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Description

[0001] The subject matter of the present invention relates to an in vitro method for the screening of anti-cancer com-
pounds based on the capacity for these compound to interact with netrin-1 and/or to inhibit the dimerization of the
intracellular domain of the netrin-1 receptor expressed in tumor cells. The invention also relates to a method for predicting
the presence of metastatic cancer, or for determining the efficiency of an anti-cancer treatment based on the measuring
of the expression level of netrin-1. The invention further comprises kits and compounds as a medicament for the treatment
of metastatic cancer such as breast cancer, related to the overexpression of netrin-1 by the tumor cells.

[0002] Netrin-1, a diffusible laminin-related protein, has been shown to play a major role in the control of neuronal
navigation during the development of the nervous system 31, by interacting with its main receptors, DCC (Deleted in
Colorectal Cancer) 123 and UNC5H 4, 5. However, more recently, netrin-1 has emerged as a completely different
molecule that regulates cell survival. Indeed, the netrin-1 receptors DCC and UNC5H, -i.e., UNC5H1, UNC5H2, and
UNCS5H3- belong to the so-called dependence receptor family 8 7. Dependence receptors form a group of receptors that
share the ability to induce cell death when expressed in settings in which their ligand is not available 44. Such receptors,
which also include RET 8, B-integrins 9, Patched 19, neogenin 11, p75NTR 12 and the androgen receptor 40, share the
functional property of inducing cell death when disengaged from their ligands, while the presence of their ligand blocks
this pro-apoptotic activity. Such receptors thus create cellular states of dependence on their respective ligands 13, 14,
[0003] This dependence effect has been suggested to act as a mechanism for eliminating tumor cells that would
develop in settings of ligand unavailability: proliferation of tumor cells in a cell environment with constant and limited
ligand presence or migration of metastatic tumor cells towards tissues where the ligand is not expressed. A selective
advantage for a tumor cell would then be to lose the pro-apoptotic activity of its dependence receptors. It was predicted
from genetic screens that the C. elegans netrin-1 -UNC6-interacted with UNC40 and with UNC5 42, Four orthologues
of UNC5 were identified in mammals: UNC5H1, H2, H3, H4 and UNC40 was found to be the orthologue of the vertebrate
DCC (Deleted in Colorectal Cancer) 39. Along this line, DCC was proposed in the early 1990s to be a tumor suppressor
gene, whose expression is lost in the vast majority of human cancers 1% 18, This hypothesis also fits with the recent
observation that UNC5H genes are down-regulated in the vast majority of colorectal tumors, hence suggesting that the
loss of UNC5H genes represents a selective advantage for tumor development 17. Interestingly, in mice, both inactivation
of UNC5HS3 and overexpression of netrin-1 in the gastro-intestinal tract are associated with intestinal tumor progression
18,19 hence demonstrating per se that the loss of netrin-1 dependence receptors in the human pathology is a causal
factor for tumor progression. However, although an initial series of reports supported the fact that DCC acted as a tumor
suppressor (for a review see 29), doubts have arisen, mainly because of the rarity of point mutations in the DCC coding
sequence and because of the lack of tumor predisposition in DCC hemizygous mice 41,

[0004] However, the model described above predicts that both loss of the netrin-1 receptors and gain of ligand ex-
pression -i.e., autocrine expression- should be observed in human cancers, as they should represent similar selective
advantages. This question is important not only for basic knowledge, but is crucial for therapy: indeed, inhibiting the
extracellular interaction between netrin-1 dependence receptors and netrin-1 could represent an appealing strategy to
trigger tumor regression.

[0005] It is particular desirable to provide simple and consistent means for identifying and characterizing new com-
pounds which can be used for the treatment of cancer.

[0006] Surprisingly, the inventors have first demonstrated that, rather than losing netrin-1 dependence receptors, the
majority of metastatic breast tumors show increased netrin-1 expression, a trait that may be used in therapy to trigger
death of metastasic tumor.

[0007] If the pro-apoptotic sighaling of DCC and/or UNC5H is beginning to be documented, an important question in
this death/life signature dictated by DCC, UNC5H and more generally by the other known dependence receptors, is how
does the presence of the ligand inhibit their pro-apoptotic activity 90.

[0008] In a second time, the inventors have analyzed whether netrin-1 induced DCC and/or UNC5H multimerization
could be the critical step that inhibits DCC and/or UNC5H pro-apoptotic activity. Surprisingly, they have demonstrated
that netrin-1 receptor, such as DCC and/or UNC5H multimerizes in response to netrin-1, a process sufficient to inhibit
apoptosis.

[0009] Inafirstaspect, the presentinvention is directed to an in vitro method for selecting a compound for the prevention
or the treatment of cancer, wherein said method comprises the following steps of:

a) having a medium containing netrin-1, or afragment thereof, and a netrin-1 receptor, or a fragment thereof, wherein:

- said netrin-1, or a fragment thereof, and said netrin-1 receptor, or a fragment thereof, is able to specifically
interact together to form a binding pair, and/or

- said netrin-1, or a fragment thereof, is able to induce the dimerization or multimerization of said netrin-1 receptor,
or a fragment thereof, particularly the intracellular domain of said netrin-1 receptor;
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b) contacting said medium with the compound to be tested;
c)

- measuring the inhibition of the interaction between netrin-1, or a fragment thereof, and said netrin-1 receptor,
or a fragment thereof, and/or

- determine whether said compound inhibit the dimerization or multimerization of said netrin-1 receptor, or a
fragment thereof, particularly the dimerization of the intracellular domain of said netrin-1 receptor; and

d) selecting said compound if:

- the measuring in step c) demonstrates a significantly inhibition of the interaction between netrin-1, or a fragment
thereof, and netrin-1 receptor, or a fragment thereof, in presence of said compound, and/or

- the determination in step ¢) demonstrates a significantly inhibition of the dimerization or multimerization of said
netrin-1 receptor, or a fragment thereof, in presence of said compound, particularly the dimerization of the
intracellular domain of said netrin-1 receptor.

[0010] By the terms interaction between netrin-1 and its netrin-1 receptor, it is intended to designate in the present
application the interaction which result to the selective advantage for tumor cells to escape netrin-1 dependence receptors
induced apoptosis, preferably due to elevated netrin-1 level.

[0011] So, the inhibition of this interaction can be obtained for example by the complete or partial inhibition of the
binding of netrin-1 to its receptor, notably in presence of a competitive ligand (such as an antibody which is directed to
this extracellular membrane domain of said netrin-1 receptor), or in presence of a compound able to form a specific
complex with the netrin-1 (such as a soluble extracellular membrane domain of its netrin-1 receptor, or part thereof).
[0012] In a preferred embodiment, the method according to the present invention is characterized in that said cancer
to be prevent or treated is a cancer wherein tumoral cells express or overexpress netrin-1.

[0013] In another preferred embodiment, the method according to the present invention is characterized in that said
cancer to be prevent or treated is selected from the group consisting of breast cancer, colorectal cancer, lung cancer,
neuroblastoma, glioma, acute myeloid leukemia, sarcoma, melanoma, ovarian adenocarcinoma, renal adenocarcinoma
pancreatic adenocarcinoma, uterus adenocarcinoma, stomac adenocarcinoma, kidney adenocarcinoma and rectal ad-
enocarcinoma.

[0014] In another preferred embodiment, the method according to the present invention is characterized in that said
cancer to be prevent or treated is a metastatic or an aggressive cancer.

