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mAb 2 anti-Met Antibody

CROSS¥REFERENCE TO RELATED APPLICATIONS
[0001]  This application claims the benefit of pﬁoﬁty of Singapore patent applicatibn No.
201306428-2, filed August 23, 2013‘, and Singapore patent a},)plicafion no. 201303329-5, filed
April 30, 2013 the contents of it béing hereby incorporated by reference in its entirefy for all

purposes.

FIELD OF THE INVENTION
[0002] The present invention lies in the field of immunology and relates to antibodies

specifically binding to c-Met, fragments thereof, and uses thereof.

BACKCROUND OF THE INVENTION

[0003] c-Met is a 190 kD tyrosine kinase receptor made up of an extracellular a-chain
which is linked by a disulphidebond to a transmerhbrane f-chain. c-Met is synthesised as a
170 kD single polypeptide that is proteolytically cleaved to form the a-chain and the B-chain.
The mature a-chain is 45 kD and constitutes part of the sema domain. The sema domain is a
conserved domain shared by semaphorins and plexins. This domain adopts a seven-bladed
beta-propeller structure .which is important for homo-dimerisation. In c-Met, both the a-chain
and the B-chain form the sema domain that is necessary and sufficient for receptor
dimertsation and ligand binding. |

[0004]  Hepatocyte growth factor (HGF) is the only known c-Met ligand. Upon HGF
binding, c-Met receptor dimerises oﬁ rthe cell surface which re‘sults in autophosphorylation of
tyrosine residues in the kinase domain. AutOphosphorylation is thought to induce a
conformational change in c-Met, exposing the docking site in the carboxyl-terminal tail of c-
Met. This results in transphosphorylation of tyrosine residues in c-Met docking site. The
docking site becomes available for recruitment of adaptor and signalling molecules resulting
in the activation of various signalling pathways. including the AKT/PI3K, RAS/MAPK and
STAT pathways. '. |
[0005] - Aberrant c-Met activation of c¢-Met signalling ~pathways correlates with
hyperproliferation, tumour cell invasion, tumour angiogenesis and poor prognosis in various

human cancers. In addition, c-Met signalling protects the tumour cell by inhibiting apoptosils
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and ind_ucing resistance towards cancer therapy, thus hampering the efforts of tumour

treatment. c-Met as a cancer prognosis marker and its involvement in cancer metastasis and

drug resistance‘r‘nakes c-Met a very attractive drug target.

[0006] . Various mechanisms have Beeri used to inhibit c-Mct activation. Small molecule
kinase inhibitors such as the PHA-665752, AM7 and SU11274 were extremely successful in
inhibiting c-Met activation. However, toxicity issues due to okff-target effects of the small
molecule inhibitors are of major concern. In addition, SU11274 was reported to be ineffective
against specific c-Met mutations.

[0007] The use of UlsnRNA/ribozyme has also been reported to downregulate the
expression levels of c-Met/HGF. However this method is not feasible for cancef treatment
due to drug delivery issues. UlsnRNA/ribozyme has to be efficiently delivered into eVery
tumour cell to be expressed in order to be effective. |

[0008] The use of HGF and c-Met ffagments, such as NK4 and decoy-Met respectively, to
compete for Met-HGF interactions has been examined. These competitive inhibitors show
efﬁc‘;ient inhibition of c-Met activation in vivo xenograft models; however, their clinical
utility has yet to be determined. ‘.

[0009] = Many antibodies, such as Herceptin (clinically known as Trastuzamab), have been
clinically suc;:essful. Herceptin is a éhimeric antibody targeted against the tyrosine receptor

kinase HER2, used for breast cancer treatment.

[0010] With the success of therapeutic antibodies, attempts have been made to develop

therapeutic antibodies against the Met-HGF axis. Neutralising antibodies targeted against

"HGF aimed to block Met-HGF interaction were developed. c-Met binding to HGF was only

blocked when a combination of two or three different anti-HGF antibodies were used. Five
fully human anti;HGF antibodies targeted against the B-chain of HGF have been developed.
These antibodies were successful in blocking Met-HGF interaction in U-87MG glioblastoma
cells. .

[0011]  Developing therapeutic bivalent antibodies targeted against c-Met has been

| challenging. Two monoclonal antibodies (DO-24 and DN-30) against the extracellular

domain of c-Met have previously been developed. Interestingly, both monoclonal antibodies
act as an agonist rather than an antagonist and activate c-Met signalling ir vivo. To avoid c-
Met activation by bivalent monoclonal antibodies, a DN-30 Fab fragment was engineered.

DN-30 Fab retained its vhigh binding affinity towards c-Met but lost its agonist activity
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towards c-Met. DN-30 Fab efficiently inhibited c-Met signalling by causing c-Met
ectodomain shedding and receptor down regulation. ‘ |
[0012] The one-arm 5D5 antibody (MetMab or clinically known as Onartuzumab) is a
monovalent chirheric antibody\tar'geted against c-Met. Like DN-30, bivalent 5D5 antibody
became an antagonist when conyerted to a monovalent Fab. In contrast to Fab DN-30,
MetMab acts as an antagonist by compeﬁng with HGF for c-Met binding and causes c-Met
internalisation and down-regulation. |

(0013]  Thus, there is a need td provide new énfagonist‘ antibodies bihding to C-Met that

overcome, or at least ameliorate, one or more of the disadvantages described above.

_ SUMMARY OF THE INVENTION
[0014] Described below are antibodies against the a-chain of human c-Met. The

development of a panel of bivalent anti-Met murine monoclonal antibodies, raised against the

‘a-chain of human c-Met. These antibodies were characterised by Western blotting,

immunoprecipitation, flow cytometry, epitope mapping and agonist/antagonist activity
towards c-Met. Surprisingly, none of these antibodies were c-Met agonist. Two antibodies,

mADb 2 and 13, showed the strongest binding to native c-Met by flow cytometry but work

‘poorly to detect denatured c-Met on Western blots. mAb 2 was the most effective in reducing

cell proliferation. Further analysis of mAb 2 on flow cytometry showed that its binding to c-
Met on live cells is temperature sensitive. Detailed n.lapping of mAb 2 epitope revealed that

part of mAb 2 epitope is buried within c-Met.

| [0015] Thus, in a first aspect, there is provided an antibody specifically binding an epitope

comprised in the a-chain of c-Met. o
[0016]Ina gecohd aspect, there is provided nucleic acid encoding an antibody as described
herein, wherein the heavy chain of the antibody comprises or consists of the sequence as
shown in SEQ ID NO: 1.

[0017] 1In a third aspect, there is provided a pharmaceutical composition comprising or

~ consisting of an antibody as described _hérein.

30

[0018]  In a fourth aspect, there is provided a method of treating and/or preventing cancer
comprising administration of a therapeutically effective amount of an antibody as described

herein.
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[0019]  In afifth aspect, there is provided a method of diagnosing cancer comprising -

‘detection of aberrant expression of c-Met by administering an antibody as described herein

for detecting c-Met. .

[0020]  In a sixth aspect, there is provided the use of an antibody disclosed hereinvin the

manufacture of a medicament for treating and/or preventing cancer.

[0021] In a seventh aspect, there is prdvided the use of an antibody disclosed herein for
detecting cells with aberrant c-Met expression.

[0022] In an eight aspect, there is provided the use of an antibody disclbsed herein as

cancer prognosis marker.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The accompanying drawings illustrate a disclosed embodiment and serves to

. explain the principles of the disclosed embodiment. It is to be understood, however, that the

drawings are designed for purposes of illustration only, and not as a definition of the limits of
the invention. | | \

[0024]  Fig. 1 is a cartoon illustrating the mapping of the anti-a-chain c-Met monoclonal
antibody epitope mapping. A) Schema of ‘antibody binding regions. Pepscan, an ELISA-
based assay, was used to determine the binding region of 21 mqnoclonal supernatants.
Consecutive overlappir.lg. peptides that span the entire c-Met a-chain were synthesised and
coated in 96-wells. To determine the region of antibody binding on the a-chain, monoclonal
cell supvernatants were added to each peptide. Antibody binding results in a colourmetric
reaction}which is analysed by absorbance reading at 450 nM. The epitope of the antibodies
were categorised into regions. Antibodies that share the same binding region are indicated.
Figure not drawn to scale. B & C) 'Mapping of antibody binding regions to the cfystal
structure of c-Met. Crystal structure of c-Met extracellular domain (aminb acid residues 25 -
567), binding to HGF B-chain. Crystal structure was obtained from Protein Data Bank (PDB),
accession number 1SHY. c-Met is highlighted in green and HGF in blue. The protein
complex is shown from two different viewpoints (B) and (C) to alléw,visualisat_ion of the
different antibody binding regions in relation to ligand-receptor interaction site. (D) is a
schematic diagram\illustrating fhe outline of monoclonal antibody screening. 768 cell lines
were screened for the production of anti-a-chain antibodies after hybridoma fusion. 57 lines

were found to express anti-a-chain c-Met antibodies in the primary screen. These lines were
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- expanded and tested again for the production of anti-a-chain antibodies in the secondary

. screen. 39 lines were observed to stably express anti-o-chain antibodies. 21 lines were

selected for single-cell cloning. These antibodies were then characterised for region of

' binding, isotyi)e subclasses and functionality on Western blots. Based on these assays, 11

clones were selected for ascites production. Monoclonal antibodies were purified from ascites
and characterised further.

[0025]  Fig. 2 presents photographic images of Western Blots using purified anti-a-chain
c-Mét monoclonal antibodies. Eleven hybridoma clones (mAb2, mAb4, mAbS, and mAbl1-
18) were selected for ascites production. Monoclonal antibodies were purified from ascites
and tested again for reactivity against full length c-Met in whole cell lysates. 50 ng of whole
cell lysate was obtained from untransfected NIH3T3 cells (UT), NIH3T3 cells transfected

~with full length human c-Met (Met), U-87 MG cell lines and T47D cell lines. U-87MG cells

and T47D cells express high level and non-detectable levels of c-Met respectively.
Monoclonal antibodies are used at concentration of 1 pg/mL. 10 ng of purified a-chain was
used as positive control. AF276 antibody was used as control. Blue arrows indicate c-Met
precursor (170 kD). Red arrows indicate purified a-chain. Molcéular weights are noted aside,
in kilodaltons. | |
[0026] Fig. 3 depicts images of Westefn-blottings showing that anti-a-chain c-Met
monoclonal antibodies iimmunoprecipitate endogenous c-Met. Monoclonal antibodies were
produced from ascites and purified using protein A beads. Purified antibodies were tested for
their ability to immunoprecipitate endogenous c-Met from SNU-5 cell lysate. 1 ug/mt
antibodies were used for immunoprecipitation. Commercial anti-Met antibodies, SC-10 and
AF276, and mouse 1gG were uséd as controls. Immunoprecipitated SNU-5 cell lysate was
analysed by Western blotting using A) SC-10 and_AF276 _r:intibody,' and B) HRP-conjugated
monoclonal antibodies developed from this screen. mAb 8, 12 and 18 were previously shown
to recognise different epitope and work well on Western blots. Molecular weights are noted
aside, in kilodaltons. ‘ ‘
[0027] . F_ig{ 4 shows representative signals from flow cytometry analysis of SNU-5 cells’
-treated with anti-a-chain c-Met monoclonal antibodies. Purified monoclonal antibodies (1
ug/fnL) were incubated with live SNU-5 cells. Bound antibodies were detected using FITC-
w(:onjugated secondary antibodies before the cells were passed through a flow cytometer. A

shift in FITC intensity indicates monoclonal antibodies binding to SNU-5 cells.
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[0028])  Fig. 5 presents images of HaCaT cells demonstrating the effects of purified .anti-(x-
chain c-Met monoclonal antibodies on cell scatter. HaCaT cells were serum-starved for 24
hrs before treatment. Monoclonal antibodies (1 ug/mL)v and HGF 24 hrs before fixation. Cells
were then stained with crystal violet for visualisation. Anti-HGF antibody (anti-HGF), |
commercially-obtained mouse ifnmunoglobulin G (IgG), and c-Met small molecule inhibitor
SU11274 were ﬁsed as controls. UT: Untreated.

[0029]  Fig. 6 is a pair of bar graphs showing the effects of puriﬁed anti-a-chain c-Met
andclonal antibodies on SNU-5 cell viability and caspase activation. 10 pg/mL of
monoclonal antibody were added to SNU-S cells in the presence of serum containing media.
Cells were incubated for 72 hrs before (A) cell viability and (B) caépase activatioﬁ ‘were
tested. SU11274 (5 pM) was used as control.

[0030]  Fig. 7 is a series of assays demonstrating the effect of mAb 2 and mAb 13 on cell

growth. 10 pg/mL of monoclonal. antibody were incubated with SNU-5 cells in the presence

of serum containing media. A) is a bar graph showing cell growth of SNU-5 cells. 72 hrs post
monoclonal antibody treatment, cells were harvested and counted using the automated
ADAM cell counter (Digital Bio). DAY 0: number of cell seeded for the assay. B & C) SNU-
5 cells were stained with 5 pM CellTracker Green BODIPY dye before incubating with
monoclonal antibody for 6 days. Fresh media containing 10 pg/mL of monoclonal antibody
was added to the cells on alternate days. Cells were harvest and CellTracker Green BODIPY
fluorescence retention was analysed by flow cytometry. B) Histogram representation of
fluorescent cells treated with respective monoclonal antibody. C) CellTracker Green
BODIPY fluorescence intensity of monoclonal antibody treated cells‘ was recorded by flow

cytometry. Experiment was performed in duplicates. Average geometric mean fluorescence

_ was obtained and plotted.

t003 1] - Fig. 8 presents photographic images showing the intracellular immunofluorescence
staining of mAb 2 and 13 in SNU-5 cells. Live SNU-5 cells are incubated with 10 pg/mL of
monoclonal antibody for an hour at the indicated temperatures. Cells were harvested and spun
onto micfoscope slides. Cells were fixed in 4% PFA (paraformaldehyde) /PBS (phosphaté
buffered saline) and permeabilised. "r'nAb 2 and 13 were detected using anti-mouse Alexa
Fluor®488-conjugated secondary antibody. Phalloidin and DAPI, which stained F-actin and

nucleus respectively, were used as counter stain.
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[0032]  Fig. 9 is a series of histogram plots representative of flow cytometry analysis of
anti-a-chain c-Met monoclonal antibody binding to live SNU-5 cells at different .
temperatures. Live SNU-5 cells Were treated with respective monoclonal antibody for 1 hr at
4°C or 37°C. Cells were harvested. Anti-a-chain c-Met monoclonal antibody binding was
determined by Alexa Fluor®488;conjugated anti-mouse secondary antibodies and cells were
analysed by flow cytometry. |

[0033]  Fig. 10 is a representative pairs of snapshots from the computer simulation of c-
Met in complex with HGF showirig the identification of residues critical for mAb 2 epitope.

