ile Thr Ser Lieu. Glu Asn Glu Asp Met Gly Ile Tyr Tyr Cys Lieu. Glin 
1 OO 105 11O 

Tyr Asp Glu Phe Pro Phe Thr Phe Gly Gly Gly Thr Lys Lieu. Glu Ile 
115 12 O 125 

Lys 

<210 SEQ ID NO 35 
<211 LENGTH: 5 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Heavy Chain CDR1 3B6 

<4 OO SEQUENCE: 35 

Ser Tyr Trp Met Asn 
1. 5 

<210 SEQ ID NO 36 
<211 LENGTH: 17 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Heavy Chain CDR2 3B6 

<4 OO SEQUENCE: 36 

Glin Ile Tyr Pro Gly Asp Gly Asp Ser Asn Tyr Asn Gly Asn. Phe Lys 
1. 5 1O 15 

Gly 

<210 SEQ ID NO 37 
<211 LENGTH: 11 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Heavy Chain CDR3 3B6 

<4 OO SEQUENCE: 37 

Glin Lieu. Gly Lieu. Arg Glu Asn Tyr Phe Asp Tyr 
1. 5 1O 

<210 SEQ ID NO 38 
<211 LENGTH: 11 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Light (kappa) Chain CDR1 3B6 

<4 OO SEQUENCE: 38 

Lys Ala Ser Glin Asp Ile Llys Ser Tyr Lieu. Ser 
1. 5 1O 
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SEO ID NO 39 
LENGTH: 7 
TYPE : 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 

PRT 

<4 OO SEQUENCE: 39 

121 

Arg Val Asn Arg Lieu Val Asp 
1. 5 

SEQ ID NO 4 O 
LENGTH: 9 
TYPE : 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Synthet 

PRT 

SEQUENCE: 4 O 

Synthetic Light 

ic Light (kappa) 

Lieu. Glin Tyr Asp Glu Phe Pro Phe Thr 
1. 5 

SEQ ID NO 41 
LENGTH: 397 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 

<4 OO SEQUENCE: 41 

gtacagctga 

tgcactgtct 

ggaaaggg.tc 

t ct ct catgt 

atgaac agtic 

tactggggcc 

aggagt cagg 

ctgggtttitc 

tggaatggct 

ccagactgac 

tgcaaactga 

aagggact ct 

SEQ ID NO 42 
LENGTH: 132 
TYPE : 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 

PRT 

SEQUENCE: 42 

cctctgcctg 

acctggcctg 

attaaccago 

gggagtaata 

Cat Caggaaa 

tgacacagcc 

ggt cactgtc. 

Met Ala Wall Pro Wall Leu Phe Lieu. 
1. 

Wall 

Pro 

Thir 

Glu 
65 

Ser 

Wall 

Luell 

Ser 

Ser 
SO 

Trp 

Luell 

Phe 

Ser 

Glin 
35 

Luell 

Met 

Luell 

5 

Glin Val Glin Lieu Lys 

Ser Lieu. Ser Ile Thr 
4 O 

Ser Lieu. His Trp Val 
55 

Gly Val Ile Trp Ala 
70 

Ser Arg Lieu. Thir Ile 
85 

Llys Met Asn. Ser Lieu 

gttgcatttc 

gtggcgc.cct 

tatagitttac 

tgggctggtg 

gacaact coa 

atgtact act 

tctgcag 

Cys Lieu Val 
1O 

Glu Ser Gly 

Cys Thr Val 

Arg Glin Pro 

Gly Gly Asn 
7s 

Arg Lys Asp 
90 

Gln Thr Asp 
105 

US 7,649,083 B2 

- Continued 

(kappa) Chain CDR2 3B6 

Chain CDR3 3B6 

Synthetic Heavy Chain Variable Region 3D11 

Caagctgtgt cctgtcc cag 

cacagagcct g to catcact 

actgggttcg C cagcct coa 

gaalacacaaa ttataatticg 

agagccaagt titt cittaaaa 

gtgccagaga gaggtttgct 

Ala 

Pro 

Ser 

Pro 
6 O 

Thir 

Asn 

Asp 

Phe 

Gly 

Gly 
45 

Gly 

Asn 

Ser 

Thir 

Synthetic Heavy Chain Variable Region 3D11 

Pro Ser Cys 
15 

Lieu Wall Ala 
3O 

Phe Ser Lieu. 

Lys Gly Lieu. 

Tyr Asn Ser 
8O 

Llys Ser Glin 
95 

Ala Met Tyr 
11 O 

6 O 

12 O 

18O 

24 O 

3OO 

360 

397 

122 
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US 7,649, 

- Contin 

O83 B2 

lued 

Tyr Cys Ala Arg Glu Arg Phe Ala Tyr Trp Gly Glin Gly. Thir Lieu Val 
115 

Thir Wal Ser Ala 
13 O 

3D11 

SEQ ID NO 43 
LENGTH: 385 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Synthet 

<4 OO SEQUENCE: 43 

atggattitt C aagtgcagat 

agagga caaa 

gtcaccatga 

t caggcacct 

gct cqctt.ca 

gctgaagatg 

gctgggacca 

ttgttct cac 

Cctgcagtgc 

cc.cccaaaag 

gtggcagtgg 

ctgccactta 

agctggagct 

SEQ ID NO 44 
LENGTH: 128 
TYPE : 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Synthet 

PRT 

<4 OO SEQUENCE: 44 

12 O 

titt cagottc 

c cagt citcca 

cagct caagt 

atggattitat 

gtctgggacc 

ttact.gc.cag 

gaaac 

Met Asp Phe Glin Val Glin Ile Phe 
1. 

Wall 

Met 

Ser 

Pro 
65 

Ala 

Ser 

Ser 

Lys 

Ser 

Ser 
SO 

Arg 

Ser 

Ser 

Ile 

Ala 
35 

Wall 

Arg 

Phe 

Met 

Asn 
115 

5 

Ser Arg Gly Glin Ile 

Tyr Pro Gly Glu Lys 
4 O 

Ser Tyr Met His Trp 
55 

Trp Ile Tyr Asp Thr 
70 

Ser Gly Ser Gly Ser 
85 

Glu Ala Glu Asp Ala 

Pro Leu. Thr Phe Gly 

SEO ID NO 45 
LENGTH: 5 
TYPE : 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 

PRT 

<4 OO SEQUENCE: 45 

Ser Tyr Ser Lieu. His 
1. 5 

12 O 

125 

ic Light (kappa) Chain Variable Region 

ctgctaatca 

gcaat catgt 

gtaagttaca 

gacacat coa 

tot tact coc 

Cagtggagta 

ic Light (kappa) 

Ser Phe Lieu. 
1O 

Wall Lieu. Thir 
25 

Wall. Thir Met 

Tyr Glin Gln 

Ser Lys Lieu. 
7s 

Gly. Thir Ser 
90 

Ala Thr Tyr 
105 

Ala Gly Thr 

gtgccticagt 

ctgcatat co 

tgcactggta 

aactggcttic 

t cacaat cag 

gta acccact 

Lieu. Ile Ser 

Glin Ser Pro 
3O 

Thr Cys Ser 
45 

Llys Ser Gly 
6 O 

Ala Ser Gly 

Tyr Ser Lieu. 

Tyr Cys Glin 
11 O 

Llys Lieu. Glu 
125 

CaaaatlatcC 

aggggagaag 

Ccagcagaag 

tggagtic cct 

tag tatggag 

cacgttcggit 

Ala Ser 
15 

Ala Ile 

Ala Ser 

Thir Ser 

Wall Pro 

Thir Ile 
95 

Gln Trp 

Lieu Lys 

Synthetic Heavy Chain CDR1 3D11 

6 O 

12 O 

18O 

24 O 

3OO 

360 

385 

Chain Variable Region 

124 
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125 

- Continued 

<210 SEQ ID NO 46 
<211 LENGTH: 16 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Heavy Chain CDR2 3D11 

<4 OO SEQUENCE: 46 

Val Ile Trp Ala Gly Gly Asn Thr Asn Tyr Asn Ser Ser Leu Met Ser 
1. 5 1O 15 

<210 SEQ ID NO 47 
<211 LENGTH: 5 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Heavy Chain CDR3 3D11 

<4 OO SEQUENCE: 47 

Glu Arg Phe Ala Tyr 
1. 5 

<210 SEQ ID NO 48 
<211 LENGTH: 10 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Light (kappa) Chain CDR1 3D11 

<4 OO SEQUENCE: 48 

Ser Ala Ser Ser Ser Val Ser Tyr Met His 
1. 5 1O 

<210 SEQ ID NO 49 
<211 LENGTH: 7 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Light (kappa) Chain CDR2 3D11 

<4 OO SEQUENCE: 49 

Asp Thir Ser Lys Lieu Ala Ser 
1. 5 

<210 SEQ ID NO 50 
<211 LENGTH: 9 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Light (kappa) Chain CDR3 3D11 

<4 OO SEQUENCE: 5 O 

Gln Glin Trp Ser Ser Asn Pro Leu. Thr 
1. 5 

<210 SEQ ID NO 51 
<211 LENGTH: 424 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Heavy Chain Variable Region 1D3 

<4 OO SEQUENCE: 51 

atgaactittg ggct cagatt gattitt cott gtc.cttgttt taaaaggtgt gaagtgttgaa 6 O 

gtgcagctgg tagt ctgg gggaggctta gtgcagcctg gagggtc.cct gaalactic to C 12 O 
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tgtgcagc ct 

gaga agaggc 

gacagtgtga 

caaatgagca 

ggitt attacg 

t cag 

ctggatt cac 

tggagtgggit 

agggtcgatt 

gtctgaagtic 

gggactatgc 

> SEQ ID NO 52 
> LENGTH: 141 
> TYPE : 

> ORGANISM: Artificial Sequence 
> FEATURE; 
> OTHER INFORMATION: 

PRT 

<4 OO SEQUENCE: 52 

127 

titt cagtgac 

cgcatacatt 

CaCCatct CC 

tgaggacaca 

tatggactac 

Met Asn. Phe Gly Lieu. Arg Lieu. Ile 
1. 

Wall 

Pro 

Ser 

Glu 
65 

Asp 

Thir 

Asp 

Lys 

Gly 

Asp 
SO 

Trp 

Ser 

Luell 

Tyr 
13 O 

Cys 

Gly 
35 

Tyr 

Wall 

Wall 

Cys 
115 

Trp 

5 

Glu Wall Glin Lieu. Wall 

Ser Lieu Lys Lieu. Ser 
4 O 

Tyr Met Ser Trp Val 
55 

Ala Tyr Ile Ser Ser 
70 

Lys Gly Arg Phe Thr 
85 

Leul Glin Met Ser Ser 

Val Arg Glin Gly Asp 
12 O 

Gly Glin Gly Thr Ser 

> SEO ID NO 53 
> LENGTH: 382 
> TYPE: DNA 

> ORGANISM: Artificial Sequence 
> FEATURE; 

> OTHER INFORMATION: Synthet 
1D3 

<4 OO SEQUENCE: 53 

atgagtgtgc C cacticaggt 

gacatccaga 

atca catgtc 

ggaaaatcto 

aggttcagtg 

gaagattittg 

gggaccaaac 

tgacticagtic 

gaacaagtga 

cticagotcct 

gcagtggatc 

ggaggit atta 

tggaaataaa 

<210 SEQ ID NO 54 
<211 LENGTH: 127 
&212> TYPE : PRT 

135 

CCtggggttg 

tccagcct co 

gaatatttac 

aatctatoct 

aggcacacag 

ctgtcaacat 

ac 

tattacatgt 

agtag tigtg 

cgaga caatg 

gccatatatt 

tgggg.tcaag 

Phe Lieu Wall 
1O 

Glu Ser Gly 
25 

Cys Ala Ala 

Arg Glin Thr 

Gly Gly Gly 
7s 

Ile Ser Arg 
90 

Lieu Lys Ser 
105 

Gly Tyr Tyr 

Wall Ile Wall 

ic Light (kappa) 

Ctgctgctgt 

citatctgitat 

agtaatttag 

gcaacaaact 

titt to cott ca. 

ttittggggga 

US 7,649,083 B2 

- Continued 

Cttgggttcg C cagact coa 

gtggtag cac 

c caagaacac 

actgtgtgag 

gaacct cagt 

Lell 

Gly 

Ser 

Pro 
6 O 

Ser 

Asp 

Glu 

Gly 

Ser 
14 O 

Wall 

Gly 

Gly 
45 

Glu 

Thir 

Asn 

Asp 

Asp 
125 

Ser 

Luell 

Luell 

Phe 

Ala 

Thir 
11 O 

Ctact at CCa 

cctgtacctg 

acaaggggat 

catcgt.cticc 

Synthetic Heavy Chain Variable Region 1D3 

Lys Gly 
15 

Wall Glin 

Thir Phe 

Arg Lieu. 

