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Description

Field of the invention

[0001] The present disclosure concerns new antibody fragments with improved in vivo stability.

Background

[0002] Targeted therapy, the new frontier of cancer treatment, employs pharmacological tools (drugs or antibodies)
specifically blocking crucial gene products that sustain the transformed phenotype. Currently, cancer targeted therapy
is employed in the clinic for the treatment of chronic myelogenous leukemias (CML), addicted to the tyrosine kinase
molecule ABL, for the treatment of a subset of Non-Small Cell Lung Cancers (NSCLC) and Colon-Rectum Carcinomas
(CRC) relying on Epidermal Growth Factor Receptor (EGFR/HER-1) activation and for the treatment of BRAF-dependent
melanomas.
[0003] Receptors with tyrosine kinase activity (RTKs) are interesting candidates for targeted therapy as they are often
hyper-activated in several types of tumors. They can be inhibited by different types of targeting molecules, such as
antibodies, that upon interaction with the extracellular part of the receptor are able to perturb the receptor-induced
intracellular signaling, and chemically-synthesized small molecules that interfere with the receptor catalytic activity.
[0004] Among the different RTKs, the product of the c-met proto-oncogene, the Hepatocyte Growth Factor Receptor
(HGFR/Met), is emerging as one of the most important activated oncogene in cancer. Met controls a genetic program
known as ’invasive growth’ that includes promitogenic, pro- invasive and anti-apotoptic cues. Through these physiological
signals, Met provides with a better fitness the tumor, helping it to overcome selective barriers in cancer progression.
Moreover Met sustains tumor growth by its ability to promote tumor angiogenesis. In the last years, Met also resulted
responsible for the aggressiveness developed by tumors treated with anti-angiogenic agents and for resistance to
conventional radiotherapy. Additionally, MET gene alteration can be a primary cause of transformation, in all of those
cases in which it has been genetically selected for the long term maintenance of the primary transformed phenotype.
[0005] All the above listed findings have prompted the development of several molecules suitable to inhibit Met sign-
aling, including competitive inhibitors of HGF, chemical Met kinase inhibitors, anti-HGF and anti-Met antibodies. Some
of these molecules, until now, have been tested only for research purpose. Clinical trials are currently ongoing with
neutralizing anti-HGF antibodies, anti-Met antibodies and several small molecules.
[0006] From several view-points, an anti-Met antibody able to inhibit Met signaling would be preferable. Antibodies
are highly specific, stable and, thank to their natural design, they are generally well tolerated by the host. In the last
years, several efforts have been put to generate therapeutic anti-Met antibodies. However, a lot of failures have been
registered, as the majority of the anti-Met antibodies behave as agonists, mimicking the HGF action. This is mostly due
to the fact that, thanks to their bivalent structure, antibodies can stabilize receptor dimers, allowing trans-phosphorylation
of Met, with its consequent activation. In one case, an agonist anti-Met antibody (5D5) has been engineered and converted
in a monovalent form (One Armed-5D5) that, competing with HGF binding, is endowed with therapeutic potential (1,2).
This molecule has been recently entered a phase III clinical trial for the treatment of a subset of Non Small Cell Lung
Cancer patients, characterized by high level of Met expression in the tumors, in combination with erlotinib (3).
[0007] The monoclonal antibody DN30 is a mouse IgG2A directed against the extracellular moiety of the human Met
receptor (4). It binds with sub-nanomolar affinity the fourth IPT domain of the Met receptor extracellular region. At the
beginning, it was characterized as a partial agonist of Met, able to promote some, but not all, of the Met-mediated
biological cell responses. Later it has been demonstrated that it can act as an inhibitor of tumor growth and metastasis
through a mechanism of receptor ’shedding’ (5). Receptor shedding is a physiologic cellular mechanism of protein
degradation acting on diverse growth factors, cytokines, receptors and adhesion molecules. Met shedding is articulated
in two steps: first a metalloprotease, the ADAM-10, cleaves the extracellular domain of Met recognizing a specific
sequence localized immediately upstream to the trans-membrane region; then the remaining transmembrane fragment
becomes substrate of a second protease (γ-secretase) that detaches the kinase-containing portion from the membrane
and rapidly addresses it towards the proteasome degradation pathway (6,7). The enhancement of this mechanism
exerted by the DN30 leads to a reduction in the number of Met receptors exposed at the cell surface. At the same time,
it releases a soluble, ’decoy’ ecto-domain in the extracellular space. The latter competes with the intact trans-membrane
receptor for ligand binding and inhibits receptor homo-dimerization by forming hetero-dimeric complexes with bona fide
Met. All these actions strongly impair Met-mediated signaling and result in prevention of the downstream biological effects.
[0008] Recently the present inventors demonstrated that the monovalent Fab fragment of the DN30 anti-Met mono-
clonal antibody (DN30 Fab) is cleared of any agonistic activity and maintains the ability to induce shedding, thus resulting
in a potent Met inhibitor (8). Induction of Met shedding by DN30-Fab is dependent on the selective antibody-antigen
interaction but is independent from receptor activation. This mechanism of action, based on the simple elimination of
Met from the cell surface, gives to the DN30-Fab a strong advantage over other inhibitors, as it can be effective against
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all the forms of Met activation, whether HGF-dependent or not, induced by overexpression, mutation or gene amplification.
[0009] While the recombinant DN30-Fab is very attractive for clinical applications, the short Fab plasma half-life -
mostly due to renal clearance - severely limits its use for patient treatment.
[0010] Currently, the most consolidated technique to improve the pharmacological properties of a Fab fragment is to
increase its molecular weight by conjugation with Poly Ethylen Glycol (PEG). Fab PEGylation is a route pursued in most
of the cases employing Fab in the clinic. The covalent attachment of the polymer chains to the antibody fragment,
obtained efficiently and without loss of antigen binding properties, is not an obvious process and requires a strong effort
of setting up.
[0011] Another technique used to improve the pharmacological properties of a Fab fragment is the one disclosed in
EP-A-1 718 677. Such a procedure, used to generate the One Armed form of monoclonal antibody 5D5 commented
above, is the production - on recombinant basis - of three different antibody chains in the same cell, the light chain (VL-
CL), the heavy chain (VH-CH1-CH2-CH3) and the Fc portion of the heavy chain (CH2-CH3). The CH2-CH3 domains
are not wild type: mutations, giving rise to specific tridimensional structures, are included. In one polypeptide, the CH2-
CH3 region incorporates a sequence forming a protuberance, while in the other polypeptide the CH2-CH3 region contains
a sequence forming a cavity, in which the protuberance can be inserted (Knob into hole structure). The presence of
these tridimensional structures allows the preferable formation of heterodimers in which the heavy chain forms disulfide
bonds with the Fc fragment, but does not exclude at all the formation of homodimers (i.e. two heavy chains linked together
and two Fc linked together). Purification allowing the separation of the unwanted homodimers from the wanted het-
erodimers is mandatory. Thus the "One Armed procedure", although very elegant, is cumbersome as it requires additional
steps in the overall process that complicate the manufacturing and reduce the yield of the recombinant antibody. Several
strategies to increase the half-life of antibody fragments are disclosed i.a. in Constantinou et al., Biotechnology Letters
2010; 32(5):609-622, and Wier et al., Biochemical Society Transactions (2002); 30(4): 512-516.
[0012] It is therefore felt the necessity of a different solution to increase Fab plasma half-life for in vivo therapeutic use.

Summary of the invention

[0013] The object of this disclosure is to provide an antibody fragment with improved in vivo stability.
[0014] According to the invention, the above object is achieved thanks to the subject matter recalled specifically in the
ensuing claims, which are understood as forming an integral part of this disclosure.
[0015] An embodiment of the present disclosure provides an antibody fragment comprising a first polypeptide com-
prising a light chain variable domain and two constant domains and a second polypeptide comprising a heavy chain
variable domain and two constant domains, wherein two chain constant domains are light chain constant domains and
two constant domains are heavy chain CH1 constant domains, fused in different combinations to the variable domains.
[0016] A further embodiment of the present disclosure concerns an antibody fragment as defined above that is more
stable in vivo than the Fab molecule comprising the light and heavy chain variable domains.
[0017] A still further embodiment concerns an antibody fragment as defined above that specifically binds the hepatocyte
growth factor receptor (HGFR/Met).

Brief description of the drawings

[0018] The invention will now be described in detail, purely by way of an illustrative and non-limiting example and,
with reference to the accompanying drawings, wherein:

- FIGURE 1: Met shedding and down-regulation in Met-addicted cells treated by chimeric MvDN30 or murine
DN30 Fab. A SNU-5 a human gastric carcinoma cell line; B H1993-NCl a non small cell lung carcinoma cell line.
Cells were incubated for 48 hrs in serum free medium with the indicated concentrations of the two antibody fragments
derived from DN30 mAb. Total Met levels were determined by Western blot analysis of cell extracts using anti-Met
antibodies. The two Met bands correspond to the unprocessed (p190 Met) and mature (p145 Met) forms of the
receptor. Met shedding was determined by Western blot analysis of conditioned medium using anti-Met antibodies.
Both molecules efficiently induce Met-shedding/down-regulation.

- FIGURE 2: Growth assay of Met-addicted cells treated by chimeric MvDN30 or murine DN30 Fab. A EBC-1
a non small cell lung carcinoma cell line; B Hs746T a human gastric carcinoma cell line. Cells were plated in 96
well dishes (1000/well) in 10% FCS medium. After 24 hrs cells were treated with increasing concentrations of
antibodies for further 72 hrs. Number of cells was evaluated by Cell titer-glo (Perkin Elmer). Each point is the mean
of triplicate values; bars represent standard deviation. Both molecules efficiently inhibit cell growth of Met-addicted
cells.

- FIGURE 3: Schematic representation of the new DN30 derived molecules. Top: chimerized DN30 Fab
(MvDN30); middle: Double Constant Domain Fab with the duplicated constant domains in tandem (DCD-MvDN30.1);
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bottom: Double Constant Domain Fab with the duplicated constant domains swapped reciprocally (DCD-MvDN30.2).
VH: variable domain of the DN30 heavy chain. VL: variable domain of the DN30 light chain. CH1: constant domain
1 derived from human IgG1 heavy chain. CL: constant domain derived from human kappa light chain. Strep and
His Tag: sequences included to allow protein purification and immuno-detection.