Alanine scan of mAb 2 epitope identified several non-consecutive residues important for

" mAb 2-Met interaction. Mapping of the critical residues on c-Met crystal structure (PDB

accession number 1SHY) grouped the residues into two clusters i.e. residues that lie on c-Met
surface (in pink) and buried within c-Met (in cyan). c-Met is highlighted in green and HGF in

blue. Again, the protein complex is shown from two different viewpoints (A) and (B).-

| [0034] Fig. 11 shows under A) and B) a Pepscan, an ELISA-based assay, used to‘

determine the region of mAb 2 epitopé on c-Met a-chain. Consecutive overlapping peptides
that span the entire human c-Met a-chain were synthesised and coated in 96-wells. To

determine the binding region of mAb 2 on the a-chain, mAb 2 was added to each peptide.

~ mADb 2 binding results in a colourmetric reaction which is analysed by absorbance reading at

450 nM. A) mAb 2 bound to peptides O28 and O29 with similar affinity. Sequence and

- binding affinity of peptides O1, 027, O28 and 029 are stated. B) Picture of mAb 2 pepscan

analysis. mAb 2 binds to peptides 028 and 029 which results in a colorimetric reaction.
[0035]  Fig. 11 shows under C) presents image of a Western Blot showing analysis of
human c-Met using mAb 2. mAb 2 was purified from mouse ascites and tested for reactivity _

against full length c-Met in whole cell lysates. 50 png of whole cell lysate was obtained from

“untransfected NIH3T3 mouse cells (UT), NIH3T3 mouse cells transfected with full length

human c-Met (Met), U-87 MG human glioblastoma cells and T47D human breast cancer
cells. mAb 2. was used at a concentration of 1 pg/mL. 10 ng of purified a-chain was used as
positive control. Blue arrows indicate c-Met precursor (170 kD). Red arrows indicate purified

a-chain. Molecular weights are noted aside, in kilodaltons. .

[0036]  Fig. 11 shows under D) is a histogram plot showing a flow cytometry analysis of

SNU-5 human gastric cells by anti-Met antibodies. SNU-5 cells express high levels of c-Met.
1 pg/mL of anti-Met antibodies were incubated with live SNU-5 cells. Bound anti-Met
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antibodies were detected using FITC-conjugated secondary antibodies before passing the
cells through ‘a flow cytometer. Secondary antibody only was used as control. A right shift in
FITC intensity indicates monoclonal antibodies binding to SNU-5 cells. mAb 2 and mAb 13
bound to live SNU-5 strongly. ‘
[0037]  Fig. 11 shows under E) is a bar graph showing the effect of mAb 2 and mAb 13 on
cell growth. 10 pg/mL of mAb was incubated with SNU-5 cells in the presence of serum |
containing media. 72 hrs post mAb treatment, cells were harvested and counted using the
automated ADAM cell counter (Di‘gital Bio). DAY 0: number of cell seeded for the assay. |
[0038] Fig. 12 are a table, a dot plot and a snapshot of a éomputer simulation
representative of the experiments used for identification of the mAb 2 main epitope. A)

Alanine scan analysis was used to determine the main residues involved in mAb 2 epitope.

| Peptides 1 to 31 are derivatives of peptides 028 and O29 where each amino acid residue is

- sequentially substituted for alanine. The peptide sequences are listed in Table 1. Using the

same ELISA-based assay as pepscan, 0.05 pug/mL of purified mAb 2 was added to the
peptides in the presence of 1 mM DTT. mAb 2'binding was determined by absorbance
reading at 450 nM. The lack of mAb 2 binding, highlighted in green, would indicate the
involvement of the substituted residues in mAb 2-Met interaction. Peptides O1, 027 and no

peptide were used as controls. B) Titration of purified mAb 2 against peptides. Alanine-

“substituted peptides that lost mAb 2 binding were titrated with increasing concentration of

purified mAb 2. These peptides are listed in the order of increasing mAb 2 binding. C)
Mapping of mAb 2 main epitope (‘IEE’ and ‘CPDC’) on c-Met crystal structure (PBD
ISHY). c-Met - is highlighted in green, HGF in blue, ‘IEE’ residues (residue 166;168) in
orange and ‘CPDC’ residues (residuers 172—-175) in pink. The protein complex is shownv from

two different viewpoints () and (i) to allow visualisation of the mAb 2 main epitope in

relation to ligand-receptor interaction site. Amino acid residue number is based on c-Met

protein structure, PBD 1SHY.
[0039]  Fig. 13 is the nucleotide and protein sequence of mAb 2 heavy chain. Alignment,

~nucleotide translation and CDR predictions were performed using IMGT/V-QUEST software

available on the IMGT (The international immunogenetics information system) webpage.
[0040]  Fig. 14 presents the nucleotide and protein sequence of mAb 2 light chain.
Aligmxient, nucleotide translation and CDR predictions were performed using IMGT/V-
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QUEST software available on the IMGT (The internatioﬁal immunogenetics information
system) 'we‘t;page. | | | '

[0041]  Fig. 15 is a bar graph showing the analysis of mAb 2 scFv binding by phége
display. mAb 2 heavy and light chain were cloned and expressed on phage surface. mAb 2
scFv binding specificity towards peptides 028 (SEQ ID NO: 16) and 029 (SEQ ID NO: 17)
were determined by ELISA. Peptide O27 and no‘ peptides were used as controls. Two
constructs of mAb 2 scFv were rhade: Vg followed by Vi (Vy-Vp) and V| followed by Vg
(Vi-Va). |

DETAILED DESCRIPTION OF THE PRESENT INVENTION
[0042]  Before the present antibodies, fragments and uses thereof are described, it is to be

understood that this invention is not limited to particular peptides, methods, uses and

_ experimental conditions described, as such peptideé, methods, uses and conditions may vary.

It is also to be understood that the terminology used herein is for purposes of describing
particular embodiments only, and is not intended to be limiting, since the scope of the present
invention will be limited only by the appended claims.

[0043]  Unless defined otherwise, all technical and scienﬁﬁc terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
inveﬁtion belongs. Any methods and materials similar or equivalent to those described herein
can be used in the prectice or testing of the invention, as it will be understood that

modifications and variations are encompassed within the spirit and scope of the instant

disclosure.

[0044] In the present invention, antibodies peptides have been designed that specifically
bind an epitope in the a-chain of c-Met. Western blotting, immunoprecipitation, flow
cytometry, epitope mapping, a'goriisf/antagonist activity towards c-Met and crystal structure
were used to characterize a panel of bivalent anti-Met murine monoclonal antibodies, raised
against the a-chain of human c-Met . The inventors found that the antibodies described herein

are c-Met antagonist contrary to previously described therapeutic bivalent antibodies targeted

“against c-Met. Antibodies of the invention are also shown to be effective in reducing cell

proliferation. o .
[0045] The term “c-Met” or “c-Met protein” as used herein is meant a 190 kD tyrosine
kinase receptor (SEQ ID NO: 1) made up of an extracellular a-chain (SEQ ID NO: 58) which
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is linked by a disulphide bond to a transmembrane B-chain (SEQ ID NO: 59). c-Met is

synthesised as a 170 kD single polypepﬁde that is proteolytically cleaved to form the a-chain
and the B-chain. The mature a-chain is 45 kD and constitutes part of the sema domain. The
sema domain is a conserved domain shared By semaphorins and plexins. This domain adopts

a seven-bladed beta-propeller structure which is important for homo-dimerisation. In c-Met,

. both the a-chain and the B-chain form the sema domain that is necessary and sufficient for

receptor dimerisation and ligand binding. The 140 kD mature f-chain consists of an
extracellular domain, a transmembrane domain and a cytoplasmic domain. The extracellular
portion of the B-chain makes up the remainder of the sema domain. The cytoplasmic portion
of c-Met B-chain contains the juxtamembrane region followed by a kinase domain and a
carboxyl-terminal tail. The carboxyl-terminal tail is essential for c-Met downstream signaling
as it contains the docking site for signaling and adapter proteins that bind'to c-Met.

[0046] Thé term “extracellulér region” as defined herein indicates, with respect to a
transmembrane protein, the region of the protein exposed to the exterior of the cell. The a-
chain of c-Met is entirely extracellular, that is the a-chain of c-Met does not possess a
transmembrane domain.

[0047] c-Met is the receptor that binds HGF (Hepatocyte growth factor) and aS a result
initiates a signal transduction pathway within the cell. c-Met proteins may also include
variants. c-Met proteiné may also include fragments, such as the extracellular domain that
don’t have all or part of the transmembrane and/or the intracellular domain, as well as

fragments of the extracellular domain. The cloning, characterization, and preparation of c-

Met have previously been described. The amino acid sequence of the human c-Met is shown

in SEQ ID NO: 1. Soluble forms éf human c-Met useful in the methods of the present
invention include the extracellular domain or the.ma‘ture form lacking the signal peptide or a
fragment of the extracellular domain that retains the cépacity to bind HGF. The term “c-Met” |
also includes post-translational modifications of the c-Met amino acid sequence. Post-
translational modifications include, but are not limited to, N-and O-linked glycosylation.

[0048] The present invention provides antibodies that specifically bind an epitope
comprised in thé a-chain of c-Met. Examples of antibodies cbmprise peptides and/or
polypeptides (that optionally include post-translational modifications) that specifically bind
an epitope comprised in the o-chain of c-Met. Examples of antibodies comprise antibodies

and fragments thereof, as variously defined herein, that specifically bind an epitope
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cdmprised in the a-chain of c-Met. Examples of the invention include antibodies that
specifically bind to human c-Met and inhibit HGF from binding and éctivating c-Met.

[0049] The term "antibody" (Ab) is used in the broadest sense.'and ‘speciﬁcally:.cover\s
monoclonal antibodies (including full length monoclonal antibodies), polyclonal antibodies,
monospecific antibodies, multispecific antibodies (e.g., bispecific antibodies), and antibody
fragments as long as they still exhibit the desired biological activity. In the context of the
presenf inventioﬁ “antibody” refers to an immunoglobulin molecule, a fragment of an
immﬁnoglobulin molecule, or a' derivative of either thereof, which has the ability to
specifically bind to an antigen under typical physiological conditions with a half-life of
significant periods of time, such as at least about 30 minutes, at least about 45 minutes, at
least about one hour, at least about two hours, at least about four hours, at least about 8 hburs, :

at least about 12 hours, about 24 hours or more, about 48 hours or more, about 3, 4, 5, 6, 7 or

~ more days, etc., or any other relevant functionally-defined period (such as a time sufficient to

induce, promote, enhance, and/or modulate a physiological response associated with antibody
binding to the antigen and/or time sufficient for the antibbdy to recruit an effector activity) .

The variable regions of the heavy and light chains of the immunoglobulin molecule contain a

. binding domain that interacts with an antigen. The constant regions of the antibodies (Abs)

fnay mediate the binding of the immunoglobulin to host tissues or factors, including various
cells of the immune system (such as effector cells) and components of the complement
system such as Clq, the first component in the classical pathway of complement activation. A
c-Met antibody may also be a bispecific antibody, diabody, or similar molecule. Indeed,
bispeciﬁc antibodies, diabodies, and the like, provided by the present invention may bind any
suitable target in addition to a portioﬁ of c-Met. As indicated above, the term antibody herein,
unless otherwise stated or clearly contradicted by context, includes fragments of an antibody
that are antigen-binding fragments, i.e., retain vt‘h‘e'ability to specifically bind to the antigen. It
has been shown that the antigen-binding ‘fu'nction of an antibody may be performed by
fragments of a full-length antibody. Examples of antigen-binding fragments encompassed
within the term "é.ntibody" include (i) a Fab' .or Fab fragment, a monovalent fragment
consisting of the Vi, Vy, Cy and Cy 1 domains, or a monovalent antibody; (i1) F(ab')2
fragments, bivalent fragments comprising two Fab fragments linked by a disulfide bridge at
the hinge region; (ii1) a Fd fragment consisting e‘ssentially of the Vy and Cyl domains; (iv) a

Fv fragment consisting essentially of the Vi and Vy domains of a single arm of an antibody,
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(v) a dAb fragment, which consists essentially of a Vy domain and also called domain
antibodies; ({/i) camelid or nanobodies and (v_ii) an isolated complementarity determining -
region (CDR). Furthermore, although the two domains of the Fv fragment, Vi and VH,vare '
coded for by separate genes, they may ‘be joined, using recombinant methods, by a synthetic
linker that enables them to be made as a-single protein chain in which the Vi and Vg regions ”
pair to form monovalent molecules (known as single chain antibodies orb single chain Fv

(scFv)). Such single chain antibodies are encompassed within the term antibody unless |

- otherwise noted or clearly indicated by context. Although such fragments are generally

included within the meaning of antibody, they collectively and each independently are unique

~ features of the present invention, exhibiting different biological properties and utility. These

and other useful antibody fragments in the context of the present invention, as well as
bispecific formats of such fragments, are discussed further herein. It also should be
understood that the term antibovdy, unless specified otherwise, also includes polyclonal
antibodies, monoclonal antibodies (mAbs), antibody-like polypeptides, such as chimeric
antibodies and humanized antibodies, and antibody fragments retaining the ability to
specifically bind to the antigen (antigen-binding fragments) provided by any known
technique, such as enzymatic cleavage, peptide synthesis, and recombinant techniques. An
antibody as generated can possess any isotype. |

[0050] The term "mdnovalen_t antibody" means in the context of the present invention that
an antibody molecule is capable of binding a single molecule of the antigen, and thus is not
able of antigen crosslinking. | |

[0051] The term "monoclonal éntibody" refers to an antibod_y,comf)osition having a
homogenous (essentially identical) antibody population. The term is not limited regarding the
species, €.g., human, murine, mouse, or canine or the source of the antibody, nor is it limited
by the manner in which it is made. For example, the term includes monoclonal antibodies
produced by a methodology other than hybridoma which results in monoclonal antibodies no
matter how subcategorized, e.g., hybrid, altered, chimeric, or humanized. Further, the term
includes variants that naturelly_arise during the production of monoclonal antiioodies. The
term includes Whole__immnnoglobulins. The term "humanized antibody” as used herein refers
to an engineered antibody that typicaily_comprises the variable region of a non-human (e.g.,
murine) antibody, i.e., a chimeric' antibody, or at least the complementarity determining

regions (CDRs) thereof, and the remaining immunoglobulin portions derived from a human
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antibody. Procedures for the production of chimeric antibody and further engineered
monoclonal antibodies include those described in the art. Such humanized antibodies may be -
prepared by known techmques and offer the advantage of reduced immunogenicity when the
antibodies are administered to humans. _

[0052]  Thus, the terms “c-Met antibody” or “anti-c-Met antlbody as used herein refer to
an antibody as defined above that is capable of binding to the c-Met protein with hlgher
affinity than to other proteins. The “c-Met antibody” is an antibody that was raised agalnst a
c-Met protein or fragment thereof as defined above and herein thereafter.