[0015] Inthe method according to the invention, said netrin-1 receptor is preferably selected from the group of DCC,
UNCS5H (particularly UNC5H1, UNC5H2 and UNC5H3), neogenin and the adenosine A2b, more preferably selected
from the group of DCC, UNC5H1, UNC5H2 and UNC5H3.

[0016] In another preferred embodiment, the method according to the presentinvention is characterized in that at step
a)

- said netrin-1 receptor fragment comprises or is the extracellular domain of the netrin-1 receptor, or part thereof able
to interact with netrin-1; and/or

- said netrin-1 receptor fragment comprises or is the intracellular domain of the netrin-1 receptor, or part thereof able
to dimerize or multimerize in presence of netrin-1.

[0017] In another preferred embodiment, the method according to the present invention is characterized in that said
netrin-1 or/and said netrin-1 receptor are from mammal, particularly from mouse, rat or human.

[0018] In a particular aspect of the method of the present invention, at step a) said netrin-1 is from chicken.

[0019] In another preferred embodiment, the method according to the present invention is characterized in that said
netrin-1 or/and said netrin-1 receptor and/or the compound to be tested is labelled by a marker able to be directly or
indirectly measured.

[0020] Inanother preferred embodiment, the method according to the presentinvention is characterized in that at step
c):

- the measure of the inhibition of the interaction between netrin-1, or a fragment thereof, and said netrin-1 receptor,
orafragmentthereof, is carried out by immunoassay (particularly by ELISA or by Immunoradiometric Assay (IRMA)),
by Scintillation Proximity Assay (SPA) or by Fluorescence Resonance Energy Transfer (FRET); and/or

- the dimerization or multimerization, or its inhibition, of said netrin-1 receptor, or fragment thereof, particularly the
intracellular domain, is carried out by immunoprecipitation or FRET.
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[0021] In another particular preferred embodiment, the method according to the present invention is characterized in
that at step a) said medium contains cells which express at their surface membrane an endogenous or a recombinant
netrin-1 receptor, particularly a recombinant extracellular domain of said netrin-1 receptor.

[0022] In a preferred embodiment, said recombinant netrin-1 receptor also comprises the intracellular domain of said
netrin-1 receptor.

[0023] In another particular preferred embodiment, the method according to the present invention is characterized in
that at step a) said medium contains tumoral cells, preferably metastatic tumoral cells, which express endogenously
said netrin-1 receptor at their membrane surface and which express or overexpress netrin-1, and wherein at step c) the
inhibition of the interaction between netrin-1 and its netrin-1 receptor in presence of the compound to be tested, is
measured by the apoptosis or cells death induced by the presence of the compound to be tested, preferably analysed
using the trypan blue staining method as indicated in the examples below.

[0024] In a preferred embodiment said tumoral cells are selected from the group consisting of 4T1 cells, CAL51 cells,
T47D cells, SKBR7 cells, IMR32 cells, GL26 cells and H358 cells, notably CAL51 cell lines, such as CAL51-36 cell line,
which are much more susceptible to cell death in response to the presence of DCC-EC-Fc.

[0025] The presentinvention is also directed to an in vitro method for selecting a compound for the prevention or the
treatment of cancer, wherein said method comprises the following steps of:

a) having a medium containing a mammal cell expressing an endogenous or a recombinant netrin-1 receptor, or a
fragment thereof comprising at least its intracellular domain, preferably a tumor cell, more preferably a cell presenting
dimerization or multimerization of its netrin-1 receptor intracellular domain or a cell wherein its netrin-1 receptor
intracellular domain is able to dimerize or multimere in presence of netrin-1;

b) contacting said medium with the compound to be tested, optionally the medium further containing netrin-1, or a
fragment thereof able to interact with the extracellular domain of the netrin-1 receptor;

c) determine whether the dimerization or multimerization of said netrin-1 receptor intracellular domain is inhibited
in presence of said compound to be tested;

d) optionally, determine (for example by the blue trypan method) whether the presence of the compound to be tested
induces the cell death of said mammal cell; and

e) selecting said compound if the determination in step ¢) demonstrates a significantly inhibition of the dimerization
or multimerization of the intracellular domain of said netrin-1 receptor and/or if the determination in step d) demon-
strates the cell death of said mammal cell.

[0026] In a second aspect, the present invention is directed to an in vifro method for predicting the presence of a
metastatic cancer or an aggressive cancer (such as neuroblastome) in a patient having a primary tumor from a biopsy
of said patient containing primary tumors cells, said method comprising the following step of:

(a) measuring of the netrin-1 expression level in said biopsy.

[0027] Ina preferred embodiment, the method for predicting according to the present invention is characterized in that
at step a) wherein an increase of the netrin-1 expression level in said biopsy, compared with expression of netrin-1 in
non-metastatic primary tumor biopsies or in non-aggressive cancer biopsies is significant of the presence of a metastatic
cancer or an aggressive cancer.

[0028] In a more preferred embodiment, the method for predicting according to the present invention is characterized
in that a ratio superior to 2, preferably to 2.5, to 3, to 3.5, to 4, to 4.5 and to 5, between netrin-1 expression in the biopsy
to be tested and in the non-metastatic or non-aggressive reference biopsy is significant of the presence of a metastatic
or an aggressive cancer.

[0029] In a third aspect, the present invention is directed to an method for determining in vitro the efficiency of an anti-
cancer treatment for a patient or for selecting patients who responds to a specific anti-cancer treatment, said method
comprising the following step of:

(a) obtaining a primary tumor biopsy of said treated patient; and
(b) measuring of the netrin-1 expression level in said biopsy,

wherein the efficiency of said anti-cancer treatment is correlated with the decrease of the amount of the netrin-1 expression
level measured in said biopsy, or wherein the selected patients who respond to a specific anti-cancer treatment are
patients where the amount of the netrin-1 expression level measured in their biopsy has been decreased after said
specific treatment.

[0030] In a preferred embodiment, the method for determining in vitro the efficiency of an anti-cancer treatment for a
patient or for selecting patients who responds to a specific anti-cancer treatment, is characterized in that said cancer
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induced an overexpression of netrin-1 and/or is a metastatic or an aggressive cancer.

[0031] In a preferred embodiment, the method for prediction or for determining in vitro the efficiency of an anti-cancer
treatment for a patient is characterized in that the measured netrin-1 expression product is the RNA encoding netrin-1,
particularly measured by a quantitative real time reverse PCR method, or in that the expression level of netrin-1 which
is measured is the measure of the netrin-1 protein level, particularly by a method using specific antibodies able to
specifically recognize said netrin-1 protein.

[0032] In a preferred embodiment, the method for prediction or for determining in vitro the efficiency of an anti-cancer
treatment for a patient is characterized in that the primary tumor is a primary tumor of a cancer selected from the group
consisting of breast cancer, colorectal cancer, lung cancer, neuroblastoma, glioma, acute myeloid leukemia, sarcoma,
melanoma, ovarian adenocarcinoma, renal adenocarcinoma pancreatic adenocarcinoma, uterus adenocarcinoma, stom-
ac adenocarcinoma, kidney adenocarcinoma and rectal adenocarcinoma.

[0033] In another aspect, the present invention is directed to a kit for the selection of a compound for the prevention
or the treatment of cancer, wherein said kit comprises:

- anetrin-1receptor protein, or a fragment thereof able to specifically interact with the netrin-1 protein to form a binding
pair, preferably recombinant protein; and

- netrin-1 protein, or a fragment thereof able to specifically interact with said netrin-1 receptor protein to form a binding
pair, preferably recombinant protein.

