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MODULATORS OF HEPATOCYTE GROWTH FACTOR ACTIVATOR

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Patent Application No.
61/252,973, filed October 19, 2009, the contents of which 1s incorporated herein by

reference.

TECHNICAL FIELD

The present invention relates generally to the fields of molecular biology and
orowth factor regulation. More specifically, the invention concerns modulators of

hepatocyte growth factor activator function, and uses of said modulators.

BACKGROUND

Hepatocyte growth factor activator (HGFA) 1s a plasma trypsin-like serine protease
secreted mainly by the liver that regulates the mitogenic, motogenic, and morphogenic
activities of hepatocyte growth factor (HGF, also known as scatter factor (SF))
(Shimomura ¢t al., Cytotech., 8:219-229 (1992)). HGF 1s implicated in embryonic

development, tissue regeneration and invasive tumor growth. This activity requires
proteolytic processing of HGF into a two-chain, disulfide-linked a,3-heterodimeric form.
HGFA 1s among the most potent activators of HGF 1dentified so far. (Shimomura et al.,
Eur. J. Biochem. 229 (1995)). HGFA expression has been reported 1n normal
gastrointestinal renal tissues, and 1n the central nervous system, as well as 1in pancreatic,
hepatocellular, colorectal, prostatic, and lung cancer cells. (Itoh et al., Biochim. Biophys.
Acta, 1491:295-302 (2000); van Adelsberg et al., J. Biol. Chem., 276:15099-15106 (2001);
Hayashi et al., Brain Res., 799:311-316 (1998);, Moriyama ct al., FEBS Lett., 372:78-82
(1995); Parr et al., Int. J. Oncol., 19:857-863 (2001); Kataoka ¢t al., Cancer Res., 60:6148-
6159 (2000); Nagata ct al., Biochem. Biophys. Res. Comm., 289:205-211 (2001)).
Recently, HGFA secretion from multiple myeloma cells has been linked to the potent
para- and/or autocrine effect of HGF. (Tjin et al., Blood, 104:2172-2175 (2004)).

HGFA 1s secreted as a 96 kDa zymogen (proHGFA) with a domain structure like
that of coagulation factor XII (FXIIa), comprising 6 domains. Those domains include an
N-terminal fibronectin type II domain, an epidermal growth factor (EGF)-like domain, a

fibronectin type 1 domain, another EGF-like domain, a kringle domain, and a C-terminal
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trypsin homology serine protease domain. (Miyazawa, et al., J. Biol. Chem., 268:10024-
10028 (1993)). Cleavage at a kallikrein-sensitive site between residues Arg372 and
Val373 can produce a short 34 kDa form that lacks the first 5 domains. Both the 96 kDa
and 34 kDa forms of proHGFA can be cleaved between residues Arg407 and I11e408 1nto
active HGFA by thrombin. (Shimomura et al., J. Biol. Chem., 268, 22927-22932 (1993)).
Thrombin 1s the ultimate effector of pro-coagulant stimuli and generation of active HGFA
would be consistent with the activity of HGF 1n wound repair. (Bussolino et al., J. Cell
Biol., 119:625-641 (1992)).

Among factors influencing HGF/Met signaling are the activation of proHGFA and
subsequent 1nhibition of HGFA. The 1dentified physiological inhibitors of HGFA are the
splice variants HAI-1 and HAI-1B (hepatocyte growth factor activator inhibitor-1), and
HAI-2 (also known as placental bikunin). (Shimomura ¢t al., J. Biol. Chem., 272.63770-
6376 (1997), Kawaguchi ¢t al., J. Biol. Chem., 2772:27558-27564 (1997), Kirchhofer et al.,
J. Biol. Chem. 278:36341-36349 (2003)). HGFA has restricted substrate specificity
(Kataoka et al., Cancer metastasis reviews 22, 223-239 (2005); Miyazawa ¢t al., J Biol
Chem 268, 10024-10028 (1993)): only two macromolecular substrates, pro-hepatocyte
growth factor (pro-HGF) (Shinomura ¢t al., Eur J Biochem 229, 257-261 (1995) and pro-
macrophage stimulating protein (pro-MSP) (Kawaguchi et al, Febs J 276(13)3481-3490
(2009), are known to be processed by HGFA, exemplifying the enzyme’s highly restricted
substrate specificity. HGFA 1s inhibited by the Kunitz-type inhibitor HGFA 1nhibitor-1,
which utilizes the N-terminal Kunitz domain-1 (KD1) to inhibit HGFA by a canonical
inhibition mechanism (Shia et al., J Mol Biol 346, 1335-13492005). HGFA effects tissue
regeneration and promotes cancer growth via pro-HGF processing and ensuing activation
of the HGF/Met signaling pathway (Parr and Jiang, Int’l J of Oncol 19, 857-863 (2001)).

Allosteric regulation of an enzyme, by definition, involves an altered catalytic
activity originating from a remote effector interaction site. In fact, all dynamic proteins
(monomeric and multimeric) seem to have a potential for allosterism (Gunasekaran et al.,
Proteins 57, 433-443 (2004)). Elucidation of allosteric modulation and 1ts pathways of
communication have received considerable attention (Swain and Gierasch, Curr Op 1n
Structural Biol 16, 102-108 (2006); Yu and Koshland, PNAS 98, 9517-9520 (2001)). A
classic example of allostery 1s observed in hemoglobin (Perutz, Nature 228, 726-739
(1970)), which offered the first mechanistic insights on allosteric regulation. Several X-ray

crystallographic studies emerged thercafter describing the conformational changes during