- FIGURE 4: Analysis of the new DN-30 derived molecules. The indicated purified proteins were subjected to SDS-
PAGE under reducing condition. Gel was stained with Gel Code blue (Pierce). All the molecules show two bands
with the expected molecular weight.

- FIGURE 5: Binding to Met of DCD-MvDN30 molecules. ELISA binding analysis of MvDN30, DCD-MvDN30.1 and
DCD-MvDN30.2 (liquid phase) to a Met-Fc chimera (solid phase). Binding was revealed using anti-strepTAG anti-
bodies. O.D.: Optical Density; A.U.: arbitrary units. Each point is the mean of triplicate values; bars represent standard
deviation. The new molecules bind to Fc-Met with the same high affinity.

- FIGURE 6: Agonistic activity of DCD-MvDN30 molecules. A549 cells were starved for 24 hrs and then stimulated
for 10min at 37°C with the different molecules at the indicated concentrations. Met activation was determined by
immuno-precipitation with anti-Met antibodies followed by Western blotting with anti-Met antibodies specific for the
phosphorylated Tyr 1234/1235 Met residues, the major phosphorylation site (Top). The same blot was re-probed
with anti-Met antibodies (Bottom). The new molecules do not significantly activate the Met receptor.

- FIGURE 7: Agonistic activity of DCD-MvDN30 molecules. A549 cells were starved for 24 hrs and then stimulated
for 10min at 37°C with the different molecules at the indicated concentrations. Activation of AKT and ERK-1,2 was
determined by Western blotting with anti-AKT or anti-ERK antibodies specific for the phosphorylated form. The same
blot was re-probed with anti-Vinculin antibodies (Bottom) to control protein loading. The new molecules do not
significantly activate the Met- dependent signaling.

- FIGURE 8: Met shedding and down-regulation in cells treated by DCD-MvDN30 molecules. A549 cells were
incubated for 72 hrs in serum free medium with the indicated molecules (500 nM). Total Met levels were determined
by Western blot analysis of cell extracts using anti-Met antibodies. The two Met bands correspond to the unprocessed
(p190 Met) and mature (p145 Met) forms of the receptor. As a loading control, the filter was probed with an unrelated
protein (actin). Met shedding was determined by Western blot analysis of conditioned medium using anti-Met anti-
bodies. The new molecules efficiently induce Met shedding.

- FIGURE 9: Inhibition of HGF-induced Met-activation by DCD-MvDN30 molecules. A549 cells were incubated
for 24 hrs in serum free medium plus the indicated molecules (1000nM) and then stimulated for 10 min with HGF
(100ng/ml). Met activation was determined in total cell lysates by Western blotting with anti-Met antibodies specific
for the phosphorylated Tyr 1234/1235 Met residues, the major phosphorylation site. The same blot was re-probed
with anti-Met antibodies. Activation of AKT and ERK-1,2 was determined by Western blotting with anti-phosphoAKT
or anti-phosphoERK antibodies. The same blot was re-probed with anti-AKT or ERK-1,2 antibodies. To control
protein loading the filter was also probed with anti-Vinculin antibodies. The new molecules strongly inhibit HGF-
induced Met-activation and Met-dependent signaling.

- FIGURE 10: Anchorage-dependent growth of Met-addicted cells treated with DCD-MvDN30.1 or
DCDMvDN30.2 or MvDN30. A, B, C, D human gastric carcinoma cell lines; E, F non small cell lung carcinoma cell
lines. Cells were plated in 96 well costar (1000/well) in 5% FCS medium. After 24 hrs cells were treated with increasing
concentrations of the different molecules for further 72 hrs. Number of cells was evaluated by Cell titer-glo (Promega).
The plots represent the percentage of alive cells respect to untreated control. Each point is the mean of triplicate
values. The new molecules efficiently inhibit cell growth of Met-addicted cells.

- FIGURE 11: Anchorage-independent growth of cells treated with DCD-MvDN30.1 or DCD-MvDN30.2 or
MvDN30. A549 cells were plated in semi-solid medium (5% agarose) with or without HGF (50 ng/ml) in the presence
of 1.5 mM of DCD-MvDN30.1, or DCD-MvDN30.2 or MvDN30. After 21 days colonies were stained with tetrazolium
salt. Colonies were quantified by counting pixel in each well area with MetaMorphOffline Software. Each point is
the mean of triplicate values. The new molecules efficiently inhibit HGF-dependent anchorage-independent cell
growth.

- FIGURE 12: Pharmakokinetic profile in vivo of DCD-MvDN30.1, DCD-MvDN30.2 and MvDN30. Immunodeficient
mice were injected intraperitoneous with a single dose (100 mg) of DCD-MvDN30.1, or DCD-MvDN30.2 or MvDN30.
Peripheral blood was collected at different time points. Serum concentrations of the therapeutic molecules were
measured by ELISA. Graph represents the amount of circulating molecules in function of time. Samples are in
triplicate, bars represent standard deviations.

- FIGURE 13: Nucleotide and amino acid sequences of a first embodiment of a first polypeptide of an antibody
fragment according to the present disclosure. The sequences correspond to the polypeptide derived from the
light chain, VL-CL-CL. The CDR regions are underlined both in the nucleotide and amino acid sequences.

- FIGURE 14: Nucleotide and amino acid sequences of a first embodiment of a second polypeptide of an
antibody fragment according to the present disclosure. The sequences correspond to the polypeptide derived
from the heavy chain, VH-CH1-CH1-TAGs. The CDR regions are underlined both in the nucleotide and amino acid
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sequences. Strep and Histidine TAGs in capital italic letters.
- FIGURE 15: Nucleotide and amino acid sequences of a second embodiment of a first polypeptide of an

antibody fragment according to the present disclosure. The sequences correspond to the polypeptide derived
from the light chain, VL-CL-CH1-TAGs. The CDR regions are underlined both in the nucleotide and amino acid
sequences. Strep and Histidine TAGs in capital italic letters.

- FIGURE 16: Nucleotide and amino acid sequences of a second embodiment of a second polypeptide of an
antibody fragment according to the present disclosure. The sequences correspond to the polypeptide derived
from the heavy chain, VH-CH1-CL. The CDR regions are underlined both in the nucleotide and amino acid sequences.

- FIGURE 17: Nucleotide and amino acid sequences of DN30 light chain variable domain. The CDR regions
are underlined both in the nucleotide and amino acid sequences.

- FIGURE 18: Nucleotide and amino acid sequences of DN30 heavy chain variable domain. The CDR regions
are underlined both in the nucleotide and amino acid sequences.