[0053]  The term “epitope™ as defined herein refers to a site on an antigen at which an
antibody can bind, the molecular arrangement of the site determining the specific combining
antibody. It is also called antigenic determinant. Epitopes usually consist of surface groupings

of molecules such as amino acids or sugar side chains and usually have specific three

~dimensional structural characteristics, as well as specific charge characteristics.

- Conformational and nonconformational epitopes are distinguished in that the binding to the

former but not the latter is lost in the presence of denaturing solvents. The epitope may
comprise amino acid residues directly involved in the binding (also called immunodominant
component of the epitope) and other amino acid residues, which are not directly involved in
the binding, such as amino acid residues which are effectively blocked by the specifically
antigen binding peptide (in other words, the amino acid residue is within the footprint of the
specifically antigen binding peptide). | |

[0054] The antibodies of the invention specifically bind to an epitope comprised in the o-
chain of c-Met. The expression "specifically binding" as used herein refers to a binding

reaction between an antibody, including the antibodies of the present invention, and a protein,

eg., a target receptor, which is determinative of the presence of the- proteln in a

heterogeneous population of proteins and other chemical spemes More specnﬁcally as used
here1n the phrase “specifically bmdlng means that the antrbody preferentially binds c-Met
over other proteins. In some embodiments “specifically binds” means that the c-Met
antibodies have a higher afﬁnity for c-Met than for other proteins.  For example, the
equilibrium dissociation constant is < 107 to 10! M, or <10% to %10'10 M, or <107 to <107°
M. Thus, under designated immunoassay conditions, the antibodies bound to a particular
protein do not bind in a significant amount to other prote’ins present in a sample. Specifically

binding to a protein under such conditions may require an antibody that is selected for its
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sﬁeciﬁcity_ for that particular protein. A -variety of immunoassay formats may be used to
seléct antibodies that selectively bind with a particular protein. For example, solid-phase -
ELISA immunoassays are routinely used to select antibodies selectively immunoreactive with
a pfotein. | _ ‘ ‘
[0055]  The term "immunoglobulin" refers to a class of structurally related glycoproteins
consisting of two pairs of polypeptide chains, one pair of light (L) low molecular weight
chains and one pair of heavy (H) chains, all four inter-connected by disulfide bonds. The
str_ucfure of immunoglobulins has been well characterized. Briefly, each heavy chain
typically is-comprised of a heavy chain variable region (abbreviated herein as Vy or VH) and
a heavy chain constant region. The heavy chain constant region typically is comprised of
three domains, Cyl, Cy2, and Cg3. Each light chain typically is compﬁsed of a light chain

variable region (abbreviated herein as Vi, or VL) and a light chain constant region. The light

~ chain constant region typically is comprised of one domain, Cy. The Vg and V| regions may

‘be further subdivided into regions of hypervariability (or hyper\}ariable regions which may be

hypervariable in sequence and/or form of structurally defined loops), also termed
complementarity determining regions (CDRs), interspersed with regioné that are more
oonsched, termed framework regions (FRS)‘ . Each Vy and Vy is typically composed of three
CDRs and four AFRs, arranged from amino-terminus to carboxy-terminus in the following
order: FR1, CDRI, FRZ, CDR2, FR3, CDR3, FR4. Unless otherwise stated or contradicted
by context, CDR sequences herein are identified according to IMGT (The international
immunogenetics information system) rules.

[0056] However, the numbering of amino acid residues in an antibody sequence can also
be performed by the method described in Kabat et al., Soquences of Proteins of
Immunological Interest, 5th Ed. Public Health Service; National Institutes of Health,
Bethesda, MD. (1991) (phrasés such as "variable domain residue numbering as in Kabat",
"Kabat position" or "according to Kabat" herein refer to this numbering system). Particularly,
for numbering of amino acids in the constant region, the EU index numbering system
according to Kabat et al, supra, can be used. The Kabat numbering of residues may be
determined for a given antibody by alignment at regions of homology of the sequence of the
antibody with a "standard" Kabat numbered sequence.

[0057] ~ As used herein, "isotype" refers to the immunoglobulin class (for instance IgG 1,

1gG2, 1gG3, 1gG4, Ig D, IgA, Ig E, or Ig M) that is encoded by heavy chain constant regioh
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génes. The structure of a naturall_y occurring, intact antibody, or immunoglobulin, includes
four polypeptides: two full-length light chains and two full-length heavy chains, wifh each .
light chain linked to a heavy chain by disulfide bonds. Each heavy chain has two regions, a
constant region and a variable region There are five isotypes for heavy chain constant
regions, gamma (y), mu (W), alpha (a), delta (6), or epsilon (g), which can be further-
categorized by subtypes as ‘gamma 1 (y1), gamma 2(y2), gamma 3(y3), gamma 4(y4), élpha
1(al), or alpha 2(a2). Similarly, each light chain has two regions, a constant region and a
Varizible region. The light chain constant region is of either a kappa (x) or lambda (A) type.
The variable regions differ in sequence among‘aritibodies and are used in the binding and
specificity of a given antibody to its particular antigen. '
[0058] It is understood that when reference is made to the various examples of the c-Met
antibodies described herein, that it also encompasses c-Met antibodies fragments thereof. A
c-Met antibody fragment compﬁses any of the antibody fragments or domains described
herein that retains the ability to specifically bind to c-Met. '

[0059] In embodiments where the antibody is used for therapeutic applications, one
characteristic of a c-Met antibody is that it can inhibit binding of HGF and one or more
biological activities of, or mediated by, c-Met. Such antibodies are considered neutralizing
antibodies because of their capacity to inhibit HGF from binding and causing c-Met
signalling and/or biological activity. 'In this case, an antibody specifically binds c-Met and
inhibits binding of HGF to c-Met from anywheré between 10 to 100%, such as by at least
about 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42,
43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53., 54, 55, 56, 57, 58, 59, 60,. 61, 62, 63, 64, 65, 66, 67,
68, 69, 70, 71, 72, 73, 74, 75, 76, 77,778, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93, 94, 95, 96, 97, 98, 99% or more (for example by measuring binding in an in vitro
competitive binding assay as described herein). For example, c-Met antibodies may be tested
for neutralizing ability by testing-with any suitable aésay known iﬁ the art. Examples, for

illustrative purposes only, of additional biological activity of c-Met (e.g., assay readouts) to

~ test for inhibition of c-Met signalling and/or biological activity. include in vitro and/or in vivo

measurement of cell scatter in cell scatter assays.
[0060]  As a general structure, the antibodies of the invention comprise (a) a scaffold, and
(b) one ora plurality of CDRs. A “complementary determining region” or “CDR,” as used

herein, refers to a binding protein region that constitutes the major surface contact points for
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antigen binding. Embodiments of the invention include one or more CDRs embedded in a
scaffold structure of the antibody. The scaffold structure of the antibodies may be the
framework of an arit_ibody, »orfragment or variant thereof, or may be completely synthetic in
nature. Examples of various éCaffold structures of the 'antigen. binding proteins of the
invention are further described hereinbelow.

[0061]  The antibodies of the invention include scaffold regions and one or more CDRs.
An antigen binding protein of the invention may have between one and six CDRs (as
typically do naturally occurring 'antibodies), for example, one heavy chain CDR1 (“H-
CDR1”), and/or one heavy chain CDR2 (“H-CDR2”), and/or one heavy chain CDR3 (“H-
CDR3”), and/or one light chain CDR1 (“L-CDR1”), and/or one light chain CDR2 (“L-
CDR2"), and/or one light chain CDR3 (“L-CDR3”).

[0062]  The term “naturally occurring” as used throughout the specification in connection

~ with biological materials such as peptides, polypeptides, nucleic acids, host cells, and the

like, refers to materials which are found in nature. In naturally occurring antibodies, a H-
CDR1 typically comprises about five (5) to about seven (7) amino acids, H-CDR2 typically
comprises about sixteen (16) to about nineteen (19) amino acids, and H-CDR3 typically
comprises about three (3) to about twehty_ five (25) amino acids. L-CDR1 typically
comprises about ten (10) to about seventeen (17) amino acids, L-CDR2 ‘typically comprises
about seven (7) amino .acids, and L-CDR3 typically comprises about seven (7) to about ten
(10) amino acids. Specific CDRs of the various antibodies of the invention are provided in

TABLE 1 and the Sequence Listing.

Table 1: mAb 2 CDR sequence

Heavy chain
Nucleotide sequence ;I;:)Q 1 protein sequence ;%Q
CDR1 | gga ttc acc ttc act gat cac tac atg agc” | 18 GFTFTDHYMS 2
CDR2 | ttt atc aga aac aaa gct aaa ggt tataca | 19 FIRNKAKGYTTE 3
aca gaa
CDR3 | gca aga gat ggg gtg gga att gct tac 20 ARDGVGIAY 4
Light chain
Nucleotide sequence IS\I]‘(:)Q D Protein sequence ;%Q
CDRI1 | agg tct agt cag agc ctt gaa aac att aat | 21 RSSQSLENINGNTY |5
| gga aac acc tat ttg aac ' LN
CDR2 | agg gtt tcc aac cga gtt tct 22 RVSNRVS 6




10

- 15

20

25

30

WO 2014/178791 PCT/SG2014/000144
17

| CDR3 ] ctecaa gtt aca cat gtc ccg tgg acg 23 LQVTHVPWT 7

[0063] The term "'antagonize" or "antagonizing" as used herein refers to -blocking,
impeding, preventing, reducing, inhibiting, lessening or in some way interfering w_ithvthe
biological activity of the associatéd protein of interest such as a target receptor. The term
"antagonist" or "antagonistic" refers to a compourid that antagonivzes a biological éctivity of
the protein of interest. |

[0064]  As used herein, "internalization", when used in the context of & c-Met antibody

includes any mechanism by which the antibody is internalized into a c-Met-expressing cell

- from the cell-surface and/or from surrounding medium, e.g., via endocytosis.” The

internalization of an antibody can be evaluated using a direct assay measuring the amount of
internalized antibody, or an indirect assay where the effect of an internalized antibody-toxin
conjugate is measured.

[0065] The present invention also pfovides antibodies comprisiné functional variants of
the Vi region, Vy region, or one or fnoré CDRs of the antibodies of the examples. A
functional variant of a Vi, Vu, or CDR used in the context of a c-Met antibody still allows the
ahtibody to retain at least a substantial proportion (at least about 50%, 60%, 70%,80%, 90%,
95% or more) of the affinity/avidity and/or the specificity/selectivity of the pafént antibody
and in some cases such a c-Met antibody may be associated with greater affinity, selectivity
and/or specificity than the parent antibody. | | |
[0066]  Such functional variants typically retain significant sequence identity to the parent |
antibody. The percentage of identity between two sequences is a function of the number of
identical positions shared by the sequences (i .e.; % homology = # of identical positions/total
# of positions x 100), taking into account the numb’gr of gaps, and the léngth of each gap,
which need to be introduced for optimal aligﬁment of the two sequences. The percent identity
between two nuclebtide; or amino acid sequences may e.g. be determined using algorithm
known in the art. In additioh, the percent identity between two amino acid sequences may be
determined using algorithm known to the skilled artisan. .

[0067] E‘xemplaryv Vaﬁants include those which differ from a parent at one or more
"variant" amino acid positions, denoted "*" in the corresponding consensus sequence.

[0068] Alternétively or z;dditionally, the sequence of epitopes variants fnay' differ from

the sequence of the consensus epitope sequences mainly by conservative substitutions; for
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instance at least 10, such as at least 9, 8, 7, 6, 5, 4, 3, 2 or 1 of the substitutions in the variant
are conservative amino acid residue replacéménts. | |

[0069] In the conte);t of the present invention, conservative substitutions may be defined
by substitutions within the classes of amino acids reflected in the following table :

[0070] . Amino acid residue classes for conservative substitutions

Acidic Residues TAsp (D] and Glu (B)

Basic Residues Lys (), Arg (R}, and Fis (H}

Hydrophilic Uncharged Residues b Ser (S), Thr (T), Asn (M), and

Gin (Q) ' '

Aliphatic Untharged Residues Gly {G), Ala (A), Val {V}, Leu (L),
. ‘ and e (b)

Non-polar Uncharged Residues Cws (C), Met (M), and Pro ()

Aromatic Residues Phe (73, Tyr (Y3, and Trp (W)

" "agonist" and "agonistic" when used herein refer to or
describe a molecule which is  capable of, directly or indirectly, substantially inducing,
promoting or enhancing cytokine biological activity or cytokine receptor activation.