[0034] Said netrin-1 receptor being also preferably selected from the group of DCC, UNC5H (particularly UNC5H1,
UNC5H2 and UNC5H3), neogenin and the adenosine A2b, more preferably selected from the group of DCC, UNC5H1,
UNC5H2 and UNC5H3, more preferably from mammal such as from mouse, rat or human.

[0035] In a preferred embodiment, said kit comprises:

- tumoral cells which express netrin-1 receptor and which express or overexpress netrin-1, particularly cells from
metastatic tumoral cell line, preferably selected from the group consisting of of 4T1 cells, CAL51 cells, T47D cells,
SKBRY cells, IMR32 cells, GL26 cells and H358 cells, notably CAL51 cell lines, such as CAL51-36 cell line, which
are much more susceptible to cell death in response to the presence of DCC-EC-Fc.

[0036] In another aspect, the present invention comprises a compound selected from the group consisting of:

- acompound comprising an extracellular domain of netrin-1 receptor or fragment thereof able to specifically inhibit
the interaction between the netrin-1 and said netrin-1 receptor, and/or able to inhibit the dimerization or multimeri-
zation of said netrin-1 receptor, or a fragment thereof, particularly to inhibit the intracellular domain of said netrin-1
receptor; and

- a monoclonal or polyclonal antibody directed specifically against netrin-1 or netrin-1 receptor, particularly directed
to the extracellular domain of said netrin-1 receptor or to the netrin-1 fragment able to interact with the extracellular
domain of said netrin-1 receptor,

as a medicament.

[0037] Theamino acid sequence of human netrin-1 or human netrin receptor such as UNC5H1, UNC5H2 and UNC5H3
(Unc-5 homolog 1, 2 and 3 equivalent to Unc-5 homolog A, B and C) are well known by the skilled man. Example of
these amino acid sequences with the localization of their particular domain can be found in Genbank under the accession
number AAD09221 or NP_004813 for human netrin-1, NP_588610 for human netrin receptor Unc-5 homolog 1, Q81ZJ1
for netrin receptor Unc-5 homolog 2 and 095185 for Unc-5 homolog 3.

[0038] Preferably, inthe compounds of the present invention, said extracellular domain of netrin-1 receptor or fragment
thereof is selected from the group of DCC, UNC5H (particularly UNC5H1, UNC5H2 and UNC5H3), neogenin and the
adenosine A2b, more preferably selected from the group of DCC, UNC5H1, UNC5H2 and UNC5H3, more preferably
from mammal such as from mouse, rat or human.

[0039] Ina more preferred embodiment, said compound according to the present invention comprises an extracellular
domain of netrin-1 receptor from DCC, preferably said compound is DCC-EC-Fc or DCC-5Fbn.

[0040] In another aspect, the present invention pertains to the use of the level of netrin-1 expression as a marker for
the identification of metastatic cancer in a patient, preferably of metastatic breast or colorectal cancer, the most preferred
being the metastatic breast cancer.

[0041] In another aspect, the present invention pertains to a method of treatment for inducing the apoptosis or the cell
death of tumor cells which have acquired the selective advantage to escape netrin-1 dependence receptors induced
apoptosis, preferably by elevated netrin-1 level, in a patient comprising administering a compound able to inhibit the
interaction between netrin-1 and its netrin-1 receptor, a compound able to inhibit the dimerization or the multimerization
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of the netrin-1 receptor, a compound according to the present invention, or selected by the method of the present
invention, in said patient in need thereof.

[0042] In another aspect, the present invention pertains to a method for the prevention or for the treatment of cancer
in a patient comprising administering a compound according to the present invention, or selected by the method of the
present invention, in said patient in need thereof.

[0043] The present invention also comprises the use of a compound according to the present invention, or selected
by the method of the present invention, for the manufacture of a medicament for the prevention or the treatment of
cancer in mammals, including man. Preferably said cancer is a metastatic or an aggressive cancer.

[0044] More preferably, in the method of treatment or in the use of a compound according to the present invention,
said cancer is selected from the group consisting of breast cancer, colorectal cancer, lung cancer, neuroblastoma,
glioma, acute myeloid leukemia, sarcoma, melanoma, ovarian adenocarcinoma, renal adenocarcinoma pancreatic ad-
enocarcinoma, uterus adenocarcinoma, stomac adenocarcinoma, kidney adenocarcinoma and rectal adenocarcinoma.
[0045] More preferably, in the method of treatment or in the use of a compound according to the present invention,
the primary tumor cells of said cancer express or overexpress netrin-1.

[0046] The term "antibody" as used herein refers to immunoglobulin molecules and immunologically active portions
of immunoglobulin molecules, i.e., molecules that contain an antigen binding site which specifically binds (immunoreacts
with) the netrin-1 protein or its receptor.

[0047] The term "antibody" comprises monoclonal or polyclonal antibodies but also chimeric or humanized antibodies.
[0048] An isolated netrin-1 protein or netrin-1 receptor protein, or a specific fragment thereof can be used as an
immunogen to generate antibodies that bind such protein using standard techniques for polyclonal and monoclonal
antibody preparation. It may be also possible to use any fragment of these protein which contains at least one antigenic
determinant may be used to generate these specific antibodies.

[0049] A protein immunogen typically is used to prepare antibodies by immunizing a suitable subject, (e.g., rabbit,
goat, mouse or other mammal) with the immunogen. An appropriate immunogenic preparation can contain said protein,
or fragment thereof, and further can include an adjuvant, such as Freund’s complete or incomplete adjuvant, or similar
immunostimulatory agent.

[0050] Thus, antibody for use in accordance with the invention include either polyclonal, monoclonal chimeric or
humanized antibodies, antibodies able to selectively bind, orwhich selectively bind to an epitope-containing a polypeptide
comprising a contiguous span of at least 8 to 10 amino acids of an amino acid sequence of the netrin-1 protein or its
receptor.

[0051] A preferred agent for detecting and quantifying mRNA or cDNA encoding netrin-1 protein, is a labeled nucleic
acid probe or primers able to hybridize this MRNA or cDNA. The nucleic acid probe can be an oligonucleotide of at least
10, 15, 30, 50 or 100 nucleoctides in length and sufficient to specifically hybridize under stringent conditions to the mRNA
or cDNA. The nucleic acid primer can be an oligonucleotide of at least 10, 15 or 20 nucleotides in length and sufficient
to specifically hybridize under stringent conditions to the mRNA or cDNA, or complementary sequence thereof.

[0052] A preferred agent for detecting and quantifying the netrin-1 protein, is an antibody able to bind specifically to
this protein, preferably an antibody with a detectable label. Antibodies can be polyclonal, or more preferably, monoclonal.
An intact antibody, or a fragment thereof (e.g., Fab or F(ab’)2) can be used. The term "labeled", with regard to the probe
or antibody, is intended to encompass direct labeling of the probe or antibody by coupling (i.e., physically linking) a
detectable substance to the probe or antibody, as well as indirect labeling of the probe or antibody by reactivity with
another reagent that is directly labeled. Examples of indirect labeling include detection of a primary antibody using a
fluorescently labeled secondary antibody and end-labeling of a DNA probe with biotin such that it can be detected with
fluorescently labeled streptavidin.

[0053] For example, in vitro techniques for detection of candidate mRNA include Northern hybridizations and in situ
hybridizations. In vitro techniques for detection of the candidate protein include enzyme linked immunosorbent assays
(ELISAs), Western blots, immunoprecipitations and immunofluorescence. In vitro techniques for detection of candidate
cDNA include Southern hybridizations.