Detailed description of the invention

[0019] The invention will now be described in detail, by way of non limiting example, with reference to antibody
fragments able to specifically bind hepatocyte growth factor receptor.
[0020] It is clear that the scope of this description is in no way limited to such target antigen, since the antibody
fragments described herein can be characterized by specifically binding other target antigens.
[0021] In the following description, numerous specific details are given to provide a thorough understanding of em-
bodiments. The embodiments can be practiced without one or more of the specific details, or with other methods,
components, materials, etc. In other instances, well-known structures, materials, or operations are not shown or described
in detail to avoid obscuring aspects of the embodiments.
[0022] Reference throughout this specification to "one embodiment" or "an embodiment" means that a particular
feature, structure, or characteristic described in connection with the embodiment is included in at least one embodiment.
Thus, the appearances of the phrases "in one embodiment" or "in an embodiment" in various places throughout this
specification are not necessarily all referring to the same embodiment. Furthermore, the particular features, structures,
or characteristics may be combined in any suitable manner in one or more embodiments.
[0023] The headings provided herein are for convenience only and do not interpret the scope or meaning of the
embodiments.
[0024] Antibodies are complex tetramers in which both the heavy and the light chains are composed by multiple Ig
domains, each one folding independently. At the very beginning of the antibody era it has been shown that, through
enzymatic treatment, an antibody can originate fragments that maintain the original structure and the antigen-binding
properties.
[0025] Subsequently, by applying protein engineering techniques, a plethora of different engineered antibody fragments
have been generated. According to molecular design, each new antibody fragment is characterized by particular features
(i.e. increased avidity, multivalency, multispecificity, ADCC-deficient, chimerized, etc.).
[0026] However, none of the previous studies have addressed the issue of renal clearance to prolong half-life in vivo
of antibody fragments.
[0027] To this end, the present inventors developed a recombinant antibody fragment comprising a first polypeptide
comprising a light chain variable domain and two constant domains and a second polypeptide comprising a heavy chain
variable domain and two constant domains, wherein two chain constant domains are light chain constant domains and
two constant domains are heavy chain CH1 constant domains, fused in different combinations to the variable domains.
[0028] In one embodiment, the antibody fragment herein disclosed is more stable in vivo than the Fab molecule
comprising said light and heavy chain variable domains.
[0029] In one embodiment, the antibody fragment has prolonged half-life in vivo when administered to a human patient
than the Fab molecule comprising said light and heavy chain variable domains because of a reduced renal clearance.
[0030] These antibody fragments were named ’Dual Constant Domain Fabs’ (DCD-Fabs) .
[0031] In a preferred embodiment, the present disclosure concerns an antibody fragment comprising a first polypeptide
comprising a light chain variable domain and two constant domains and a second polypeptide comprising a heavy chain
variable domain and two constant domains, wherein two constant domains are human light chain constant domains and
two constant domains are human heavy chain CH1 constant domains, fused in different combinations to the variable
domains, wherein the antibody fragment is more stable in vivo than the Fab molecule comprising said light and heavy
chain variable domains, and wherein the antibody fragment specifically binds the hepatocyte growth factor receptor
(HGFR/Met).
[0032] In one embodiment, the light chain variable domain is fused at its C-terminus to one light chain constant domain,
that is fused at its C-terminus to one light chain constant domain.
[0033] In another embodiment, the light chain variable domain is fused at its C-terminus to a light chain constant
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domain, that is fused at its C-terminus to one heavy chain CH1 constant domain.
[0034] In one embodiment, the heavy chain variable domain is fused at its C-terminus to one heavy chain CH1 constant
domain, that is fused at its C-terminus to one heavy chain CH1 constant domain.
[0035] In another embodiment, the heavy chain variable domain is fused at its C-terminus to a heavy chain CH1
constant domain, that is fused at its C-terminus to a light chain constant domain.
[0036] In one embodiment, the constant domains contained in the first and second polypeptide - when coupled together
in the antibody fragment - are able to generate disulfide bridges.
[0037] In a further preferred embodiment, the present disclosure concerns antibody fragments as defined above
wherein the antigen specificity is provided by employing as light and heavy chain variable domains the DN30 light and
heavy chain variable domains or humanized light and heavy chain variable domains comprising the complementarity
determining regions (CDRs) from DN30 monoclonal antibody. DN30 monoclonal antibody was disclosed in the interna-
tional patent application WO-A-2007/090807.
[0038] An antibody fragment of the invention is generally a therapeutic antibody. For example, an antibody of the
invention may be an antagonistic antibody, a blocking antibody or a neutralizing antibody.
[0039] In one aspect, the invention provides methods of treating or delaying progression of a disease administering
to a subject having the disease an effective amount of an antibody fragment of the invention, effective in treating or
delaying progression of the disease.
[0040] In one embodiment, the disease is a tumor or tumor metastasis.
[0041] In another embodiment, the disease is associated with dysregulation of hepatocyte growth factor-receptor
signalling and/or activation.
[0042] An antibody fragment of the invention is suitable for treating or preventing pathological conditions associated
with abnormalities within the HGF/HGFR signalling pathway.
[0043] In one embodiment, an antibody of the invention is a HGFR antagonist.
[0044] In one embodiment, the antibody fragment comprises antigen binding sequences from a non-human donor
grafted to a heterologous non-human, human or humanized sequence (e.g. framework and/or constant domain sequenc-
es). In one embodiment, the non-human donor is a mouse.
[0045] In one embodiment, the antigen binding sequences comprise all the CDRs and/or variable domain sequences
of an anti-HGFR murine antibody.
[0046] In one preferred embodiment, the murine light chain variable domain is fused at its C-terminus to one human
kappa light chain constant domain, that is fused at its C-terminus to one human kappa light chain constant domain. In
another embodiment, the murine light chain variable domain is fused at its C-terminus to a human kappa light chain
constant domain, that is fused at its C-terminus to one human IgGl heavy chain CH1 constant domain. In one embodiment,
the murine heavy chain variable domain is fused at its C-terminus to one human IgGl heavy chain CH1 constant domain,
that is fused at its C-terminus to one human IgGl heavy chain CH1 constant domain. In another embodiment, the murine
heavy chain variable domain is fused at its C-terminus to a human IgGl heavy chain CH1 constant domain, that is fused
at its C-terminus to a human kappa light chain constant domain.
[0047] In one preferred embodiment, an antibody fragment of the invention comprises a first polypeptide comprising
a light chain variable domain comprising the CDR sequences of an anti-HGFR murine antibody, more preferably the
CDRs of DN30, and two constant domains, wherein the two constant domains are: two light chain constant domains or
one light chain constant domain and one heavy chain CH1 constant domain. In one embodiment the two constant
domains are human constant domains.
[0048] In one embodiment, an antibody fragment of the invention comprises a second polypeptide comprising a heavy
chain variable domain comprising the CDR sequences of an anti-HGFR murine antibody, more preferably the CDRs of
DN30, and two constant domains, wherein the two constant domains are: two heavy chain CH1 constant domains or
one heavy chain CH1 constant domain and one light chain constant domain. In one embodiment the two constant
domains are human constant domains.
[0049] The invention provides, in a most preferred embodiment, a humanized antibody fragment that binds human
HGFR, wherein the antibody is effective to inhibit HGF/HGFR activity in vivo, the antibody comprising i) in the heavy
chain variable domain (VH) the three CDRs sequence of the heavy chain variable domain of the DN30 monoclonal
antibody (SEQ ID No.:19, 21,23) and substantially a human consensus sequence e.g. substantially the human consensus
framework (FR) residues of human heavy chain subgroup and ii) in the light chain variable domain (VL) the three CDRs
sequence of the light chain variable domain of the DN30 monoclonal antibody (SEQ ID No.:25,27,29) and substantially
the human consensus framework (FR) residues of human light chain K subgroup I (VKI).
[0050] In one embodiment, an antibody fragment of the invention comprises a first polypeptide comprising as the light
chain variable domain the light chain variable domain sequence set forth in SEQ ID NO: 12 (DN30 light chain variable
domain) and a second polypeptide comprising as heavy chain variable domain the heavy chain variable domain sequence
set forth in SEQ ID NO: 4 (DN30 heavy chain variable domain).
[0051] In one aspect, the invention provides for use of an antibody fragment of the invention (e.g. a HGFR antagonist
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antibody fragment of the invention) in the preparation of a medicament for the therapeutic and/or prophylactic treatment
of a disease, such as a cancer, a tumor, a cell proliferative disorder.
[0052] In one aspect, the invention provides a method of treating a pathological condition associated with dysregulation
of HGFR activation in a subject, said method comprising administering to the subject an effective amount of a HGFR
antagonist antibody fragment of the invention, whereby said condition is treated.
[0053] In one aspect, the invention provides a method of inhibiting the growth of a cell that expresses HGFR, said
method comprising contacting said cell with a HGFR antagonist antibody fragment of the invention thereby causing an
inhibition of growth of said cell.
[0054] In one aspect, the invention provides a method of therapeutically treating a mammal having a cancerous tumor
comprising a cell that expresses HGFR, said method comprising administering to said mammal an effective amount of
a HGFR antagonist antibody fragment of the invention, thereby effectively treating said mammal.
[0055] In one aspect, the invention provides a method for treating or preventing a cell proliferative disorder associated
with increased expression or activity of HGFR, said method comprising administering to a subject in need of such
treatment an effective amount of a HGFR antagonist antibody fragment of the invention, thereby effectively treating or
preventing said cell proliferative disorder.
[0056] In one aspect, the invention provides a method of therapeutically treating a tumor in a mammal, wherein the
growth of said tumor is at least in part dependent upon a growth potentiating effect of HGFR, said method comprising
contacting a tumor cell with an effective amount of a HGFR antagonist antibody fragment of the invention, thereby
effectively treating said tumor. The tumor cell can be one selected from breast, colorectal, lung, colon, pancreatic,
prostate, ovarian, cervical, central nervous system, renal, hepatocellular, bladder, gastric, head and neck tumor cell,
papillary carcinoma (e.g. the thyroid gland), melanoma, lymphoma, myeloma, glioma/glioblastoma (e.g. anaplastic as-
trocytoma, glioblastoma multiforme, anaplastic oligodendroglioma, anaplastic oligodendroastrocytoma), leukemia cell.
In one embodiment, a cell that is targeted in a method of the invention is a hyperproliferative and/or hyperplastic cell. In
one embodiment, a cell that is targeted in a method of the invention is a dysplastic cell. In yet another embodiment, a
cell that is targeted in a method of the invention is a metastatic cell. In a further embodiment, a cell that is targeted in a
method of the invention is a HGFR expressing cell belonging to the microenvironment sustaining the tumor and/or the
metastasis.
[0057] Methods of the invention can further comprise additional treatment steps. For example, in one embodiment, a
method further comprises a step wherein a targeted tumor cell and/or tissue is exposed to radiation treatment or a
chemotherapeutic agent. In another embodiment, a targeted tumor cell and/or tissue is treated, in addition to the antag-
onist antibody fragment of the invention, with HGF inhibitors (i.e. anti-HGF antibodies) or other anti-HGFR compounds
(i.e. small molecule kinase inhibitors). In a further embodiment, a targeted tumor cell and/or tissue is treated, in addition
to the antagonist antibody fragment of the invention, with molecules specifically hitting other targets relevant in the
maintenance of the transformed phenotype (i.e. anti-EGFR molecules).
[0058] Activation of HGFR is an important biological process; its deregulation leads to numerous pathological condi-
tions. Accordingly, in one embodiment of methods of the invention, a cell that is targeted (e.g. a cancer cell) is one in
which activation of HGFR is enhanced as compared to a normal cell of the same tissue origin. In one embodiment, a
method of the invention causes the death or cell growth arrest of a targeted cell. For example, contact with an antagonist
antibody fragment of the invention may result in a cell’s inability to signal through the HGFR pathway, which results in
cell death or cell growth arrest.
[0059] The invention also pertains to immunoconjugates, or antibody-drug conjugates (ADC), comprising an antibody
fragment conjugated to a cytotoxic agent such as a chemotherapeutic agent, a drug, a growth inhibitory agent, a toxin
(e.g. an enzymatically active toxin of bacterial, fungal, plant, or animal origin, or fragments thereof), or a radioactive
isotope (i.e. a radioconjugate).
[0060] The use of antibody-drug conjugates for the local delivery of cytotoxic or cytostatic agents, i.e. drugs to kill or
inhibit tumor cells growth in the treatment of cancer, allows targeted delivery of the drug moiety to tumors, and intracellular
accumulation therein, where systemic administration of these unconjugated drug agents may result in unacceptable
levels of toxicity to normal cells as well as the tumor cells sought to be eliminated.
[0061] Therapeutic formulations comprising an antibody fragment of the invention are prepared for storage by mixing
the antibody fragment having the desired degree of purity with physiologically acceptable carriers, excipients or stabilizers
(Remington’s Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980)), in the form of aqueous solutions, lyophilized
or other dried formulations. Acceptable carriers, excipients, or stabilizers are nontoxic to recipients at the dosages and
concentrations employed, and include buffers; antioxidants; preservatives; low molecular weight (less than about 10
residues) polypeptides; proteins, such as serum albumin, gelatin, or immunoglobulins; hydrophilic polymers such as
polyvinylpyrrolidone; amino acids; monosaccharides, disaccharides, and other carbohydrates; chelating agents; sugars;
salt-forming counter-ions; metal complexes and/or non-ionic surfactants.
[0062] The formulation herein may also contain more than one active compound as necessary for the particular
indication being treated, preferably those with complementary activities that do not adversely affect each other. Such