[0072] © In an embodiment, the antibody as disclosed herein rﬁay specifically bind an
epitope comprising or conéisting of the sequence IEE or CPD; or IEE or CPDC; or IEE and
CPD, or IEE and CPDC. In a further variation, the epitope éomprisesv or consists of the
amino acid sequences ******[EE***CPD (SEQ ID NO: 12) or *IEE***CPDC**** (SEQ ID
NO: 13). As indicated above, “*” denétes any amino acid. . ‘

(0073] In a further variation the epitope comprised in the a-chain of c-Met to which the
antibody of the invention specifically binds, comprises or consists of the sequence
FakA*X[EE***CPD as defined above that is C***P*IEEP**CPD (SEQ ID NO: 14 ). In a
further variation, the sequence C***P*JEEP**CPD is CIFSPQIEEPSQCPD (SEQ ID NO:
16). o | | |

{0074] In another embo'din'lent, the amino acid sequence of the epitope comprises or
consists of *[EE***CPDC**** ig *IEEP**CPDC**** (SEQ ID NO: 15). In a further
variation the amino acid sequence of the epitope is QIEEPSQCPDCVVSA (SEQ ID NO: 17).

[0075] In some variations, the c-Met protein from which the epitope is derived may

‘include regarding the species, but is not limited to, human, murine, equine, bovine, feline,

ovine or canine or the source of the antibody, nor is it limited by the manner in which it 1s

made. In some variations, the c-Met protein is human. In some variations, the a-chain of the-
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human c-Met is prokaryotically expressed, for example using a baculoviral expression vect_ér.
For example, the Bééulovirus Expression Sysiem may be used to eXpress the a-chain of the .
human c-Met that was previously cloned in an optimized expression vector. The éxpression
vector may be optimized for the expression and purification of the a-chain of the human c-

Met in insect cells. Cloning, expression and purification of proteins or polypeptides are well

- documented and known in the art. Example, for illustrative purposes only, is given in

Example 2 below.

[0076] The antibody as diséloséd herein is not limited regarding. the species, e.g., human,’
murine, equine, bovine, feline, ovine or canine or the source of the antibody, nor is it limited
by the manner in which it is made. F(')r.ex'ample, the antibody includes, but is not limited to, a
monoclonal antibody, a polyclonal .antjbody, a monospecific antibody, a multispecific

antibody (e.g., bispecific antibody), and an antibody fragment as long as they still exhibit the

 desired biological activity. In a further embodiment, the c-Met antibody as disclosed herein is

a monoclonal or polyclonal antibody. In 'sorhe variations, the éntibody as disclosed herein is a
murine antibody. In further variations, the c-Met anﬁbody is a murine monoclonal antibody.
[0077]  In some embodiments, the antibody may include, but is not limited to, a humanized
antibody, a chimeric antibody, a recombinant antibody, a single chain antibody, a diabody, a
triabody, a tetrabody, a Fab fragment, a F(ab’)2 fragment, an IgD antibody, an IgE antibody,
an IgM antibody, an igGl antibody, an IgG2 antibody, an IgG3 antibody, and an IgG4
antibody. In some embodiménts, the antibody is a'chimevric antibody. ‘

[0078]  In certain embodiments, the CDRs include no more than one, two, three, four, five,

or six amino acid additions, deletions, or substitutions from a H-CDR1 (i.e., CDR1 of the

~ heavy chain, etc.), H-CDR2, H-CDR3, L-CDR1 (i.e., CDR1 of the light chain, etc.), L-

CDR2, and L-CDR3, and fragments, derivatives, muteins, and variants thereof. _

[0079]  Examples of the invention include antibodies comprisiflg a heavy chain variable -
region comprising at least one, or at least two or all of a heavy chain CDRI1
(GFTFTDHYMS; SEQ ID NO: 2), CDR2 (FIRNKAKGYTTE; SEQ ID NO: 3) or CDR3
(ARDGVGIAY; SEQ ID NO: 4). ‘

[0080] Examples of the invention include antibodies comprising a light chain variable
region comprising at least one, or at least two or all of a light chain CDRI
(RSSQSLENINGNTYLN; SEQ ID NO: 5), CDR2 (RVSNRVS; SEQ ID NO: 6) or CDR3
(LQVTHVPWT; SEQ ID NO: 7). 3 | |
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[0081] Examples of the invention include the antibody as described herein wherein the
antibody comprises an amino acid sequence of at least one, at least two, at least three, at least
four, at least five or all of the following : a heavy chain CDR1 (SEQ ID NO:2), CDR2 (SEQ
ID NO:3), CDR3 (SEQ ID NO:4) and a light chain CDR1 (SEQ ID NO:5), CDR2 (SEQ ID
NO:6), CDR3 (SEQ ID NO:7) of antibody mAb 2. -

[0082]  In other embodiments, the heavy and light chain variable domains of the antibodies
are defined by having a certain percent identity to a reference heavy and/or light chain
variable domain. For example, the antibody comprises 'A) a heavy chain variable domain
amino acid-that is at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a heavy chain amino acid
sequence of SEQ ID NO: 8; and B) a light chain variable domain amino acid that is at least
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,

- 96%, 97%, 98%, or 99% identical to a light chain amino acid sequence selected from the

group consisting of SEQ ID NO:9.

[0083] Examples of the invention include antibodies comprising a heavy chain variable
region of SEQ ID NO: 8 and/or a light chain variable region of SEQ ID NO: 9 having no
more than one, two, three, four, five, or sixvaniino acid additions, deletions, or substitutions.
In yet another embodiment, the antibody has a heavy chain of SEQ ID NO: § or a sequence
which is at least 95%,V or 96%, or 97%, or 98% identical to SEQ ID NO: 8. In a further
embodiment, the antibody has a light chain of SEQ ID NO: 9 or a sequence which is at least

- 95%, or 96%, or 97%, or 98% identical to SEQ ID NO: 9

[0084] Variations of the invention include antibodies comprising a light chain variable

region of SEQ ID NO: 9. Exampleé of the invention include antibodies comprising a ‘light

~ chain variable region of SEQ ID NO: 9 having no more than one, two, three, four, vﬁve, or six

amino acid additions, deletions, or substitutions. In an embodiment, the antibody as disclosed
herein comprises a light chain variable region of SEQ ID NO: 8 or a sequence defined by
having a certain percent identity to a reference light chain variable domain. For example, the

antibody comprises a light chain variable domain amino acid of that is of SEQ ID NO: 8 or

. which is at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%.,
193%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a heavy chain amino acid sequence of

SEQ ID NO:8. In yet another embodiment, the antibody has a heavy chain of SEQ ID NO: 8
or a sequence which is at least 95%, or 96%, or 97%, or 98% identical to SEQ ID NO: 8. '
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[0085] In some embodiments, the antibody comprises an amino acid sequence selected
from the group consi's.ting of: ' o
A. a. a light chain variable domain sequence that is at least 80% identical to a
light chain variable domain sequence of Ab2, (SEQ ID NO:9);
b. a heavy chain variable domain sequence that is at least 80% identical to a
heavy chain variable domain sequence of Ab2y (SEQ ID NO:8); or
c. the light chain variable domain of (a) and the heavy chain variable domain
 ofpad
B. - a light chain CDRI, CDR2, CDR3 and a heavy chain CDR1, CDR2, CDR3
that differs by no more than a total of three amino acid additions, substitutions,
and/or deletions in each CDR from the following sequences:
‘a. alight chain CDR1 (SEQ ID NO:5), CDR2 (SEQ ID NO: 6), CDR3 (SEQ
ID NO:7) and a heavy chain CDR1 (SEQ ID NO:2), CDR2 (SEQ ID NO:3),
CDR3 (SEQ ID NO:4) of antibody Ab2; wherein said antibody specifically
binds an epitope comprised in the a-chain of ¢c-Met .
[0086] In another embodiment, the antibody as defined above may comprise an amino
acid sequence having a light chain variable domain and a heavy chain variable domain of
Ab21/Ab2y (SEQ ID NO:9/SEQ ID NO:8); wherein said antibody specifically binds an
epitope comprised in th.e a-chain of c-Met.
[0087] In yet another embodiment, the antibody as described above comprises an amino
acid sequence 'having a light chain CDR1 (SEQ ID NO: 5), CDR2 (SEQ ID NO:6), CDR3
(SEQ ID NO: 7) and a heavy chain CDR1 (SEQ ID NO:2), CDR2 (SEQ ID NO:3), CDR3
(SEQ ID NO:4) of antibody Ab2;‘ wherein said antibody specifically binds an epitope
comprised in the a-chain of c-Met. | | |
[0088] In some embodiments, the antibody of the present inventior‘lv may be coupled to an
agent. The antibody or fragments thereof as disclosed herein may be conjugated, fused or
coupled to the agent. The conjugation of the antibody may be achieved through methods

known to those skilled in the art. The conjugation may include linkers and/or spacers. For

~ example, Trastuzumab-DM1 (T-DM1; trastuzumab eintansine) 1s composed of the

humanized antibody trastuzumab and DM1, a maytansinoi(i -derivative, linked with a non-
reducible  thioether :linker, - N-succinimidyl-4-(N-maleimidomethyl)-cyclohexane-1-

carboxylate (SMCC, designated MCC after conjugation). Maytansinoids are natural products
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that are potent antimitotic agents, which like the vinca alkaloids prevent microtubule
assembly. o o |

[0089]  The linker is crosslinked to the antibody for proper drug delivery to the intended
cellular compartment. Antibody-Drugs Conjugates are constructed through the reaction of
drugs or chemical crosslinking reagenté with solvent accessiblei reactive amino acids such as
lyseine and cysteine on the antibody. In some examples, the linkefs may be cleavable, such
as peptide, hydrazone, or disulfide linkers or non-cleavable, such as thioether. For
exarﬁple, Azide-Alkyne “click” bioconjugatior_l chemistry may be used to attach the linker to
the antibody. In some examples, PolyEthyleneGlycol (PEG), or PEG-like derivative may be
added to the linker in order to improve 'thejr solubility. Linkers inherently have shorter half-
lives than their antibody counterparts, and therefore typically need to be modified.

[0090] Cleavable linkers may be cleaved in the cytosol due to a more reductive

A environment (e.g. disulfide-based linkers), within the intracellular compartment of lysosomes

thanks to a lower pH compared to the systemic blood circulation (e.g. hydrazones linkers that
are linked to antibody thiol groups generated through interchain disulfide bone reduction) or
by enzymatic hydrolysis, by lysosomal proteases for exafnple, in the case of peptide linkers.

[0091] In one embodiment the agent thaf is coupled to the antibody of the invention is a
cytotoxic agent.. The cytotoxic agent may be cledvable or uncleavable. In a further
embodiment, the antibédy or fragment thereof as disclosed herein is coupled to an agent
including, but not limited to, mertansine (Meytanéinoid DMI; N2’-dea¢ty1-N2’-(3-m.ercaptq-
1-oxopropyl)-maytansine), maytansine derivative 4 (DM4), emtansine (mertansinelinked to
antibody via -4-3-mercapto-2,5-diox6-l-pyrrolidinylmethyl)-cyclohexar_lecarboxylic écid
linker), monomethyl auristatin E {MMAE), “monomethyl auristatin F. (MMAF), ricin,

_diphtheria toxin, doxorubicin, Pseudomonas aeruginosa exotoxin, antitumor agent from the =

calicheamicin class and pyrrolobenzodiaazepine. .

[0092]  In another embodiment, there is provided a nucleic acid encoding an antibody as
disclosed herein wherein the heavy chain comprises the sequence as shown in SEQ ID NO:
10. In a further embodiment, there is provided a'nucleic acid encoding a heavy chain variable
region comprising at least one heavy chain complementarity determining region (CDR)

amino acid sequence including, but not limited to SEQ ID NO: 2, SEQ ID NO: 3, and SEQ

- IDNO:4.
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[0093] In another embodiment, there is provided a nucleic acid encoding an antibody as

—

disclosed herein wherein the light chain comprises the sequence as shown in SEQ ID NO: 11.

In a further embodiment, there is provided a nucleic acid encoding a light chain variable

- region comprising at least one light chain complementarity determining region (CDR) amino

acid sequence including, but not limited to SEQ ID NO: 5, SEQ ID NO: 6, and SEQ ID NO:
7. The nucleic acid may have a nucleotide sequence of SEQ ID NO: 10 or SEQ ID NO: 11.
[0094]  The term "nucleic acid" used herein refers to a polymer of deoxyribonucleotides or
ribonucleotides that exists in_'eifher' a single-stranded or a double-stranded form. The
polynucleotide includes RNA and DNA (genomic DNA and cDNA) sequences as well as’
analogues of natural polynucleotides unless mentioned otherwise. |

[0095] The nucleic acid also includes nucleotide sequences encoding the‘ amino acid

sequences of the héavy and light chain variable regions of the antibody specifically binding to

the a-chain of the c-Met protein and nucleotide sequences complementary thereto. The

complementary sequences include completely complementary sequences and substantially
complementary sequences that may hybridize with nucleotide sequences encoding amino acid
sequences of the heavy and light chain variable regions of the antibody specifically binding to
the extracellular region of the c-Met protein under stringent conditions known in the art. One
way of achieving moderately sfringent conditions involves the use of a prewashing solution
containing 5 x SSC, 0.5% SDS, 1.0 mM EDTA (pH 8.0), hybridization buffer of about 50%
formamide, 6 x SSC, and a hybridization tempefatuxe of about 55 degrees C (or other similar
hybridization solutions, such as one containing about 50% formamide, with a hybridization
temperature of about 42 degrees C), and washing conditions of aboﬁt 60 degrees C, in
0.5 x SSC, 0.1% SDS. Generally, highly stringent conditions are defined as hybridization
conditions as above, but with Washing at approximately 68 degrees C, 0.2 x SSC, 0.1% SDS.
SSPE (1xSSPE is 0.15M NaCl, 10 mM NaH.sub.2 PO.sub.4, and 1.25 mM EDTA, pH 7.4)
can be substituted for SSC (1xSSC is 0.15M NaCl and 15 mM sodium citrate) in the
hybridization and wash buffers; washes are performed for 15 minutes after hybridization is
complete. It should be understood that the wash temperature and wash salt concentration can
be adjusted as necessary to achieve a desired degree of stringency by applying the basic
principles that govern hybridization reactions and duplex stability, as known to those skilled

in the art.
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[0096]  In addition, nucleotide sequences encoding the amino acid sequences of the heavy
and light chain variable regions may be mutated. The mutations include addition, deletion or
substitution of nucleotides, and non-conservative or conservative substitution of amino acids.
Polynucleotides encoding the amino acid sequences of the heavy and light chain variable
regions of an antibody specifically binding to the a-chain of the 'o-Met protein are understood
to include nucleotide sequences subétantially identical to the nuoleotide sequences described
above. These substantially identical nucleotide sequences may .'possess at least 80%
homology, at least 90% homology, or ét least 95% homology to the original nucleotide
sequences following maximum sequence alignment using an algorithm known in the art.
[0055] According to an embodiment of the present invention, there is provided a recombinant
vector. In an embodiment, the recombinant veotor comprises a polynucleotide encoding an

antibody heavy chain variable region comprising at least one heavy chain complementarity

~ determining region (CDR) amino acid sequence including, but not limited to SEQ ID NO: 2,

SEQ ID NO: 3, and SEQ ID NO: 4; or a polynucleotide encoding an antibody light chain
variable region comprising at least one light chain complementarity determining region
(CDR) amino acid sequence including, but not limited to SEQ ID NO: 5, SEQ ID NO: 6, and
SEQ ID NO: 7. |

[0097] In an embodiment, the recombinant vector comprises a nucleio acid encoding a
heavy chain variable région having an amino acid sequence of SEQ ID NO: 8§ or a nucleic -
acid encoding a light chain'variablo region having an amino acid sequence of SEQ ID NO: 9.
In some embodiments, the recombinant vector includes a nucleic acid encoding a heavy chain
variable region having an amino acid sequence of SEQ ID NO: 8 and a nucleic acid encoding
a light chain variable region having an amino acid sequénce of SEQ ID NO: 9. |
[0098]  In some embodiments of the recombinant vector, the nucleic acid encoding a heavy
chain variable region may have the nucleotide sequence of SEQ ID NO: 10, and the nucleic
acid encoding a light chain variable region may have the nucleotide sequence of SEQ ID NO:
11.