[0054] When the invention encompasses kits for quantifying the level of netrin-1 protein, the kit can comprise a labeled
compound or agent capable of quantifying these proteins. Said agents can be packaged in a suitable container. The kit
can further comprise instructions for using the kit to quantify the level of the netrin-1 protein or of the netrin-1 transcript.
[0055] In certain embodiments of the method of the present invention, the determination of the netrin-1 transcripts
involves the use of a probe/primer in a polymerase chain reaction (PCR), such as anchor PCR or RACE PCR, or,
alternatively, in a ligation chain reaction (LCR) (see, e.g., Landegran et al., 1988, Science 241:23-1080; and Nakazawa
et al.,, 1994, Proc. Natl. Acad. Sci. USA, 91:360-364), or alternatively quantitative real time RT-PCR This method can
include the steps of collecting a sample of cells from a patient, isolating nucleic acid (e.g. mRNA) from the cells of the
sample, optionally transforming mRNA into corresponding cDNA, contacting the nucleic acid sample with one or more
primers which specifically hybridize to the netrin-1 or mRNA or their corresponding cDNA under conditions such that
hybridization and amplification of the netrin-1 mRNA or cDNA occurs, and quantifying the presence of the amplification
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products. It is anticipated that PCR and/or LCR may be desirable to use as an amplification step in conjunction with any
of the techniques used for quantifying nucleic acid detecting.

[0056] The methods described herein may be performed, for example, by utilizing prepackaged diagnostic kits com-
prising at least one probe nucleic acid or set of primer or antibody reagent described herein, which may be conveniently
used, e.g., in clinical settings to follow-up or diagnose patients.

[0057] Finally, the present invention is related to the use of antisense or iRNA (interfering RNA) oligonucleotides
specific of the nucleic acid encoding netrin-1 protein for the manufacture of a medicament intented to prevent or to treat
metastatic or aggressive cancer, preferably said cancer is selected from the group consisting of breast cancer, colorectal
cancer, lung cancer, neuroblastoma, glioma, acute myeloid leukemia, sarcoma, melanoma, ovarian adenocarcinoma,
renal adenocarcinoma pancreatic adenocarcinoma, uterus adenocarcinoma, stomac adenocarcinoma, kidney adeno-
carcinoma and rectal adenocarcinoma.

[0058] Interfering RNA (iRNA) is a phenomenon in which a double stranded RNA (dsRNA) specifically suppresses
the expression of a gene bearing its complementary sequence. iRNA has since become a useful research tool for many
organisms. Although the mechanism by which dsRNA suppresses gene expression is not entirely understood, experi-
mental data provide important insights. This technology has great potential as a tool to study gene function in mammalian
cells and may lead to the development of pharmacological agents based upon siRNA (small interfering RNA).

[0059] When administered to a patient, a compound of the present invention is preferably administered as component
of a composition that optionally comprises a pharmaceutically acceptable vehicle. The composition can be administered
orally, or by any other convenient route, and may be administered together with another biologically active agent.
Administration can be systemic or local. Various delivery systems are known, e.g., encapsulation in liposomes, micro-
particles, microcapsules, capsules, etc., and can be used to administer the selected compound of the present invention
or pharmaceutically acceptable salts thereof.

[0060] Methods of administration include but are not limited to intradermal, intramuscular, intraperitoneal, intravenous,
subcutaneous, intranasal, epidural, oral, sublingual, intranasal, intracerebral, intravaginal, transdermal, rectally, by in-
halation, or topically. The mode of administration is left to the discretion of the practitioner. In most instances, adminis-
tration will result in the release of the compound into the bloodstream or directly in the primary tumor.

[0061] Compositions comprising the compound according to the invention or selected by the methods according to
the present invention, form also part of the present invention. These compositions can additionally comprise a suitable
amount of a pharmaceutically acceptable vehicle so as to provide the form for proper administration to the patient. The
term "pharmaceutically acceptable" means approved by a regulatory agency or listed by a national or a recognized
pharmacopeia for use in animals, mammals, and more particularly in humans. The term "vehicle" refers to a diluent,
adjuvant, excipient, or carrier with which a compound of the invention is administered. Such pharmaceutical vehicles
can be liquids, such as water and oils, including those of petroleum, animal, vegetable or synthetic origin, such as peanut
oil, soybean oil, mineral oil, sesame oil and the like. The pharmaceutical vehicles can be saline, gelatin, starch and the
like. In addition, auxiliary, stabilizing, thickening, lubricating and coloring agents may be used. Saline solutions and
aqueous dextrose and glycerol solutions can also be employed as liquid vehicles, particularly for injectable solutions.
Suitable pharmaceutical vehicles also include excipients such as starch, glucose, lactose, sucrose, gelatin, sodium
stearate, glycerol monostearate, sodium chloride, dried skim milk, glycerol, propylene, glycol, water and the like. Test
compound compositions, if desired, can also contain minor amounts of wetting or emulsifying agents, or pH buffering
agents. The compositions of the invention can take the form of solutions, suspensions, emulsion, tablets, pills, pellets,
capsules, capsules containing liquids, powders, sustained-release formulations, suppositories, emulsions, aerosols,
sprays, suspensions, or any other form suitable for use. Said composition is generally formulated in accordance with
routine procedures as a pharmaceutical composition adapted to human beings for oral administration or for intravenous
administration. The amount of the active compound or a that will be effective in the treatment can be determined by
standard clinical techniques. In addition, in vitro or in vivo assays may optionally be employed to help identify optimal
dosage ranges. The precise dose to be employed will also depend on the route of administration, and the seriousness
of the disease, and should be decided according to the judgment of the practitioner and each patient’s circumstances.
However, suitable dosage ranges for oral, intranasal, intradermal or intraveneous administration are generally about
0.01 milligram to about 75 milligrams per kilogram body weight per day, more preferably about 0.5 milligram to 5 milligrams
per kilogram body weight per day.

[0062] It is to be understood that while the invention has been described in conjunction with the above embodiments,
that the foregoing description and the following examples are intended to illustrate and not limit the scope of the invention.
Other aspects, advantages and modifications within the scope of the invention will be apparent to those skilled in the
art to which the invention pertains.

Figure Legends

[0063]
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Figures 1A and 1B: Netrin-1 is over-expressed in human metastatic breast tumors

Figure 1A: Expression profile of netrin-1 examined with quantitative real time reverse transcription PCR. Q-RT
PCR was performed using total RNA extracted from 15 metastatic (solid bar) and 15 non-metastatic (open bar)
primary tumor biopsies with specific human netrin-1 primers 26 and primers corresponding to the human TBP
gene (TATA Binding Protein). TBP was used as a control here, as it shows a weak variability at the mRNA level
between normal and breast tumoral tissues, as described in 25, Netrin-1 expression is given as the ratio between
netrin-1 expression in each sample and the average of netrin-1 expression in the non-metastatic samples.
Figure 1B: Q-RT-PCR was performed using total RNA extracted from 67NR and 4T1 mouse cell lines with
specific mouse netrin-1 primers and the mouse gene RPLPO as standard.

Figures 2A-2D: Forced expression of netrin-1 in 67NR mouse cell line leads to metatasis development

Figures 2A and 2B: Mock transfected 67NR cells or 67NR cells stably transfected with netrin-1 (67NR-net)
were submitted to netrin-1 expression analysis. Figure 2A, RT-PCR using specific chicken netrin-1 primers was
performed using total RNA extracted from 67NR-net1 and 67NR-mock. Figure 2B, Western blot using anti-myc
(chick netrin-1) or anti-netrin1 antibodies was performed.

Figure 2C: Photomicrographs of the two 67NR-net1 and 67NR-net2 clones compared to parental 67NR and
to 4T1 cell line.