Tyr Pro 

Lys Asn 
95 

Ala Ile 

Ala Met 

18O 

24 O 

3OO 

360 

424 

Chain Variable Region 

ggcttacaga 

Ctgttgggaga 

cgtggitatica 

tag cagatgg 

ggat Caacag 

citc.cgtacac 

tgtcagatgt 

aactgtcacc 

gCagaalacag 

tgtgc catca 

cctgcagtict 

gttcggaggg 

6 O 

12 O 

18O 

24 O 

3OO 

360 

382 

128 
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- Continued 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Light (kappa) Chain Variable Region 
1D3 

<4 OO SEQUENCE: 54 

Met Ser Val Pro Thr Glin Val Lieu. Gly Lieu. Leu Lleu Lleu Trp Lieu. Thr 
1. 5 1O 15 

Asp Val Arg Cys Asp Ile Glin Met Thr Glin Ser Pro Ala Ser Lieu. Ser 
2O 25 3O 

Val Ser Val Gly Glu Thr Val Thir Ile Thr Cys Arg Thr Ser Glu Asn 
35 4 O 45 

Ile Tyr Ser Asn Lieu Ala Trp Tyr Glin Gln Lys Glin Gly Lys Ser Pro 
SO 55 6 O 

Glin Lieu. Lieu. Ile Tyr Ala Ala Thr Asn Lieu Ala Asp Gly Val Pro Ser 
65 70 7s 8O 

Arg Phe Ser Gly Ser Gly Ser Gly Thr Glin Phe Ser Lieu. Arg Ile Asn 
85 90 95 

Ser Leu Glin Ser Glu Asp Phe Gly Arg Tyr Tyr Cys Gln His Phe Trp 
1OO 105 11 O 

Gly Thr Pro Tyr Thr Phe Gly Gly Gly Thr Lys Lieu. Glu Ile Llys 
115 12 O 125 

<210 SEQ ID NO 55 
<211 LENGTH: 5 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Heavy Chain CDR1 1D3 

<4 OO SEQUENCE: 55 

Asp Tyr Tyr Met Ser 
1. 5 

<210 SEQ ID NO 56 
<211 LENGTH: 17 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Heavy Chain CDR2 1D3 

<4 OO SEQUENCE: 56 

Tyr Ile Ser Ser Gly Gly Gly Ser Thr Tyr Tyr Pro Asp Ser Val Lys 
1. 5 1O 15 

Gly 

<210 SEQ ID NO 57 
<211 LENGTH: 13 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Heavy Chain CDR3 1D3 

<4 OO SEQUENCE: 57 

Glin Gly Asp Gly Tyr Tyr Gly Asp Tyr Ala Met Asp Tyr 
1. 5 1O 

<210 SEQ ID NO 58 
<211 LENGTH: 11 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Light (kappa) Chain CDR1 1D3 
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<4 OO SEQUENCE: 58 

131 

Arg Thir Ser Glu Asn. Ile Tyr Ser Asn Lieu Ala 
1. 5 

<210 SEQ ID NO 59 
<211 LENGTH: 7 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthet 

<4 OO SEQUENCE: 59 

Ala Ala Thir Asn Lieu Ala Asp 
1. 5 

<210 SEQ ID NO 60 
<211 LENGTH: 9 
&212> TYPE: PRT 

ic Light 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthet 

<4 OO SEQUENCE: 60 

ic Light (kappa) 

Gln His Phe Trp Gly Thr Pro Tyr Thr 
1. 5 

<210 SEQ ID NO 61 
<211 LENGTH: 424 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
&223> OTHER INFORMATION: 

<4 OO SEQUENCE: 61 

atgaactittg ggcticagatt 

gtgcagctgg tdgagtctgg 

tgtgcggcct Ctggattcac 

gaga agaggc tiggagtgggt 

gacagtgtga agggtcgatt 

caaatgagca gtctgaagtic 

ggttactacg gggactatgc 

t cag 

<210 SEQ ID NO 62 
<211 LENGTH: 141 
&212> TYPE: PRT 

gattitt cott 

gggaggctta 

titt cagtaac 

cgcatatatt 

CaCCatct Ct 

tgaggacaca 

tatggactac 

gtc.cttgttt 

gtgcagt ctg 

tattt catgt 

agtag tigtg 

agaga caatg 

gcc atgtatt 

tgggg.tcaag 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
&223> OTHER INFORMATION: 

<4 OO SEQUENCE: 62 

Met Asn. Phe Gly Lieu. Arg Lieu. Ile 
1. 5 

Val Lys Cys Glu Val Glin Lieu Val 

Ser Gly Gly Ser Lieu Lys Lieu. Ser 
35 4 O 

Ser Asn Tyr Phe Met Ser Trp Val 
SO 55 

Phe Lieu Wall 
1O 

Glu Ser Gly 
25 

Cys Ala Ala 

Arg Glin Thr 

US 7,649,083 B2 

- Continued 

(kappa) Chain CDR2 1D3 

Chain CDR3 1D3 

Synthetic Heavy Chain Variable Region 1F3 

taalaaggtgt galagtgtgag 

gagggtc.cct gaalactict cc 

Cttgggttcg C cagact coa 

gtgg tag cac ctact atcca 

c caagaacac cct gtacctg 

actgtgtaag acaaggggat 

gaacct cagt caccgt.cticc 

Lell 

Gly 

Ser 

Pro 
6 O 

Wall 

Gly 

Gly 
45 

Glu 

Synthetic Heavy Chain Variable Region 1F3 

Lieu Lys Gly 
15 

Lieu Val Glin 
3O 

Phe Thir Phe 

Lys Arg Lieu. 

6 O 

12 O 

18O 

24 O 

3OO 

360 

424 
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Glu 
65 

Asp 

Thir 

Asp 

Trp 

Ser 

Luell 

Tyr 
13 O 

Wall 

Wall 

Cys 
115 

Trp 

Ala Tyr Il 
70 

Lys Gly Air 
85 

Leul Glin Me 
1OO 

Val Arg Gl 

Gly Glin Gl 

SEQ ID NO 63 
LENGTH: 382 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Synthet 

<4 OO SEQUENCE: 63 

atgagtgtgc C cacticaggt 

gacatccaga 

atca catgtc 

ggaaaatcto 

aggttcagtg 

gaagattittg 

gggaccagac 

tgacticagtic 

gagcaa.gtga 

cticagotcct 

gcagtggat.c 

ggagtt atta 

tggaaattaa 

SEQ ID NO 64 
LENGTH: 127 
TYPE : 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Synthet 

PRT 

<4 OO SEQUENCE: 64 

Met Ser Wall Pro Thr Gl 
1. 

Asp 

Wall 

Ile 

Glin 
65 

Arg 

Ser 

Gly 

Ala 

Ser 

Tyr 
SO 

Luell 

Phe 

Luell 

Thir 

Arg 

Wall 
35 

Ser 

Luell 

Ser 

Glin 

Pro 
115 

Cys Asp Il 
2O 

133 

e Ser Ser 

g Phe Thr 

t Ser Ser 

in Gly Asp 
12 O 

y Thr Ser 
135 

CCtggggttg 

tccagcct co 

gaatatttac 

ggtctatgat 

agg cacacag 

ctgtcaacat 

ac 

in Wall Lieu. 

e Glin Met 

Gly Glu Thr Val Thr 

Asn Lieu. All 

Val Tyr As 
70 

Gly Ser Gl 
85 

Ser Glu. As 
1OO 

4 O 

a Trp Tyr 
55 

p Ala Thr 

y Ser Gly 

p Phe Gly 

Tyr Thr Phe Gly Gly 

<210 SEQ ID NO 65 
<211 LENGTH: 5 

12 O 

Gly Gly Gly 
7s 

Ile Ser Arg 
90 

Lieu Lys Ser 
105 

Gly Tyr Tyr 

Wall. Thir Wall 

ic Light (kappa) 

Ctgctgctgt 

citatctgitat 

agtaatttag 

gcaacacact 

titt to cott ca. 

ttittggggta 

ic Light (kappa) 

Gly Lieu. Lieu. 
1O 

Thr Glin Ser 
25 

Ile Thr Cys 

Glin Gln Lys 

His Lieu. Pro 
7s 

Thr Glin Phe 
90 

Ser Tyr Tyr 
105 

Gly Thr Arg 

US 7,649,083 B2 
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Ser 

Asp 

Glu 

Gly 

Ser 
14 O 

Thir 

Asn 

Asp 

Asp 
125 

Ser 

Tyr 

Ala 

Thir 
11 O 

Tyr 

Tyr Pro 
8O 

Lys Asn 
95 

Ala Met 

Ala Met 

Chain Variable Region 

ggcttacaga 

Ctgttgggaga 

catggitatica 

taccagatgg 

agat Caacag 

citc.cgtacac 

Lell 

Pro 

Arg 

Glin 
6 O 

Asp 

Ser 

Lell 

tgccagatgt 

aactgtcacc 

gCagaalacag 

tgtgc catca 

cctgcagtct 

gtttggaggg 

6 O 

12 O 

18O 

24 O 

3OO 

360 

382 

Chain Variable Region 

Lell 

Ala 

Ala 
45 

Gly 

Gly 

Lell 

Glin 

Glu 
125 

Trp 

Ser 
3O 

Ser 

Wall 

His 
11 O 

Ile 

Lieu. Thir 
15 

Luell Ser 

Glu Asn 

Ser Pro 

Pro Ser 
8O 

Ile Asn 
95 

Phe Trp 
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- Continued 

&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Heavy Chain CDR1. 1F3 

<4 OO SEQUENCE: 65 

Asn Tyr Phe Met Ser 
1. 5 

<210 SEQ ID NO 66 
<211 LENGTH: 17 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Heavy Chain CDR2 1F3 

<4 OO SEQUENCE: 66 

Tyr Ile Ser Ser Gly Gly Gly Ser Thr Tyr Tyr Pro Asp Ser Val Lys 
1. 5 1O 15 

Gly 

<210 SEQ ID NO 67 
<211 LENGTH: 13 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Heavy Chain CDR3 1F3 

<4 OO SEQUENCE: 67 

Gln Gly Asp Gly Tyr Tyr Gly Asp Tyr Ala Met Asp Tyr 
1. 5 1O 

<210 SEQ ID NO 68 
<211 LENGTH: 11 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Light (kappa) Chain CDR1. 1F3 

<4 OO SEQUENCE: 68 

Arg Ala Ser Glu Asn. Ile Tyr Ser Asn Lieu Ala 
1. 5 1O 

<210 SEQ ID NO 69 
<211 LENGTH: 7 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Light (kappa) Chain CDR2 1F3 

<4 OO SEQUENCE: 69 

Asp Ala Thir His Lieu Pro Asp 
1. 5 

<210 SEQ ID NO 70 
<211 LENGTH: 9 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Light (kappa) Chain CDR3 1F3 

<4 OO SEQUENCE: 7 O 

Gln His Phe Trp Gly Thr Pro Tyr Thr 
1. 5 

<210 SEQ ID NO 71 
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> LENGTH: 424 
> TYPE: DNA 

> ORGANISM: Artificial Sequence 
> FEATURE; 
> OTHER INFORMATION: 

> SEQUENCE: 71 

atgaactittg ggcticagatt 

gtgcagctgg tdgagtctgg 

tgtgcagc ct 

gaga agaggc 

gacagtgtga 

caaatgaaca 

ggttactatg 

t cag 

ctggatttac 

tggagtgggit 

agggtcgatt 

gtctgaagtic 

gggactatgc 

> SEO ID NO 72 
> LENGTH: 141 
> TYPE : 

> ORGANISM: Artificial Sequence 
> FEATURE; 
> OTHER INFORMATION: 

PRT 

<4 OO SEQUENCE: 72 

137 

gattitt cott 

gggaggctta 

titt cagtaac 

cgcatacatt 

CaCCatct CC 

tgaggacaca 

tatggactac 

Met Asn. Phe Gly Lieu. Arg Lieu. Ile 
1. 