EP 2 943 510 B1

9

5

10

15

20

25

30

35

40

45

50

55

molecules are suitably present in combination in amounts that are effective for the purpose intended.
[0063] The active ingredients may also be entrapped in microcapsule prepared by means of techniques disclosed i.a.
in Remington’s Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980).
[0064] The formulations to be used for in vivo administration must be sterile.
[0065] Sustained-release preparations may be prepared. Suitable examples of sustained-release preparations include
semipermeable matrices of solid hydrophobic polymers containing the antibody fragment of the invention, which matrices
are in the form of shaped articles, e.g. films, or microcapsule.
[0066] An antibody fragment of the present invention may be used in in vitro, ex vivo and in vivo therapeutic methods.
The invention provides various methods based on using antibody fragments having superior properties compared to
conventional monovalent antibodies.
[0067] The present invention provides antibody fragments, which can be used for a variety of purposes, for example
as therapeutics, prophylactics and diagnostics.
[0068] Antibody fragments of the invention can be used either alone or in combination with other compositions in a
therapy. For instance, an antibody fragment of the invention may be co-administered with another antibody, chemother-
apeutic agent(s) (including cocktails of chemotherapeutic agents), other cytotoxic agent(s), anti-angiogenic agent(s),
cytokines, and/or growth inhibitory agent(s). Such combined therapies noted above include combined administration
(where the two or more agents are included in the same or separate formulations), and separate administration, in which
case, administration of the antibody of the invention can occur prior to, and/or following, administration of the adjunct
therapy or therapies.
[0069] The antibody fragment of the invention (and adjunct therapeutic agent) is/are administered by any suitable
means, including parenteral, subcutaneous, intraperitoneal, intrapulmonary, and intranasal, and, if desired for local
treatment, intralesional administration. The antibody fragment is suitably administered by pulse infusion, particularly with
declining doses of the antibody. Dosing can be by any suitable route, e. g. by injections, such as intravenous or subcu-
taneous injections, depending in part on whether the administration is brief or chronic. The antibody fragment of the
invention can be also delivered by gene transfer by mean of viral vectors (i.e. lentiviral vectors), administered locally or
systemically.
[0070] The antibody fragment of the invention will be formulated, dosed, and administered in a fashion consistent with
good medical practice. Factors for consideration in this context include the particular disorder being treated, the particular
mammal being treated, the clinical condition of the individual patient, the cause of the disorder, the site of delivery of
the agent, the method of administration, the scheduling of administration, and other factors known to medical practitioners.
The antibody need not be, but is optionally formulated with one or more agents currently used to prevent or treat the
disorder in question. The effective amount of such other agents depends on the amount of antibodies of the invention
present in the formulation, the type of disorder or treatment, and other factors discussed above. These are generally
used in the same dosages and with administration routes as used hereinbefore or about from 1 to 99% of the heretofore
employed dosages.
[0071] For the prevention or treatment of disease, the appropriate dosage of an antibody fragment of the invention
(when used alone or in combination with other agents such as chemotherapeutic agents) will depend on the type of
disease to be treated, the type of antibody, the severity and course of the disease, whether the antibody fragment is
administered for preventive or therapeutic purposes, previous therapy, the patient’s clinical history and response to the
antibody, and the discretion of the attending physician. The antibody fragment is suitably administered to the patient at
one time or over a series of treatments. Depending on the type and severity of the disease, about 1 mg/kg to 15 mg/kg
of antibody is an initial candidate dosage for administration to the patient, whether, for example, by one or more separate
administrations, or by continuous infusion. One typical daily dosage might range from about 1 mg/kg to 100 mg/kg or
more, depending on the factors mentioned above. For repeated administrations over several days or longer, depending
on the condition, the treatment is sustained until a desired suppression of disease symptoms occurs. One exemplary
dosage of the antibody fragment would be in the range from about 0.05 mg/kg to about 10 mg/kg. Thus, one or more
doses of about 0.5 mg/kg, 2.0 mg/kg, 4.0 mg/kg or 10 mg/kg (or any combination thereof) may be administered to the
patient. Such doses may be administered intermittently, e. g. every week or every three weeks (e. g. such that the patient
receives from about two to about twenty, e. g. about six doses of the antibody). An initial higher loading dose, followed
by one or more lower doses may be administered. An exemplary dosing regimen comprises administering an initial
loading dose of about 4 mg/kg, followed by a weekly maintenance dose of about 2 mg/kg of the antibody. However,
other dosage regimens may be useful. The progress of this therapy is easily monitored by conventional techniques and
assays.
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RESULTS

Generation of the chimeric DN30 Fab and characterization of its biochemical and biological properties.

[0072] Like other monoclonal antibodies with therapeutic potential, DN30 has been raised in mice. Thus, its direct
employment in humans for therapeutic purpose is not applicable, as the murine molecule would be recognized by human
anti-murine antibodies (HAMA) that leads to immuno-mediated clearance of the antibody activity. Substitution of the
murine constant regions of the antibody with sequences derived from human immunoglobulins (antibody chimerization)
is sufficient to strongly reduce the HAMA response. Chimerized mAbs and Fabs are currently used in the clinic. Through
classical molecular biology techniques, the present inventors have substituted the constant domains of the DN30 Fab
heavy and light chains with constant domains derived from human immunoglobulins: the light chain constant domain
has been substituted with the human kappa type domain, the one more represented in the natural human antibodies,
while the heavy chain CH1 constant domain has been substituted with the homologous domain derived from the human
IgG1. This combination is effective: the chimerized DN30 Fab (MvDN30) binds Met with high affinity, induce Met shedding
and inhibits proliferation of Met-addicted cells, overlapping the properties of the corresponding murine molecule (Fig 1
and Fig. 2).

Molecular design of the Dual Constant Domain Fab.

[0073] Using the MvDN30 sequence as a template, the present inventors duplicated the constant domains in each
light and heavy chain (Dual Constant Domain-Fab). The new engineered molecule has a predicted molecular weight of
75 kD. The present inventors generated two different DCD-Fabs. In the first molecule the human constant domains were
duplicated in tandem, thus generating a VH-CH1-CH1 chimeric heavy chain and a VL-CL-CL chimeric light chain. In the
second molecule the terminal domain were swapped reciprocally, thus generating a VH-CH1-CL chimeric heavy chain
and a VL-CL-CH1 chimeric light chain (Fig.3). The corresponding dimeric recombinant molecules were named DCD-
MvDN30.1 and DCD-MvDN30.2. cDNAs encoding for these new molecules were cloned into an expression plasmid and
then expressed into eukaryotic cells. Protein were purified from cell culture supernatant thank to the StrepTAG that was
inserted at the C-terminus of the sequence. Figure 4 shows the SDS-Page separation under reducing condition of the
purified recombinant molecules having the correct molecular weight size.

DCD-MvDN30.1 and DCD-MvDN30.2 bind to Met with high affinity.

[0074] Purified DCD-MvDN30.1 and DCD-MvDN30.2 were characterized for their ability to bind the Met receptor. To
this end, the present inventors performed ELISA assays using Met ectodomain in solid phase and MvDN30, DCD-
MvDN30.1 and DCD-MvDN30.2 in liquid phase. Binding was revealed using anti-strepTAG antibodies (Fig. 5). This
analysis showed that the three DN30-derived monovalent molecules bind to Met with a similar affinity (MvDN30, Kd =
0.141 6 0.03 nM; DCD-MvDN30.1, Kd = 0.133 6 0.02 nM; DCD-MvDN30.2, Kd = 0.130 6 0.03 nM).

DCD-MvDN30.1 and DCD-MvDN30.2 do not induce Met phosphorylation.

[0075] The present inventors tested whether the new DN30-derived molecules could display a Met agonistic activity
in Met phosphorylation assay. This was analysed using A459 human lung carcinoma cells, which represent a standard
system for determining Met activation in response to acute ligand stimulation. In fact, A549 cells express physiological
levels of Met, inactive in basal conditions, but prone to be activated by HGF or a ligand-mimetic molecule (4, 10). Cells
were stimulated for 15 minutes with increasing amounts of MvDN30, DCD-MvDN30.1 and DCD-MvDN30.2. Cells were
also stimulated with HGF and DN-30 mAb as positive controls. Met activation was determined by immunoblotting with
anti-phosphoMet antibodies. As shown in Fig. 6, the new molecules did not show any significant agonistic activity. DCD-
MvDN30.1 was indistinguishable from MvDN30, being devoid of any agonistic activity. DCD-MvDN30.2 retained a minimal
residual agonist activity, which was in any case negligible compared with the DN30 mAb or HGF. The present inventors
also checked the activation of molecules acting as downstream effectors of Met. While stimulation with HGF induced
the activation of both Extracellular signal-Regulated Kinases 1 and 2 (ERK-1 and ERK-2) and AKT/Protein Kinase B
(AKT), DCD-MvDN30.1 and DCD-MvDN30.2, as MvDN30, did not affect the phosphorylation status of these signal
transducers (Fig. 7).

DCD-MvDN30.1 and DCD-MvDN30.2 induce Met shedding.

[0076] The present inventors also investigated whether the new molecules derived from MvDN30 maintain the ability
to promote receptor shedding and downregulation. A549 cells were incubated with DCD-MvDN30.1, DCD-MvDN30.2
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and MvDN30. After 48 hours, the presence of Met ectodomain in the conditioned medium was analyzed by immunoblotting
using a monoclonal antibody directed against the extracellular portion of Met. Total cellular levels of Met were also
determined on cell lysates using the same antibody. This analysis revealed that both DCD-MvDN30.1 and DCD-
MvDN30.2 efficiently induced Met shedding and promoted Met down-regulation, resulting in release of soluble Met
ectodomain in the extracellular space and decreased Met levels in the cell (Fig. 8). Therefore, the new MvDN30 derived
molecules, like MvDN30, achieved complete disassociation between the antagonistic and agonistic properties of the
parental DN-30 mAb.