Figure 2D: Metastatic 4T1 cells, two control cell clones bearing puromycine resistance (67NR1 and 67NR2)
and two netrin-1 expressing cell clones (67NRnet1 and 67NRnet2) were injected in fat pad of 16 mice (4 mice
per cell type) and metastasis was analyzed in the lung environment. Representative photomicrographs of under-
pleural and intra-parenchymatous nodules after injection of the respective cell clones (4T1, 67NR1, 67NRnetl,
67NRnet2). IPL: intra-parenchymatous lesion, UPL: under-pleural lesions.

Figures 3A-3D: Induction of mouse metastatic cell death by inhibiting the netrin-1/receptor interaction

Figure 3A: Scheme representing netrin-1 and its receptors, DCC and UNC5H.

Figures 3B, 3C, 3D: Quantitative analysis of cell death in 67NR and 4T1 cells using either DCC-EC-Fc and
non specific IL3-EC-Fc as a control (figure 3B), at different concentration (figure 3C) or the more restricted DCC-
5Fbn domain (figure 3D) as a competitor for netrin-1/receptor interaction. Cell death was quantified either by
the trypan blue exclusion assay (figures 3B, 3D) or by caspase activity assay (figure 3C). Standard deviations
are indicated (n=3).

Figures 4A and 4B: Induction of human metastatic cell death by inhibiting netrin-1/receptor interaction

Figure 4A: quantitative measurement of CAL51 cell death treated with different concentration of DCC-EC-Fc
by the trypan blue exclusion assay.

Figure 4B: Quantitative analysis of cell death monitored by trypan blue exclusion in the CAL51 parental cell
line or in the clonal cell line CAL51-36, treated or not with the DCC-EC-Fc competitor in culture media.

Figure 5: Netrin-1 is over-expressed in human metastatic breast tumors

Expression profile of netrin-1 examined with quantitative real time reverse transcription PCR. Q-RT PCR was per-
formed using total RNA extracted from 51 tumor biopsies. They were obtained from patient with tumors localized
to the breast (NO, empty bar); with only axillary node involvement (N+, gray bar) and with distant metastases at
diagnosis (M+, solid bar). Specific human netrin-1 primers 39 and primers corresponding to the human PBGD gene
(TATA Binding Protein) were used. PBGD was used as a reference here, as it shows a weak variability at the mRNA
level between normal and breast tumoral tissues, as described in 38, The other reference TBP was also used with
similar results (not shown). Netrin-1 expression is given as the ratio between netrin-1 expression in each sample
and the average of netrin-1 expression in the NO samples. A non parametric statistical significance test (Mann-
Whitney) was used, the p value is indicated.

Figures 6A-6C: Induction of metastatic cell death by inhibiting the netrin-1/receptor interaction

Figure 6A: DCC-EC-Fc displaces DCC/netrin-1 and UNC5H2/netrin-1 interaction. ELISA assay with DCC-EC-
Fc (top panel) or UNC5H2-EC-Fc (bottom panel) coated, and quantification of bound netrin-1 using anti-netrin-
1 antibody in the presence of increasing concentration of DCC-EC-Fc.

Figures 6B and 6C: Quantitative analysis of cell death in 67NR and 4T1 cells using either DCC-EC-Fc and
non specific IL3-EC-Fc as a control. Cell death was quantified either by the trypan blue exclusion assay (figure
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6B), or by caspase activity assay (figure 6C). Standard deviations are indicated (n=3).

Figures 7A-7C: Inhibition of metastasis formation in mice by DCC-5Fbn treatment

Figure 7A: Quantitative analysis of cell death in 67NR and 4T1 cells treated with DCC-5Fbn. MTT assay was
performed on 67NR or 4T1 cells after treatment with increasing doses of DCC-5Fbn (.g/ml). Percentage of cell
survival is presented. Standard deviations are indicated (n=3).

Figures 7B and 7C: 4T1-luc cells were i.v. injected in BALB/c mice at day 0 and PBS or DCC-5Fbn were
injected every two days, once i.v.,once i.p. starting at day 0. After 13 days, metastasis development was studied
by luminescence recording (figures 7B, 7C) or by examination of lungs under a scope.

Figure 7B: A representative image of luminescence recording of PBS treated (right) or DCC-5Fbn treated (left)
mice.

Figure 7C: Quantification of the luminescent signhal measured by the NightOwLB system. The number of pho-
ton/pixel/sec was quantified in each animal and an index of luminescent signal is given at the ratio between the
average photon/mouse in PBS treated mice to the average signal detected in DCC-5Fbn treated mice. Two
independent experiments are presented (20 mice were analyzed in experiment 1, 8 mice in the experiment 2).

A representative macroscopic photograph of a lung from PBS treated mice or from DCC-5Fbn treated mice has
been made (not shown) can be demonstrated in the lung from PBS treated mice.
Figures 8A and 8B: Effect of DCC-5Fbn on netrin-1 expressing human cancer breast cell lines

Figure 8A: Expression of netrin-1 examined by Q-RT PCR using total RNA extracted from 48 different breast
tumor cell lines. Netrin-1 expression is given as the ratio between netrin-1 expression and the housekeeping
gene HMBS expression (Hydroxymethylbilane synthase) in each sample. TBP was also used as a control here
and give similar results. The two cell lines that have been selected for their high level of netrin-1 are indicated
by stars.

Figure 8B: Cell death induction by DCC-5Fbn in SKBR7 and T47D cell lines. Cell death was quantified either
by MTT assay as described in figure 4A (right panel) or by caspase activity measurement as described in figure
3D (left panel). Standard deviations are indicated (n=3).

Figures 9A and 9B: Human neuroblastoma

Figure 9A: Netrin-1 is a marker of aggressiveness in human neuroblastoma. Expression profile of netrin-1
examined with quantitative real time reverse transcription PCR. Q-RT PCR was performed using total RNA
extracted from 101 stage 4 or 4s neuroblastoma biopsies. Tumors were either stage 4 diagnosed in patient who
were less than one year old (4<1 year) or stage 4 diagnosed in patient who were more than one year old (4>1
year). It can be noted that bad prognosis cancers (stage 4 >1 year) show a significant over-expression of netrin-
1. Student t tests were used and the p values are indicated.

Figure 9B: IMR32 cells that endogenously produce netrin-1 were treated or not with DCC-5Fbn or as a control
ILR3 (the interleukin-3 receptor ectodomain) and were analyzed for cell death either by measuring caspase
activity (top) or by measuring cell survival via a MTT assay (down). Note that while IL3R has no effect on the
death of IMR32 cells, DCC-5Fbn induces a significant IMR32 cell death. Standard deviations are indicated (n=3).

Figures 10A and 10B: Glioma

Figure 10A: Netrin-1 is overexpressed in a large fraction of glioma. Expression profile of netrin-1 examined
with quantitative real time reverse transcription PCR. Q-RT PCR was performed using total RNA extracted from
stage |l and stage lll oligodendroglioma and stage IV glioblastoma biopsies and was compared to normal human
brain.

Figure 10B: GL26 cells that endogenously produce netrin-1 (not shown) were treated or not with DCC-5Fbn
in the presence or not of an excess amount of recombinant netrin-1 and were analyzed for cell death either by
measuring caspase activity (top) or by measuring cell survival via a MTT assay (down). Note that DCC-5Fbn
induces a significant GL26 cell death and thatthis effectis fully inhibited by addition of netrin-1, thus demonstrating
thatthe DCC-5Fbn effectis directly related to inhibition of endogenous netrin-1. Standard deviations are indicated
(n=3).