allosteric regulation (Changeux and Edelstein, Science 308, 1424-1428 (2005); D1 Cera, J
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Biol Chem 281, 1305-1308 (2006); Pellicena and Kuriyan, Nature 228, 726-739 (2006);
Xu et al., Nature 388, 741-750 (1997)). Allostery 1s also a quite common and powerful
mechanism to regulate the catalytic activity of proteases (Hauske et al., Chembiochem 9,
2920-2928 (2008); Turk, Nature Reviews 5, 785-799 (2006)). Unlike active sites, distally
located allosteric sites are usually less conserved and can be exploited to achieve
specificity (Hauske et al., supra). Allosteric anti-protease protein-based agents have great
therapeutic potential, since they are potent and highly specific and are safeguarded from
any 1nadvertent processing by their target protecase. Examples of allosteric regulators in
the serine protease family (Clan PA, Family S1 in MEROPS nomenclature (Rawlings ct
al., Nucleic Acids Res 36, D320-325 (2008))) are the accessory PDZ domains 1n the HtrA
protease family (Sohn et al., Cell 131, 572-583 (2007)), calcium for many coagulation
factors (Bjelke et al., J Biol Chem 283, 25863-25870 (2008)), sodium for thrombin
(Huntington, Biological chemistry 389, 1025-1035 (2008); Wells and D1 Cera, Biochem
31, 11721-11730 (1992)), cotfactors such as tissue factor for coagulation factor Vlla
(Eigenbrot and Kirchhofer, Trends in Cardiovascular Med 12, 19-26 (2002)) and N-
terminal peptide insertion into the “activation pocket” (Friedrich et al., Nature 425, 535-
539 (2003); Huber and Bode, Acc Chem Res 11, 114-122 (1978)).

Proteases have been implicated in many human pathological processes (Barrett et
al., (1998). Handbook of Proteolytic Enzymes. San Diego: Academic Press (1998);
Egeblad and Werb, Nature Rev Cancer 2, 161-174 (2002); Hooper, Proteases in Biology
and Medicine. In Essays 1n Biochemistry, London: Portland Press (2002); Luttun et al.,
Curr Atheroscler. Rep 2, 407-416 (2000)). Therefore, regulation of proteolytic activity by
allosteric inhibitors might represent a promising alternative approach to active site
inhibitors (Peterson and Golemuis, J Cell Biochem 93, 68-73 (2004)), which often suffer
from 1nadequate specificity, since active site topologies are generally conserved among
members of the same family (Hedstrom, Chem Revs 102, 4501-4524 (2002)). Unlike
active sites, distally located allosteric sites are usually less conserved and can be exploited
to achieve specificity (Hauske et al., supra). Excellent examples of specific and potent
allosteric imnhibitors have been described for coagulation factor VIla and caspases (Hardy
ct al.,, PNAS 101, 12461-12466 (2004); Hardy and Wells, Curr Op Structural Biol 14, 706-
715 (2009)).

Since activation of pro-HGF requires cleavage by a convertase such as HGFA,
modulation of HGFA function and/or its interaction with 1ts substrate could prove to be an

ctficacious therapeutic approach. In this regard, there 1s a clear need to 1dentify clinically
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relevant agents capable of modulating activity of and/or specifically interacting with
HGFA. The invention fulfills this need and provides other benefits.
All publications, patents, and patent documents are incorporated by reference

herein, as though individually incorporated by reference.

DISCLOSURE OF THE INVENTION

The mnvention provides methods, compositions, kits and articles of manufacture for

modulating hepatocyte growth factor activator (HGFA) function, thereby modulating

physiological effects of HGFA activity. Modulation of HGFA function can be effected by

the use of antibodies as described herein. Described herein are anti-HGFA antibodies

which allosterically inhibit HGFA function. Allosteric anti-protease antibodies may have

great therapeutic potential, since they are potent and highly specific and are sateguarded
from any 1nadvertent processing by their target protease.

In one¢ aspect, the invention provides anti-HGFA therapeutic agents suitable
for therapeutic use and capable of effecting varying degrees of disruption of the
HGF/c-met signaling pathway. For example, the invention provides an 1solated anti-
HGFA antibody, wherein a full length IgG form of the antibody specifically binds
human HGFA with a binding affinity of less than or equal to 20 pm. In one
embodiment, the 1solated anti-HGFA antibody specifically binds human HGFA with a
K., of about 10X10°> M's! or faster. In one embodiment, the 1solated anti-HGFA
antibody specifically binds human HGFA with a K¢ of about 1.7 X 10*s™ or slower.

In one embodiment, the invention provides an affinity matured anti-HGFA
antibody wherein the bivalent affinity of the antibody to human HGFA 1s lower, for
example at least 3, 5, 7 or 10-fold lower, or more, such as forty-fold or sixty —fold or
more¢ than the bivalent affinity of an antibody comprising, consisting or consisting
essentially of (a) HVR-L1 comprising sequence RASQDVSTAVA (SEQ ID NO:1);
(b) HVR-L2 comprising sequence SASFLYS (SEQ ID NO:2); (¢) HVR-L3
comprising sequence QQSYTTPPT (SEQ ID NO:7); (d) HVR-H1 comprising
sequence GTYIH (SEQ ID NO:4); (¢) HVR-H2 comprising sequence
GIYPAGGATYYADSVKG (SEQ ID NO:5); and (f) HVR-H3 comprising sequence
WWAWPAFDY (SEQ ID NO:6).

As 1s well-established 1n the art, binding affinity of a ligand to its receptor can
be determined using any of a varicty of assays, and expressed in terms of a variety of
quantitative values. Accordingly, in one embodiment, the binding affinity 1s

expressed as Kd values and reflects intrinsic binding atfinity (e.g., with minimized
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avidity effects). Generally and preferably, binding affinity 1s measured in vitro,
whether 1n a cell-free or cell-associated setting. As described 1n greater detail herein,
fold difference 1in binding affinity can be quantified 1n terms of the ratio of the
monovalent binding affinity value of a humanized antibody (¢.g., in Fab form) and the
monovalent binding atfinity value of a reference/comparator antibody (e.g., in Fab
form) (¢.g., a murine antibody having donor hypervariable region sequences), wherein
the binding affinity values are determined under similar assay conditions. Thus, 1n
on¢ embodiment, the fold difference 1n binding aftfinity 1s determined as the ratio of
the Kd values of the humanized antibody in Fab form and said reference/comparator
Fab antibody. For example, in one embodiment, if an antibody of the invention (A)
has an affinity that is “3-fold lower” than the affinity of a reference antibody (M),
then 1f the Kd value for A 1s 3x, the Kd value of M would be 1x, and the ratio of Kd
of A to Kd of M would be 3:1. Conversely, in one embodiment, 1f an antibody of the
invention (C) has an affinity that 1s “3-fold greater” than the affinity of a reference
antibody (R), then 1f the Kd value for C is 1x, the Kd value of R would be 3x, and the
ratio of Kd of C to Kd of R would be 1:3. Any of a number of assays known 1n the
art, including those described herein, can be used to obtain binding affinity
measurements, including, for example, Biacore, radioimmunoassay (RIA) and
ELISA.