Wall 

Pro 

Ser 

Glu 
65 

Asp 

Thir 

Asp 

Lys 

Gly 

Asn 
SO 

Trp 

Ser 

Luell 

Tyr 
13 O 

Cys 

Gly 
35 

Tyr 

Wall 

Wall 

Cys 
115 

Trp 

5 

Glu Wall Glin Lieu. Wall 

Ser Lieu Lys Ile Ser 
4 O 

Phe Met Ser Trp Val 
55 

Ala Tyr Ile Ser Ser 
70 

Lys Gly Arg Phe Thr 
85 

Leul Glin Met Asn. Ser 

Val Arg Glin Gly Asp 
12 O 

Gly Glin Gly Thr Ser 

> SEO ID NO 73 
> LENGTH: 382 
> TYPE: DNA 

> ORGANISM: Artificial Sequence 
> FEATURE; 

> OTHER INFORMATION: Synthet 
3A12 

<4 OO SEQUENCE: 73 

atgagtgtgc C cacticaggt 

gacatccaga tigacticagtic 

at Cacatgtc. gagcaa.gtga 

ggaaaatcto ct cagotc ct 

135 

CCtggggttg 

gcc agcct co 

gaatatttac 

ggtc.catgct 

gtc.cttgttt 

gtgcagoctg 

tattt catgt 

agtag tigtg 

agaga caatg 

gcc atgtatt 

tgggg.tcaag 

Phe Lieu Wall 
1O 

Glu Ser Gly 
25 

Cys Ala Ala 

Arg Glin Thr 

Gly Gly Gly 
7s 

Ile Ser Arg 
90 

Lieu Lys Ser 
105 

Gly Tyr Tyr 

Wall. Thir Wall 

ic Light (kappa) 

citatctgitat 

attaatttag 

gcaacaaagt 
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taalaaggtgt 

gagggtc.cct 

Cttgggttcg 

gtggtag cac 

c caagaacac 

actgtgtaag 

gaacct cagt 

Lell 

Gly 

Ser 

Pro 
6 O 

Ser 

Asp 

Glu 

Gly 

Ser 
14 O 

Wall 

Gly 

Gly 
45 

Glu 

Thir 

Asn 

Asp 

Asp 
125 

Ser 

Luell 

Luell 

Phe 

Ala 

Thir 
11 O 

Synthetic Heavy Chain Variable Region 3A12 

gaagttgttgaa 

gaaaatcto c 

ccagact coa 

Ctact at CCa 

cctgtacctg 

acaaggagat 

caccgt.cticc 

Synthetic Heavy Chain Variable Region 3A12 

Lys Gly 
15 

Wall Glin 

Thir Phe 

Arg Lieu. 

Tyr Pro 

Lys Asn 
95 

Ala Met 

Ala Met 

6 O 

12 O 

18O 

24 O 

3OO 

360 

424 

Chain Variable Region 

ggcttacaga 

Ctgttgggaga 

catggitatica 

tag cagatgg 

tgccagatgt 

aactgtcacc 

gCagaalacag 

tgtgc catca 

6 O 

12 O 

18O 

24 O 

138 



aggttcagtg gcagtggat.c aggcacacag tatt CCCtca agat Caacag cctgcagtict 

gaagattittg ggagtt atta Ctgtcaac at ttittggggta Ctc.cgtacac gttcggaggg 

139 

gggaccaaac tagaaataaa ac 

<210 SEQ ID NO 74 
<211 LENGTH: 127 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Light 
3A12 

<4 OO SEQUENCE: 74 

Met Ser Val Pro Thr Glin Val Lieu. Gly 
1. 5 

Asp Ala Arg Cys Asp Ile Glin Met Thr 
2O 25 

Val Ser Val Gly Glu Thr Val Thir Ile 
35 4 O 

Ile Tyr Ile Asn Lieu Ala Trp Tyr Glin 
SO 55 

Glin Lieu. Lieu Val His Ala Ala Thir Lys 
65 70 

Arg Phe Ser Gly Ser Gly Ser Gly Thr 
85 

Ser Leu Glin Ser Glu Asp Phe Gly Ser 
1OO 105 

Gly Thr Pro Tyr Thr Phe Gly Gly Gly 
115 12 O 

<210 SEQ ID NO 75 
<211 LENGTH: 5 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
&223> OTHER INFORMATION: 

<4 OO SEQUENCE: 

Asn Tyr Phe Met Ser 
1. 

PRT 

<4 OO SEQUENCE: 

17 

5 

SEO ID NO 76 
LENGTH: 
TYPE : 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 

76 

Synthetic Heavy Chain CDR1 3A12 

Synthetic Heavy Chain CDR2 3A12 

Luell 

Glin 

Thir 

Glin 

Luell 

Glin 
90 

Thir 

(kappa) 

Luell 

Ser 

Cys 

Lys 

Ala 

Tyr 

Tyr 

Lys 

US 7,649,083 B2 
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Lell 

Pro 

Arg 

Glin 
6 O 

Asp 

Ser 

Lell 

Chain Variable Region 

Lell 

Ala 

Ala 
45 

Gly 

Gly 

Lell 

Glin 

Glu 
125 

Trp 

Ser 
3O 

Ser 

Wall 

His 
11 O 

Ile 

Luell 
15 

Luell 

Glu 

Ser 

Pro 

Ile 
95 

Phe 

Thir 

Ser 

Asn 

Pro 

Ser 

Asn 

Trp 

Tyr Ile Ser Ser Gly Gly Gly Ser Thr Tyr Tyr Pro Asp Ser Val Lys 

Synthetic Heavy Chain CDR3 3A12 

1. 5 

Gly 

<210 SEO ID NO 77 
<211 LENGTH: 13 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
&223> OTHER INFORMATION: 

<4 OO SEQUENCE: 77 

15 

360 

382 

140 
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Glin Gly Asp Gly Tyr Tyr Gly Asp Tyr Ala Met Asp Tyr 
1. 5 1O 

<210 SEQ ID NO 78 
<211 LENGTH: 11 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Light (kappa) Chain CDR1 3A12 

<4 OO SEQUENCE: 78 

Arg Ala Ser Glu Asn. Ile Tyr Ile Asn Lieu Ala 
1. 5 1O 

<210 SEQ ID NO 79 
<211 LENGTH: 7 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Light (kappa) Chain CDR2 3A12 

<4 OO SEQUENCE: 79 

Ala Ala Thir Lys Lieu Ala Asp 
1. 5 

<210 SEQ ID NO 8O 
<211 LENGTH: 9 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Light (kappa) Chain CDR3 3A12 

<4 OO SEQUENCE: 80 

Gln His Phe Trp Gly Thr Pro Tyr Thr 
1. 5 

<210 SEQ ID NO 81 
<211 LENGTH: 974 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Reference Mouse IgG1 Heavy Chain Constant 
Region (JOO453) 

<4 OO SEQUENCE: 81 

c caaaacgac acc cccatct gttctatocac tdgcc cctdg atctgct gcc caaactaact 6 O 

c catggtgac cctgggatgc ctggt caagg gct attt coc tagc.ca.gtg acagtgacct 12 O 

ggaact ctgg atc cctgtcc agcggtgtgc acaccitt CCC agctgtc.ctg gag totgacc 18O 

tctacact ct gag cagotca gtgactgtcc cct coagc.cc ticggcc.cagc gag accqtca 24 O 

Cctgcaacgt toccacccg gcc agcagca C caaggtgga caagaaaatt gtgccCaggg 3OO 

attgtggttg taagcc ttgc atatgtacag toccagaagt atcatctgtc. ttcatct tcc 360 

CCC caaagcc Caaggatgtg ct caccatta Ctctgacticc talagg to acg ttgttgttgg 42O 

taga catcag caaggatgat CCC gaggit co agttcagctg gtttgtagat gatgtggagg 48O 

tgcacacagc ticagacgcaa ccc.cgggagg agcagttcaa cagcactitt C. c9cticagtica 54 O 

gtgaacttico cat catgcac Caggactggc ticaatggcaa ggagttcaaa to agggtca 6OO 

acagtgcago ttt coctogcc cc catcgaga aaaccatcto caaaaccaaa gogo agaccca 660 

aggctic caca ggtgtacacic attccacct C C Caaggagca gatggccaag gataaagttca 72 O 

gtctgacctg catgataiaca gactt Ctt CC ctgaaga cat tactgtggag teca.gtgga 78O 
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&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Mouse Kappa Light Chain Constant 
Region with Mutation 

<4 OO SEQUENCE: 84 

gggctgatgc tigcaccaact gitatic catct tcc caccatc cagtgagcag ttaa.catctg 6 O 

gaggtgcct c agt cqtgtgc titcttgaaca acttctaccc caaagacat c aatgtcaagt 12 O 

ggaagattga tiggcagtgaa cacaaaatg gcgt.cctgaa cagttggact gat caggaca 18O 

gcaaagacag cacctacagc atgagcagca C cct catgtt gaccalaggac gag tatgaac 24 O 

gacatalacag ctatacctgt gaggccactic acaagacatc aactt caccc attgttcaaga 3OO 

gcttcaacag gaatgagtgt tag 323 

<210 SEQ ID NO 85 
<211 LENGTH: 30 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide primer BD SMART II A 

<4 OO SEQUENCE: 85 

alagcagtggt at Caacgcag agtacgcggg 3 O 

<210 SEQ ID NO 86 
<211 LENGTH: 27 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide primer RACE CDS 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (27) . . (27) 
<223> OTHER INFORMATION: n is a, c, g, t or u. 

<4 OO SEQUENCE: 86 

ttitt tttitt t t t t t t t t t t t t t t t twin 27 

<210 SEQ ID NO 87 
<211 LENGTH: 45 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide primer of Universal 
Primer Mix A 

<4 OO SEQUENCE: 87 

Ctaatacgac toactatagg gcaa.gcagtg gitat caacgc agagt 45 

<210 SEQ ID NO 88 
<211 LENGTH: 22 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide primer of Universal 
Primer Mix A 

<4 OO SEQUENCE: 88 

ctaatacgac toactatagg gc 22 

<210 SEQ ID NO 89 
<211 LENGTH: 21 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

146 
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&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic IgG1 Constant Region specific primer 

<4 OO SEQUENCE: 89 

tatgcaaggc titacaaccac a 21 

<210 SEQ ID NO 90 
<211 LENGTH: 28 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic IgG1 Constant Region specific primer 

<4 OO SEQUENCE: 9 O 

gccagtggat agacagatgg giggtgtc.g 28 

<210 SEQ ID NO 91 
<211 LENGTH: 27 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 

<4 OO SEQUENCE: 91 

ct catt cotg ttgaagct ct togacaat 27 

<210 SEQ ID NO 92 
<211 LENGTH: 23 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 

<4 OO SEQUENCE: 92 

cgactgaggc accticcagat gtt 23 

<210 SEQ ID NO 93 
<211 LENGTH: 2O 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide primer T7 

<4 OO SEQUENCE: 93 

taatacgact cactataggg 2O 

<210 SEQ ID NO 94 
<211 LENGTH: 17 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide primer M13 Forward 

<4 OO SEQUENCE: 94 

gtaaaacgac ggc.cagt 17 

<210 SEQ ID NO 95 
<211 LENGTH: 18 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide primer M13 Reverse 