Figures 11A-11C: Lung cancer
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Figure 11A: Netrin-1 is overexpressed in a sizeable fraction of human lung cancer. Expression profile of netrin-
1 examined with quantitative real time reverse transcription PCR. Q-RT PCR was performed using total RNA
extracted from lung cancer biopsies and was compared to normal tissu.

Figure 11B: H358 and H460, two NSCLC cell lines, were further used for cell death assays. H358 cells that
endogenously express netrin-1 and H460 cells that fail to show detectable netrin-1 expression were treated or
not with DCC-5Fbn in the presence or not of an excess amount of recombinant netrin-1 and were analyzed for
cell death either by measuring caspase activity (top) or by measuring cell survival via a MTT assay (down).
Note that DCC-5Fbn induces a significant H358 cell death but fails to show an effect on H460 cells. Moreover
the death effect observed in H358 cells is fully inhibited by addition of netrin-1. Together with the fact that H460
cells are not sensitive to DCC-5Fbn, these data support that netrin-1 expressing lung tumor cells undergo
apoptosis in response to DCC-5Fbn.Standard deviations are indicated (n=3).

Figure 11C: DCC-5Fbn inhibits xenografted H358 tumor growth in nude mice. Five-week-old (20-22 g body
weight) female athymic nu/nu mice were obtained from Charles River. The mice were housed in sterilized filter-
topped cages and maintained in a pathogen-free animal facility. H358 cells were implanted by s.c. injection of
5.108 cells in 200 uL of PBS into the left flank of the mice. When tumors were established, PBS or 20 pg of
DCC-5Fbn were administered into the tumor (i.t.) everyday (duration of treatmentis indicated by arrows). Tumor
sizes were measured by a calliper during 41 days. The tumor volume was calculated with the formula v =
(0.5%(length*width2))+= SE,*) on 6 mice treated with DCC-5Fbn and 4 mice treated with PBS. Note that while
PBS treated tumors were shown to grow, DCC-5Fbn treated tumors showed a massive regression.

Figures 12A and 12B: Netrin-1 mediates DCC and UNC5H2 multimerization

Figure 12A: DCC multimerization in the presence of netrin-1 in HEK293T cells. Lysates of HEK293T cells
transiently transfected with HA-DCC and/or c-myc-DCC expressing constructs together or not with netrin-1
expressing construct were subjected to myc pull-down (IP a-myc). DCC-HA presence was revealed with an
anti-HA antibody.

Figure 12B: UNC5H2 dimerization in the presence of netrin-1in HEK293T cells. Cell transfection and cell lysate
preparation were done as in (A) but with HA-Unc5H2 and/or FlagM2-UNC5H2 expressing constructs. Cell
lysates were subjected to FlagM2 pull-down (IP a-Flag). HA-UNC5H2 presence was revealed with an anti-HA
antibody. Total: Western blot on lysate before pull-down.

Figures 13A and 13B: Validation of the chemically-inducible system for UNC5H2 dimerization

Figure 13A: Schematic representation of Fv2e-UNC5H2 fusion constructions showing the two constructs (one
tagged HA, the other one tagged c-myc) used to validate the artificial dimerization system.
Figure 13B: Lysates of HEK293T cells transiently transfected with Fv2E-UNC5H2 tagged HA or c-myc with or
without the dimerization drug (AP20187) were subjected to c-myc pull-down (IP a-myc). Total: Western blot on
lysate before pull-down. HA-Fv2E-UNC5H2 presence was revealed with anti-HA antibody.

Figures 14A-14C: Forced DCC dimerization blocks its proapoptotic activity

Figure 14A: DCC-induced cell death is inhibited by dimerization induced by AP20187, as measured by trypan
blue exclusion. HEK293T cells were transfected with mock plasmid (Cont.), Fv2E (Fv), Fv2E-DCC-IC (Fv-DCC)
with or without AP20187 (AP). In all conditions, cells were also transfected with the surface marker pKk. Trans-
fected cells expressing the marker were magnetically labeled with MACSelect Microbeads and separated using
a MACS Separator and Separation Columns. Trypan blue exclusion was assayed on these purified cells.
Figure 14B: UNC5H2-induced cell death is inhibited by dimerization induced by AP20187, as measured by
trypan blue exclusion as in (A). Cells were transfected with pMACSKk and Fv2E (Fv), Fv2E-UNC5H2-IC (Fv-
UNC5H2) with or without AP20187 (AP).

Figure 14C: UNC5H2-induced caspase activation is inhibited by dimerization induced by AP20187, as measured
by relative caspase-3 activity. HEK293T cells were transfected with mock vector pCMV (Cont.), FV2E (Fv),
Fv2E-UNC5H2-IC (Fv-UNC5H2) with or without AP20187 (AP). Index of relative caspase activity is presented
as the ratio between the caspase activity of the sample and that measured in HEK293T cells transfected with
pCMV. Standard deviations are indicated (n=3).

Figures 15A-15C: The recombinant soluble fifth fibronectin domain of DCC (DCC-5Fbn) inhibits netrin-1-
induced DCC-multimerization

10



10

15

20

25

30

35

40

45

50

55

EP 1 989 546 B1

Figure 15A: Affinity curve of netrin-1 on DCC-5Fbn measured by ELISA test shows that DCC-5Fbn is able to
bind netrin-1. DCC-5Fbn (100 ng) or IL3-R (600 ng) was coated and increasing doses of netrin-1 were added
(0to 800 ng). The IL3values were substracted to the DCC-5Fbn values. The approximate Kd of DCC-5Fbn/netrin-
1 was estimated at 5 nM.

Figure 15B: Competition assay. As in (A) but the complete extracellular domain of DCC (DCC-EC, 125 ng)
was coated instead of DCC-5Fbn and netrin-1 was added (50 ng) in the presence of either DCC-5Fbn (625 ng)
or the complete DCC-EC (125 ng). Note that DCC-5Fbn fails to compete with DCC/netrin-1 interaction.
Figure 15C: Netrin-1-induced DCC multimerization is inhibited by DCC-5Fbn. Lysates of HEK293T cells tran-
siently transfected with HA-DCC and/or c-myc-DCC expressing constructs with or without netrin-1 (300 ng/mL)
and/or DCC-5Fbn (200 ng/mL) were subjected to HA pull-down (IP a-HA). c-myc-DCC presence was revealed
with anti-c-myc antibody. Total: Western blot on lysate before pull-down.

Figures 16A and 16B: DCC-5Fbn antagonizes netrin-1-blocking effects on DCC-induced cell death

Figure 16A: HEK293T cells were transiently transfected with a mock (Cont.) or a full length DCC construct and
incubated or not with netrin-1 (300 ng/ml) and/or DCC-5Fbn (800 ng/mL). Cell death was assessed by trypan
blue staining.

Figure 16B: Metastatic breast cancer cells 4T1 were cultured in the presence (+ DCC-5Fbn) or absence (-
DCC-5Fbn) of DCC-5Fbn (300 ng/mL) for 24 hours and cell death was also measured by trypan blue exclusion
assay. Standard deviations are indicated (n=3).