In one aspect, the invention provides an 1solated anti-HGFA antibody, wherein the

antibody binds to at least one, two, three, four, or any number up to all of residues 446,

449, 450, 452, 453, 455, 480, 481, 482, 483, 484, 485, 486, 487, 488, 489, 490, 491, 496,

499, 501, 578, 579, 580, 636, 637, 640, 643, 644 of HGFA, and further wherein the
antibody allosterically inhibits HGFA and competes for binding to HGFA with HGFA
active site blocker KD1 or Ac-KQLR-chloromethyl ketone ("KQLR" disclosed as SEQ ID
NO: 10), but does not compete for binding to HGFA with benzamidine. In some
embodiments, the antibody binds HGFA 1n the absence of a compound that blocks HGFA
active (catalytic) site, but does not bind HGFA 1n the presence of the compound that
blocks HGFA active site. In some embodiments, the antibody competitively inhibits
HGFA activation of HGFA substrate. In some embodiments, the antibody binds to at least
one, two, three, four, or any number up to all of residues 449, 450, 452, 482, 484, 483,
486, 487, 488, 489, 490, 491 of HGFA. In some¢ embodiments, the antibody binds to at
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In one aspect, the mnvention provides an i1solated anti-HGFA antibody
comprising: at least one, two, three, four, five, and/or six hypervariable region (HVR)
sequences selected from the group consisting of: (a) HVR-L1 comprising sequence
RASQDVSTAVA (SEQ ID NO:1); (b) HVR-L2 comprising sequence SASFLYS
(SEQ ID NO:2); (¢) HVR-L3 comprising sequence QQSNRAPAT (SEQ ID NO:3);
(d) HVR-H1 comprising sequence GTYIH (SEQ ID NO:4); (¢) HVR-H2 comprising
sequence GIYPAGGATYYADSVKG (SEQ ID NO:5); and (f) HVR-H3 comprising
sequence WWAWPAFDY (SEQ ID NO:6). In some embodiments, HVR-H1
comprises sequence NGTYIH (SEQ ID NO:43). In some embodiments, HVR-H1
comprises sequence GFTFNGTYIH (SEQ ID NO:44). In some embodiments, HVR -
H2 comprises sequence GGIYPAGGATYY (SEQ ID NO:45). In some embodiments,
HVR-H3 comprises secquence KWWAWPAFDY (SEQ ID NO:46).

In one aspect, the invention provides an anti-HGFA antibody comprising a
light chain comprising (a) HVR-L1 comprising sequence RASQDVSTAVA (SEQ ID
NO:1); (b) HVR-L2 comprising sequence SASFLYS (SEQ ID NO:2); (¢) HVR-L3
comprising sequence QQSNRAPAT (SEQ ID NO:3).

In one aspect, the invention provides an anti-HGFA antibody comprising a
heavy chain comprising (a) HVR-H1 comprising sequenceGTYIH (SEQ ID NO:4);
(b) HVR-H2 comprising sequence GIYPAGGATYYADSVKG (SEQ ID NO:5); and
(¢) HVR-H3 comprising sequence WWAWPAFDY (SEQ ID NO:6)).

In one aspect, the invention provides an anti-HGFA antibody comprising a
light chain comprising (a) HVR-L1 comprising sequence RASQDVSTAVA (SEQ ID
NO:1); (b) HVR-L2 comprising sequence SASFLYS (SEQ ID NO:2); (¢) HVR-L3
comprising sequence QQSNRAPAT (SEQ ID NO:3); and a heavy chain variable
region comprising (d) HVR-H1 comprising sequence GTYIH (SEQ ID NO:4); (¢)
HVR-H2 comprising sequence GIYPAGGATYYADSVKG (SEQ ID NO:5); and (f)
HVR-H3 comprising sequence WWAWPAFDY (SEQ ID NO:6).

In one embodiment, an anti-HGFA antibody of the invention comprises a light
chain variable domain having the sequence:

DIOQMTQSPSSLSASVGDRVTITCRASQDVSTAVAWYQQKPGKAPKLLI
YSASFLYSGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQSNRAPATFGQGT
KVEIKR (SEQ ID NO:8); and further comprises a heavy chain variable domain.
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In one embodiment, an anti-HGFA antibody of the invention comprises a
heavy chain variable domain having the sequence:
EVQLVESGGGLVQPGGSLRLSCAASGFTFNGTYIHWVRQAPGKGLEWVGGIY
PAGGATYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKWWAW
PAFDYWGQGTLVTVSS (SEQ ID NO:9); and further comprises a light chain
variable domain.

In one embodiment, an anti-HGFA antibody of the invention comprises a light
chain variable domain having the sequence:

DIQOMTQSPSSLSASVGDRVTITCRASQDVSTAVAWYQQKPGKAPKLLI
YSASFLYSGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQSNRAPATFGQGT
KVEIKR (SEQ ID NO:8); and a heavy chain variable domain having the sequence:
EVQLVESGGGLVQPGGSLRLSCAASGFTFNGTYIHWVRQAPGKGLEWVGGIY
PAGGATYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKWWAW
PAFDYWGQGTLVTVSS (SEQ ID NO:9).

Antibodies of the invention can further comprise any suitable framework
and/or light chain variable domain sequences, provided HGFA binding activity 1S
substantially retained. For example, in some embodiments, these antibodies further
comprise a human subgroup Il heavy chain framework consensus sequence. In one
embodiment of these antibodies, the framework consensus sequence comprises
substitution at position 71, 73 and/or 78. In some embodiments of these antibodies,
position 71 1s A, 73 1s T and/or 78 1s A. In onec embodiment, these antibodies
comprise heavy chain variable domain framework sequences of humanized 4D5
antibody (huMADb 4D3-8) (HERCEPTIN®, Genentech, Inc., South San Francisco, CA,
USA) (also referred to in U.S. Pat. No. 6,407,213 and Lee ¢t al., J. Mol. Biol. (2004),
340(5):1073-93). In one embodiment, the humanized 4D5-8 antibody is as described
in U.S. Pat. No. 6,407,213. In one embodiment, these antibodies further comprise a
human «I light chain framework consensus sequence.