<4 OO SEQUENCE: 95 

Caggaalacag ctatgacc 18 

148 
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<210 SEQ ID NO 96 
<211 LENGTH: 63 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide forward primer 

<4 OO SEQUENCE: 96 

ggggacaagt ttgtacaaaa aag caggctg. C Caccatgala Ctttgggct C agattgattt 

t cc 

<210 SEQ ID NO 97 
<211 LENGTH: 54 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide reverse primer 

<4 OO SEQUENCE: 97 

ggggaccact ttgtacaaga aagctgggitt catttaccag gagagtggga gagg 

<210 SEQ ID NO 98 
<211 LENGTH: 62 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide forward primer 

<4 OO SEQUENCE: 98 

ggggacaagt ttgtacaaaa aag caggctg. C Caccatggg atggagctat atcatCctict 

tt 

<210 SEQ ID NO 99 
<211 LENGTH: 53 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide reverse primer 

<4 OO SEQUENCE: 99 

ggggaccact ttgtacaaga aagctgggitt catttaccag gagagtggga gag 

<210 SEQ ID NO 100 
<211 LENGTH: 62 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide forward primer 

<4 OO SEQUENCE: 1.OO 

ggggacaagt ttgtacaaaa aag caggctg. C Caccatgga at Cacagact Ctggit ctitca 

ta 

<210 SEQ ID NO 101 
<211 LENGTH: 54 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide reverse primer 

<4 OO SEQUENCE: 101 

ggggaccact ttgtacaaga aagctgggtc talacact cat tcc tittgaa gCtc 

6 O 

63 

54 

6 O 

62 

53 

6 O 

62 

54 

150 
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<210 SEQ ID NO 102 
<211 LENGTH: 30 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 5 prime hHGF NheI 
prlmer 

<4 OO SEQUENCE: 102 

actggctago atgtgggtga C caaactic ct 3 O 

<210 SEQ ID NO 103 
<211 LENGTH: 46 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 3 prime hHGF NotI his 
tag primer 

<4 OO SEQUENCE: 103 

gtgatggtga tiggtgatggc ggcc.gcatga Ctgtggit acc titatat 46 

<210 SEQ ID NO 104 
<211 LENGTH: 30 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
<223> OTHER INFORMATION: Synthetic oligonucleotide 5 prime His IgFc 

prlmer 

<4 OO SEQUENCE: 104 

actgg.cggcc gccatcacca totaccatcac 3 O 

<210 SEQ ID NO 105 
<211 LENGTH: 31 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
<223> OTHER INFORMATION: Synthetic oligonucleotide 3 prime IgFc BamHI 

prlmer 

<4 OO SEQUENCE: 105 

actgggat.cc tcactattta ccc.ggggaca g 31 

<210 SEQ ID NO 106 
<211 LENGTH: 27 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic hHGF-Fo (G555E) sense primer 

<4 OO SEQUENCE: 106 

Catgatgtcc acgaaagagg agatgag 27 

<210 SEQ ID NO 107 
<211 LENGTH: 27 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic hHGF-Fo (G555E) antisense primer 

<4 OO SEQUENCE: 107 

ct catc to ct ctitt.cgtgga cat catg 27 

<210 SEQ ID NO 108 
<211 LENGTH: 37 
&212> TYPE: DNA 

152 
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<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic hHGF-Fo (C561R) sense primer 

<4 OO SEQUENCE: 108 

ggaagaggag atgagaaacg caaac aggtt Ctcaatg 37 

<210 SEQ ID NO 109 
<211 LENGTH: 37 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic hHGF-Fo (C561R) antisense primer 

<4 OO SEQUENCE: 109 

cattgagaac ctdtttgcgt ttct catcto citct tcc 37 

<210 SEQ ID NO 110 
<211 LENGTH: 29 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Fragment 1 Primer for mHGF alpha 
chain 5 prime NheI 

<4 OO SEQUENCE: 110 

atcggctago atgatgtggg ggaccaaac 29 

<210 SEQ ID NO 111 
<211 LENGTH: 36 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Fragment 1 Primer for mHGF alpha 
chain 5 prime NheI 

<4 OO SEQUENCE: 111 

ggttttgttt tdttgacgcc caa.catttac cctaag 36 

<210 SEQ ID NO 112 
<211 LENGTH: 36 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Fragment 2 Primer for hHGF beta chain 
aa. W495-L585 

<4 OO SEQUENCE: 112 

cCaaaacaaa acaactg.cgg gttgtaaatg ggattic 36 

<210 SEQ ID NO 113 
<211 LENGTH: 4 O 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Fragment 2 Primer for hHGF beta chain 
aa. W495-L585 

<4 OO SEQUENCE: 113 

tctagaccala aattactt.cg aacgagctgg acgttaggac 4 O 

<210 SEQ ID NO 114 
<211 LENGTH: 4 O 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic Fragment 3 Primer for mHGF beta chain 

154 
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C-terminus 3 prime NotI 

<4 OO SEQUENCE: 114 

agatctggitt ttaatgaagc titgct cqacc tdcaatcctg 

<210 SEQ ID NO 115 
<211 LENGTH: 48 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
&223> OTHER INFORMATION: 

C-terminus 3 prime NotI 

<4 OO SEQUENCE: 115 
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cactaccact accact accq ccgg.cgtgtt gaa catacag ttittaatg 

<210 SEQ ID NO 116 
<211 LENGTH: 38 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
&223> OTHER INFORMATION: 

<4 OO SEQUENCE: 116 

catcac catc accatcacta agcgggtctg gtgccacg 

<210 SEQ ID NO 117 
<211 LENGTH: 38 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
&223> OTHER INFORMATION: 

<4 OO SEQUENCE: 117 

cgtggcacca gaccc.gctta gtgatggtga tiggtgatg 

<210 SEQ ID NO 118 
<211 LENGTH: 2922 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

Synthetic mutagenesis primer 1 

Synthetic mutagenesis primer 2 

<223> OTHER INFORMATION: nucleotide sequence of synthetic hHGF-Fc 
protein 

<4 OO SEQUENCE: 118 

atgtgggtga C caaactic ct 

ctgctic cc catcgc.catc.cc 

gaattcaaaa aat cagcaaa 

accaaaaaag togaatactgc 

c catt cactit gcaaggctitt 

ttcaat agca ttcaagtgg 

aacaaagact acattagaaa 

t citat cacta agagtggcat 

agctttittgc ctitcdagcta 

cgaggggaag aagggggaCC 

tgttgacattc ct cagtgttc 

ggtcticatgg at catacaga 

caccggcaca aattcttgcc 

gcc agcc.ctg 

Ctatgcagag 

gact accota 

agaccalatgt 

tgtttittgat 

agtgaaaaaa 

ctgcatcatt 

caaatgtcag 

tcggggtaaa 

ctggtgtttic 

agaagttgaa 

at Caggcaag 

tgaaagat at 

Ctgctgcagc 

ggacalaagga 

atcaaaatag 

gctaatagat 

aaa.gcaagaa 

gaatttggcc 

ggtaaaggac 

CCCtggagtt 

gacct acagg 

acaa.gcaatc 

tgcatgacct 

atttgtcago 

cc.cgacaagg 

atgtc.ct cot 

aaagaagaaa 

atc.ca.gcact 

gtact aggaa 

aacaatgcct 

atgaatttga 

gcagotacaa 

c catgat acc 

aaaac tactg 

cagaggtacg 

gcaatgggga 

gctgggat.ca 

gctttgatga 

gcatctoctic 

tacaatt Cat 

gaagataaaa 

taaaggacitt 

ctggttc.ccc 

cct citatgaa 

gggaacagta 

acacgaacac 

tcqaaatcct 

citacgaagtic 

gagittatcga 

t cagacacca 

taattattgc 

4 O 

Synthetic Fragment 3 Primer for mHGF beta chain 

48 

38 

38 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

156 





&223> OTHER INFORMATION: 
protein 

<4 OO SEQUENCE: 

Pro 
1. 

Ala 

Phe 

Ser 

Tyr 
65 

Ser 

Pro 

Glu 

Glu 
145 

Asn 

Ile 

Pro 

Pro 

Arg 
225 

Asp 

Glu 

Glin 

Asn 

Gly 
3. OS 

Gly 

Arg 

His 

Tyr 
385 

Ala Lieu Lys 

Asn 

Wall 

Met 
SO 

Glu 

Trp 

Arg 

Glu 
13 O 

Wall 

Gly 

Glu 

Asp 
21 O 

Trp 

Thir 

Gly 

Arg 

Phe 
29 O 

Ser 

Tyr 

Ser 

Arg 
37 O 

Arg 

Phe 
35 

Ser 

Asn 

Ser 

Gly 
115 

Gly 

Glu 

Glin 

Arg 
195 

Gly 

Glu 

Asp 

Tyr 

Trp 

Glu 

Arg 

Gly 
355 

His 

Arg 

Cys 
2O 

Asp 

Ser 

Gly 

Ser 

Lys 

Gly 

Asp 

Ser 

Arg 
18O 

Glin 

Tyr 

Wall 

Arg 
26 O 

Asp 

Ser 

Ser 

Gly 
34 O 

Luell 

Ile 

Asn 

119 

Ile 
5 

Thir 

Gly 

Asp 

Thir 
85 

Met 

Asp 

Pro 

Ile 

Tyr 
1.65 

Trp 

Pro 

Pro 

Cys 

Pro 
245 

Gly 

Ser 

Lys 

Pro 

Glin 
3.25 

Asn 

Thir 

Phe 

Pro 

Arg 

Ala 

Wall 

Tyr 
70 

Wall 

Ile 

Lell 

Trp 

Pro 
150 

Arg 

Asp 

Asp 

Arg 

Ala 
23 O 

Lell 

Thir 

Glin 

Asp 

Trp 
310 

Ile 

Gly 

Trp 

Asp 
390 

159 

amino acid 

Thir 

Asn 

Arg 

Lys 
55 

Ile 

Ser 

Pro 

Glin 

Cys 
135 

Glin 

Gly 

His 

Pro 
215 

Ile 

Glu 

Wall 

Tyr 

Lell 
295 

Pro 

Ser 

Glu 
375 

Asp 

Arg 

Ile 

His 

Glu 
12 O 

Phe 

Luell 

Glin 

Gly 

Trp 

Thir 

Asn 

Pro 
28O 

Arg 

Phe 

Asn 

Asn 

Met 
360 

Pro 

Asp 

Gly 
25 

Glin 

Glu 

Asn 

Thir 

Glu 
105 

Asn 

Thir 

Ser 

Met 

Thir 
185 

Phe 

Thir 

Thir 

Thir 
265 

His 

Glu 

Thir 

Tyr 
345 

Trp 

Asp 

Ala 

sequence of synthetic hHGF-Fo 

Wall 
1O 

Luell 

Phe 

Lys 
90 

His 

Tyr 

Ser 

Glu 

Asp 
17O 

Pro 

Asp 

Glu 
250 

Ile 

Glu 

Asn 

Thir 

Asp 
330 

Met 

Asp 

Ala 

His 

ASn 

Pro 

Luell 

Gly 

Ile 

Ser 

Ser 

ASn 

Wall 
155 

His 

His 

Asp 

Thir 

Ala 
235 

Cys 

Trp 

His 

Tyr 

Asp 
315 

Met 

Gly 

Ser 

Gly 
395 
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Thir 

Phe 

Trp 

His 
6 O 

Ile 

Gly 

Phe 

Arg 

Pro 
14 O 

Glu 

Thir 

Arg 

Asn 

Lell 

Asp 

Ile 

Asn 

Asp 

Cys 
3 OO 

Pro 

Ser 

Asn 

Asn 

Lys 

Pro 

Ala 

Thir 

Phe 
45 

Glu 

Gly 

Ile 

Lell 

Asn 
125 

Glu 

Glu 

His 

Tyr 
2O5 

Asp 

Asn 

Glin 

Gly 

Met 
285 

Arg 

Asn 

His 

Lell 

Met 
365 

Lell 

Trp 

Asp 

Phe 

Wall 

Met 

Ser 

Lys 
19 O 

Pro 

Thir 

Gly 

Ile 
27 O 

Thir 

Asn 

Ile 

Gly 

Ser 
35. O 

Glu 

Asn 

Glin 
15 

Phe 

Asp 

Gly 

Cys 
95 

Ser 

Arg 

Arg 

Thir 

Gly 
17s 

Phe 

Arg 

His 

Met 

Glin 
255 

Pro 

Pro 

Pro 

Arg 

Glin 
335 

Glin 

Asp 

Glu 

Ala 

Asn 

Luell 

Arg 

Glin 

Ser 

Gly 

Cys 
160 

Lys 

Luell 

Asn 

Thir 

Asn 
24 O 

Gly 

Glu 

Asp 

Wall 

Asp 

Thir 

Luell 

Asn 

Thir 
4 OO 

160 



Gly 

Gly 

Thir 

Cys 
465 

His 

Wall 

Lell 
5.45 

Wall 

Arg 

Cys 
625 

Arg 

Glin 

Pro 

Glu 
7 Os 

Asp 

Asp 

Gly 

Asn 

Trp 

Pro 

Asn 

Asp 

Ala 

Asn 
450 

Gly 

Phe 

Asp 

Ser 

Luell 
53 O 

Pro 

Ser 

Arg 
69 O. 