DCD-MvDN30.1 and DCD-MvDN30.2 inhibit HGF-induced Met phosphorylation and down-stream signaling.

[0077] The present inventors investigated if DCD-MvDN30.1 and DCD-MvDN30.2 could inhibit HGF-induced Met
phosphorylation and down-stream signaling. A549 cells were incubated with DCD-MvDN30.1, DCD-MvDN30.2 and
MvDN30 for 24 hrs and then stimulated for 15 minutes with HGF. Met activation was determined by immunoblotting with
anti-phosphoMet antibodies. As shown in Fig. 9, the two engineered molecules, as MvDN30, efficiently down-regulated
Met receptor and strongly impaired the level of its phosphorylation. This resulted in an inhibition of AKT and ERK-1,2
activation (Fig. 9).

DCD-MvDN30.1 and DCD-MvDN30.2 inhibit MET-addicted anchorage-dependent cell growth.

[0078] Anchorage-dependent growth can be impaired by a Met-inhibitor only in the cells that rely on Met-signalling for
proliferation/survival, the so called MET-addicted cells. The present inventors analysed the complete panel of MET-ad-
dicted tumor cells (GTL-16, SNU-5, Hs746T, MKN-45 - human gastric carcinoma cells - and H1993, EBC-1 - human
lung carcinoma cells). Exponentially growing cells were incubated with increasing concentrations of DCD-MvDN30.1
and DCD-MvDN30.2. MvDN30 was included in the assay as positive control. After 72 hours cell growth was determined
using a luminescence-based ATP assay. Both the MvDN30-derived molecules inhibited all the MET-addicted cell growth
in a dose-dependent fashion (Fig. 10). Inhibitory properties of the two DCD molecules were comparable to the ones of
MvDN30 in all cells tested.

DCD-MvDN30.1 and DCD-MvDN30.2 inhibit anchorage-independent cell growth.

[0079] The present inventors tested the ability of DCD-MvDN30.1 and DCD-MvDN30.2 to inhibit anchorage independ-
ent growth of A549 cells. Cells were seeded in semi-solid medium incubated or not with HGF and treated with a single
dose of DCD-MvDN30.1, DCD-MvDN30.2 and MvDN30. After two weeks, cell colonies were stained and quantified. In
this assay as well, DCD-MvDN30.1 and DCD-MvDN30.2 reduced HGF-dependent colony formation in a fashion similar
to that of MvDN30 (Fig. 11).

DCD-MvDN30.1 and DCD-MvDN30.2 show improved pharmacokinetic profile in vivo compared to MvDN30.

[0080] The present inventors studied the pharmacokinetic properties of DCD-MvDN30.1 and DCD-MvDN30.2, in
comparison with MvDN30. A single dose of the above mentioned molecules were delivered by intraperitoneal injection
to immunodeficient mice. Peripheral blood from the treated mice was collected at different time points after the delivery.
The circulating concentrations of the studied molecules were determined by ELISA performed on the serum samples.
DCD-MvDN30.1 and DCD-MvDN30.2 reached higher circulating levels compared to MvDN30. Moreover both the mol-
ecules showed increased half-life and are longer lasting in the circulation, being biological available for a longer time.
DCD-MvDN30.1 and DCD-MvDN30.2 clearance is strongly improved compared to MvDN30 (clearance reduction com-
pared to MVDN30: 9.6 and 13.7 fold respectively for DCD-MvDN30.1 and DCD-MvDN30.2)(Fig. 12 and Table 1).

Table 1. Pharmacokinetic parameters of the different DN30-derived molecules

t1/2 CL (ml/h) Vss (ml) Cmax (ng/ml) Tmax (h) AUCtot (ng/ml)h kel (1/h)

MVDN30 8.41 4.36 11.96 7595 0.5 22933 0.082

DCD-MvDN30.1 10.53 0.45 5.77 24130 4 220188 0.066

DCD-MvDN30 . 2 10.27 0.32 4.36 24952 4 314667 0.068

t1/2: half-life; CL: clereance; Vss: Volume of distribution; Cmax: maximal molecule concentration; Tmax: time to reach
Cmax; AUCtot: area under the Curve; Kel: constant of elimination.
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MATHERIAL AND METHODS

Cell Culture

[0081] EBC-1 human lung carcinoma cell and MKN-45 gastric carcinoma cell line were obtained from the Japanese
Collection of Research Bioresources (Osaka, Japan). GTL-16 human gastric carcinoma cells were derived from MKN-
45 cells as described (11). All other cell lines were obtained from the ATCC-LGC Standards partnership (Sesto San
Giovanni, Italy). All cell lines were maintained in RPMI except Hs746T - in DMEM - and SNU-5 - in IMDM. Cell media
were supplemented with 10% (20% for SNU-5) Fetal Bovine Serum and 2 mM glutamine (Media, serum and glutamine
were from Sigma Life Science, St. Louis, Missouri).

Protein engineering

[0082] DCD-MvDN30.1 and DCD-MvDN30.2 are comprised of a heavy chain and a light chain.
[0083] The DCD-MvDN30.1 heavy chain (SEQ ID NO.:1 and 2) corresponds to the VH domain of wild-type DN30 Fab
(2; SEQ ID No.: 3 and 4) fused to the CH1 domain of human immunoglobulin G1 repeated in tandem (SEQ ID NO.: 5
and 6). At the C-terminus, a STREP tag (ST, SEQ ID NO.:7) and a poly-histidine tag (HT, SEQ ID NO.:8) have been
added for purification and detection purposes. The overall structure corresponds to (from the N- to the C-terminus): VH-
CH1-CH1-ST-HT. The nucleotide and amino acid sequences of the heavy chain of DCD-MvDN30.1 are reported in
Figure 14A and B, respectively.
[0084] The DCD-MvDN30.1 light chain (SEQ ID No.:9 and 10) corresponds to the VL domain of wild-type DN30 Fab
(SEQ ID No.:11 and 12) fused to the CL domain of human immunoglobulin kappa (SEQ ID NO.:13 and 14) repeated in
tandem. The overall structure corresponds to (from the N- to the C-terminus): VL-CL-CL. The nucleotide and amino acid
sequences of the light chain of DCD-MvDN30.1 are reported in Figure 13A and B, respectively.
[0085] The DCD-MvDN30.2 heavy chain (SEQ ID No.:15 and 16) corresponds to the VH domain of wild-type DN30
Fab (SEQ ID No.: 3 and 4) fused to the CH1 domain of human immunoglobulin G1 (SEQ ID NO.: 5 and 6) plus the CL
region of human immunoglobulin kappa (SEQ ID NO.:13 and 14). The overall structure corresponds to (from the N-to
the C-terminus): VH-CH1-CL. The nucleotide and amino acid sequences of the heavy chain of DCD-MvDN30.2 are
reported in Figure 16A and B, respectively.
[0086] The DCD-MvDN30.2 light chain (SEQ ID No.:17 and 18) corresponds to the VL domain of wild-type DN30 Fab
(SEQ ID No.:11 and 12) fused to the CL domain of human immunoglobulin kappa (SEQ ID NO.:13 and 14) plus the CH1
of human immunoglobulin G1 (SEQ ID NO.: 5 and 6) plus the STREP tag (ST, SEQ ID NO.:7) and the poly-histidine tag
(HT, SEQ ID NO.:8). The overall structure corresponds to (from the N- to the C-terminus): VL-CL-CH1-ST-HT. The
nucleotide and amino acid sequences are of the light chain of DCD-MvDN30.2 reported in Figure 15A and B, respectively.
[0087] The cDNAs encoding DCD-MvDN30.1 and DCD-MvDN30.2 were synthesized chemically by the GeneArt®
service (Life Technologies, Paisley, United Kingdom). The nucleotide and amino acid sequences of DN30 Fab light and
heavy chain variable domains are reported in Figures 17 and 18, respectively. The CDR regions are underlined both in
the nucleotide and amino acid sequences, wherein the CDRs of the heavy chain variable domain have the amino acid
and nucleotide sequences set forth in SEQ ID No.:19 to 24, and the CDRs of the light chain variable domain have the
amino acid and nucleotide sequences set forth in SEQ ID No.:25 to 30.
[0088] All constructs were engineered to contain a BamHI site at the 5’ end and a NotI site at the 3’ end. The BamHI-
NotI fragments were subcloned into the pUPEX expression vector (U-Protein Express, Utrecht, The Netherlands). Me-
dium-scale production of DCD-MvDN30.1 and DCD-MvDN30.2 was outsourced to U-Protein Express that achieved it
by transient transfections into HEK (Human Epithelial Kidney) cells. Proteins were purified by affinity chromatography
using the STREP tag and the poly-histidine tag. Purified proteins were conserved in PBS plus 0.02% Tween-80 (Sigma-
Aldrich) and stored at 4° C. Purity was determined by SDS-PAGE in both reducing and non-reducing conditions followed
by Coomassie staining.

Immunoprecipitation and Western Blotting

[0089] Immunoprecipitation was performed as described (12) using the DO-24 anti-Met mAb (4). Western blotting was
performed using the following antibodies: antihuman Met mAb clone DL-21 that recognizes a domain located in the
extracellular portion of Met (4); anti-phosphotyrosine mAb clone 4G10 mAb (Millipore, Temecula, California); anti-phos-
pho-Met (Tyr 1234/1235), anti-phospho-Met (Tyr 1349), anti-phosphoAkt (Ser 473), anti-Akt, anti-phospho-ERK (Thr
202/Tyr 204) and anti-ERK polyclonal Abs (Cell Signaling Technology, Beverly, Massachusetts).
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ELISA binding assays

[0090] Binding of MvDN30, DCD-MvDN30.1 and DCD-MvDN30.2 was determined by ELISA using a Met-Fc chimera
in solid phase (R&D Systems, Minneapolis, Minnesota) and increasing concentrations of FLAG-tagged recombinant
antibody in liquid phase. Binding was revealed using an anti-strepTAG II antibody conjugated with horseradish peroxidase
(IBA, Olivette, Missouri). Data were analyzed and fit using Prism software (Graph Pad Software, San Diego, California).
Met-Fc chimera is a fusion protein wherein the Fc domain derived from a human IgG is fused in frame with the Met
extracellular portion.