In one aspect, the invention provides an antibody that competes with any of
the above-mentioned antibodies for binding to HGFA. In one aspect, the invention
provides an antibody that binds to the same epitope on HGFA as any of the above-

mentioned antibodies.

In one embodiment, an antibody of the invention 1s affinity matured,

humanized, chimeric, or human. In one embodiment, an antibody of the invention 18

PCT/US2010/053054
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an antibody fragment (as described herein), or a substantially full length antibody. In
on¢ embodiment, an antibody of the invention comprises a wild type Fc region, or a
variant thereof. In one embodiment, an antibody of the invention is an IgG (e.g.,
IgGl, I1gG2, 1gG3, IgG4), 1gM, IgE or IgD.

In one aspect, an antibody of the invention 1s linked to a toxin such as a
cytotoxic agent. These molecules/substances can be formulated or administered in
combination with an additive/enhancing agent, such as a radiation and/or
chemotherapeutic agent.

The HGF/c-met signaling pathway 1s involved 1in multiple biological and
physiological functions, including, e¢.g., cell growth stimulation (¢.g. cell proliferation,
cell survival, cell migration, cell morphogenesis) and angiogenesis. Thus, 1n another
aspect, the invention provides a method of inhibiting c-met activated cell growth (e.g.
proliferation and/or survival), said method comprising contacting a cell or tissue with
an antibody of the invention, whereby cell proliferation associated with c-met
activation 18 inhibited. In yet another aspect, the invention provides a method of
inhibiting angiogenesis, said method comprising administering to a cell, tissue, and/or
subject with a condition associated with abnormal angiogenesis an antibody of the
invention, whereby angiogenesis is inhibited.

In one aspect, the invention provides use of an antibody of the invention in the
preparation of a medicament for the therapeutic and/or prophylactic treatment of a
disease, such as a cancer, a tumor, a cell proliferative disorder, an immune (such as
autoimmunce) disorder and/or an angiogenesis-related disorder.

In one aspect, the invention provides use of a nucleic acid of the invention 1n
the preparation of a medicament for the therapeutic and/or prophylactic treatment of a
disease, such as a cancer, a tumor, a cell proliferative disorder, an immune (such as
autoimmunce) disorder and/or an angiogenesis-related disorder.

In one aspect, the invention provides use of an expression vector of the
invention in the preparation of a medicament for the therapeutic and/or prophylactic
treatment of a disease, such as a cancer, a tumor, a cell proliferative disorder, an
immune (such as autoimmune) disorder and/or an angiogenesis-related disorder.

In one aspect, the invention provides use of a host cell of the invention in the
preparation of a medicament for the therapeutic and/or prophylactic treatment of a
disease, such as a cancer, a tumor, a cell proliferative disorder, an immune (such as

autoimmunce) disorder and/or an angiogenesis-related disorder.
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In one aspect, the invention provides use of an article of manufacture of the
invention in the preparation of a medicament for the therapeutic and/or prophylactic
treatment of a disease, such as a cancer, a tumor, a cell proliferative disorder, an
immune (such as autoimmune) disorder and/or an angiogenesis-related disorder.

In one aspect, the invention provides use of a kit of the invention 1n the
preparation of a medicament for the therapeutic and/or prophylactic treatment of a
disease, such as a cancer, a tumor, a cell proliferative disorder, an immune (such as
autoirmmune) disorder and/or an angiogenesis-related disorder

In one aspect, the invention provides a method of inhibiting c-met activated
cell proliferation, said method comprising contacting a cell or tissue with an effective
amount of an antibody of the invention, whereby cell proliferation associated with c-
met activation is imhibited.

In one aspect, the invention provides a method of treating a pathological
condition associated with dysregulation of c-met activation 1n a subject, said method
comprising administering to the subject an effective amount of an antibody of the
invention, whereby said condition is treated.

In one aspect, the invention provides a method of inhibiting the growth of a
cell that expresses c-met or hepatocyte growth factor, or both, said method comprising
contacting said cell with an antibody of the invention thereby causing an inhibition of
orowth of said cell. In one embodiment, the cell 1s contacted by HGF expressed by a
different cell (e.g., through a paracrine effect).

In one aspect, the invention provides a method of therapeutically treating a
mammal having a cancerous tumor comprising a cell that expresses c-met or
hepatocyte growth factor, or both, said method comprising administering to said
mammal an effective amount of an antibody molecule of the invention, thereby
ctfectively treating said mammal. In one embodiment, the cell 1s contacted by HGF
expressed by a different cell (e.g., through a paracrine effect).

In one aspect, the invention provides a method for treating or preventing a cell
proliferative disorder associated with increased expression or activity of HGFA, said
method comprising administering to a subject 1in need of such treatment an effective
amount of an antibody of the invention, thereby effectively treating or preventing said
cell proliferative disorder. In one embodiment, said proliferative disorder 1s cancer.

In one aspect, the invention provides a method for treating or preventing a cell

proliferative disorder associated with increased expression or activity of c-met or
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hepatocyte growth factor, or both, said method comprising administering to a subject

in need of such treatment an effective amount of an antibody of the invention, thereby
ctfectively treating or preventing said cell proliferative disorder. In one embodiment,
said proliferative disorder 18 cancer.

In one aspect, the invention provides a method for inhibiting the growth of a
cell, wherein growth of said cell 1s at least in part dependent upon a growth
potentiating effect of HGFA, said method comprising contacting said cell with an
ctfective amount of an antibody of the invention, thereby inhibiting the growth of said
cell. In one embodiment, the cell 1s contacted by HGF expressed by a different cell
(¢.g., through a paracrine effect).