Luell 

Thir 

Wall 

Wall 

Ser 
770 

Luell 

Ala 

Pro 

Thir 

Lys 
435 

Ile 

Gly 

Pro 

Wall 

Glin 
515 

Ala 

Asn 

Trp 

His 

Lys 
595 

Gly 

Glin 

Ala 

Cys 
675 

Gly 

Luell 

Luell 

Ser 

Glu 

Thir 

Asn 

Pro 

Luell 

Thir 

Thir 

Gly 

Ser 

Ser 

His 
SOO 

Luell 

Arg 

Tyr 

Gly 

Luell 

Wall 

Ser 

His 

Ala 

Lys 
660 

Gly 

Ser 

Gly 

Met 

His 
740 

Wall 

Gly 

Ile 

Ile 
4 OS 

Pro 

Trp 

Lell 

Arg 
485 

Gly 

Wall 

Pro 

Gly 

Tyr 
565 

Tyr 

Thir 

Gly 

Ile 
645 

Trp 

Arg 

Asp 

Gly 

Ile 
72 

Glu 

His 

Glu 
805 

Pro 

Thir 

Glin 

Met 

Ile 
470 

Asp 

Arg 

Ala 

Cys 
550 

Thir 

Ile 

Lell 

Pro 

Met 
630 

Pro 

Ile 

His 

Pro 

Ser 

Asp 

Asn 

Wall 

Glu 
79 O 

161 

Trp 

Ile 

Lell 

Wall 
45.5 

Lell 

Gly 

Gly 

Wall 
535 

Thir 

Gly 

Met 

Asn 

Cys 
615 

Arg 

Asn 

His 

His 

Thir 
695 

Ser 

Arg 

Pro 

Ala 

Wall 
775 

Tyr 

Thir 

Asp 

Wall 

Arg 
44 O 

Ser 

Glu 

Asp 

Pro 

Luell 

Ile 

Luell 

Gly 

Glu 

Glu 

Met 

Arg 

His 

His 

Wall 

Thir 

Glu 

Lys 
760 

Ser 

Ile 

Asn 
425 

Wall 

Luell 

Ser 

Asp 

Glu 
505 

Glu 

Asp 

Pro 

Ile 

Asn 
585 

Ser 

Gly 

Wall 

Pro 

Ile 
665 

His 

Thir 

Phe 

Pro 

Wall 
74. 

Thir 

Wall 

Ser 

Cys 

Luell 

Wall 

Arg 

Trp 

Tyr 
490 

Gly 

Asp 

Glu 

Asn 
st O 

Glu 

Glu 

Asp 

Luell 

Gly 
650 

Ile 

His 

Luell 

Glu 
73 O 

Luell 

Lys 
810 

Pro 

Asp 

ASn 

Wall 
47s 

Glu 

Ser 

Phe 

Lys 
555 

Tyr 

Lys 

Ile 

Gly 
635 

Ile 

Luell 

His 

Pro 

Phe 

Wall 

Phe 

Pro 

Thir 

Wall 
79. 

Ala 

US 7,649,083 B2 

- Continued 

Ile 

His 

Gly 

Arg 
460 

Lell 

Ala 

Asp 

Wall 
54 O 

Thir 

Asp 

Gly 

Wall 

Phe 

Thir 

Ser 

Pro 
7 OO 

Pro 

Thir 

Asn 

Arg 

Wall 

Ser 

Ser 

Pro 

Ile 
445 

Asn 

Thir 

Trp 

Glin 

Lell 
525 

Ser 

Ser 

Gly 

Ser 

Ala 
605 

Gly 

Ile 

Wall 

Ala 
685 

Pro 

Trp 

Glu 
765 

Lell 

Asn 

Gly 

Arg 

Wall 
43 O 

Pro 

Ala 

Luell 

Wall 

Wall 

Thir 

Luell 

Glin 
59 O 

Gly 

Pro 

Wall 

Arg 

Lys 
67 O 

Gly 

Pro 

Wall 

Tyr 
7 O 

Glu 

His 

Glin 

Cys 
415 

Ile 

Thir 

His 

Arg 

Gly 
495 

Luell 

Luell 

Ile 

Ser 

Luell 
sts 

His 

Ala 

Luell 

Pro 

Wall 
655 

Wall 

Luell 

Ala 

Pro 

Wall 
73 

Wall 

Glin 

Glin 

Ala 

Pro 
815 

Glu 

Ser 

Arg 

Ile 

Glin 

Ile 

Asn 

Met 

Asp 

Wall 
560 

Arg 

His 

Glu 

Wall 

Gly 
64 O 

Ala 

Pro 

Wall 

Pro 

Lys 

Wall 

Asp 

Tyr 

Asp 

Luell 

Arg 

162 



Glu 

Asn 

Ile 

Thir 
865 

Lell 

Pro 

Glin 

Ala 
850 

Thir 

Luell 

Ser 

Ser 

Glin 

Wall 
835 

Wall 

Pro 

Thir 

Wall 

Luell 
915 

163 

Val Tyr Thr Lieu Pro 

Ser Lieu. Thr Cys Lieu 
84 O 

Glu Trp Glu Ser Asn 
855 

Pro Val Lieu. Asp Ser 
87O 

Val Asp Llys Ser Arg 
885 

Met His Glu Ala Lieu. 
9 OO 

Ser Pro Gly Lys 

SEQ ID NO 120 
LENGTH: 2901 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Synthet 

SEQUENCE: 12O 

atgatgtggg ggaccaaact 

citcctgctitc 

catgaattta 

aaalaccalaaa. 

tttacgttca 

CCtttcaata 

gaaaacaaag 

gtat coat ca 

cacagotatic 

gggggaccCt 

Cagtgttcag 

cacacagaat 

ttcttgc.cag 

attaaaacgt. 

tgcattcaag 

c cct gttcago 

aaatgcaagg 

tgttttacca 

gtgtcaagtg 

aaaacaaggt 

cata tott ct 

gatgatgc cc 

cc tatt tocc 

atgtc.gc.cat 

aaaagt cago 

aagtgaactic 

Cttgcaaggc 

gtatgtcaag 

act at attag 

Ctalaga.gtgg 

gcggtaaaga 

ggtgtttcac 

aagttgaatg 

Caggcaagac 

aaagatat co 

ggcCatggtg 

gcgcticacag 

gccaaggaga 

gttgggattic 

accttagaga 

ctgacccaaa 

gacaagattg 

ctggacttac 

gggagc.ca.ga 

atggaccttg 

gttgttgaagg 

c cc ctatogca 

aaaaactact 

tgcagatgag 

citt cqtttitt 

tggagtgaaa 

aaactgcatc 

catcaaatgc 

Cct acaggaa 

aagcaatcca 

catgacctgc 

ttgtcagcgc 

cgacaagggc 

cita cact citt 

tgctgttgaat 

aggittacagg 

gcagtacc ct 

aaattattgc 

catc.cgagtt 

ttatcgtggc 

atgttccatg 

tgctagdaaa 

gtgct acacg 

agatactaca 

Pro Ser Arg 
825 

Val Lys Gly 

Gly Glin Pro 

Asp Gly Ser 
87s 

Trp Glin Gln 
890 

His Asn His 
905 

US 7,649,083 B2 

- Continued 

Glu Glu Met 

Phe 

Glu 
860 

Phe 

Gly 

Tyr 
845 

Asn 

Phe 

Asn 

Thir 

83 O 

Pro 

Asn 

Luell 

Wall 

Glin 
91 O 

Thr Lys 

Ser Asp 

Tyr Ser 
88O 

Phe Ser 
895 

Llys Ser 

ic mhm (V495-L585) - Fo chimeric protein 

Ctgttgctgc 

gaaggacaga 

Cttacca agg 

tgtgccaa.ca 

gataagttcaa 

aaagggitttg 

attggtaaag 

Cagccttgga 

aac tactgtc 

gaggtacgct 

aatggtgaaa 

tgggaccagc 

tittgatgata 

gaccctgaca 

gag actgatg 

ggalaccagca 

Cacaa.gcatg 

cgcaatcCag 

ggctactgct 

aatgggaaaa 

tgggacaaga 

ttgaataaga 

gggaatcctic 

cct acaattg 

agcatgtc.ct 

agaaaagaag 

aag acco att 

ggtgitat cag 

gaaaacgatg 

gcc atgaatt 

gaggcagcta 

att coatgat 

gaaatcct cq 

acgaagttctg 

gct acagagg 

agacaccaca 

attattgcc.g 

CCCCttggga 

tcc ctatgga 

ataccatttg 

at atcactic C 

atggggctga 

Ctcaaattic C 

attacatggg 

atatggagga 

attactg.ccg 

ttatt cottg 

t caatttgga 

cctgcacctic 

aaatacaCtt 

actgaagatt 

galacaggggc 

c tactggitat 

tgacct citat 

taaagggacg 

cc.cccatgaa 

aggggaagaa 

tgacatt cot 

tcc catggat 

ccggcacaag 

caatcct gat 

gtattgttgca 

aacaactgaa 

gaatggaatt 

cgagaacttic 

atcac catgg 

Caagtgtgac 

CaacttatcC 

tttacac cqt 

gaatcct gat 

ggattattgc 

c catcct gta 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

84 O 

9 OO 

96.O 

108 O 

114 O 

12 OO 

126 O 

132O 

1380 

144 O 

164 



atat cotgtg ccaaaacaaa 

ataggatgga tiggittagttt 

aaggagagtt gggttcttac 

gaagcttggc titggaattica 

citcaatgttt cocagotggit 

gct cacctg caatcCtgga 

acaatc cctd aaaagaccac 

gcggatggitt tattacgagt 

Caccat Caag gcaaggtgac 

ggat Caggac Catgttgaggg 

agaatggttc ttggtgtcat 

attitttgttc gagtag cata 

ttgttgcggcc gcc at Cacca 

aaaact caca catgcc cacc 

Ctect tccCCC caaaac Coala 

gtggtggtgg acgtgagc.ca 

gtggaggtgc ataatgccala 

gtggtcagcg tcct caccgt 

aagg to tcca acaaagcc ct 

Cagcc.ccgag aaccacaggt 

Cagg to agcc tacct gcct 

gaga.gcaatig gCagc.cgga 

ggct cottct tcc totatag 

gtc.ttct cat gct cogtgat 

t ccctgtc.cc cqggtaaata 

SEQ ID NO 121 
LENGTH: 911 
TYPE PRT 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 

<4 OO SEQUENCE: 121 

Pro 
1. 