Met activation analysis

[0091] Subconfluent A549 human lung carcinoma cells were incubated in serum-free medium for 48 hours and then
stimulated for 10 minutes with the indicated concentrations of recombinant HGF (R&D Systems) or purified DN-30 mAb,
MvDN30, DCD-MvDN30.1 and DCD-MvDN30.2 as described (13). Following stimulation, cells were immediately lysed
and processed as described (12). Cell extracts were immunoprecipitated with anti-Met antibodies (DO-24), resolved by
SDS-PAGE and analyzed by Western blotting using anti-phosphotyrosine antibodies (Millipore). The same blots were
re-probed with anti-Met antibodies (DL-21) to normalize the amount of Met immunoprecipitated.
[0092] For the inhibition of HGF-induced Met phosphorylation A549 cells were treated for 24 hrs in serum free medium
with MvDN30, DCD-MvDN30.1 and DCD-MvDN30.2 and than stimulated with HGF as described above. Cell monolayers
were lysated with Laemmli buffer and equal amounts of total proteins, separated into acrylammide gel by SDS-PAGE
and analyzed by immunoblotting with anti-phospho-Met (Tyr 1234/1235) antibodies.

Analysis of Met shedding

[0093] Subconfluent A549 monolayers were washed twice with PBS and then incubated in serum-free medium with
the indicated concentrations of DN-30 FAb or mAb. After 48 hours, conditioned medium was collected and cells were
lysed with Laemmli Buffer. Met protein levels were determined in 50 mg of total cell lysates and in 50 ml of cell culture
supernatant by Western blotting using the anti-Met DL-21 mAb.

In vitro biological assays

[0094] For cell growth analysis, cells were seeded in 96 well-dishes (1,000 cells/well) in medium containing 10% FBS.
After 24 hours, the medium was replaced with fresh one containing the DN30-derived molecules plus 5% FCS antibodies
at the indicated concentrations. Cell number was evaluated after 72hrs using the CellTiter-Glo luminescent cell viability
assay (Promega Corporation, Madison, Wisconsin) according to manufacturer’s instructions. Chemo-luminescence was
detected with a Multilabel Reader PerkinElmer 2030 apparatus (PerkinElmer Life and Analytical Sciences, Turku, Fin-
land).
[0095] For anchorage-independent growth assays, cells were seeded in 48 well-dishes (500 cells/well) in medium
containing 2% FBS and 0.5% SeaPlaque agarose (BMA, Rockland, Maine). Antibodies (1.5 mM) and HGF (50 ng/ml)
were added in the culture medium every 3 days. After 21 days of culture, colonies were stained by tetrazolium salts
(Sigma Life Science) and scored by MetaMorphOffline Software (Molecular Device LLC, Sunnyvale, California).

Pharmakokinetic analysis

[0096] Adult immunodeficient NOD-SCID mice (body weight between 18 and 22 gr, on average 20 gr) were injected
IP with 100 mg of DCD-MvDN30.1 or DCD-MvDN30.2 or MvDN30. Peripheral blood was collected at different time (for
MvDN30: 10, 20 and 30 min, 1, 2, 4, 6, 8, 10, 16, 24, 48 hours; for DCD-MvDN30.1 and DCD-MvDN30.2: 30 min, 1, 2,
4, 6, 8, 10, 16, 24, 48, 72, 96, 144 hrs after the delivery). Therapeutic molecule concentrations were evaluated by ELISA
as described above in binding assay section, interpolating the absorbance values of the samples on the linear part of a
standard curve obtained by serial dilutions of the different purified molecules. Each time point was the average value of
a least 3 mice.

REFERENCES

[0097]

1) Martens, T., et al. A novel one-armed anti-c-Met antibody inhibits glioblastoma growth in vivo. Clin Cancer Res.
(2006); 12: 6144-52.



EP 2 943 510 B1

14

5

10

15

20

25

30

35

40

45

50

55

2) Jin, H., et al. MetMAb, the one-armed 5D5 anti-c-Met antibody, inhibits orthotopic pancreatic tumor growth and
improves survival. Cancer Res. (2008); 68: 4360-8.
3) www.clinicaltrial.gov; Identifier: NCT01456325."A study of Onartuzumab (MetMab) in combination with Tarceva
(Erlotinib) in patients with Met diagnostic-positive Non-Small Cell Lung cancer who have received chemotherapy
for advanced or metastatic disease (MetLung)".
4) Prat, M., et al. Agonistic monoclonal antibodies against the Met receptor dissect the biological responses to HGF.
J Cell Sci. (1998); 111: 237-47.
5) Petrelli, A., et al. Ab-induced ectodomain shedding mediates hepatocyte growth factor receptor down-regulation
and hampers biological activity. Proc Natl Acad Sci U S A. (2006); 103: 5090-5.
6) Foveau, B., et al. Down-regulation of the met receptor tyrosine kinase by presenilin-dependent regulated intram-
embrane proteolysis. Mol Biol Cell. (2009); 20: 2495-507.
7) Schelter, F, et al. A disintegrin and metalloproteinase-10 (ADAM-10) mediates DN30 antibody-induced shedding
of the met surface receptor. J Biol Chem. (2010); 285: 26335-40.
8) Pacchiana G, et al. Monovalency unleashes the full therapeutic potential of the DN-30 anti-Met antibody. J Biol
Chem. (2010); 285: 36149-57.
9) Reichert JM. Antibody-based therapeutics to watch in 2011. MAbs. (2011); 3: 76-99.
10) Michieli P, et al. An HGF-MSP chimera disassociates the trophic properties of scatter factors from their pro-
invasive activity. Nat Biotechnol (2002); 20:488-495.
11) Giordano S, et al. p145, A protein with associated tyrosine kinase activity in a human gastric carcinoma cell line.
Mol Cell Biol 1988 8:3510-3517.
12) Longati P, et al. Tyrosines1234-1235 are critical for activation of the tyrosine kinase encoded by the MET proto-
oncogene (HGF receptor). Oncogene 1994 9:49-57.
13) Vigna E, et al. "Active" cancer immunotherapy by anti-Met antibody gene transfer. Cancer Res 2008 68:9176-9183

SEQUENCE LISTING

[0098]

<110> Metheresis Translational Research S.A.

<120> New antibody fragments, compositions and uses thereof

<130> BWO15799-CF

<160> 30

<170> PatentIn version 3.5

<210> 1
<211> 1155
<212> DNA
<213> artificial

<220>
<223> DCD-MvDN30.1 heavy chain

<400> 1



EP 2 943 510 B1

15

5

10

15

20

25

30

35

40

45

50

55

<210> 2
<211> 384
<212> PRT
<213> artificial

<220>
<223> DCD-MvDN30.1 heavy chain aa

<400> 2



EP 2 943 510 B1

16

5

10

15

20

25

30

35

40

45

50

55



EP 2 943 510 B1

17

5

10

15

20

25

30

35

40

45

50

55

<210> 3
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<211> 112
<212> PRT
<213> artificial

<220>
<223> DN30 VH domain aa
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<212> PRT
<213> artificial

<220>
<223> human CH1 domain aa
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<212> DNA
<213> artificial
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<400> 8
caccatcacc atcaccat 18

<210> 9
<211> 1035
<212> DNA
<213> artificial

<220>
<223> DCD-MvDN30.1 light chain

<400> 9

<210> 10
<211> 344
<212> PRT
<213> artificial

<220>
<223> DCD-MvDN30.1 light chain aa

<400> 10
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<210> 11
<211> 336
<212> DNA
<213> artificial

<220>
<223> DN30 VL domain

<400> 11

<210> 12
<211> 112
<212> PRT
<213> artificial

<220>
<223> DN30 VL domain aa

<400> 12
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<210> 13
<211> 318
<212> DNA
<213> artificial

<220>
<223> human CL domain

<400> 13

<210> 14
<211> 106
<212> PRT
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<220>
<223> human CL domain aa

<400> 14
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<210> 15
<211> 1023
<212> DNA
<213> artificial

<220>
<223> DCD-MvDN30.2 heavy chain
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<211> 340
<212> PRT
<213> artificial

<220>
<223> DCD-MvDN30.2 heavy chain aa

<400> 16



EP 2 943 510 B1

27

5

10

15

20

25

30

35

40

45

50

55



EP 2 943 510 B1

28

5

10

15

20

25

30

35

40

45

50

55

<210> 17
<211> 1167
<212> DNA
<213> artificial

<220>
<223> DCD-MvDN30.2 light chain
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<210> 18
<211> 388
<212> PRT
<213> artificial

<220>
<223> DCD-MvDN30.2 light chain aa
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<210> 19
<211> 8
<212> PRT
<213> artificial

<220>
<223> DN30 CDRH1 aa

<400> 19

<210> 20
<211> 24
<212> DNA
<213> artificial

<220>
<223> DN30 CDRH1

<400> 20
ggctacacct tcaccagtta ctgg 24

<210> 21
<211> 8
<212> PRT
<213> artificial

<220>
<223> DN30 CDRH2 aa

<400> 21

<210> 22
<211> 24
<212> DNA
<213> artificial

<220>
<223> DN30 CDRH2

<400> 22
attaatccta gcagcggtcg tact 24

<210> 23
<211> 5
<212> PRT
<213> artificial

<220>
<223> DN30 CDRH3 aa

<400> 23
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<210> 24
<211> 15
<212> DNA
<213> artificial

<220>
<223> DN30 CDRH3

<400> 24
gcaagtaggg gctac 15

<210> 25
<211> 10
<212> PRT
<213> artificial

<220>
<223> DN30 CDRL1 aa

<400> 25

<210> 26
<211> 30
<212> DNA
<213> artificial

<220>
<223> DN30 CDRL1

<400> 26
caaagtgttg attatgatgg tggtagttat 30

<210> 27
<211> 3
<212> PRT
<213> artificial

<220>
<223> DN30 CDRL2 aa

<400> 27

<210> 28
<211> 9
<212> DNA
<213> artificial
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<220>
<223> DN30 CDRL2