[0099] The term "vector" used herein refers to a means, typically. a nucleic aoid, of .
transporting and expressing a target gene in a host cell. For example, the vector may include 2
plasmid vector, a cosmid vector, or a virus vector, such as a bacteriophage vector, an
adenovirus vector, a retrovirus vector, and an adeno-associated virus vector. The recombinant

vector may be prepared by manipulating a plasmid, a phage, or a virus known in the art.
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[00100] In the recombinant vector, a nucleic acid encoding amino acid sequences of the
heavy and light chain variable regions may be oﬁerativély linked to a promoter. The term -
"operatively linked" refers to a functional linkage between a transcription regulating
nucleotide sequence (fof exémple, a promoter sequence) and other nucleotide sequences.
Thus, the transcription regulating nucleotide sequence may regulate transcription and/or
translation of other nucleotide sequencés.

[00101] The recombinant vector may be constructed for cloning or expression. For
ex_arhple, a recombinant exi)ressioh vector may be a vector known in the art for expressing
foreign proteins in plants, animals or microorganisms. The recombinant Véctor may be
constructed using various methods known in the art. ' A |
[00102] The recombinant vector may be constructed for use in prokaryotic or eukaryotic

host cells. When a prokaryotic cell is used as the host cell, the expression vector generally

includes a strong promoter capable of initiating transcription, a ribosome binding site for _

initiating translation, and a transcription/translation termination sequence. When a veukaryotic'

cell is used as the host cell, the vector may contain an origin of replication. A promoter in an

-expression vector for a eukaryotic host cell may be derived from' a mammalian cell genéme

or a mammalian virus. A transcription termination sequénce in an expression vector for a
eukaryotic host cell is, in general, a polyadenylation sequence.

[00103] A vector sysfem capable of expressing the heavy and light chain variable regions
of the antibody may involve simultaneous expreésion of the heavy and light'chain variable

regions from a single vector, or independent expression of the heavy and light chain variable

regions from separate vectors. In the latter system, two vectors may be introduced into the

host cell by either co-transformation or targeted transformation. .
[001_04] According to an embodiment of the present inv'ention, there is provided a host cell

including a polynucleotide encoding a heavy chain variable region having an amino acid

- sequence of SEQ ID NO: 8 and a polynucleotide encoding a light chain variable region

having an amino acid sequence of SEQ ID NO: 9.

'[OOlOSj The host cell may be transformed with a recémbinaht' vector including a

polynucleotide encoding a heavy chain variable region having an amino acid sequence of .
SEQ ID NO: 8 and polynucleotide encoding a light chain variable region having an amino
acid sequence of SEQ ID NO: 9.
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[00106] The host cell, which is capable of stably and continuously cloning or expfe_ssing '
the recombinant vector, may be any host cell known in the art. The nucleic acid or the
recombinant vector including the same may be transferred into the host cell using a method
known in the art. ' |

[001(-)7]; According to an embodiment, there is provided a pharmaceutical composition
comprising antibodies, or fragments thereof specifically binding the a-chain of the c-Met
protein as described herein. The pharmaceutical composition may further comprise one or
mQre’ pharmaceutically acceptable excipients, or vehicles, or carriers. In other embodiments,
the composition further comprises an antitumour agent, an immunostimulatory agent, an
immunomodulator, a corticosteroid or a combination thereof. In one embodiment, the
antitumour agent is a cytotoxic agent, an agent that acts on tumour neovasculature or a

combination thereof. In another embodiment, the immunomodulator is cytokine, chemokine,

~adjuvant or a combination thereof. In yet another embodiment, the immunostimulatory is an

interleukine-2, o-interferon, y-interferon, tumour necrosis factor-a, immunostimulatory
oligonucleotides or a combination thereof. In a further embodiment, the corticosteroid is
p_rednisone and docetaxel.

[00108] In one embodiment, the antibodies of the present invention may be used in a
method of treatirig/preventing cancer. The method includes administration of a
pharmaceutically effective amount of an antibody, a fragment thereof, a nucleic acid or a
pharmaceutical composition as described above and herein. The method of the invention may
include in some embodiments édministering the pharmaceutical effective amount of the
antibody with one or more further therapeutic compounds, wherein administration is
simultaneous, séquential or separate. - _ |
[00109] In a further embodiment, cancer to be treated or prevented by the antibody of the
present invention includes, but is not limited to, breast cancer, lung cancer including, but not
limited to, small-cell lung cancer and non-small-cell lung cancer, liver cancer including but
not limited to hepatoma and hepatocellular adenoma, gastric cancer, squamous cell
carcinoma, adenocarcinoma of the lung, squamous cell carcinoma of the lung, peritoneal
carcinoma, skin cancer, melanoma in fhe skin or eyeball, rectal cancer, oesophaglis cancer,
small ‘intestinal tumour, endocrine gland cancer, parathyroid cancer, adrenal cancer, soft-
tissue sarcoﬁa, urethral cancer, chronic or acute leukaemia, cancer,llymphocytic lymphoma,

gastrointestinal cancer, pancreatic cancer, glioblastoma, cervical cancer, ovarian cancer,
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bladder cancer, colon cancer, large intestine cancer, endometrial carcinoma or uterine
carcinoma, salivary gland tumor, kidneylczinCer, pfostate cancer, vulvar cancer, th.yroid _
cancer, or various types of head and neck cancers. '

[00110] In a further embodiment, there is provided a method for treatmg or preventmg

cancer comprising administration of an effective amount of an antlbody as disclosed herein,

‘wherein cancer includes, but is not limited, to breast cancer, lung cancer, liver cancer, gastric

cancer, brain cancer, blood cancer, colon cancer, pancreatic cancer and prostate cancer. In a
fux_thér embodiment, there is provided an antibody as disclosed herein, in the manufacture of
a medicament for treating and/or preventing cancer. In some’ embodinients, the cancer to be
treated of prevented may be any form of cancer. Any form of tumour or cancer may be used
in the invention including for example, a benign tumour and a metastatic malignant tumour.

Examples of cancers include, but are not limited to, brain cancer such as glioblastoma and

~ neuroblastoma, blood such as lymphoma and leukaemia, colon cancer, pancreatic cancer,

prostate cancer, gastn'c‘cancer, lung carcer, breast cancer, bladder cancer, melanoma, head
and neck cancer, oesophagus cancer and cervix cancer. Other examples of tumours include,
but are ﬁot limited to, haematological malignancies and solid tumours. Solid tumours include
for instance a sarcoma arising from connective supporting ti§sues, a carcinoma arising from
the body’s glandular cells and epithelial cells ot a lymphoma, a cancer of lymphatic tissue,
such as the lymph nodeé, spleen and thymus.

[00111] In one embodiment, there is a provided a method of diagnosing cancer comprising

detection of aberrant expression-of c-Met by administering an antibody as disclosed herein,

for detecting c-Met. The term"‘aberrantAexpression” as used herein relates to the expression

of c-Met protein, c-Met cDNA a_nd/dr RNA that differs significantly from the expression of
c-Met protein, c-'Mét cDNA and/or RNA that is found in a healthy tissue orin a healthy
individual that does not héve or is not at risk of having a diséase including cancer. In a further
embodiinent, there is provided the use of an antibody as disclosed herein for detecting cells
with aberrant c-Met expression. In yet another embodiment there is provided the use of an
antibody, as disclosed herein, as a cancer prognosis marker

[00112] In some -embodiments, the pharmaceutical composmon as described above and '
herein may further comprise a therapeutic compound: (or an agent or a molecule or a
composition). A “therapeutic” compound as defined herein is a compound (or an agent or a

molecule or a composition) capable of acting prophylactically to prevent the development of



10

15

20

25

30

WO 2014/178791 PCT/SG2014/000144
28

a weakened and/or unhealthy state; and/or providing a subject with a sufficient amount of the
complex or pharmaceutical composition or medicament thereof so as to alleviate or eliminate .

a disease state and/or the symptoms of a disease state, and a weakened and/or unhealthy state.

In one eXample, the therapeutic compound includes but is not limited to an apoptosis

promoting compound, a chemotherapeutic compound or a compound capéble of alleviating or
eliminating cancer in a patient. Examples of apoptosis promoting compounds include but are
not limited to Cyclin-dependent Kinase (CDK) inhibitors, Receptor Tyrosine Kinase (RTK)
inhibitors, BCL (B-cell lymphoma) family BH3 (Bcl-2 homology domain 3)-mimetic
inhibitors and Ataxia Telangiectasia Mutated (ATM) inhibitors.

[00113] The term "treat" or "treating" as used herein is intended to refer to providing an
pharmaceuﬁcally effective amount of a peptide of the present invention or a respective
pharmaceutical composition or medicament thereof, sufficient to act prophylactically to
prevent the development of a Wéakened and/or unhealthy state; and/or providing a subject
with a sufficient amount of the complex or pharmaceutical composition or medicament
thereof so as to alleviate or eliminate a disease state and/or the symptoms of a disease state,
and a weakened and/or unhealthy state. |

[00114] In some embodiments, there is 'provided the use of an antibody, as described
herein, for protein purification, or for neutralizing, disrupting, modifying, antagonizing or for
inhibiting protein-protein interactions, for example c-Mét—_HGF interaction, thereby affecting
the c-Met-HGF axis. |

[00115] Specific illustrative embodiments

[00116] Development and initial characterisation of anti-a-chain c-Met antibodies

[00117] The a-chain of human c-Met was prokaryotically expressed and purified. Purified

a-chain was used to immunise BALB/c mic'e.' To obtain hybridoma cells producing anti-o-

' chain c-Met antibodies, the spleen cells of imm'u'niséd mice were fused with SP2/0-Agl4

cells. Hybridoma cells were single-cell cloned and cell supernatant from monoclonal
hybridoma clones were screened for anti-a-chain c-Met reactivity inainly by Western blotting
and cell staining. Post primary and secondary antibody screening (Figure 1 D), a panel of 21
antibodies were selected for 1sotype characterisation and . epitope mapping. Antibody
isotyping was performed by dipping commercially-available isotyping strips into monoclonal
hybridoma supernatant. All 21 monoclonal antibodies share the same IgG isotype (but not the

same subclass) and kappa light chain (Table 2).
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[00118] Identifying the region of c-Met bound by the antibody is important in determining
whéther the antibody might be able to block c-Met from binding to its ligand, HGF. Using an
ELISA-based assay (Pepscan), synthesised peptides were added to strepatvidin-coated plates
and antibody binding to their respective epitopes was détermine'd colorimetrically. The
peptides were consecutive overlapping pebtides that span the ¢nﬁre c-Met a-chain. In total,v
10 different antibody binding regions from the a-chain were identified from the 21

monoclonal cell supernatants tested, indicating that there is no one main region that is highly
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Table 1: Epitope mapping and isotyping of anti-a-chain c-Met monoclonal antibodies.

* " Binding region - Monoclonal antibody - = . IgG subclass -~ Light chain

| 1 -b ' 16 — ) N 'IgG2A bv Kappa
12

2 : IgG1 Kappa

.20 : .

11 ,

3 IgG1 Kappa
21 -
14
18 1gG1

4 , ‘ - Kappa
17
9 15G2B

. 3 , ‘ _

5 : IgG1 Kappa
5 . ‘

6 . 4 IgG2A . Kappa
1

7 2  I1gGl Kappa
9
6
10 _

8 ' IgGl Kappa
13
17

9 . 8 - ' : IgGl Kappa )

. 7 . .

10 ‘ ‘ » 1gG1 7 Kappa

15

immunogenic. A simplified diagram of the antibody binding regions on c-Met o-chain is
shown in Figure 1A. The antibody binding regions were also mapped onto the -crystal
structure of c-Met, PDB accession number- ISHY (Figure 1B & C). The results of initial

antibody characterisation are summarised in Table 2.
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[00119] Further characterisation of purified anti-a-chain c-Met monoclonal antibodies
[00120] ‘From the panel of 21 rhdnoclonal antibodies, 11 antibodies were selected for -
ascites production and purification. Purified antibodies were further characterised by Western
blotting, immunoprec’ibitation, flow cytometry, and agonist/antagonist activity by cell
scattering.

[00121] Anti-a-chain c-Met monoclonal antibodies were purified from mouse ascites using
pfotein A beads. Purified antibody was resolved on a SDS-PAGE gel and stained with
Coomassie blue dye (data not shoWn). Other than the expected two bands corresponding to
the heavy (~51 kD) and light (~25 kD) chain of an antibody, no other protein bands Were
observed in the Coomassie-stained gel, suggesting that the purification of monoclonal
antibodies from mouse ascites was successful.