Ala 

Phe 

Ser 

Tyr 
65 

Ser 

Pro 

Luell 

Asn 

Wall 

Met 
SO 

Glu 

Trp 

165 

acaactg.cgg 

gagatacaga 

tgcacgacag 

tgatgtccac 

atatggcc ct 

taactttgtc 

ttgcagtatt 

agct catctg 

tittgaatgag 

agattatggit 

tgttcctggit 

titatgcaaaa 

to accatcac 

gtgcc.ca.gca 

ggacaccctic 

cgalagacic ct 

gacaaag.ccg 

cctgcaccag 

cc.cagcc.ccc 

gtacaccctg 

ggtcaaaggc 

gaacaactac 

caa.gct cacc 

gcatgaggct 

9 

Lieu Lys Ile Llys Thr Lys 
5 

Arg Cys Ile Arg Asn Arg 

Phe Asp Llys Ser Arg Llys 
35 4 O 

Ser Ser Gly Val Llys Llys 
55 

Asn Lys Asp Tyr Ile Arg 
70 

Lys Gly Thr Val Ser Ile 
85 

ASn Ser Met Ile Pro His 

gttgtaaatg 

aataaaCata 

tgttt coctt 

ggalagaggag 

gaaggat cag 

agtacaattg 

tacggctggg 

tat attatgg 

tctgagttat 

gg.cccactica 

cgtggatgttg 

tggatacaca 

tcc.gcgggtc 

cctgaacticc 

atgat ct coc 

gaggt caagt 

cgggaggagc 

gactggctga 

atcgagaaaa 

c cc coat occ 

t totatic cca. 

alagaccacgc 

gtggacalaga 

ctgcaca acc 

Llys Val Asn 
1O 

Gly Phe Thr 
25 

Arg Cys Tyr 

Gly Phe Gly 

Asn. Cys Ile 
7s 

Thr Lys Ser 
90 

Glu. His Ser 

US 7,649,083 B2 

- Continued 

ggatt coaac acgaacaaac 

tctgcggagg at cattgata 

citcgagacitt gaaagattat 

atgagaaatg caaac aggtt 

atctggttitt aatgaagctt 

atttacctag titatggttgt 

gctacactgg attgat caac 

ggaatgagaa atgcagt cag 

gtgctggggc tigaaaagatt 

tttgttgaaca acacaaaatg 

c catcc.caaa togtoctdgt 

aagtaattitt gacatacaag 

tggtgcc acg cgg tagtgac 

tggggggacc gtcagtictt C 

ggaccCCtga ggt cacatgc 

t caactggta C9tggacggc 

agtacaiacag cacgt accgt. 

atggcaagga gtacaagtgc 

cCatctocaa agc.calaaggg 

gggaggagat gaccalagaac 

Ctc.ccgtgct ggacticcgac 

gCaggtggca gCaggggaac 

act acacgca galaga.gc.ctic 

Ser 

Phe 

Trp 

His 
6 O 

Ile 

Gly 

Ala 

Thir 

Tyr 
45 

Glu 

Gly 

Ile 

Arg 

synthetic mhm-Fo Active form 

Asp Glu. Cys 
15 

Cys Lys Ala 
3O 

Pro Phe Asn 

Phe Asp Lieu. 

Lys Cys Glin 
95 

Gly Lys Asp 

SOO 

560 

74 O 

86 O 

92 O 

98 O 

21OO 

216 O 

222 O 

228O 

234 O 

24 OO 

246 O 

252O 

2580 

264 O 

27 OO 

276 O 

282O 

288O 

166 



Lell 

Trp 

Pro 
145 

Arg 

Asp 

Asp 

Arg 

Ala 
225 

Met 

Thir 

Glin 

Asp 

Trp 
3. OS 

Ile 

Gly 

Trp 

Asp 
385 

Pro 

Thir 

Glin 

Met 

Ile 
465 

Asp 

Arg 

Glin 

Cys 
13 O 

Glin 

Gly 

Glin 

Pro 
21 O 

Ile 

Glu 

Ser 

Tyr 

Luell 
29 O 

Pro 

Ser 

Glu 
37 O 

Asp 

Trp 

Ile 

Luell 

Wall 
450 

Luell 

Gly 

Gly 

Glu 
115 

Phe 

Pro 

Glin 

Gly 
195 

Trp 

Thir 

Asn 

Pro 

Arg 

Phe 

Asn 

Met 
355 

Pro 

Asp 

Asp 

Wall 

Arg 
435 

Ser 

Glu 

Asp 

Pro 
515 

Asn 

Thir 

Ser 

Met 

Thir 
18O 

Phe 

Thir 

Thir 

Thir 
26 O 

His 

Glu 

Thir 

Tyr 
34 O 

Trp 

Asp 

Ala 

Asn 

Wall 

Luell 

Ser 

Asp 

Glu 
SOO 

Glu 

Tyr 

Ser 

Glu 

Asp 
1.65 

Pro 

Asp 

Tyr 

Glu 
245 

Ile 

Asn 

Thir 

Asp 
3.25 

Met 

Asp 

Ala 

His 

Cys 
4 OS 

Lell 

Wall 

Arg 

Trp 

Tyr 
485 

Gly 

Asn 

Wall 
150 

His 

His 

Asp 

Thir 

Ala 
23 O 

Trp 

His 

Asp 
310 

Wall 

Gly 

Ser 

Gly 
390 

Pro 

Asp 

Asn 

Wall 
470 

Glu 

Ser 

167 

Arg 

Pro 
135 

Glu 

Thir 

Arg 

Asn 

Lell 
215 

His 

Ile 

Asn 

Asp 

Cys 
295 

Pro 

Ser 

Asn 

Asn 

Lys 
375 

Pro 

Ile 

His 

Gly 

Arg 
45.5 

Lell 

Ala 

Asp 

Asn 
12 O 

Glu 

Glu 

His 

Tyr 

Asp 

Ser 

Glin 

Gly 

Ile 

Arg 

Asn 

Ser 

Luell 

Met 
360 

Luell 

Trp 

Ser 

Pro 

Ile 
44 O 

Asn 

Thir 

Trp 

Glin 

Luell 
52O 

105 

Pro 

Wall 

Met 

Ser 

Lys 
185 

Pro 

Ala 

Gly 

Ile 
265 

Thir 

Asn 

Ile 

Gly 

Ser 
345 

Glu 

Asn 

Arg 

Wall 
425 

Pro 

Ala 

Luell 

Wall 
505 

Wall 

Arg 

Arg 

Thir 

Gly 
17O 

Phe 

Arg 

Asp 

Wall 

Glin 
250 

Pro 

Pro 

Pro 

Arg 

Glin 
330 

Cys 

Ile 

Thir 

His 

Arg 

Gly 
490 

Luell 

Luell 

Gly 

Tyr 

Cys 
155 

Lys 

Luell 

ASn 

Thir 

ASn 
235 

Gly 

Glu 

Asp 

Wall 
315 

Asp 

Thir 

Luell 

ASn 

Thir 
395 

Glu 

Ser 

Arg 

Ile 

Glin 

Ile 

ASn 

Met 

US 7,649,083 B2 

- Continued 

Glu 

Glu 
14 O 

Asn 

Thir 

Pro 

Pro 

Pro 
22O 

Glu 

Glu 

Glin 

Asn 

Gly 
3 OO 

Gly 

Arg 

His 

Tyr 
38O 

Gly 

Gly 

Thir 

Cys 
460 

His 

Wall 

Glu 
125 

Wall 

Gly 

Glu 

Asp 

Trp 

Thir 

Gly 

Arg 

Phe 
285 

Ala 

Tyr 

Ser 

Arg 
365 

Asn 

Asp 

Ala 

Asn 
445 

Gly 

Phe 

Asp 

Ser 

Lell 
525 

11 O 

Gly 

Cys 

Glu 

Glin 

Arg 
19 O 

Gly 

Glu 

Asp 

Tyr 

Trp 
27 O 

Glu 

Arg 

Gly 
35. O 

His 

Arg 

Pro 

Thir 

Lys 
43 O 

Ile 

Gly 

Pro 

Wall 

Glin 

Ala 

Gly 

Asp 

Ser 

Arg 
17s 

Tyr 

Wall 

Arg 
255 

Asp 

Ser 

Ser 

Gly 
335 

Luell 

Ile 

Asn 

Luell 

Thir 
415 

Thir 

Gly 

Ser 

Ser 

His 
495 

Luell 

Arg 

Pro 

Ile 

Tyr 
160 

Trp 

Pro 

Pro 

Pro 
24 O 

Gly 

Ser 

Pro 

Glin 

Asn 

Thir 

Phe 

Pro 

Ile 
4 OO 

Pro 

Trp 

Luell 

Arg 

Gly 

Wall 

Pro 

168 



Ala 

Cys 
5.45 

Thir 

Ile 

Lell 

Pro 

Met 
625 

Pro 

Ile 

His 

Thir 

Phe 
7 Os 

Pro 

Wall 

Thir 

Wall 

Cys 

Ser 

Pro 

Wall 

Gly 

Asp 
865 

Trp 

His 

Ile 
53 O 

Thir 

Gly 

Met 

Asn 

Cys 
610 

Arg 

Asn 

His 

His 

Cys 
69 O. 

Luell 

Glu 

Luell 
770 

Ser 

Glin 
850 

Gly 

Glin 

Asn 

Luell 

Ile 

Luell 

Gly 

Glu 
595 

Glu 

Met 

Arg 

His 
675 

Pro 

Phe 

Wall 

Phe 

Pro 

Thir 

Wall 

Ala 

Arg 

Gly 
835 

Pro 

Ser 

Glin 

His 

Asp 

Pro 

Ile 

Asn 

Ser 

Gly 

Wall 

Pro 

Wall 
660 

Ser 

Pro 

Pro 

Thir 

Asn 
740 

Arg 

Wall 

Ser 

Glu 

Phe 

Glu 

Phe 

Gly 

Tyr 
9 OO 

Asn 

Glu 

Asn 
565 

Glu 

Glu 

Asp 

Lell 

Gly 
645 

Ile 

Ala 

Pro 

Cys 
72 

Trp 

Glu 

Lell 

Asn 

Gly 
805 

Glu 

Tyr 

Asn 

Phe 

Asn 
885 

Thir 

SEQ ID NO 122 
LENGTH: 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

1398 

Phe 

Lys 
550 

Ala 

Lell 

Gly 
630 

Ile 

Lell 

Gly 

Pro 

Lys 

Wall 

Glu 

His 

Lys 
79 O 

Glin 

Met 

Pro 

Asn 

Lell 

Wall 

Glin 

169 

Wall 
535 

Thir 

Asp 

Gly 
615 

Wall 

Phe 

Thir 

Lell 

Ala 
695 

Pro 

Wall 

Wall 

Glin 

Glin 
775 

Ala 

Pro 

Thir 

Ser 

Tyr 
855 

Phe 

Ser 

Thir 

Gly 

Ser 

Ala 

Gly 

Ile 

Wall 

Wall 
68O 

Pro 

Wall 

Asp 

Tyr 
760 

Asp 

Luell 

Arg 

Asp 
84 O 

Ser 

Ser 

Ser 

Thir 

Luell 

Glin 
585 

Gly 

Pro 

Wall 

Arg 

Lys 
665 

Pro 

Glu 

Asp 

Asp 

Gly 
74. 

Asn 

Trp 

Pro 

Glu 

Asn 
825 

Ile 

Thir 

Luell 
905 

Ile 

Ser 

Luell 
st O 

His 

Ala 

Luell 

Pro 

Wall 
650 

Luell 

Arg 

Luell 

Thir 

Wall 
73 O 

Wall 

Ser 

Luell 

Ala 

Pro 
810 

Glin 

Ala 

Thir 

Luell 

Ser 
890 

Ser 

Asp 

Ile 
555 

Arg 

His 

Glu 

Ile 

Gly 
635 

Ala 

Cys 

Gly 

Luell 

Luell 

Ser 

Glu 

Thir 

ASn 

Pro 
79. 