<400> 28
gctgcatcc 9

<210> 29
<211> 9
<212> PRT
<213> artificial

<220>
<223> DN30 CDRL3 aa

<400> 29

<210> 30
<211> 27
<212> DNA
<213> artificial

<220>
<223> DN30 CDRL3 aa

<400> 30
cagcaaagtt atgaagaccc gctcacg 27

Claims

1. Antibody fragment comprising a first polypeptide comprising a light chain variable domain and two constant domains
and a second polypeptide comprising a heavy chain variable domain and two constant domains, wherein two constant
domains are light chain constant domains and two constant domains are heavy chain CH1 constant domains,
wherein said antibody fragment has prolonged in vivo half-life with respect to a Fab fragment comprising said light
and heavy chain variable domains,
wherein the first polypeptide comprises one light chain variable domain and two human light chain constant domains,
wherein the light chain variable domain is fused to the first human light chain constant domain that is fused to the
second light chain constant domain in the N- to C-terminal direction, thus generating a VL-CL-CL chimeric light
chain, and
wherein the second polypeptide comprises one heavy chain variable domain and two human heavy chain constant
domains, wherein the heavy chain variable domain is fused to the first human heavy chain CH1 constant domain
that is fused to the second human heavy chain CH1 constant domain in the N- to C-terminal direction, thus generating
a VH-CH1-CH1 chimeric heavy chain.

2. Antibody fragment comprising a first polypeptide comprising a light chain variable domain and two constant domains
and a second polypeptide comprising a heavy chain variable domain and two constant domains, wherein two constant
domains are light chain constant domains and two constant domains are heavy chain CH1 constant domains,
wherein said antibody fragment has prolonged in vivo half-life with respect to a Fab fragment comprising said light
and heavy chain variable domains,
wherein the first polypeptide comprises one light chain variable domain, one human light chain constant domain
and one human heavy CH1 constant domain, wherein the light chain variable domain is fused to the human light
chain constant domain, and the human light chain constant domain is fused to the human heavy chain CH1 constant
domain in the N- to C-terminal direction, thus generating a VL-CL-CH1 chimeric light chain, and
wherein the second polypeptide comprises one heavy chain variable domain, one human heavy chain CH1 constant
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domain and one human light chain constant domain, wherein the heavy chain variable domain is fused to the human
heavy chain CH1 constant domain, and the human heavy chain CH1 constant domain is fused to the human light
chain constant domain in the N- to C-terminal direction, thus generating a VH-CH1-CL chimeric heavy chain.

3. Antibody fragment according to claim 1 or claim 2, wherein said light chain variable domain is selected between a
non-human light chain variable domain or a human or humanized light chain variable domain comprising the com-
plementarity determining regions (CDRs) from a non-human antibody.

4. Antibody fragment according to any one of claims 1 to 3, wherein said heavy chain variable domain is selected
between a non-human heavy chain variable domain or a human or humanized heavy chain variable domain com-
prising the complementarity determining regions (CDRs) from a non-human antibody.

5. Antibody fragment according to any one of claims 1 to 4, wherein the light chain constant domain is a human kappa
light chain constant domain.

6. Antibody fragment according to any one of claims 1 to 5, wherein the heavy chain CH1 constant domain is a human
gamma heavy chain CH1 constant domain.

7. Antibody fragment according to any one of claims 1 to 6, wherein the heavy chain CH1 constant domain is from a
human IgG1.

8. Antibody fragment according to any one of claims 1 to 7, wherein said antibody fragment specifically binds the
hepatocyte growth factor receptor (HGFR).

9. Antibody fragment according to claims 3 and 4, wherein the humanized light chain variable domain comprises the
complementarity determining regions (CDRs) having the sequences set forth in SEQ ID No.: 25, 27 and 29, and
the humanized heavy chain variable domain comprises the complementarity determining regions (CDRs) having
the sequences set forth in SEQ ID No.: 19, 21 and 23.

10. Pharmaceutical composition comprising the antibody fragment according to one of claims 1 to 9 and a pharmaceu-
tically acceptable carrier.

11. The antibody fragment according to any one of claims 1 to 9 for use in the treatment of a patient suffering from a
tumor and/or metastasis.

12. The antibody fragment for use according to claim 11, wherein said tumor and/or metastasis is associated with
dysregulation of HGFR signaling and/or activation.

13. Product containing an antibody fragment according to any one of claims 1 to 9 and at least one of an HGF inhibitor
and an HGFR inhibitor, as a combined preparation for simultaneous, separate or sequential use in the treatment of
tumors and/or metastases, preferably a tumor and/or metastasis associated with dysregulation of HGFR signaling
and/or activation.

14. Product for use according to claim 13, wherein the at least one inhibitor is selected from anti-HGF antibodies,
recombinant molecules competing with HGF, small molecule HGFR inhibitors, anti-HGFR antibodies or inhibitors.

15. Isolated nucleic acid encoding the antibody fragment according to any one of claims 1 to 9.

16. Vector comprising at least a nucleotide sequence encoding the antibody fragment according to any one of claims
1 to 9.

17. Composition comprising two or more nucleic acids encoding the antibody fragment according to any one of claims
1 to 9.

18. Isolated nucleic acid according to claim 15, vector according to claim 16, or composition according to claim 17 for
use in the treatment of a patient suffering from a tumor and/or metastasis, preferably a tumor and/or metastasis
associated with dysregulation of HGFR signaling and/or activation.
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Patentansprüche

1. Antikörperfragment, umfassend ein erstes Polypeptid, das eine variable Leichtkettendomäne und zwei konstante
Domänen umfasst, und ein zweites Polypeptid, das eine variable Schwerkettendomäne und zwei konstante Domä-
nen umfasst, wobei zwei konstante Domänen konstante Leichtkettendomänen sind und zwei konstante Domänen
konstante Schwerketten-CH1-Domänen sind, wobei das Antikörperfragment eine verlängerte In-Vivo-Halbwertszeit
in Bezug auf ein Fab-Fragment hat, das die variablen Leicht- und Schwerkettendomänen umfasst,
wobei das erste Polypeptid eine variable Leichtkettendomäne und zwei konstante menschliche Leichtkettendomä-
nen umfasst, wobei die variable Leichtkettendomäne mit der ersten konstanten menschlichen Leichtkettendomäne
fusioniert ist, die mit der zweiten konstanten Leichtkettendomäne fusioniert ist, in der N- nach C-terminalen Richtung,
wodurch eine chimäre VL-CL-CL-Leichtkette erzeugt wird, und
wobei das zweite Polypeptid eine variable Schwerkettendomäne und zwei konstante menschliche Schwerketten-
domänen umfasst, wobei die variable Schwerkettendomäne mit der ersten konstanten menschlichen Schwerketten-
CH1-Domäne fusioniert ist, die mit der zweiten konstanten menschlichen Schwerketten-CH1-Domäne fusioniert ist,
in der N- nach C-terminalen Richtung, wodurch eine chimäre VH-CH1-CH1-Schwerkette erzeugt wird.

2. Antikörperfragment, umfassend ein erstes Polypeptid, das eine variable Leichtkettendomäne und zwei konstante
Domänen umfasst, und ein zweites Polypeptid, das eine variable Schwerkettendomäne und zwei konstante Domä-
nen umfasst, wobei zwei konstante Domänen konstante Leichtkettendomänen sind und zwei konstante Domänen
konstante Schwerketten-CH1-Domänen sind, wobei das Antikörperfragment eine verlängerte In-Vivo-Halbwertszeit
in Bezug auf ein Fab-Fragment hat, das die variablen Leicht- und Schwerkettendomänen umfasst,
wobei das erste Polypeptid eine variable Leichtkettendomäne, eine konstante menschliche Leichtkettendomäne
und eine konstante menschliche Schwer-CH1-Domäne umfasst, wobei die variable Leichtkettendomäne mit der
konstanten menschlichen Leichtkettendomäne fusioniert ist und die konstante menschliche Leichtkettendomäne
mit der konstanten menschlichen Schwerketten-CH1-Domäne fusioniert ist, in der N-nach C-terminalen Richtung,
wodurch eine chimäre VL-CL-CH1-Leichtkette erzeugt wird, und
wobei das zweite Polypeptid eine variable Schwerkettendomäne, eine konstante menschliche Schwerketten-CH1-
Domäne und eine konstante menschliche Leichtkettendomäne umfasst, wobei die variable Schwerkettendomäne
mit der konstanten menschlichen Schwerketten-CH1-Domäne fusioniert ist und die konstante menschliche Schwer-
ketten-CH1-Domäne mit der konstanten menschlichen Leichtkettendomäne fusioniert ist, in der N- nach C-terminalen
Richtung, wodurch eine chimäre VH-CH1-CL-Schwerkette erzeugt wird.

3. Antikörperfragment nach Anspruch 1 oder Anspruch 2, wobei die variable Leichtkettendomäne zwischen einer
variablen nicht menschlichen Leichtkettendomäne oder einer variablen menschlichen oder vermenschlichten Leicht-
kettendomäne ausgewählt ist, die die komplementaritätsbestimmenden Regionen (CDRs) von einem nicht mensch-
lichen Antikörper umfasst.

4. Antikörperfragment nach einem der Ansprüche 1 bis 3, wobei die variable Schwerkettendomäne zwischen einer
variablen nicht menschlichen Schwerkettendomäne oder einer variablen menschlichen oder vermenschlichten
Schwerkettendomäne ausgewählt ist, die die komplementaritätsbestimmenden Regionen (CDRs) von einem nicht
menschlichen Antikörper umfasst.

5. Antikörperfragment nach einem der Ansprüche 1 bis 4, wobei die konstante Leichtkettendomäne eine konstante
menschliche Kappa-Leichtkettendomäne ist.

6. Antikörperfragment nach einem der Ansprüche 1 bis 5, wobei die konstante Schwerketten-CH1-Domäne eine kon-
stante menschliche Gamma-CH1-Schwerkettendomäne ist.