[00122]) To ensure that the monoclonal antibodies retained their anti-a-chain activity after

~ascites production and purification, purified monoclonal antibodies were characterised by

Western blotting (Figure 2). 1 pg/mL of purified monoclonal antibodies was used to detect
purified c-Met d-chain, c-Met expressed after transfection of NIH3T3 cells and endogenous
c-Met in U-87MG cells. All monoclonal antibodies, except mAb 13 and 15, successfully -
detected purified c-Met a-chain, transfected and endogenous human c-Met. mAb 13 and 15
had low specificity towards c-Met. mAb 2 and 14 were observed to have higher affinity
towards c-Met, comparéd to mAb 13 and 15. mAb 4, 8, 16, 17 and 18 have higher affinity
towards c-Met and fewer non-specific bands cofnpared to mAb 2, 13, 14 and 15. Despite
recognising different epitopes (Figuré 1A), most of the anti-a-chain c¢-Met monoclonal
antibodies share the same pattern of band recognition with mAb 11 and 12. This suggests that
the band profiles of mAb 11 and 12 ére completely specific. mAb 11 and 12 are thus the best
monoclonal antibodies to use on Western blots as they detected c-Met with good afﬁﬁity and
specificity. Horseradish peroxidase (HRP) was conjugated to mAb 12 (mAb 12-HRP) and
used as a tool in this study for detecfing precursor c-Met and mature c-Met o-chain.

[00123] To further characterise the monoclonal antibodies reactivity against c-Met a-chain,
the antibodies were used to immunoprecipitate endogenous c-Met from SNU-5 cell IYSate.
SNU-5 is a human gastric'cell line that expresses high levels of c-Met. Immunoprecipitated
cell lysates were analysed by Wéstern blotting (Figure 3) uéing the commercial SC-10 and
AF276 antibody. Although SC-10 and AF276 antibodies are raised against different regions
of c-Met, both SC-10 and” AF276 share similar Western blot band profiles. Most of our
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monoclonal antibodies successfully immunoprecipitated the 170 kD precursor c-Met (a- and
B- chain linked together). Intefestingly, a 145 kD protein band, which corresponds to the
mature c-Met B-chain, was also observed on the Western blot, suggesting that the c-Met B-
chain was pulled down together with its a-chain. In order to ensure that mature a-chain was
immunoprecipitated, mAb 12-HRP (developed from this screén) was used to analyse the
same immunoprecipitated SNU-5 cell lysate on Western blots. mAb 8 and 18, which was also
developed in this screen, were conjugated to HRP and also used to detect c-Met a-chain.
mAb 8, 12 and 18 recognise different epitopes on c-Met (Figure 1A) but all HRP-conjugated
antibodies successfully detected mature c-Met a-chain and precursor c-Met strongly.

[00124] Flow cytometry was used to determine if our monoclonél antibodies could bind to
native c-Met on live cells. SNU-5 cells were incubated with 1 pg/mL of monoclonal

antibody. Binding of anti-a-chain c-Met monoclonal antibodies to native c-Met expressed on

~ the cell surface of SNU-5 cells was detected using anti-mouse secondary antibody conjugated

with FITC dye. T47D, a human breast cancer cell line expressing low levels of c-Met, was
used in this assay to determine if the antibodies bind non-specifically to the cell surface. The
flow cytometry results of purified monoclonal antibody treated-T47D cells were
indistinguishable from the negative control (secondary antibody only), indicating that
monoclonal antibodies do not bind non-specifically to the cell surface (data not shown). Flow _
cytometry results obtaihed with SNU-5 cells showed that the antibodies fell into three distinct

groups with different fluorescence intensity towards native c-Met: strong fluorescence
intensity, intermediate fluorescence intensity and weak fluorescence intensity (Figure 4).
mADb 2 and 13 showed the sfrongest fluorescence intensity in this assay. mAb 8, 11, 12 and
17 showed intermediate ﬂuorescencei intensity while mAb 4, 14, 15, 16 and 18 showed weak

fluorescence intensity (as demonstrated by the small peak shift).

A"[00125] Cell scattering is one of the biological hallmarks of c-Met activation. Agonist

bivalent monoclonal antibodies targeting c-Met would activate c-Met and cause cells to
become motile and disperse. Here, we examine the effects of purified anti-o-chain c-Met
monoclonal antibodies on cell scatter. HaCaT cells were seeded at low density and allowed to
grow until éolonies formed. Cells were se‘rum-)ét.arvedkf(‘)'r 24 hrs before incubating with 1
ug/mL monoclonal antibodies for 24 hrs. Cells were then fixed and stained with crystal
violet. As a control, cell scatter of HaCaT cells was induced with 10 ng/mL of HGF (Figure
5). Presence of non-specific IgG (mouse IgG) did not affect scattering. Anti-HGF antibody
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and SU11274 were used as controls. SU11274 is a small molecule inhibitor of c-Met. Anti-
HGF and SU11274-treated cell colonies remained circular. No cell scatter was observed in
cells treated with monoclonal antibodies alone (Figure 5). This suggests that the monoclonal
antibodies are not‘a‘gonist towards c-Met activated cell scatter.

[00126] mADb2 and 13 reduce cell grthh in SNU-5 cells

[00127] mAb 2 and 13 showed the strongest binding to native c-Met in flow cytometry. In

order to determine if these antibodies have any physiological effects on tumour cells, 10
pg/mL of mAb was added to SNU-5 cells. The effects of mAb 2 and 13 on SNU-5 cell
viability and caspase activation were recorded after 72 hrs of antibody treatment (Figure 7A).
mAb 11 and 18, which demonstrated intermediate and weak affinity in flow cytometry
respectively, were used as controls. SU11274 showed a significant reduction in cell viability

and high caspase activation. This indicates SU11274 mode of mechanism is by activation of

- caspase which in turn result in apoptosis of SNU-5 tumour cells. In contrasts, cells treated

with mAb 2 or 13 have reduced cell viability, and also reduced caspase activation. To

determine the effects the anti-a-chain monoclonal antibody on cell growth, a cell count was

- performed 72 hours post antibody treatment. mAb 2 showed the strongest cell growth

reduction followed by mAb 13. mAb 18 had slightly reduced cell growth and mAb 11 had no

effect (Figure 7A).

[00128] To- further demonstrate the effects of anti-a-chain monoclonal antibody on cell

growth, SNU-5 cells were pre-sfai;léd with the CellTracker green BODIPY .dye before

antibody treatment. CeilTracker BODIPY dye is a mémbrane permeable dye that enters cells
freely. Once in the cell, the dye is converted to a membrane impermeable product which
labels the cell green. The dye is passéd‘on to dividing daughter cells but is not transferable to

neighbouﬁng cells. Dividing cells Would fail to retain the green dye as it is being diluted to

progeny célls. Cells were treated with 10 pg/mL of monoclonal antibodies for 6-days and dye

retention in cells was analysed by flow cytometry. As expected, the levels of fluorescence

intensity in untreated cells, mAb 11 and mAb 18 — treated cells fell to levels similar to

unstained cells (Figure 7B & C). mAb 2 and 13 retained significant levels of green

fluorescence indicating cell grthh reduction,

[00129]) Internalisation of mAb 2 and 13 in SNU-5 cells

[00130] In order to determine if mAb 2 and 13 were internalised into the cell upon antibody

binding, SNU-5 cells were incubated with 10 pg/mL of anti-a-chain monoclonal antibody.
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Monoclonal antibody treated cells were fixed and p¢rmeab1ised. Bound and internalised
antibody was detected by ahti-mbuse ;Afexs Fluor®488-conjugatéd secondary antibody.. .
Antibody localisation was observed by confocal microscopy. At 4°C, staining of both mAb 2
and 13 were observed to localised on the cell membrane with diffused cytoplasmic staining
(Figure 8). Antibody localisation on the cell surface became less prominent at 37°C while
increase staining was observed in the cytoplasm. Cytoplasmic staining was observed to
accumulate in the cell, suggesting that mAb 2 and 13 were internalised upon binding to c-Met
and accumulate within the cell. '

[00131] Temperature sensitivity of mAb 2

[00132] To determine if temperature affects the binding affinity of anti-a-chain monoclonal’
antibody to native c-Met, mAb 2, 13, 11 and 18 were incubated with live SNU-5 cells at 4°C

or 37°C. Binding of monoclonal antibody to native c-Met expressed on the cell surfacev(')f live

- SNU-5 cells was detected using anti-mouse secondary antibody conjugated with Alexa

Fluor®488 dye and analysed by flow cytometry. Antibody binding, which correlates with
fluorescence intensity, was compared at the different temperatures. Interestingly, each
antibody demonstrated a peak shift between different temperatures (Figure 9), indicating a
decrease in antibody binding at 4°C. Among the four antibodies tested, mAb 2 showed the
most drastic peak shift. It is plausible that the reduction of antibody binding is due to the
unavailability of antibody’s epitope on native c-Met expressed on live SNU-5 cells. c-Met is
a dynamic protein at normal physiological temperature and becomes rigid at low temperature,
causing certain epitopes to be obscured.

[00133] Detailed mapping of mAb 2 epitope

[00134] Previous pepscan analysis-was designed to narrow down an antibody’s epitope to
be within a2 maximum of 15 amino acid residues which, not all residues may be involved in
antibody-Met interaction. To further understand the decrease in antibody binding at low
temperature, the epitope of mAb 2 was mapped to greater detail. Pepscan analysis of mAb 2
demonstrated that mAb 2 bound to peptides O28 and 029 with equal affinity. This indicates
that the epitope of mAb™2 is shared by both peptides. To identify residues critical for mAb 2
interaction, vaﬁations of peptides O28 and 029, where each amino acid residue is substituted |
for an alanine residue, were synthesised. ’Utilising the same ELISA-based assay used

pfeviously, purified mAb 2 was added to each alanine-substituted peptide. Loss of antibody
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interaction to a peptide would demonstrate the importance of the substituted amino acid
residue in mAb 2-Met interaction. | | |
[00135] Comprehensive mapping of mAb 2 epitope revealed that the.residues critical for
mAb 2-Met interaction are not consecutive residues. This is in line with the observed
character of mAb 2ie. mAb 2 have high affinity towards native c-Met and not to denatured
¢-Met. Only when a protein is in its tertiary conformation that non-consecutive resides lie
side by side and come together to form a site for protein-protein interaction. Mapping of the
critical residues onto the crystal structure of c-Met (PBD accession number 1SHY), revealed
that the residues fell into two clusters (Figure 10). One cluster, in pink, is exposed on the
surface of c-Met while the second cluster (in cyan) is buried within c-Met.

[00136] c-Met is a tyrosine kinase receptor involved in a wide range of biological activities

such as cell proliferation, cell motility angiogenesis and morphogenesis. Aberrant expression

of c-Met correlates with tumour aggression and cancer progression. Expression of c-Met is
also known to cause drug resistance towards HER2, EGFR and B-RAF treatment. c-Met is
thus an attractive target for cancer therapy'. |

(00137] The inventors have developed a panel of murine monoclonal antibodies against the
o-chain of human c-Met. The inventors characterised the antibodies by Western blotting,
immunoprecipitation, ﬂow cytometry, epitope mapping and agonist/antagonist activity |
towards c-Met. The a-chain was used as immunogen as it was best expressed and most
immunogénic among other c-Met ffagments (full length B-chain, extracellular B-chain,
extracellular domain of c-Met). Comparison with the commercial antibodies (SC-10 and
AF276) has revedled the ‘sﬁperior performance of the antibodies of the invention in
immunoblotting. mAb 11 and 12 were the best antibodies for Western blotting as they
demonstrated good affinity and specificity to.wards c-Met. In addition, the antibodies as
disclosed herein are able to function in immunoprecipitation and ELISA. Antibodies that
have higher éfﬁnity and specificity compared to the currently available commercial
antibodies, and characterised in various biochemical techniques, will be valuable tools for c-
Met further studies. Finally the reliability of commercial c-Met -antibodies has been
questioned as cancer prognosis markers. Of the five commercial c-Met antibodies examined
to quantify c-Met protein levels, some antibodies had batch variation while others had non-
reproducible results. This emphasises the need to develop and characterise reliable c-‘Met

antibodies.
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[00138] . Despite the use of prokaryotic-expressed denatured protein as immunogeh, it was

‘still possible to obtain antibodies that'recognisé native c-Met protein. mAb 13, which showed -

poor affinity and poor specificity to c-Met by Western blotting, was, along with_mAb 2,
produced the highest fluorescence staining determined by flow cytome-try.AClearly,v mAb 2
and 13 epitopes lies in c-Met native conformation. In SNU-5 .cells, mAb 2 and 13 do not
activate caspase activation and do not cause cell death as suggested by lack of annexin V
staining. Western blot analysis of antibody-treated cells using the senescence marker and
autophagy- marker, p16 and LC-3 respectively, were negative for such events (data not
shown). Through the binding of mAb 2 or 13 to c-Met, the only functional effect these
antibodies elicit is the reduction of SNU-5 cell growth. However, incorporation of BrdU
during DNA synthesis showed no significant difference between antibody-treated and
untreated cells. Finally, the antibodies of the invention are non-agonistic towards c-Met in
cell scatter. | .
[00139] Given the advances in antibody engineering, there are several ways antibodies may
be engineered for cancer therapy and diagnosis. mAb 2 and 13 bind to endogenous c-Met on
live SNU-5 cells with high affinity and specificity. Immunofluorescence staining
demonstrates that mAb 2 and 13, most likely mediated via endocytosis, is internalised into
the tumour cell. Combining the technology in molecular imaging and nanotechology, c-Met
antibodies may be eng‘ine.ered into powerful tools for in vivo tumour imaging. This will
provide valuable information on tumour physiology which will help improve caﬁcer
diagnosis, prognosis and therapy. c-Met antibodies may also be engineered to carry toxic
payloads into tumour cells and cause tumour cell killing. o

[00140] The inveﬁtors have shown freatment of SNU-5 cells with 10 pg/mL of anti-a-chain
¢-Met monoclonal antibody. It is also plausible as well known in the art, to use higher
concentratiéris of antibody treatment. Testing the antibodies as disclosed herein at higher
concentratiori might provide better insights into our antibodies’ mode of action.