Glin 

Wall 

Wall 

Pro 

Thir 

Wall 

Luell 

US 7,649,083 B2 

- Continued 

Lell 
54 O 

Wall 

Glin 

Cys 
62O 

Arg 

Gly 

Ser 

Gly 
7 OO 

Met 

His 

Wall 

Gly 

Ile 

Wall 

Ser 

Glu 

Pro 
860 

Wall 

Met 

Ser 

Pro 

Arg 

Asp 
685 

Gly 

Ile 

Glu 

His 

Arg 
765 

Lys 

Glu 

Lell 

Trp 
845 

Wall 

Asp 

His 

Pro 

Ser 

Trp 

His 

Lys 
59 O 

Gly 

Glin 

Ala 

His 
67 O 

Pro 

Ser 

Asp 

Asn 
7 O 

Wall 

Glu 

Thir 

Thir 
83 O 

Glu 

Luell 

Glu 

Gly 
91 O 

Tyr 

Gly 

Luell 
sts 

Wall 

Ser 

His 

Ala 

Lys 
655 

His 

Thir 

Ser 

Arg 

Pro 
73 

Ala 

Wall 

Tyr 

Thir 

Luell 
815 

Ser 

Asp 

Ser 

Ala 
895 

Lys 

Gly 

Tyr 
560 

Tyr 

Thir 

Gly 

Ile 
64 O 

Trp 

His 

His 

Wall 

Thir 

Glu 

Ser 

Ile 

Pro 

Luell 

Asn 

Ser 

Arg 

Luell 

170 



<223> OTHER INFORMATION: Full length Heavy Chain 

171 

and IgG1 Constant Region) 

<4 OO SEQUENCE: 122 

atgaactittg ggcticagatt 

gtgcagctgg 

tgtgcagc ct 

gaga agaggc 

gccagtgtga 

caaatgagca 

ggttactacg 

t cagccaaaa 

aact coatgg 

acctggaact 

gacctic taca 

gtcacctgca 

agggattgttg 

titcCCCCCaa 

gtgg tagaca 

gaggtgcaca 

gtcagtgaac 

gtcaiacagtg 

ccgaaggctic 

gtcagtctga 

tggaatgggc 

tott actt.cg 

ttcacctgct 

tggagtctgg 

ctgaattcac 

tgcagtgggit 

agggtcgatt 

gtctgaagtic 

gggactatgc 

cgacac cc cc 

tgaccctggg 

ctggat.ccct 

Ctctgagcag 

acgttgcc.ca 

gttgtaagcc 

agcc.caagga 

t cagcaagga 

cagct Cagac 

t to coat cat 

cagctitt.ccc 

Cacaggtgta 

cctgcatgat 

agc.ca.gcgga 

tctacagdaa 

ctgtgttaca 

cact ct cotg gtaaatga 

SEQ ID NO 123 
LENGTH: 446 
TYPE : 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Full Length 1A3 Heavy Chain 

PRT 

gattitt cott 

gggaggctta 

titt cagtaac 

cgcatacatt 

CaCCatct CC 

tgaggacaca 

tatggactac 

atctgtctat 

atgcctggtc 

gtc.ca.gcggit 

cticagtgact 

ttgcatatgt 

tgtgct cacc 

tgatc.ccgag 

gcaa.ccc.cgg 

gcaccaggac 

tgcc.cccatc 

CaccattcCa 

aacagactitc 

gaact acaag 

gct caatgtg 

tgagggcCtg 

gtc.cttgttt 

gtgcagoctg 

tattacatgt 

agt cctggtg 

agaga caatg 

gcc atgtatt 

tgggg.tcaag 

c cactggcc.c 

aagggctatt 

gtgcacacct 

gtc.ccct coa 

agcaccalagg 

acagt cc cag 

attactctga 

gtc.cagttca 

gaggagcagt 

tggct caatg 

gagaaaacca 

cct cocaagg 

titc cctdaag 

aac acticago 

Cagaagagca 

Cacala CCCC 

Region and IgG1 Constant Region) 

<4 OO SEQUENCE: 123 

Glu 
1. 

Ser 

Ala 

Lys 
65 

Val Glin Lieu Val Glu Ser Gly 

Luell 

Met 

Tyr 
SO 

Gly 

Lys 

Ser 
35 

Ile 

Arg 

5 

Lieu. Ser Cys Ala Ala 

Trp Val Arg Glin Thr 
4 O 

Ser Pro Gly Gly Gly 
55 

Phe Thir Ile Ser Arg 
70 

Gly Gly Lieu. 
1O 

Ser Glu Phe 
25 

Pro Glu Lys 

Ser Ser Tyr 

Asp Asn Ala 
7s 

US 7,649,083 B2 

- Continued 

taalaaggtgt 

gagggtc.cct 

Cttgggttcg 

gtggtagctic 

c caagaacac 

actgtgcaa.g 

gaacct cagt 

Ctggatctgc 

tcc ct gagcc 

tcc cagotgt 

gCacctggCC 

tggacaagaa 

aagtat catc 

ctic ctaaggit 

gctggitttgt 

tdaacagdac 

gcaaggagtt 

tot Coaaaac 

agcagatggc 

acattactgt 

c catcatgga 

actgggaggc 

at actgagaa 

Wall Glin Pro 

Thir Phe Ser 
3O 

Arg Lieu. Glin 
45 

Tyr Pro Ala 
6 O 

Lys Asn Thr 

gaagttgttgaa 

gaaact citcc 

ccagact coa 

Ctact at CCa 

cctgtacctg 

acaaggggat 

caccgt.cticc 

tgcc.caaact 

agtgacagtg 

cctgcagtict 

Cagcgagacic 

aattgtgcc c 

tgtc.tt catc 

cacgtgtgtt 

agatgatgtg 

titt cogctca 

caaatgcagg 

Calaaggcaga 

Caaggataaa 

ggagtggcag 

Cacagatggc 

aggaaatact 

gag cct citcc 

(1A3 Wariable 

Gly Gly 
15 

Asn Tyr 

Trp Val 

Ser Wall 

Leu Tyr 
8O 

(1A3 Wariable Region 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

84 O 

9 OO 

96.O 

108 O 

114 O 

12 OO 

126 O 

132O 

1380 

1398 

172 



Lell 

Ala 

Gly 

Ser 

Wall 
145 

Wall 

Ala 

Pro 

Pro 

Gly 
225 

Ile 

Glin 

Glin 

Lell 
3. OS 

Arg 

Pro 

Thir 

Glin 
385 

Gly 

Glu 

Asn 

Glin 

Arg 

Glin 

Wall 
13 O 

Thir 

Thir 

Wall 

Ser 

Ala 
21 O 

Phe 

Wall 

Phe 

Pro 
29 O 

Pro 

Wall 

Thir 

Asp 
37 O 

Pro 

Ser 

Ala 

His 

Met 

Glin 

Gly 
115 

Luell 

Trp 

Luell 

Ser 
195 

Ser 

Pro 

Thir 

Ser 
27s 

Arg 

Ile 

Asn 

Glu 
355 

Phe 

Ala 

Gly 

His 
435 

Ser 

Gly 

Thir 

Pro 

Gly 

Asn 

Glin 
18O 

Thir 

Ser 

Pro 

Pro 

Cys 
26 O 

Trp 

Glu 

Met 

Ser 

Gly 
34 O 

Glin 

Phe 

Glu 

Phe 

Asn 

Thir 

Ser 
85 

Asp 

Ser 

Lell 

Ser 
1.65 

Ser 

Trp 

Thir 

Lys 
245 

Wall 

Phe 

Glu 

His 

Ala 
3.25 

Arg 

Met 

Pro 

Asn 

Wall 
4 OS 

Thir 

Glu 

SEQ ID NO 124 
LENGTH: 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Full Length Light Chain 

Lell 

Gly 

Wall 

Ala 

Lell 
150 

Gly 

Asp 

Pro 

Ile 
23 O 

Pro 

Wall 

Wall 

Glin 

Glin 
310 

Ala 

Pro 

Ala 

Glu 

Tyr 
390 

Phe 

173 

Tyr 

Thir 

Pro 
135 

Wall 

Ser 

Lell 

Ser 

Wall 
215 

Wall 

Asp 

Phe 
295 

Asp 

Phe 

Asp 
375 

Ser 

Thir 

Ser 

Ser 

Wall 
12 O 

Gly 

Luell 

Tyr 

Glu 

Asp 

Thir 

Asp 

Asp 

Asp 

Asn 

Trp 

Pro 

Ala 

Asp 
360 

Ile 

Asn 

Luell 
44 O 

Glu 

Gly 
105 

Ser 

Ser 

Gly 

Ser 

Thir 
185 

Thir 

Wall 

Wall 

Ile 
265 

Wall 

Ser 

Luell 

Ala 

Pro 
345 

Thir 

Thir 

Luell 

Ser 
425 

Ser 

Region and Constant Region) 

SEQUENCE: 124 

Asp 
90 

Asp 

Ser 

Ala 

Tyr 

Ser 
17O 

Luell 

Wall 

Pro 

Luell 
250 

Ser 

Glu 

Thir 

Asn 

Pro 
330 

Glin 

Wall 

Wall 

Glin 

Asn 

Wall 

His 

Thir 

Ala 

Ala 

Phe 
155 

Gly 

Ser 

Thir 

Ile 

Glu 
235 

Thir 

Wall 

Phe 

Gly 
315 

Ile 

Wall 

Ser 

Glu 

Pro 
395 

Wall 

Luell 

Ser 

US 7,649,083 B2 

- Continued 

Ala Met Tyr 

Ala 

Glin 
14 O 

Pro 

Wall 

Ser 

Wall 
22O 

Wall 

Ile 

Asp 

His 

Arg 
3 OO 

Lys 

Glu 

Lell 

Trp 

Ile 

Glin 

His 

Pro 

Met 

Thir 
125 

Thir 

Glu 

His 

Ser 

Asn 

Pro 

Ser 

Thir 

Asp 

Thir 
285 

Ser 

Glu 

Thir 

Thir 
365 

Glin 

Met 

Glu 

Gly 
445 

(1A3 Kappa Variable 

Asp 
11 O 

Thir 

Asn 

Pro 

Thir 

Wall 
19 O 

Wall 

Arg 

Ser 

Luell 

Pro 
27 O 

Ala 

Wall 

Phe 

Thir 

Ile 
35. O 

Trp 

Asp 

Ser 

Gly 
43 O 

Lys 

Tyr 
95 

Tyr 

Pro 

Ser 

Wall 

Phe 
17s 

Thir 

Ala 

Asp 

Wall 

Thir 
255 

Glu 

Glin 

Ser 

Ile 
335 

Pro 

Met 

Asn 

Thir 

Asn 
415 

Luell 

Cys 

Trp 

Pro 

Met 

Thir 
160 

Pro 

Wall 

His 

Phe 
24 O 

Pro 

Wall 

Thir 

Glu 

Cys 

Ser 

Pro 

Ile 

Gly 

Asp 
4 OO 

Trp 

His 

174 



atgagtgtgc 

gacatccaga 

atca catgtc 

ggaaaatcto 

aggttcagtg 

gaagattittg 

gggaccalagc 

tccagtgagc 

cc caaagaca 

alacagttgga 

ttgaccalagg 

toalactitcaic 

c cacticaggt 

tgacticagtic 

gagcaa.gtga 

cticagotcct 

gcagtggatc 

ggactt atta 

tggaaataaa 

agittaa catc 

t caatgtcaa 

Ctgat Cagga 

acgagtatga 

c cattgtcaa 

SEQ ID NO 125 
LENGTH: 214 
TYPE : 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Full Length Light Chain 

PRT 

175 

CCtggggttg 

tccagcct co 

gaatattitat 

ggtctatgct 

aggcacacag 

ctgtcaacat 

acgggctgat 

tggaggtgcc 

gtggalagatt 

Cagcaaagac 

acgacataac 

gagcttcaac 

citatctgttt 

agtaatttag 

gcaacaaact 

titt to cott ca. 

ttittggggta 

gctgcaccala 

t cagt cqtgt 

gatggcagtg 

agcacct aca 

agctatacct 

aggaatgagt 

Region and Constant Region) 

<4 OO SEQUENCE: 125 

Asp Ile Gln Met Thr Glin Ser Pro 
1. 