7. Antikörperfragment nach einem der Ansprüche 1 bis 6, wobei die konstante Schwerketten-CH1-Domäne von einem
menschlichen IgG1 ist.

8. Antikörperfragment nach einem der Ansprüche 1 bis 7, wobei das Antikörperfragment spezifisch den Hepatozyten-
wachstumsfaktor-Rezeptor (HGFR) bindet.

9. Antikörperfragment nach Anspruch 3 und 4, wobei die variable vermenschlichte Leichtkettendomäne die komple-
mentaritätsbestimmenden Regionen (CDRs) mit den Sequenzen, die in SEQ ID NR.: 25, 27 und 29 gezeigt werden,
umfasst, und die variable vermenschlichte Schwerkettendomäne die komplementaritätsbestimmenden Regionen
(CDRs) mit den Sequenzen, die in SEQ ID NR.: 19, 21 und 23 gezeigt werden, umfasst.
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10. Pharmazeutische Zusammensetzung, umfassend das Antikörperfragment nach einem der Ansprüche 1 bis 9 und
einen pharmazeutisch verträglichen Trägerstoff.

11. Antikörperfragment nach einem der Ansprüche 1 bis 9 zur Verwendung bei der Behandlung eines Patienten, der
an einem Tumor und/oder einer Metastase leidet.

12. Antikörperfragment zur Verwendung nach Anspruch 11, wobei der Tumor und/oder die Metastase mit Dysregulation
von HGFR-Signalisierung und/oder Aktivierung verbunden ist.

13. Produkt, aufweisend ein Antikörperfragment nach einem der Ansprüche 1 bis 9 und zumindest einen von einem
HGF-Hemmer und einem HGFR-Hemmer als ein Kombipräparat zur gleichzeitigen, separaten oder aufeinander-
folgenden Verwendung bei der Behandlung von Tumoren und/oder Metastasen, bevorzugt einem Tumor und/oder
einer Metastase, der/die mit Dysregulation von HGFR-Signalisierung und/oder Aktivierung verbunden ist.

14. Produkt zur Verwendung nach Anspruch 13, wobei der zumindest eine Hemmer ausgewählt ist aus Anti-HGF-
Antikörpern, rekombinanten Molekülen, die mit HGF konkurrieren, Kleinmolekül-HGF-Hemmern, Anti-HGFR-Anti-
körpern oder Hemmern.

15. Isolierte Nukleinsäure, die das Antikörperfragment nach einem der Ansprüche 1 bis 9 kodiert.

16. Vektor, umfassend zumindest eine Nukleotidsequenz, die das Antikörperfragment nach einem der Ansprüche 1 bis
9 kodiert.

17. Zusammensetzung, umfassend zwei oder mehr Nukleinsäuren, die das Antikörperfragment nach einem der An-
sprüche 1 bis 9 kodieren.

18. Isolierte Nukleinsäure nach Anspruch 15, Vektor nach Anspruch 16 oder Zusammensetzung nach Anspruch 17 zur
Verwendung bei der Behandlung eines Patienten, der an einem Tumor und/oder einer Metastase, bevorzugt einem
Tumor und/oder einer Metastase, der/die mit Dysregulation von HGFR-Signalisierung und/oder Aktivierung verbun-
den ist, leidet.

Revendications

1. Fragment d’anticorps comprenant un premier polypeptide comprenant un domaine variable à chaîne légère et deux
domaines constants et un second polypeptide comprenant un domaine variable à chaîne lourde et deux domaines
constants, dans lesquels deux domaines constants sont des domaines constants à chaîne légère et deux domaines
constants sont des domaines constants CH1 à chaîne lourde, dans lequel ledit fragment d’anticorps a une demi-
vie prolongée in vivo par rapport à un fragment Fab comprenant lesdits domaines variables à chaîne légère et lourde,
dans lequel le premier polypeptide comprend un domaine variable à chaîne légère et deux domaines constants à
chaîne légère humaine, dans lesquels le domaine variable à chaîne légère est fusionné au premier domaine constant
à chaîne légère humaine qui est fusionné au second domaine constant à chaîne légère dans la direction N- à C-
terminale, produisant ainsi une chaîne légère chimérique VL-CL-CL, et
dans lequel le second polypeptide comprend un domaine variable à chaîne lourde et deux domaines constants à
chaîne lourde humaine, dans lesquels le domaine variable à chaîne lourde est fusionné au premier domaine constant
CH1 à chaîne lourde humaine qui est fusionné au second domaine constant CH1 à chaîne lourde humaine dans
la direction N- à C-terminale, produisant ainsi une chaîne lourde chimérique VH-CH1-CH1.

2. Fragment d’anticorps comprenant un premier polypeptide comprenant un domaine variable à chaîne légère et deux
domaines constants et un second polypeptide comprenant un domaine variable à chaîne lourde et deux domaines
constants, dans lesquels deux domaines constants sont des domaines constants à chaîne légère et deux domaines
constants sont des domaines constants CH1 à chaîne lourde, dans lequel ledit fragment d’anticorps a une demi-
vie prolongée in vivo par rapport à un fragment Fab comprenant lesdits domaines variables à chaîne légère et lourde,
dans lequel le premier polypeptide comprend un seul domaine variable à chaîne légère, un seul domaine constant
à chaîne légère humaine et un seul domaine constant CH1 lourd humain, dans lequel le domaine variable à chaîne
légère est fusionné au domaine constant à chaîne légère humaine, et le domaine constant à chaîne légère humaine
est fusionné au domaine constant CH1 à chaîne lourde humaine dans la direction N- à C-terminale, produisant ainsi
une chaîne légère chimérique VL-CL-CH1, et
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dans lequel le second polypeptide comprend un seul domaine variable à chaîne lourde, un seul domaine constant
CH1 à chaîne lourde humaine et un seul domaine constant à chaîne légère humaine, dans lequel le domaine variable
à chaîne lourde est fusionné au domaine constant CH1 à chaîne lourde humaine, et le domaine constant CH1 à
chaîne lourde humaine est fusionné au domaine constant à chaîne légère humaine dans la direction N- à C-terminale,
produisant ainsi une chaîne lourde chimérique VH-CH1-CL.

3. Fragment d’anticorps selon la revendication 1 ou la revendication 2, dans lequel ledit domaine variable à chaîne
légère est choisi entre un domaine variable à chaîne légère non humaine ou un domaine variable à chaîne légère
humaine ou humanisée comprenant les régions de détermination de complémentarité (CDR) provenant d’un anti-
corps non humain.

4. Fragment d’anticorps selon l’une quelconque des revendications 1 à 3, dans lequel ledit domaine variable à chaîne
lourde est choisi entre un domaine variable à chaîne lourde non humaine ou un domaine variable à chaîne lourde
humaine ou humanisée comprenant les régions de détermination de complémentarité (CDR) provenant d’un anti-
corps non humain.

5. Fragment d’anticorps selon l’une quelconque des revendications 1 à 4, dans lequel le domaine constant à chaîne
légère est un domaine constant à chaîne légère kappa humaine.

6. Fragment d’anticorps selon l’une quelconque des revendications 1 à 5, dans lequel le domaine constant CH1 à
chaîne lourde est un domaine constant CH1 à chaîne lourde gamma humaine.

7. Fragment d’anticorps selon l’une quelconque des revendications 1 à 6, dans lequel le domaine constant CH1 à
chaîne lourde provient d’une IgG1 humaine.

8. Fragment d’anticorps selon l’une quelconque des revendications 1 à 7, dans lequel ledit fragment d’anticorps se lie
spécifiquement au récepteur du facteur de croissance des hépatocytes (HGFR).

9. Fragment d’anticorps selon les revendications 3 et 4, dans lequel le domaine variable à chaîne légère humanisée
comprend les régions de détermination de complémentarité (CDR) ayant les séquences représentées par SEQ ID
NO : 25, 27 et 29, et le domaine variable à chaîne lourde humanisée comprend les régions de détermination de
complémentarité (CDR) ayant les séquences représentées par SEQ ID NO : 19, 21 et 23.

10. Composition pharmaceutique comprenant le fragment d’anticorps selon l’une des revendications 1 à 9 et un support
acceptable d’un point de vue pharmaceutique.

11. Fragment d’anticorps selon l’une quelconque des revendications 1 à 9 à utiliser dans le traitement d’un patient
souffrant d’une tumeur et/ou métastase.

12. Fragment d’anticorps à utiliser selon la revendication 11, où ladite tumeur et/ou métastase est associée à une
dysrégulation de la signalisation et/ou de l’activation du HGFR.

13. Produit contenant un fragment d’anticorps selon l’une quelconque des revendications 1 à 9 et au moins l’un d’un
inhibiteur du HGF et d’un inhibiteur du HGFR, sous la forme d’une préparation combinée pour une utilisation simul-
tanée, séparée ou séquentielle dans le traitement de tumeurs et/ou de métastases, de préférence d’une tumeur
et/ou métastase associée à une dysrégulation de la signalisation et/ou de l’activation du HGFR.

14. Produit à utiliser selon la revendication 13, dans lequel l’au moins un inhibiteur est choisi parmi des anticorps anti-
HGF, des molécules recombinantes entrant en compétition avec le HGF, des inhibiteurs à petite molécule du HGFR,
des anticorps ou des inhibiteurs anti-HGFR.

15. Acide nucléique isolé codant pour le fragment d’anticorps selon l’une quelconque des revendications 1 à 9.

16. Vecteur comprenant au moins une séquence nucléotidique codant pour le fragment d’anticorps selon l’une quel-
conque des revendications 1 à 9.

17. Composition comprenant deux acides nucléiques ou plus codant pour le fragment d’anticorps selon l’une quelconque
des revendications 1 à 9.
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18. Acide nucléique isolé selon la revendication 15, vecteur selon la revendication 16, ou composition selon la reven-
dication 17 à utiliser dans le traitement d’un patient souffrant d’une tumeur et/ou métastase, de préférence d’une
tumeur et/ou métastase associée à une dysrégulation de la signalisation et/ou de l’activation du HGFR.
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