In one aspect, the invention provides a method for inhibiting the growth of a
cell, wherein growth of said cell 1s at least 1n part dependent upon a growth
potentiating effect of c-met or hepatocyte growth factor, or both, said method
comprising contacting said cell with an effective amount of an antibody of the
invention, thereby inhibiting the growth of said cell. In one embodiment, the cell 1s
contacted by HGF expressed by a different cell (e.g., through a paracrine etffect).

In one aspect, the invention provides a method of therapeutically treating a
tumor 1n a mammal, wherein the growth of said tumor 1s at least in part dependent
upon a growth potentiating effect of HGFA, said method comprising contacting said
cell with an effective amount of an antibody of the invention, thereby effectively
treating said tumor. In one embodiment, the cell 1s contacted by HGF expressed by a
different cell (e.g., through a paracrine effect).

In one aspect, the invention provides a method of therapeutically treating a
tumor 1n a mammal, wherein the growth of said tumor 1s at least in part dependent
upon a growth potentiating effect of c-met or hepatocyte growth factor, or both, said
method comprising contacting said cell with an effective amount of an antibody of the
invention, thereby effectively treating said tumor. In one embodiment, the cell 1s
contacted by HGF expressed by a different cell (e.g., through a paracrine effect).

Methods of the invention can be used to affect any suitable pathological state,
for example, cells and/or tissues associated with dysregulation of the HGF/c-met
signaling pathway, ¢.g. through increased HGF activity associated with HGFA
activation of HGF. In one embodiment, a cell that is targeted in a method of the
invention 18 a cancer cell. For example, a cancer cell can be one selected from the

group consisting of a breast cancer cell, a colorectal cancer cell, a lung cancer cell, a
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papillary carcinoma cell (e.g., of the thyroid gland), a colon cancer cell, a pancreatic
cancer cell, an ovarian cancer cell, a cervical cancer cell, a central nervous system
cancer cell, an osteogenic sarcoma cell, a renal carcinoma cell, a hepatocellular
carcinoma cell, a bladder cancer cell, a prostate cancer cell, a gastric carcinoma cell, a
head and neck squamous carcinoma cell, a mesothelioma cell, a melanoma cell and a
lcukemia cell. In one embodiment, a cell that is targeted in a method of the invention
1s a hyperproliferative and/or hyperplastic cell. In one embodiment, a cell that 1s
targeted 1n a method of the invention 1s a dysplastic cell. In yet another embodiment,
a cell that 1s targeted 1n a method of the 1nvention 1s a metastatic cell.

Methods of the invention can further comprise additional treatment steps. For
example, 1n one embodiment, a method further comprises a step wherein a targeted
cell and/or tissue (e.g., a cancer cell) 1s exposed to radiation treatment or a
chemotherapeutic agent.

As described herein, HGF/c-met activation is an important biological process
the dysregulation of which leads to numerous pathological conditions. Accordingly,
in on¢ embodiment of methods of the invention, a cell that 1s targeted (e.g., a cancer
cell) 1s one 1n which activation of HGF/c-met 1s enhanced as compared to a normal
cell of the same tissue origin. In one embodiment, a method of the invention causes
the death of a targeted cell. For example, contact with a modulator molecule of the
invention may result in a cell’s nability to signal through the c-met pathway, which
results 1n cell death.

Dysregulation of c-met activation (and thus signaling) can result from a
number of cellular changes, including, for example, overexpression of HGF (¢c-met’s
cognate ligand) and/or HGFA, and/or increased activation of HGF by HGFA.
Accordingly, in some embodiments, a method of the invention comprises targeting a
tissuc wherein one or more of HGFA, ¢c-met and hepatoctye growth factor, 1s more
abundantly expressed and/or present (¢.g., a cancer) as compared to a normal tissue of
the same origin. An HGF or c-met-expressing cell can be regulated by HGFA from a
variety of sources, 1.¢€. 1n an autocrine or paracrine manner. For example, 1in one
embodiment of methods of the invention, a targeted cell 1s contacted/bound by
hepatocyte growth factor activated by HGFA expressed 1n a different cell (e.g., via a
paracrine effect). Said different cell can be of the same or of a different tissue origin.
In one embodiment, a targeted cell 1s contacted/bound by HGF activated by HGFA

expressed by the targeted cell itself (e.g., via an autocrine effect/loop).
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In one aspect, the invention provides compositions comprising one or more
antibody of the invention and a carrier. In one embodiment, the carrier 18
pharmaceutically acceptable.

In one aspect, the invention provides nucleic acids encoding an antibody of the
invention. In one embodiment, a nucleic acid of the invention encodes a modulator
molecule which 18 or comprises an antibody or fragment thereof.

In one aspect, the invention provides vectors comprising a nucleic acid of the
invention.

In one aspect, the invention provides host cells comprising a nucleic acid or a
vector of the invention. A vector can be of any type, for example a recombinant
vector such as an expression vector. Any of a variety of host cells can be used. In
onc embodiment, a host cell 1s a prokaryotic cell, for example, £. coli. In one
embodiment, a host cell 1s a eukaryotic cell, for example a mammalian cell such as
Chinese Hamster Ovary (CHO) cell.

In one¢ aspect, the invention provides methods for making an antibody of the
invention. For example, the invention provides a method of making a modulator
molecule which 1s or comprises an antibody (or fragment thercof), said method
comprising expressing 1n a suitable host cell a recombinant vector of the invention
encoding said antibody (or fragment thercot), and recovering said antibody.

In one¢ aspect, the invention provides an article of manufacture comprising a
container; and a composition contained within the container, wherein the composition
comprises one or more antibodies of the invention. In one embodiment, the
composition comprises a nucleic acid of the invention. In one embodiment, a
composition comprising an antibody further comprises a carrier, which 1n some
embodiments 1s pharmaceutically acceptable. In one embodiment, an article of
manufacture of the invention further comprises instructions for administering the
composition (for ¢.g., the antibody) to a subject.