Example 1: Materials and Methods

Cell line, cell cultures, transfection procedure, reagents and immunoblots:

[0064] 4T1 and 67NR cells were a kind gift from F. Miller (Detroit, MI, USA). Cal51, MCF7, MDA-MB231, 453, 361,
157, SK-BR3, CAMA-1, T47D were cultured using standard procedure. Human breast cell lines listed in figure 8B and
more specifically T47D and SKB7 cell lines were obtained from D. Birnbaun.67NR cells were stably transfected using
the lipofectamine reagent (Invitrogen) and puromycine (Sigma) selection. Transient transfections of Human Embryonic
Kidney 293T cells (HEK293T) were performed as previously described 10 according to a modified calcium phosphate
procedure or using Lipofectamine according to the manufacturer’s instructions (Invitrogen). The breast cancer 4T1 cell
line was described previously 20. 4T1-luc cells were obtained by stable transfection of a CMV-luciferase vector bearing
hygromycine resistance. Clones were selected by luminescence intensity using the luminoskan Ascent Station (Lab-
systems). Immunoblots were performed as described previously 8 using anti-c-myc (Sigma; 1/200) anti-FlagM2 (Sigma,
1/200) or anti-HA (Sigma; 1/500). The artificial dimerizing agent AP20187 was from Ariad Pharmaceuticals. The complete
extracellular domain of DCC (DCC-EC), DCC-EC-Fc were obtained from R&D system and Netrin-1 from Apotech corp.
For cell death analysis, caspase activity measurement and immunoprecipitation, AP20187 was used at a final concen-
tration of 10 nM and netrin-1 was used at a final concentration of 300 ng/mL.

Human breast tumors samples:

[0065] 51 human breast cancer samples were provided by the tumor bank of the Centre Léon Bérard. Fresh tissue of
the tumor was obtained during breast surgery prior any systemic therapy and snap-frozen in liquid nitrogen.

Site directed mutagenesis and plasmid constructs:

[0066] PGNET-1 pCMV and pGNET-1 encoding chick netrin-1 were was previously described 8. pKk was described
22 The dominant negative mutants for DCC (pCR-DCC-IC-D1290N) and for UNC5H (pCR-UNC5H2-IC-D412N) have
been previously described 8:27.7. HA-DCC was obtained by introducing a HA tag in the template pCMV-DCC © by
QuikChange site-directed mutagenesis system (Stratagene) using the following primers:

DCC-HA F: 5-CACAGGCTCAGCCTTTTATCCATATGATGTACCGGATTATGCATA ACATGTATTTCTGAATG-3
(SEQID NO:1); DCC-HAR: 5- CATTCAGAAA TACATGTTATGCATAATCCGGTACATCATATGGATAAAAGGCT-
GAGCCTGTG-3’ (SEQ ID NO:2).

c-myc-DCC was also obtained by introducing a c-myc tag in the template pCMV-DCC by QuikChange using the
following primers: DCC-myc F: 5-CACAGGCTCAGCCTTTGAGCAGAAGTTGATAAGTGAGGAAGATCTGTAA-
CATG TATTTCTGAATG-3’ (SEQ ID NO:3). DCC-myc R: 5’- CATTCAGAAATACATGTTAC AGATCTTCCTCACT-
TCTCAACTTCTGCTCAAAGGCTGAGCCTGTG-3 (SEQ ID NO:4).
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HA-FV2E encoding expression vector (in pC4M) from the Argent Regulated Homodimerization kit is from Ariad
Pharmaceuticals. From this plasmid, the HA-Fv2E-DCC-IC plasmid was constructed. A PCR fragment of the intra-
cellulardomain of DCC (1122-1447) was obtained with the primers: F 5’-TATGTCGACCGACGCTCTTCAGCCCAG-
CAGAGA-3 (SEQIDNO:5)and R5-TATGAATTCTTAGTCGAGTGCGTAGTCTGGTACGTCGTACGGATAAAAG-
GCTGA GCCTGTGATGGCATTAAG -3’ (SEQ ID NO:6).

[0067] The reverse primer fused to the HA tag to C-terminal end of DCC. The PCR fragment was subcloned in HA-
Fv2E by Sall and EcoRl restriction digestion. The c-myc-Fv2E-DCC-IC was obtained using the QuikChange site-directed
mutagenesis system (Stratagen) with pC4M-Fv2E-DCC-IC-HA as template and the following primers:; primer F: 5-
CTTAATGCCATCACAGGCTCAGCCTTTGAACAGAAACTCATCTCTGAAGAGGAT CTGTAAGAATTCATAAAG-
GGCAAT-3 (SEQ ID NO:7) and primer R: 5-ATTGCCCTTTATGAATTCTTACAGATCCTCTTCAGAGATGAGTTTCT-
GTTCAAAG GCTGAGCCTGTGATGGCATTAAG-3’ (SEQ ID NO:8).

[0068] HA-UNC5H2 (in pcDNA3.1) has already been described 7 the constructs encoding FlagM2-UNC5H2 was
generated by cloning in p3xFlag-CMVTM-7.1 (Sigma) the Notl-EcoRI PCR fragment derived from HA-UNC5H2 as
template and the following primers: primer F 5-GCGCGGCCGCAGGGCCCGGAGCGGG-3 (SEQ ID NO:9) and primer
R 5-CGGAATTCTCAGCAATCGCCATCAGTGGTC-3 (SEQ ID NO:10).

[0069] HA-FV2E-UNC5H2-IC- and c-myc-Fv2E-UNC5H2-IC in pC4M were generated by PCR amplification of the
UNCS5H2 intracellular domain using the following primers: UNC5H2-HA F 5-CGGTCGACGTGTACCGGAGAAACTGC-
3 (SEQIDNO:11)and UNC5H2-HAR 5-GCGAATTCTCATGCATAATCCGGCACATCATACGGATAGC AATCGCCAT-
CAGTGGTC-3’ (SEQ ID NO:12), and UNC5H2-myc F 5-CGGTCGACGTGTACCGGAGAAACTGC-3’ (SEQ ID NO:13)
and UNC5H2-myc R 5°-GCGAATTCTCACAGATCCTCTTCTGAGATGAGTTTTTGTTCGCAATCGCCATCAGTGGTC-
3’ (SEQ ID NO:14) respectively. The PCR fragments were cloned in HA-FV2E by Sall and EcoRlI restriction digestion.
[0070] The cDNA encoding the HA-FV2E-UNC5H2-IC and c-myc-Fv2E-UNC5H2-IC fusion proteins were then sub-
cloned in pcDNA3.1-TOPO by PCR using the following primers: Fv2E F 5-CCACCATGGGGAGTAGCA-3’ (SEQ ID
NO:15) and UNC5H2-HA R 5-TCATGCATAATCCGGCACATCATACGGATAGCAATCGCCATCAGTGGTC-3' (SEQID
NO:16), and Fv2E F 5-CCACCATGGGGAGTAGCA-3 (SEQ ID NO:15) and UNC5H2-myc R 5-TCACAGATCCTCT-
TCTGAGATGAGTTTTTGTTCGCAATC GCCATCAGTGGTC-3' (SEQ ID NO:17) respectively and HA-Fv2E-UNC5H2-
IC and c-myc-Fv2E-UNC5H2-IC in pC4M as respective templates.

[0071] Ps974-DCC-5Fbn allowing bacterial expression of the fifth fibronectin type 11l domain of DCC was obtained by
inserting a Pst1/BamH1 DNA fragment generated by PCR using pDCC-CMV-S as a template.

DCC-5Fbn production:

[0072] DCC-5Fbn production was performed using a standard procedure. Briefly, BL21 cells were forced to express
DCC-5Fbn in response to imidazole and the BL21 lysate was subjected to affinity chromatography using Flag-agarose
(Sigma).