Glu 

Lell 

Ser 
65 

Glu 

Thir 

Pro 

Gly 

Asn 
145 

Asn 

Ser 

Thir 

Phe 

Thir 

Ala 

Ala 
SO 

Gly 

Asp 

Phe 

Thir 

Ala 
13 O 

Wall 

Ser 

Thir 

Asn 
21 O 

Wall 

Trp 
35 

Ala 

Ser 

Phe 

Gly 

Wall 
115 

Ser 

Trp 

Luell 

Glu 
195 

Arg 

5 

Thir Ile Thr Cys Arg 

Tyr Glin Gln Lys Glin 
4 O 

Thir Asn Lieu Ala Asp 
55 

Gly Thr Glin Phe Ser 
70 

Gly Thr Tyr Tyr Cys 
85 

Gly Gly Thr Llys Lieu. 

Ser Ile Phe Pro Pro 
12 O 

Val Val Cys Phe Leu 
135 

Trp Llys Ile Asp Gly 
150 

Thir Asp Glin Asp Ser 
1.65 

Met Lieu. Thir Lys Asp 
18O 

Ala Thr His Lys Thr 

Asin Glu. Cys 

Ala Ser Lieu. 
1O 

Ala Ser Glu 
25 

Gly Lys Ser 

Gly Val Pro 

Lieu Lys Ile 
7s 

Gln His Phe 
90 

Glu Ile Llys 
105 

Ser Ser Glu 

Asn Asn. Phe 

Ser Glu Arg 
155 

Lys Asp Ser 
17O 

Glu Tyr Glu 
185 

Ser Thir Ser 

US 7,649,083 B2 

- Continued 

ggcttacaga 

Ctgttgggaga 

catggitatica 

tag cagatgg 

agatcaa.ca.g 

citc.cgtacac 

citgitatic cat 

gctitcttgaa 

aacgacaaaa 

gcatgagcag 

gtgaggccac 

gttag 

Ser 

Asn 

Pro 

Ser 
6 O 

Asn 

Trp 

Arg 

Glin 

Tyr 
14 O 

Glin 

Thir 

Arg 

Pro 

(1A3 Kappa Variable 

Wall 

Ile 

Glin 
45 

Arg 

Ser 

Gly 

Ala 

Lell 
125 

Pro 

Asn 

His 

Ile 
2O5 

Ser 

Tyr 

Luell 

Phe 

Luell 

Thir 

Asp 
11 O 

Thir 

Gly 

Ser 

Asn 
19 O 

Wall 

tgccagatgt 

aactgtcacc 

gCagaalacag 

tgtgc catca 

cctgcagtict 

gttcggaggg 

Ctt CC Cacca 

Caact totaC 

tggcgt.cctg 

caccct catg 

t cacaagaca 

Val Gly 
15 

Ser Asn 

Lieu Wall 

Ser Gly 

Glin Ser 
8O 

Pro Tyr 
95 

Ala Ala 

Ser Gly 

Asp Ile 

Wall Lieu 
160 

Met Ser 
17s 

Ser Tyr 

Llys Ser 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

176 



<210 SEQ ID NO 126 
<211 LENGTH: 1386 
&212> TYPE: DNA 

177 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Full Length Heavy Chain 
and IgG1 Constant Region) 

<4 OO SEQUENCE: 126 

atgggatgga gctatat cat 

gtcCaactgc agcagoctgg 

tgcaaggctt Ctggct acac 

ggacaaggcc ttgagtggat 

gagaagttca agagcaaggc 

caacticagoa gcc toga catc 

ggtagcatct ttgact actg 

acacccc.cat citgtctatico 

accctgggat gcctggtcaa 

ggat.ccctgt C cagcggtgt 

Ctgagcagct cagtgactgt 

tgtaagcc tit gcatatgtac 

cc caaggatg togct caccat 

agcaaggatg atc.ccgaggit 

gct Cagacgc aaccc.cggga 

cc catcatgc accaggactg 

gctitt.ccctg ccc.ccatcga 

caggtgtaca ccattccacc 

tgcatgataa cagacittctt 

Ccagcggaga act acaagaa 

tacagoaa.gc. tcaatgtgca 

gtgttacatgagggcctgca 

aaatga 

<210 SEQ ID NO 127 
<211 LENGTH: 442 
&212> TYPE: PRT 

cct ctittttg 

ggctgaactg 

Ctt Caccacc 

tggagagatt 

cacactgact 

tgaggact ct 

gggcCaaggc 

actggc.ccct 

gggct atttic 

gcacacct tc 

c cc ct coagc 

Caccalaggtg 

agt cccagaa 

tactctgact 

c cagttcago 

ggagcagttc 

gct caatggc 

gaaaaccatc 

tcc caaggag 

CCCtgaagac 

cacticago'cc 

galaga.gcaac 

Calaccaccat 

gtagcaa.cag 

tactggatgc 

aat CCtacca 

gtaga caaat 

gcggit ct att 

accactCtca 

ggatctgctg 

Cctgagc.cag 

c cagotgtc.c 

acctggcc.ca 

gacaagaaaa 

gtat catctg 

cctaaggtoa 

tggitttgtag 

aac agcactt 

aaggagttca 

to Caaalacca 

Cagatggc.ca 

attactgtgg 

atcatggaca 

tgggaggcag 

actgaga aga 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
&223> OTHER INFORMATION: 

and IgG1 Constant Region) 

<4 OO SEQUENCE: 127 

Glin Val Glin Leu Gln Glin Pro Gly 
1. 5 

Ser Val Llys Lieu. Ser Cys Lys Ala 

Trp Met His Trp Val Asn Glin Arg 
35 4 O 

Gly Glu Ile Asin Pro Thr Asn Gly 

Ala Glu Lieu. 
1O 

Ser Gly Tyr 
25 

Pro Gly Glin 

His Thir ASn 

US 7,649,083 B2 

- Continued 

(2B8 Variable Region 

ctacagatgt 

ggactitcagt 

actgggtgaa 

acggit catac 

cct coag cac 

actgtgcaa.g 

cagt citcctic 

CCCaalactaa 

tgacagtgac 

tgcagtctga 

gcgaga.ccgt 

tott cat citt 

atgatgtgga 

tcc.gcticagt 

aatgcagggit 

aaggcagacic 

aggataaagt 

agtggcagtg 

Cagatggctic 

gaaatactitt 

gcct citcc.ca 

Full Length Heavy Chain 

Wall 

Thir 

Gly 

c cact cocag 

gaagctgtcC 

t cagaggcct 

talactacaat 

agcct acatg 

aaactatgtt 

agccaaaacg 

Ct c catggtg 

ctggaactict 

CCtectacact 

cacctgcaac 

ggattgttggit 

c cc cc caaag 

ggtag acat C 

ggtgcacaca 

cagtgaactt 

caa.ca.gtgca 

gaaggct coa 

cagtctgacc 

gaatgggcag 

ttact tcgt.c 

cacctgctict 

citct c ct ggit 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

84 O 

9 OO 

96.O 

108 O 

114 O 

12 OO 

126 O 

132O 

1380 

1386 

(2B8 Variable Region 

Lys 

Phe 

Lell 
45 

Asn 

Pro 

Thir 

Glu 

Glu 

Gly Thr 
15 

Thr Tyr 

Trp Ile 

Llys Phe 

178 



Lys 
65 

Met 

Ala 

Thir 

Lell 

Cys 
145 

Ser 

Ser 

Trp 

Thir 

Cys 
225 

Wall 

Phe 

Glu 

His 
3. OS 

Ala 

Arg 

Met 

Pro 

Asn 
385 

Wall 

Thir 

Glu 

SO 

Ser 

Glin 

Arg 

Luell 

Ala 
13 O 

Luell 

Gly 

Asp 

Pro 

Lys 
21 O 

Ile 

Pro 

Wall 

Wall 

Glin 
29 O 

Glin 

Ala 

Pro 

Ala 

Glu 
37 O 

Phe 

Luell 

Asn 

Thir 
115 

Pro 

Wall 

Ser 

Luell 

Ser 
195 

Wall 

Wall 

Asp 

Phe 

Asp 

Phe 

Lys 
355 

Asp 

Ser 

Thir 

Ser 
435 

Ala 

Ser 

Tyr 

Wall 

Gly 

Luell 

Tyr 
18O 

Glu 

Asp 

Thir 

Asp 

Asp 
26 O 

Asp 

Asn 

Trp 

Pro 

Ala 
34 O 

Asp 

Ile 

Asn 

Cys 
42O 

Luell 

Thir 

Ser 
85 

Wall 

Ser 

Ser 

Gly 

Ser 
1.65 

Thir 

Thir 

Wall 

Wall 
245 

Ile 

Wall 

Ser 

Lell 

Ala 
3.25 

Pro 

Thir 

Thir 

Lell 
4 OS 

Ser 

Ser 

<210 SEQ ID NO 128 
<211 LENGTH: 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

Lell 
70 

Lell 

Gly 

Ser 

Ala 

Tyr 
150 

Ser 

Lell 

Wall 

Pro 
23 O 

Lell 

Ser 

Glu 

Thir 

Asn 
310 

Pro 

Glin 

Wall 

Wall 

Glin 
390 

Asn 

Wall 

His 

179 

55 

Thir 

Thir 

Ser 

Ala 

Ala 
135 

Phe 

Gly 

Ser 

Thir 

Ile 
215 

Glu 

Thir 

Wall 

Phe 
295 

Gly 

Ile 

Wall 

Ser 

Glu 
375 

Pro 

Wall 

Lell 

Ser 

Wall 

Ser 

Ile 

Lys 
12 O 

Glin 

Pro 

Wall 

Ser 

Cys 

Wall 

Wall 

Ile 

Asp 

His 

Arg 

Glu 

Luell 
360 

Trp 

Ile 

Glin 

His 

Pro 
44 O 

Asp 

Glu 

Phe 
105 

Thir 

Thir 

Glu 

His 

Ser 
185 

Asn 

Pro 

Ser 

Thir 

Asp 
265 

Thir 

Ser 

Glu 

Thir 
345 

Thir 

Glin 

Met 

Glu 
425 

Gly 

Asp 
90 

Asp 

Thir 

Asn 

Pro 

Thir 

Wall 

Wall 

Arg 

Ser 

Luell 
250 

Pro 

Ala 

Wall 

Phe 

Thir 
330 

Ile 

Trp 

Asp 

Ser 

Gly 

Ser 
7s 

Ser 

Pro 

Ser 

Wall 
155 

Phe 

Thir 

Ala 

Asp 

Wall 
235 

Thir 

Glu 

Glin 

Ser 

Lys 
315 

Ile 

Pro 

Met 

ASn 

Thir 
395 

ASn 

Luell 

US 7,649,083 B2 

- Continued 

6 O 

Ser 

Ala 

Trp 

Pro 

Met 
14 O 

Thir 

Pro 

Wall 

His 

Cys 
22O 

Phe 

Pro 

Wall 

Thir 

Glu 
3 OO 

Ser 

Pro 

Ile 

Gly 

Asp 

Trp 

His 

Ser 

Wall 

Gly 

Ser 
125 

Wall 

Wall 

Ala 

Pro 

Pro 

Gly 

Ile 

Glin 

Glin 
285 

Lell 

Arg 

Pro 

Thir 
365 

Glin 

Gly 

Glu 

Asn 

Thir 

Glin 
11 O 

Wall 

Thir 

Thir 

Wall 

Ser 
19 O 

Ala 

Phe 

Wall 

Phe 
27 O 

Pro 

Pro 

Wall 

Thir 

Lys 
35. O 

Asp 

Pro 

Ser 

Ala 

His 
43 O 

Ala 

Tyr 
95 

Gly 

Luell 

Trp 

Luell 
17s 

Ser 

Ser 

Pro 

Thir 
255 

Ser 

Arg 

Ile 

Asn 

Lys 
335 

Glu 

Phe 

Ala 

Gly 
415 

His 

Tyr 

Cys 

Thir 

Pro 

Gly 

Asn 
160 

Glin 

Thir 

Ser 

Pro 

Pro 
24 O 

Trp 

Glu 

Met 

Ser 

Gly 

Glin 

Phe 

Glu 

Phe 
4 OO 

Asn 

Thir 

180 




























































































