In one aspect, the invention provides a kit comprising a first container
comprising a composition comprising one or more antibodies of the invention; and a
second container comprising a buffer. In one embodiment, the buffer 1s
pharmaceutically acceptable. In one embodiment, a composition comprising an
antibody further comprises a carrier, which in some embodiments 1s pharmaceutically
acceptable. In one embodiment, a kit further comprises instructions for administering

the composition (for ¢.g., the antibody) to a subject.
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In one aspect the invention provides a method of diagnosing a disease
comprising determining the level of HGFA 1n a test sample of tissue cells by
contacting the sample with an antibody of the invention, whereby HGFA bound by
the antibody indicates presence and/or amount of HGFA 1n the sample. In another
aspect, the mvention provides a method of determining whether an individual 1s at
risk for a disease comprising determining the level of HGFA 1n a test sample of tissue
cell by contacting the test sample with an antibody of the invention and thercby
determining the amount of HGFA present in the sample, wherein a higher level of
HGFA 1n the test sample, as compared to a control sample comprising normal tissue
of the same cell origin as the test sample, 1s an indication that the individual 1s at risk
for the disease. In one embodiment of methods of the invention, the level of HGFA 1s
determined based on amount of HGFA polypeptide indicated by amount of HGFA
bound by the antibody 1n the test sample. An antibody employed in the method may
optionally be detectably labeled, attached to a solid support, or the like.

In one aspect, the invention provides a method of binding an antibody of the
invention to HGFA present 1n a bodily fluid, for example blood.

In yet another aspect, the invention 1s directed to a method of binding an
antibody of the invention to a cell that expresses and/or 1s responsive to HGFA,
wherein the method comprises contacting said cell with said antibody under
conditions which are suitable for binding of the antibody to HGFA and allowing
binding therebetween. In one embodiment, binding of said antibody to HGFA on the
cell mhibits an HGFA biological function. In one embodiment, said antibody does
not inhibit interaction of HGFA with 1ts substrate molecule. In one embodiment, said
antibody binds to an HGFA molecule on the cell and inhibits binding of another
molecule (such as pro-HGF) to the HGFA molecule.

In one aspect, the invention provides a method of targeting a therapeutic agent
to an HGFA-associated tissue 1n a host, the method comprising administering to the
host said therapeutic agent 1n a form that 1s linked to an antibody of the invention,
whereby the agent 1s targeted to the HGFA-associated tissue 1n the host. In one
embodiment, the antibody that binds HGFA 1s capable of specifically binding to
HGFA located on a cell (either in vitro or in vivo), for example where HGFA 1s

present on the surface of a cell.

13



10

15

20

25

30

WO 2011/049868

CA 02771817 2012-02-21
PCT/US2010/053054

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1: CDR sequences of anti-HGFA antibodies. The residues are
numbered according to the Kabat numbering system (Kabat et al., 1991). The
sequence variations between Ab39 and Ab40 are shaded. A single residue deletion
(Trp96H) of Fab40 1s highlighted 1n bold. FIGURE 1 discloses "CDR-L1" as SEQ ID
NOS 1, 1, and 1, "CDR-L2" as SEQ ID NOS 2, 2, and 2, "CDR-L3" as SEQ ID NOS
22,3, and 3, "CDR-H1" as SEQ ID NOS 23, 23, and 23, "CDR-H2" as SEQ ID NOS
47,47, and 47, and "CDR-H3" as SEQ ID NOS 46, 46, and 24, all respectively, 1n
order of appearance.

FIGURE 2: Inhibition of HGFA enzymatic activity by Ab40. (a) Cleavage of
'I-pro-HGF by HGFA in presence of 3-fold serial dilutions of Ab40. The cleavage
products HGF o~ and [-chain were analyzed by SDS-PAGE (reducing conditions)

and subsequently to X-ray film exposure. (b) Partial inhibition of chromogenic

substrate, S-2266 hydrolysis (expressed as HGFA fractional activity vi/v,) by Ab40
and lack of inhibition by Ab40.ATrp. (¢) Eadie-Hofstee plot of HGFA 1nhibition by

Ab40 (1 uM - 0.004 uM 1n 3-fold dilution steps; filled diamonds = "no antibody"
control) shows competitive inhibition (V.= 0.99 uM pNA/min and K,= 0.23 mM

for control; V' ** =0.99 uM pNA/min and K™ = 0.82 mM for 1 uM Ab40).

max

FIGURE 3: Effects of active site inhibitors on antibody binding to HGFA. (a-
b, e-f) Surface plasmon resonance (BIAcore) measurements of binding to
immobilized antibodies, Ab40 (a-b) or Ab40.ATrp (e-f), after co-injection of HGFA
(a,c) or HGFA-KQLR (b, f) complex ("KQLR" disclosed as SEQ ID NO: 10). (¢)
Competition binding (BIAcore) of HGFA to immobilized Ab40 1n presence of
different concentrations of KD1. (d) Competition binding ELISA measuring binding
of HGFA to biotinylated KD1 1n the presence of increasing antibody concentrations.

FIGURE 4: Structure of HGFA/Fab40 complex. (a) Surface representation
with secondary structure highlighted for the complex between HGFA (ribbon) and
Fab40 (light chain: light grey and heavy chain: dark grey). The catalytic triad (His57-
Aspl102-Ser195) residues are shown and the 99-loop 1s highlighted by the arrow. (b)
Superposition of HGFA/Fab40 (light grey) structure with HGFA/Fab75 (Wu et al,
2007) (dark grey) showing no significant changes in the conformation of HGFA
except for changes 1n the 99-loop (black). (¢) A close view of interactions of CDR-
loops (L1-3, H1-3) of Fab40 with HGFA (surface representation). Critical residues

14
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involved 1n the interface interactions are highlighted and the 99-loop 1s indicated 1n
red. Apart from several hydrogen bonds (dark grey dotted line), a single salt bridge
between Asp241 of HGFA and Lys64H of Fab40 1s observed.

FIGURE 5: HGFA/Fab40 epitope and paratope, with HGFA (light grey) and
Fab40 (light chain 1n light grey, heavy chain in dark grey) (a) Epitope of the Fab40
contact region (dark grey, 4 A cutoff) on HGFA (light grey). The catalytic triad and
the substrate binding subsites S1-S4 are indicated. (b) A different view of the Fab40
contact region on HGFA, which has a partial overlap with a region corresponding to
exosite-11 in thrombin (green) (¢) The HGFA contact region on Fab40 (dotted lines, 4
A cutoff). The heavy chain is involved in intimate contacts with HGFA and

contributes to two-thirds of the total accessible surface arca buried on HGFA upon

Fab40 binding.