[00141] Partial inhibition of c-Met-induced biological activities using monoclonal anti-Met
antibodies has been described in the art. The anti-Met antibody, DN-30, inhibits bther c-Met-
induce biological activities, but not cell motility. Another monoclonal antibody (DO-24)
developed from the same immunisation as DN-30, was a full agonist capable of eliciting qu
c-Met activity. It has been demonstrated that more than three monoclonal antibodies are

required to completely inhibit c-Met binding. The molecular mechanisms of c-Met activation
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by HGF are still unclear. This interaction is more complex than previously thought and from

these antibody studies, it is obvious that there are critical interaction sites that are responsible

for eliciting various c-Met activities. In addition, the revelation of mAb 2 cryptic epitope

Suggests that c-Met is a dynamic protein and this further illustrates the lack of understanding
we have on c-Met physiology. mAb 2\wou1d probably be similar to the EGFR 806 antibody,
that reco'gnizes a cryptic epitope that is only expressed on tumour cells. |

[00142] The invention illustratively described herein may suitably be practiced in the
absehce of any element or eleménts, limitation or limitations, not specifically disclosed
herein. Thus, for example, the terms "comprising”, "including", "containing", etc. shall be
read expansively and without limitation. Additionally, the terms and expressions employed
herein have been used as terms of description and not of limitation, and there is no intention
in the use of such terms and expressions of excluding any equivalents of the features shown
and described or portions thereof,. but it is recognized that various modifications are possible
within the scope of the invention claimed. Thlis, it should be understood that although the
present invention has been specifically disclosed by preferred embodiments and optional
features, modification and variation of the inventions embodied therein herein disclosed may
be resorted to by those skilled in the art, and that such modifications and variations are
considered to be within the scope of this invention.

[00143] The inventioh has been described broadly and geneﬁcally herein. Each of the
narrower species and subgeneric groupings fallirig_ within the generic.disclosure élso form

part of the invention. This includes the generic description of the invention with a proviso or

- negative limitation removing any subject matter from the genus, regardless of whether or not

the excised material is specifically reéited herein:

[00144] Other embodiments are within the following claims and non- limiting examples.
[00145] Materials and methods |

[00146] Cell linqs and reagents ‘ ;

[00147] ‘All cells were maintained at 37°C in 5% CO, humidified incubator. HaCaT, -U-
87MG and murine NIH3T3 cells, cultured in Dulbecco’s Modified . Essential Medium

(DMEM) high glucose with sodium pyruvate, were generous gifts from Birgit Lane (Institute
of Medical Biology (IMB), Singapore), Nick Leslie (Division of Cell Signalling and

- Immunology, University of Dundee) and Axel Ullrich (Institﬁte»of Medical Biology (IMB),

Singapore) laboratories respectively. SNU-5 cells were purchased from Korean Cell Line |
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Bank. T47D and SNU-5 cells were cultured in RPMI 1640 media. DMEM and RPMI were
obtained from Invitfogen (U.S.A). All tissue culture medium was supplemented with 10%
heat-lnactivatcd fetal calf serum obtained from HyClone Laboratories/Thermo Scientific
(U.S. A) '

[00148] Recombinant human HGF (#294-HG) and anti-human HGF (#MAB294) were

purchased from R&D Systerns (U.S.A). SU11274, the c-Met small molecule inhibitor, was

purchased from Calbiochem/Merck (Germany, #448101). CellTracker Green BODIPY dye
(Invitrogen #C2102) was resuspended in DMSO, according to manufacturer’s protocol.

[00149] Cell harvest and cell Iysis

[00150] Cell culture plates/dishes were rinsed with cold PBS before the cells were scraped
off. Cells were collected by centrifugation. PBS was removed before quick freezing the cell
pellet on dry ice. The frozen cell pellet was lysed on ice using NP40 lysis buffer (1% NP40,
150 mM NaCl, 50 mM Tris-HCL pH 8.0) containing complete protease inhibitor (Roche,
United Kingdom, #11 697 498 001). Cell lysate was centrifuged at 10,000 xg and thc‘
supcrnatant was recovered for analysis. Pro.tein quantiﬁcation was performed using a BCA
kit (Pierce/Thermo Scientific), according to the manufacturer’s protocol |

[00151] Cloning, prokaryotic expression and purification of c-Met a-chain

[00152] c-Met a-chain was first cloned from the entry vector, containing full length human
c-Met cDNA (Invitrogen #IOH36570), into pCR2.1 vector (Invitrogen) using the TOPO TA

cloning kit (Invitrogen). Amplification of c-Met a-chain was performed using c-Met a-chain

primers (alphaF: 5°- GGAATTCCATATGGAGTGTAAAGAGGCACTAGC-3’; SEQ ID

NO: 24) and alphaR: 5’- GCGGATCCCTATCTCTTTTTTCTCTTTTCTGTGAG-3’; SEQ
ID NO: 25). All plasmid extraction,‘ gel extraction and PCR product purification protocols
were performcd using Qiagen (United Kingdom) kits, according to manufacturer’s protocol.

[00153] For prokaryotic expression, c- Met a-chain was subcloned from pCR2.1 vector into
pET19b vector (Novagen/Merck) and transformed into BL21 pLysS cells (Inv1trogen)
Transformed cells were grown until an OD600 0.4 to 0.6 was reached. Protein expression
was induced by adding IPTG (iéopropyl-B-D-thio-galactoside) to a final concentration of 1
mM. Cultures were allowed to grow for 3 hrs. Cells were recovered By centrifugation and
resuspended 1n 1y81s buffer (0.3 M KCL, 50 mM KH2PO4, pH 8.0). Cell lysate was
centrifuged at 33 000 xg. The cell pellct obtained was resuspended i in lysis buffer containing
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6 M urea and incubated overnight with gentle stirring. The resulting suspension was
centrifuged and the supernatant obtained was used for protein purification.

[00154] Prokaryotically expressed c-Met a-chain was affinity purified on a 1 mL IMAC

“(immunobilised metal affinity chromatography) Bio-Scale Mini Cartridge (Bio-Rad, U.S.A),

using the automated Profinia protein purification system (Bio-Rad). c-Met a-chain was eluted
and used to immunise mice for antibody production. |

[00155] Mouse immunisation and hybridoma fusion

| [00156] Antibody production was performed by Dr. Borek Vojtesek from Moravian

Biotechnology (Czech Republic). Briefly, mice were immunised with purified human c-Met
a-chain expressed from bacteria. Each injection contained 40 pg of purified c-Met a-chain.
Mouse tail bleeds were taken to test for immunological response against c-Met a-chain. Two

mice that gave the highest immune response against c-Met a-chain were sacrificed for

~ hybridoma cell fusion. Spleen cells from mice were fused with SP2/0-Agl4 cells which are

mouse immortal myeloma cells. Hybridoma cells were grown in selection media containing
hypoxanthine, aminopterin and thymidine. Only hybridoma cells which have been
successfully fused between a spleen cell and an immortal cell will survive and grow in the
selection media.

[001 57] Antibody screening.

[00158] Antibody scréening was performed in collaboration with Moravian Biotechnology.
An outline of monoclonal antibody screening is shown in Figure 1bis. Hybridoma cells were

screened for anti-a-chain antibody production ten days after cell fusion.

[00159] Isotyping

[00160] Mouse monoclonal antibodies 1sotype were characterised using the commercially-
available IsoQuick™ strips (Sigma-Aldrich). Isotyping stﬁps were incubated in hybridoma
cell supernatant for 5 mins. A red test line will develop on the strip. The position of the red

test line is dependent on the antibody’s isotype, thus by referencing to the manufacturer’s

' isotyping chart, the antibody’s isotype is determined.

[00161] Pepscan and alanine scan

[00162] Peptides that were linked to biotin by an SGSG linker sequence ét the N-terminus

‘were synthesised by Mimotopes (Australia). Peptides for Pepscan: Peptides that span the

entire o-chain of c-Met were synthesised. A total of fifty-five peptides with consecutive,
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overlapping sequences were synthes1sed Each peptlde overlapped the previous peptide by 10
amino acid residues.

[00163] Peptides for alamne scan , A
[00164] Pepscan results showed that mADb 2 bound to peptides O28 and 029. Vanatlons of

peptides O28 and 029, where each amino acid residue was sequentially substituted for an
alanine residue, were synthesiséd. Streptavidin-coated plates (Pierce/Thermo Scieﬁtiﬁc,
#15520) were blocked With 3% BSA/PBS at room temperature. The peptides were dissolved
in DMSO and stored "according to manufécturer’s recommendation. Streptavidin-coated
plates were coated with each peptide (5 pg/mL) overnight at room temperature. Wells were
washed before hybridoma supernatant or purified monoclonal antibody was added to the each
well. HRP-conjugated anti-mouse antibody was added to detect bound monoclonal
antibodies. ELISA substrate F(Bio-Rad #172-1067) solution was prepared freshly according to
the manufacturer’s instructions and added to the wells. Colour change was monitored by eye
and the reaction was‘stopped by adding 100 mM sulphuric acid. Absorbance was read at 450
nM in a microplate reader (SPECTRAmax PLUS? 84, Molecular Device, U.S.A). The crystal
structure of c-Met extracellular domain, accession number 1SHY, was obtained from Protein
Data Base (PDB). Computer imaging of the epitopes were analysed by PyMol (DeLano
Scientific LLC, U.S.A) software.

[00165] Western blottmg_and antibodies used

[00166] The commercially-obtained SC-10 ahti_body (Santa Cruz, U.S.A) was raised

against a peptide within the C-terminal cytoplasmic region of human c-Met and would be
expected to recognise c-Met 'precursor (170 kD) and mature c-Met f-chain (145 kD) on
Western blots. AF276 antibody (R&D systems) is a goat antibody raised against the
extracellular domain of c-Met. AF276 antibody 'v;)ould be expected to recognise c-Met
precursor, mature c-Met B-chain and mature c-Met a-chain bn Western blots. Both SC-10 and
AF276 antibodies were used at 1: 10 000 dilution on Western blotﬁng. 1 pg/mL of anti-d-
chain c-Met monoclonal antibody was used for Western blotting.

[00167] Protein samples were mixed with 4X LDS sample buffer (Invitrogen) and 10X

’ saniple reducing agent (Invitrogen) before analysing on 4 -12% Bis-Tris gradient gels
- (Invitrogen) using MOPs buffer (Invitrogen). SeeBlue Plus2 protein ladder (Invitrogen) was

used as molecular weight ladder. Transfer of proteins onto a nitrocellulose membrane (0.45

um pore size, Whatman, United Kingdom) was performed using Bio-Rad wet transfer system
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for 2 hrs, at a constant current of 100 V. Transfer buffer contains 25 mM Tris, 192 mM and
20% methanol. Blocking buffer was made up of 5% Marvel milk in PBST (1% Tween 20 in

PBS). Non-specific sites on the membrane were blocked in blocking buffer before incubéting

" with primary antibodies. The membrane was washed three times and secondary antibodies

were added at 1:10000 dilution in blocking buffer. Secondary antibodies conjugated to
horseradish peroxidase (HRP) were obtained from Jacksons Laboratory/Stratech Scientific

Ltd. (United Kingdbm). Enhanced chemiluminescence (ECL) (Amersham/G.E. Healthcare,

- United Kingdom) was used for the'detev:ction of Western blots.

[00168] Immunoprecipitation

[00169] Cells lysates were obtained by lysing cells in NP40 lysis buffer as described above.
1 pg of purified antibody was incubated ovemighf with cell lysate (200 pg — 500 ng of total
protein in approximately 500 pL). Washed protein G beads (Sigma-Aldrich, U.S.A) were
added to the cell lysate. Beads were collected by centrifugation at 18,000 x g and washed
several times with NP40 lysis buffer. Bound proteins were eluted by adding 2X LDS sample
buffer and the samples heated at 100°C. Beads were removed from eluate by centrifugating at
10,000 xg. The eluate was analysed by SDS-PAGE gel.

[00170] Flow cytometry

[00171] Flow cytometry was performed with help from Flow Cytometry Core Faciﬁty

(College of Medicine, Dentistry and Nursing, University of Dundee, United Kingdom).

[00172] SNU-5 cells (1 x 10° cells) were washed once in cold PBS before blocking in 1%
BSA/PBS. Cells were washed twice before incubating with anti-a-chain ¢-Met monoclonal
antibodies. 1 pg/mL anti-a-chain monoclonal antibodies were used. Cells were incubated
with goat anti-mouse IgG FITC-coﬁjugated secondary antibodies (Invitrogen) and finally
resuspended in 1% BSA/PBS. Flow cytometry was pefformed using Becton Dickinson
(U.S.A) FACScan. Cell Quest (Becton Dickinson) and FlowJo (Tree Star Inc., U.S.A)

software was used for data analysis.

| [00173] Temperature sensitivity

- [00174] 10 pg/mL of anti-a-chain monoclonal antibody were incubated W_ith live SNU-5

30

cells for 1 hr at 4°C or 37°C. Cells were harvested and washed once in cold PBS. Antibody
binding to live cells was determined by Alexa Fluor®488-conjugated anti-mouse secondary

antibodies (Invitrogen #A11029). Cells were resuspended in 1% BSA/PBS and analysed by

flow cytometry.
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[00175] Cell scatter assay

[00176] 100 - 200 HaCaT cells were seeded in 24-well plates and allowed to grow until
small colonies were formed (approximately 7 days). Cells were serum-starved for 24 hrs.
Cells were incubated with purified monoclonal antibodies (1 pg/mL) for 24 hrs before rinsing
twice in.cold PBS and fixing in ice-cold methanol. Cells were then stained in 1% crystal-
violet (Sigma-Aldrich) solution. Cell staining was observed ﬁsing Zeiss Axiovert 25 inverted
microscope and pictures were taken using a Canon EOS 1000 D camera.

[00177] ~ Cell viability and caspase activation

[00178] CellTiter-Glo® luminescent cell viability assay and Caspase-Glo® 3/7 Assay
(Promega, U.S.A) were used to determine cell viability and caspase activation respectively.
SNU-5 cells (1 x 105 cells) were seeded in each 96-well and treated for 72 hrs before

analysis. Cell viability and caspase activation were performed according to manufacturer’s

~ protocol. Luminescence was read using the EnVision plate reader (PerkinElmer, U.S.A).