FIGURE 6: The three structural snapshots of the 99-loop of HGFA. (a) The
‘allosteric switch’ 1n the conformation of the 99-loop leads to the formation of a deep
hydrophobic pocket (colored in dark grey, residues Ala56, Pro90,Tyr88, Val9o6,
Vall05 and Ile107 of HGFA) allowing the binding of Trp96H of Fab40. (b) Size of
the hydrophobic pocket (colored in dark grey) in HGFA/Fab40.ATrp 1s severely
restricted due to movement of Val96 and other residues lining this pocket. (¢) The
‘relaxed’ state conformation of the 99-loop of HGFA as found 1n other known
structures (Shia et al., 2005; Wu et al., 2007). (d) Superposition of the 99-loop of
HGFA (light grey and HGFA/Fab40 (dark grey) complex. Conformation transition of
the 99-loop upon Fab40 binding, main chain of the 99-loop residues are shifted by >1
A, while the side chain conformations are dislodged by > 2.0. The CDR-H3 loop of
Fab40 1s highlighted 1n stick representation (upper). (e) Superposition of the 99-loop
of HGFA/Fab40.ATrp with the 99-loop of HGFA and with the 99-loop of
HGFA/Fab40. The conformation of the 99-loop (light grey) reverts almost back to
‘relaxed’ state in the Fab40.ATrp/HGFA complex structure. The CDR-H3 loop of

Fab40. ATrp 1s highlighted 1n stick representation (dark grey). (f) Superposition of the

99-loop of HGFA/Fab40.ATrp with the 99-loop of HGFA/Fab40, indicating minor
changes in CDR-H3 loop upon deletion of Trp96H of Fab40 (dotted circle).

FIGURE 7: The allosteric mechanism. (a) Sterco view of the peptidic inhibitor
Ac-KQLR-cmk ("KQLR" disclosed as SEQ ID NO: 10) (sticks embedded in CPK

sphere representation in dark grey, lower) 1s covalently linked to active Ser195 and
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His57 of HGFA 1n the HGFA-KQLR/Fab40.ATrp complex ("KQLR" disclosed as
SEQ ID NO: 10). The P2-Leu packs tightly against Pro99a of the 99-loop (sticks
embedded 1n dots representation 1n light grey, upper) and a hydrogen bond with Ser99
stabilize the P4-Lys. (b) Sterco view of a model of HGFA-KQLR/Fab40 ("KQLR"
disclosed as SEQ ID NO: 10) obtained by from the superposition of HGFA/Fab40

structure with HGFA-KQLR/Fab40.ATrp ("KQLR" disclosed as SEQ ID NO: 10)

shows the allosteric inhibition 1s due to the steric clash between Pro99a and Ser99
with P2-Leu of the 99-loop (sticks embedded 1n dots representation 1n white). (¢)
Stereco view of the superposition of HGFA-KQLR/Fab40.ATrp ("KQLR" disclosed as
SEQ ID NO: 10) with the model of HGFA-KQLR/Fab40 ("KQLR" disclosed as SEQ
ID NO: 10) highlighting the critical conformational changes and disruption of
hydrogen bond between Ser99 of HGFA and P4-Lys of the inhibitor.

FIGURE 8: A cartoon model 1llustrating the allosteric mechanism of
inhibition. In the functionally active state, binding subsites are accessible to substrates
and the ‘allosteric switch’ 1s 1n the “OFF” state. Fab40 preferentially samples one of
the transiently formed conformations and shift the equilibrium away from the

functionally active state thus driving the major population of enzyme molecules from

the ‘allosteric switch’ “OFF” state to the “ON” state. In contrast, Fab40.ATrp which
does 1nhibit enzyme activity might merely bind to the enzyme, without driving a
change 1n state.

FIGURE 9: (a) Antibody specificity. In a direct binding ELISA, 96-well
plates were coated with 2 mg/ml of HGFA, matriptase (Kirchhofer et al. (2003) J Biol
Chem 278:36341-36349), urokinase (American Diagnostica), or factor Xlla
(American Diagnostica) and incubated with 10 mg/ml of anti-HGFA antibodies in
PBS, 0.05% (v/v) Tween-20 (PBT) bufter. After washing, bound antibodies were
detected by addition of anti-human antibody HRP conjugate (diluted 1:2,500 in PBT

butter) and TMB substrate. Absorbance at 450 nm was measured on a microplate

reader. (b) Eadie-Hofstee plot of HGFA inhibition by Ab39 (1 uM - 0.004 uM 1n 3-

—n

fold dilution steps; filled diamonds = "no antibody" control) shows competitive

inhibition (¥, = 0.99 uM pNA/min and K,,= 0.25 mM for control; V** =0.97 uM

max

pNA/min and K7 =0.91 mM for 1 uM Ab39).

FIGURE 10: Sterco images 1llustrating the quality of the electron density map

(2fofc contoured at 1s). (a) The 99-loop adopts a 'non-competent’ conformation in
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HGFA/Fab40 structure. (b) The 99-loop reverts to competent’ conformation in
HGFA/Fab40.ATrp structure. (¢) The covalently bound KQLR peptide (SEQ ID NO:
10) in the HGFA active site does not perturb the binding of Fab40ATrp as the 99-loop
adopts a ‘competent’ conformation in the HGFA-KQLR/Fab40.ATrp ("KQLR"
disclosed as SEQ ID NO: 10) structure.

FIGURE 11: Chemical structures and hydrogen bond networks at the active
site 1n the HGFA-KQLR/Fab40.ATrp complex ("KQLR" disclosed as SEQ ID NO:
10) structure. Peptidic inhibitor KQLR (SEQ ID NO: 10) (center) 1s covalently bound
to Ser195 and His57.

FIGURE 12: Superposition of HGFA/Fab40.ATrp (light grey) and HGFA-
KQLR/Fab40. ATrp ("KQLR" disclosed as SEQ ID NO: 10) (darker grey, KQLR
(SEQ ID NO: 10)-darkest grey) complex structures. The conformation of the 99-loop
1S 1n “competent’ conformation as found 1n other known structures of HGFA.