[00179] Cell proliferation using cell counter and CellTracker Green BODIPY dye
[00180] Cell count |

[00181] Cells were seeded and treated with anti-a-chain c-Met monoclonal antibodies for
72 hrs. Cells were harvested and counted ﬁsing the automated ADAM cell counter (Digital
Bio, Korea). 1 ,
[00182] CellTracker Green BODIPY dye
[00183] SNU-5 cells were stained with 5 uM of CellTracker BODIPY dye for 30 mins.

Stained cells were seeded and treated with anti-a-chain c-Met monoclonal antibodies for 6

days. Cells were harvested and dye retention in live cells were analysed by flow cytometry.

[00184] Immunofluorescence

[00185] 10 pg/mL of anti-a-chain monoclonal antibody were incubated with. live SNU-5
cells for 1 hr at 4°C or 37°C. Antibody-treated cells were washed once with PBS and
deposited onto polylysine-coated slides (Thermo Scientific, #5991056) using the Thermo

~Shandon Cytospin 3 Cytofuge (Thermo Scientific) at 800 rpm for 5 mins and fixed

immediately in 4% paraformaldehyde. Cells were then blocked and permeablised in PBS
containing 0.4% Triton X-100 and 5% BSA. Bound anti-o-chain c-Met antibodies were
detected using anti-mouse Alexa Fluor®488-conjugated secondary antibody. Phallodin was
added together with the secondary antibodies. Célls were washed before staining with 4',6'-

diamidino-2-phenylindole (DAPI) and mounted with Hydromount (National Diagnostics,
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U.S.A) containing 2.5% DABCO (1,4- Diazabicyclo-[2.2.2]octane) (Sigma-Aldrich) as an
anti-bleaching agent. Immunoﬂudrescence ‘was observed using Nikon Eclipse E600
microscope. '

[00186] Comprehensive mapping of mAb 2 epitope

[00187] Pepscan analysis was used to determine the region of c-Met a-chain bound by
mAb 2. Cénsecutive overlapping peptides that spanned the entire a-chain were synthesised in
vitro (Mimotopes). Each peptide, made up of 15 amino acid residues, overlaps each
neighbouring peptide by 10 amino acids. These Peptides were tagged with biotin at the N-
terminus through an SGSG linker sequence. Peptides were added to individual'streptavidin—
coated wells in a 96-well plate and unbound peptides were removed by extensive washing.
To determine the region of mAb 2 binding on the a-chain, mAb 2 was added to each peptide

containing well. Binding of the antibody was detected by colorimetric assay and analysed by

~ absorbance reading at 450 nM.

[00188] mAb 2 bound to peptide 028 (CIFSPQIEEPSQCPD) and 029
(QIEEPSQCPDCVVSA) with similar affinity (Figufe 11A). This indicates that the epitope of
mAb 2 is shared by both peptides. To identify residues within peptides O28 and 029 that are
crucial for mAb 2-Met interaction, an alanine scan was performed. Variations of peptide 028

and 029, where each amino acid residue was sequentially substituted for an alanine residue,

were synthesised (Tablé 3). Peptides P1 to P16 (with the SEQ ID NO: 26 to 39) and P17 to

P31 (with the SEQ ID NO: 40 to 56) were derived from the original peptide O28 and 029

respectively. Using the same ELISA-based assay described above, synthésised peptides were
added to streptavidin-coated wells and purified mAb 2 was added to each peptide containing

well. mAb 2 binding was determined by absorbance reading at 450 nM. Loss of antibody

~ binding to a peptide demonstrates the importance of the substituted amino acid residue in

mAb 2-Met interaction. Peptide 027, peptide Ol and no peptide were used as negative
controls. Interestingly, although the first 10 amino acids of peptide O28 overlap with peptide
027, mAb 2 does not bind to peptide O27. |
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Table 3: Peptides used for mAb 2 alanine scan

Original peptide | Peptide no. Peptide sequence
P1 AIFSPQIEEPSQCPD
P2 CAFSPQIEEPSQCPD
P3 CIASPQIEEPSQCPD
P4 CIFAPQIEEPSQCPD
P5 CIFSAQIEEEPSQCPD
P6 CIFSPAIEEPSQCPD
P7 : CIFSPQAEEPSQCPD
8 P8 CIFSPQIAEPSQCPD
© P9 CIFSPQIEAPSQCPD
P10 CIFSPQIEEASQCPD
P11 - CIFSPQIEEEPAQCPD
P12 CIFSPQIEEEPSACPD
P13 CIFSPQIEEPSQAPD
P14 CIFSPQIEEPSQCAD
P15 CIFSPQIEEPSQCPA
P16 AlFSPQIEEPSQAPD
P17 AIEEPSQCPDCVVSA
P18 . . QAEEPSQCPDCVVSA -
P19 QIAEPSQCPDCVVSA
P20 QIEAPSQCPDCVVSA
P21 ' QIEEASQCPDCVVSA
P22 QIEEPAQCPDCVVSA
P23 QIEEPSACPDCVVSA
029 P24 QIEEPSQAPDCVVSA
P25 QIEEPSQCADCVVSA
P26 ' QIEEEPSQCPACVVSA
P27 QIEEPSQCPDAVVSA
P28 QIEEEPSQCPDCAVSA
P29 QIEEEPSQCPDCVASA
P30 QIEEPSQCPDCVVAA
P31 QIEEPSQAPDAVVSA

[00189] In the bresence bf 1 mM DTT, the alanine scan analysis reveale& that mAb 2 failed

- to bind to peptides P1, P7, P8, P9, P10, P14, P15, P17, P19, P20 and P25 (Figure 12A). The

substituted amino acid residues in these peptides are thus involved in mAb 2 epitope.
Interestingly, prolines that form kinks in protein structures were observed to be important
residues in mAb 2 -épitope. This is supported by the loss of mAb 2 vbind‘ing due to the
substitution of proliné by alanine in peptides P14, P25 and P10. To determine Which residues
play a more crucial role in mAb 2 binding, mAb 2 was titrated against the péptides (Figure
12B). The peptides are listed in Table 4 in increasing binding affinity to mAb 2. mAb 2
bound peptides P1, P8 and P14 the least, ind’icating that the substituted residues, ‘C’, ‘E’ and
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‘P’ respectively, are most critical for mAb 2 binding (Figuré 12B and Table 4). Further
analysis of the peptides that fail to bind to mAb 2 showed that the residues 166 to 168 ‘IEE’
and 172 to 175 ‘CPDC’ form the main epitope of mAb 2. These residues are not consecutive
residues. The importance of proline residues and the non-consecutive residues in mAb 2 main
epitope suggests that the native structure of c-Met is important for mAb 2 binding. This is
consistent with the observed character of mAb 2 i.e. mAb 2 have high affinity and specificity
towards native c-Met and not to denatured c-Met (Figure 11C & D).

[00190] Mapping of mAb 2 main epitope, ‘IEE’ and ‘CPDC’, onto the crystal struéture of
c-Met (PBD 1SHY), revealed that “IEE’, in ‘oran‘ge, is exposed on the surface of c-Met-while
‘CPDC’, in pink, is buried within c-Met (Figure 12C). How mAb 2 is able to bind to ‘CPDC’
is not yet known but it is spequlated that this region could be more prominent in cancer cells.

Computer simulation studies of mAb 2 binding will further elucidate this cryptic epitope of

- mAb 2.
Increase mAF) 2 binding in Peptide no. Peptide sequence
ascending order
’ P1 AIFSPQIEEPSQCPD
_ P8 CIFSPQIAEPSQCPD
2 P14 . CIFSPQIEEPSQCAD
3 P25 QEEPSQCADCVVSA
4 P9 CIFSPQIEAPSQCPD
5 P17 AIEEPSQCPDCVVSA
6 P19 QIAEPSQCPDCVVSA
7 P10 CIFSPQIEEASQCPD
8 " P7 |~ CIFSPQAEEPSQCPD
9 P20 QIEAPSQCPDCVVSA
10 P15 ' - CIFSPQIEEPSQCPA
11‘ 028 CIFSPQIEEPSQCPD
‘ 029 QEEPSQCPDCVVSA

Table 4: Alanine-substituted peptides listed in increasing drder of mAb 2 binding.
[00191] Phage expression of mAb 2 scFv
[00192]) The variable regions of mAb 2 heavy (VH) and light (VL) chain were cloned into

the phage expression vector pIT2 for antibody single-chain variable fragment (scFv)

expression. Two mAb 2 scFv. constructs were made: VH-VL scFv and VL-VH scFv.
Nucleotide and protein sequences of mAb 2 heavy and light chain are listed in Figure 13 and

14 respectively.
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[00193] mAD 2 scFv were expressed on phage surfacg. To determine if the phage-expressed
scFv retained mAb 2 binding specificity, mAb 2 scFv-expressing phage were analysed for .
their binding to peptides 028 and 029. Using the same ELISA-based aésay as described
earlier, binding of mAb 2 scFv-expressing'phage to peptides O28 and 029 were determined
using HRP-conjugated aﬁti-phage antibody. Absorbance was analysed at 450 nM. As
negative controls, peptide O27 and no peptide control were used. Both mAb 2 scFv
constructs bound to peptide 028 and 029 indicating that the VH and VL of mAb 2 were
succéssfully-clohed (Figure 15). IhtereStingly, while full length murine mAb 2 showing no
binding preference for peptides O28 and 029, both constructs of phage-expressed mAb 2

~ scFv bound more strongiy to peptide O29 then to peptide O28. This could be due to the

difference in antibody structure/framework. scFv is monovalent and lacked the antibody
constant regions which also contains the flexible hinge region. This could affect the

flexibility, binding avidity and binding affinity of an anﬁbody.
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Claims

1.

10.

11.

An antibody specifically binding an epitope comprised in the a-chain of c-Met.

The antibody of claim 1 wherein the epitope comprises the sequence IEE or CPD,; or.
IEE or CPDC; or IEE and CPD, or IEE and CPDC.

The antibody of claim 2, wherein the epitdpé comprises ******[EE***CPD (SEQ ID
NO: 12) or *IEE***CPDC**** (SEQ ID NO: 13), wherein * can be any amino acid.

The antibody of claim 3, wherein ******[EE***CPD is C***P*I[EEP**CPD (SEQ
ID NO: 14).

The antibody of claim 3, wherein’*IEE***CPDC**'** is *IEEP**CPDC**** (SEQ

"ID NO: 15).

The antibody of claim 4, wherein C***P*[EEP**CPD is CIFSPQIEEPSQCPD (SEQ

ID NO: 16).

The antibody of claim 5, wherein *IEEP**CPDC**** is QIEEPSQCPDCVVSA
(SEQ IDNO: 17). .

The antibody of claim 1, wherein c-Met is human c-Met.

The antibody of claim 1 or 2, wherein the antibody is a monoclonal or polyclonal

antibody.

The antibody according to any one of the preceding claims wherein the antibody is a

murine antibody.

The antibody of any one of the preceding claims, wherein the antibody is a murine

"~ monoclonal antibody.
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13.

14.

15.

16.

17.

18.

19

48

The antibody of claim 10 or 11, wherein the murinebantibokdy is humanized. -

The antibody of any one of the preéeding claims, wherein the antibody is a chimeric

antibody.

The antibody of any one of the preceding claims, wherein the heavy chain of the
antibody cémprises at l.east'one, or at least two, or all of the following:

CDR 1 comprising the sequéhce of SEQ ID NO: 2; .

Ci)R 2 comprising the sequence.of vSEQ ID NO: 3; or-

CDR 3 comprising the sequence of SEQ ID NO: 4.

The antibody of any one of thé preceding claims, wherein the light chain of the
antibo_'dy comprises at least one, or at least two, or all of the following:
CDR 1 comprising the sequence of SEQ ID NO: §; |
~ CDR 2 comprising the sequence of SEQ ID NO: 6; or
CDR 3 comprising the sequence of SEQ ID NO: 7. |
The antibody of bany on>e of the preceding claims, wherein the antibody has a heavy
chain comprising the sequence of SEQ ID NO:8ora sequence which is at least 95%,

or 96%, or 97%, or 98% identical to the sequence of SEQ ID NO: 8.
The antibody of any one of thé preceding claims, wherein the antibody has a light
chain comprising the sequence of SEQ ID NO: 9 or a sequence which is at least 95%,

or 96%, or 97%, or 98% identical to the sequence of SEQ ID NO: 9.

The antibody of any one of the preceding claims, wherein the antibody is coupled to

an agent.

The antibody of claim 18, wherein the agent is a cytotoxic agent.
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The antibody of claim 19, wherein the agent is selected from the group consisting of
mertansine, emtansine, monomethyl auristatin E, ricin, diphtheria toxin, doxorubicin,

Pseudomonas aeruginosa exotoxin, and pyrrolobenzodiazepine.

A nucleic acid éncoding an antibody of any one of claims 1 to 20, wherein the heavy

chain of the antibody comprises the sequence as shown in SEQ ID NO: 10.

A nucleic acid encoding an antibody of any one of claims 1 to 20, wherein the light

chain of the antibody comprises the sequence as shown in SEQ ID NO: 11.
A pharmaceutical composiﬁon comprising an antibody of any one of claims 1 to 20.

The pharmaceutical composition of claim 23 further comprising one or more -

pharmaceutically acceptable excipients, or vehicles, or carriers.

A method of treating and/or preventing cancer comprising administration of a

therapeutically effective amount of an antibody of any one of claims 1 to 20.
The method of claim 23, wherein cancer is selected from the group consisting of
breast cancer, lung cancer, liver cancer, gastric cancer, brain cancer, blood cancer,

colon cancer, pancreatic cancer and prostate cancer.

A method of diagnosing cancer comprising detection of aberrant expression of c-Met

by administering an antibody of any one of claims 1 to 20 for detecting c-Met.

Use of an antibody of 'any one of claims 1 to 20 in the manufacture of a medicament

for treating and/or preventing cancer.

Use of an antibody of any one of claims 1 to 20 for detecting cells with abérrant c-

‘Met expression.

Use of an antibody of any one of claims 1 to 20 as cancer prognosis marker.
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31. The use of claim 28, wherein cancer is selected from the group consisting of breast
cancer, lung cancer, liver cancer, gastric cancer, brain cancer, blood cancer, colon

cancer, pancreatic cancer and prostate cancer.
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