FIGURE 13: Superposition of HGFA/Fab40 and HGFA/KD1 (Shia et al
(2005) J Mol Biol 346(5): 1335-49) complex structures. The binding site of Fab40
(dark grey, ribbon) has no direct overlap with the binding site of KD1 (dark grey) but
the movement of the 99-loop might cause some steric clash toward the binding of
KD1 to HGFA/Fab40 complex.

FIGURE 14: Superposition of HGFA/Fab40 ('non-competent’ conformation
of 99-loop (interchangeably termed ‘tense’ conformation; light grey) complex and
published HGFA (‘competent’ conformation (interchangeably termed ‘relaxed’
conformation) of 99-loop 1n black) structure. Steric clashes may occur between the
99-loop residues of HGFA 1n the “competent’ conformation with Trp96H, Ala97H
and Trp98H 1n CDR-H3 loop residues of Fab40.

FIGURE 15: Trypsin-like protease domains, aligned using structural
homology. Native sequential residue numbering for HGFA appears above the
sequences, and chymotrypsinogen numbering appears below the sequences.
Chymotrypsinogen numbering includes insertions relative to the chymotrypsinogen
sequence denoted with lower case letters (e.g. His60a) and deletions (e.g. there 1s no
residue number 218, and so 217 1s followed by 219). Residues 60a, 60b, 60c¢ and 60d
follow residue 60, and residues 111a, 111b, 111¢c and 111d follow residue 111, and
residues 170a and 170b follow residue 170. But, residue 99a precedes residue 99,

residue 184a precedes residue 184, residue 188a precedes residue 188, and residue
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221a precedes residue 221. FIGURE 15A discloses SEQ ID NOS 25-33, and Figure
15B discloses SEQ ID NOS 34-41, all respectively, in order of appearance.
FIGURE 16: A. Light chain variable domain sequences of anti-HGFA
antibodies. B. Heavy chain variable domain sequences. The residues are numbered
according to the Kabat numbering system and Kabat, Chothia and contact CDRs are

diagrammatically depicted.

DETAILED DESCRIPTION OF THE INVENTION

The invention provides methods, compositions, kits and articles of manufacture
comprising modulators of hepatocyte growth factor activator function, including methods
of using such modulators.

Details of these methods, compositions, kits and articles of manufacture are
provided herein.

General Techniques

The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of molecular biology (including recombinant techniques),
microbiology, cell biology, biochemistry, and immunology, which are within the skill of
the art. Such techniques are explained fully 1n the literature, such as, “Molecular Cloning:
A Laboratory Manual”, second edition (Sambrook et al., 1989); “Oligonucleotide
Synthesis” (M. J. Gazit, ed., 1984); “Animal Cell Culture” (R. 1. Freshney, ed., 1987);
“Methods 1n Enzymology” (Academic Press, Inc.); “Current Protocols in Molecular
Biology” (F. M. Ausubel et al., eds., 1987, and periodic updates); “PCR: The Polymerase
Chain Reaction”, (Mullis et al., ed., 1994); “A Practical Guide to Molecular Cloning”
(Perbal Bernard V., 1988); “Phage Display: A Laboratory Manual” (Barbas et al., 2001).

Definitions

The term “hepatocyte growth factor activator” or “HGFA”, as used herein, refers,
unless specifically or contextually indicated otherwise, to any native or variant (whether
native or synthetic) HGFA polypeptide that 1s capable of binding to HGF and/or activating
the HGF under conditions that permit such process to occur, for example, conditions that
allow for the formation of the two chain form of HGF. The term “wild type HGFA
sequence” generally refers to an amino acid sequence found 1n a naturally occurring
HGFA and includes naturally occurring truncated or secreted forms, variant forms (e.g.
alternatively spliced forms) and naturally occurring allelic variants. An example of a wild-

type HGFA 1s a polypeptide comprising an amino acid sequence shown in Table 4 (SEQ
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ID NO: 19). The sequence numbering of HGFA 1s according to SWISS-PROT entry
HGFA HUMAN Accession No. Q04756 and as shown 1n Table 4. For residues within the
protcase domain, the alternate numbering scheme derived from chymotrypsinogen 1s
sometimes used. For the interconversion of these two residue numbering schemes, refer to
Figure 15. Generally, throughout this application the numbering system utilized will be
identified.

“Activated HGFA” or variations thercof, refers to any HGFA chain having one or
more¢ of the conformations that are adopted by wild type HGFA upon conversion of wild
type HGFA protein from a single chain form to a 2 chain form. In some embodiments, the
conversion results at least 1n part from cleavage between residue 407 and residue 408 of a
HGFA protein. In some embodiments, the conformation refers specifically to the
conformation of the protease domain. Activated HGFA may also be generated from
fragments of full-length HGFA, such as the 34 kDa form. A 34 kDa form can be
ogenerated by cleavage between residues 372 and 373. The HGFA may be 1solated from a
variety of sources such as human tissue or human plasma or prepared by recombinant or
synthetic methods. One embodiment of activated HGFA comprises an amino acid
sequence shown 1n Table 5 (SEQ ID NO: 20). (Numbering 1s that of native HGFA as
described herein.)

“HGFA variant” as used herein refers to polypeptide that has a different sequence
than a reference polypeptide. In some embodiments, the reference polypeptide 1s a HGFA
polypeptide comprising the sequence shown 1n Table 4. Variants include " non-naturally”
occurring variants. In some embodiments, a variant has at least 80% amino acid sequence
1dentity with the amino acid sequence shown in Table 4. The variants include those
polypeptides that have substitutions, additions or deletions. In some embodiments, the
variants have the biological activity of binding to the HGF and/or activating it. In other
embodiments, the variant can bind to the HGF, but not activate it. Ordinarily, a HGFA
variant polypeptide will have at least 80% sequence 1dentity, more preferably will have at
least 81% sequence 1dentity, more preferably will have at least 82% sequence 1dentity,
more preferably will have at least 83% sequence 1dentity, more preferably will have at
least 84% sequence 1dentity; more preferably will have at least 85<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>