Immunoprecipitation:

[0073] Coimmunoprecipitations were carried out on HEK293T cells transfected with various tagged constructs as
described previously 27 Briefly, HEK293T cells were lysed in 50 mM HEPES pH 7.6, 125 mM NaCl, 5 mM EDTA and
0.1% NP-40 in the presence of protease inhibitor, and further incubated with anti-HA (Sigma), anti-c-myc antibody
(Sigma), anti-FlagM2 (Sigma) and protein-A Sepharose (Sigma). Washes were done in 50 mM HEPES pH 7.6, 125 mM
NaCl, 5 mM EDTA.

Binding assay and ELISA competition assay:

[0074] DCC-5Fbn (100ng) or IL3-R (R&D systems, 600ng) was coated on maxisorp plate (Nunc) and increasing doses
of netrin-1 (Apotech) were added (0 to 800ng) for binding assay. DCC-EC (R&D systems, 125ng) was coated on maxisorp
plate for ELISA competition assay. Netrin-1-FlagM2 (50ng) and competitor DCC-EC (125ng) or DCC-5Fbn (625ng) were
then added simultaneously. After washes, for both binding assay or ELISA competition assay, residual netrin-1-FlagM2
still fixed was revealed with an anti-FlagM2 antibody (Sigma).

DCC/netrin-1 ELISA assays:
[0075] DCC-EC-Fc (1.25ng/ml) or UNC5H2-EC-Fc (0.5ng/ml) was adsorbed on 96-well maxisorp plate (Nunc) ac-

cording to manufacturer instruction. Flag-tagged Netrin-1 (0.5ng/ml) was then added together with increased concen-
trations of DCC-EC-Fc. After a 1 hour incubation, plates were extensively washed and bound netrin-1 was detected by
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immunolabelling using an anti-flagM2 antibody (Sigma) and a HRP-goat-anti-mouse (Jackson). Colorimetric measure-
ment was performed on the multilabel Victor station (Wallac).

Cell death assays:

[0076] 67NR,4T1, CAL51, T47D and SKBR7 were grown in serum-poor medium and were treated (or not) with DCC-
EC-Fcor DCC-5Fbn for 24hours. Cell death was analysed using trypan blue staining procedures as described previously
6, The extent of cell death is presented as the percentage of trypan blue-positive cells in the different cell populations.
To select transfected cells, cells were co-transfected with the surface marker pKk and the plasmid encoding genes of
interest. Transfected cells expressing the marker were magnetically labeled with MACSelect Microbeads and separated
using a MACS Separator and Separation Columns (Miltenyi Biotec). Trypan blue exclusion was assayed on these purified
cells. Cell survival was also measured by MTT assay using Vybrant MTT assay kit (Molecular Probes) according to the
manufacturer procedures.

Caspase activity measurement:

[0077] Relative Caspase activity was determined by flow cytometric analysis as follows: 2.10% treated cells were
harvested, washed once in 1 mI PBS, and resuspended in 200 pl staining solution containing FITC-VAD-fmk (CaspACE,
Promega). After incubation for 60 min at 37°C, cells were washed in 1 ml PBS and resuspended in 200 pl PBS for flow
cytometry analysis. Stained cellswere counted using a FACS Calibur (Becton Dickinson) and CellQuest analysis software
with excitation and emission settings of 488 nm and 525-550 nm (filter FL1), respectively. Caspase-3 activity was
measured by using the Caspase-3 assay from BioVision. Caspase activity is presented as the ratio between the caspase
activity of the sample and that measured in HEK293T cells transfected with pCMV. For cell death analysis and caspase
activity measurement, AP20187 or/and netrin-1 or/and DCC-5Fbn were added in cell culture medium 20 hours and 1
hour before collecting cells.

Quantitative RT-PCR:

[0078] To assay netrin-1 expression in human breast tumors, total RNA was extracted from biopsies of patients
undergoing surgery for breast cancer using Nucleospin RNAII kit (Macherey-Nagel) and 1 p.g was reverse-transcribed
using the iScript cDNA Synthesis kit (BioRad). Real-time quantitative RT-PCR was performed on a LightCycler 2.0
apparatus (Roche) using the Light Cycler FastStart DNA Master SYBERGreen | kit (Roche). Reaction conditions for all
optimal amplification, as well as primer selection of netrin-1, were determined as already described 18. The ubiquitously
expressed human PBGD, TBP and mouse RPLPO genes showing the less variability in expression between normal and
breast tumoral tissues 2528 were used as internal controls. The following primers were used:

PBGD:

- FOR: 5-CTGGAGTTCAGGAGTATTCGGGG-3’ (SEQ ID NO:18),
-  REV: 5-CAGATCCAAGATGTCCTGGTCCTT-3 (SEQ ID NO:19);

TBP:

- FOR: 5-CACGAACCACGGCACTGATT-3’ (SEQ ID NO:20),
-REV: 5 TTTTCTTGCTGCCAGTCTGGAC 3’ (SEQ ID NO:21);

Human netrin-1-NTN1:

- FOR: 5-TGCAAGAAGGACTATGCCGTC-3’ (SEQ ID NO:22),
- REV:5-GCTCGTGCCCTGCTTATACAC-3' (SEQ ID NO:23);

UNCS5B:

- FOR: 5-TGCAGGAGAACCTCATGGTC-3’ (SEQ ID NO:24),
-  REV:5-GGGCTGGAGGATTACTGGTG-3' (SEQ ID NO:25);

DCC:
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- FOR: 5-AGCCAATGGGAAAATTACTGCTTAC-3 (SEQ ID NO:26),
-  REV:5-AGGTTGAGATCCATGATTTGATGAG-3 (SEQ ID NO:27);

UNC5C:

- FOR: 5-GCAAATTGCTGGCTAAATATCAGGAA-3’ (SEQ ID NO:28),
-  REV:5-GCTCCACTGTGTTCAGGCTAAATCTT-3’ (SEQ ID NO:29).

Mice, intraveinous and mammary gland injections, measurement of metastasis development:

[0079] Syngenic mice model. Female BALB/cByJ mice of 8-11 weeks of age from Jackson Laboratory were used for
surgery. For mammary gland injection of 67NR cells, mice were anesthetized with 2,2,2-tribromoethancl and 106 cells
in 50 pl PBS were injected into the mammary gland and mice were sacrificed when the tumor exceeded 1.5 cm and
caused impediment to the movement of the animal. For intravenous injection, 10% tumor 4T1-luc cells in 150 pl PBS
were injected into a tail vein and mice were either sacrificed at day 13-15 (after 4T1 cells injection) or at day 20-23 (after
B67NR cells injection) or analyzed using luminescence recording. When animals were sacrified, lungs were re-
moved,weighed and compared to the whole weight of the animal, and metastatic nodules counted.

Xenograft in nude mice:

[0080] Five-week-old (20-22 g body weight) female athymic nu/nu mice were obtained from Charles River. The mice
were housed in sterilized filter-topped cages and maintained in a pathogen-free animal facility. Human breast cancer
cell lines (SKBR7, T47D and H358) were implanted by s.c. injection of 5.106 cells in 200 pL of PBS into the left flank of
the mice. When tumors were established (5 weeks for T47D, 2 weeks for SKBR7 and 5 days for H358), PBS or 20 pg
of DCC-5Fbn were administered into the tumor (i.t.) everyday during 14 days. Tumor sizes were measured by a caliper.
The tumor volume was calculated with the formula v = 0.5*(length*width?).

Tumor analysis:

[0081] 4 pum-thick lung sections were prepared and stained with hematoxylin-eosin-saffron. Histological classification
and grading of neoplastic lesions was performed in a blinded fashion and according to standard procedures. For in vivo
imaging of metastasis using 4T1-luc cells, the light resulting from the biocluminescent oxidation of the intra-peritonaly
injected endotoxin-free luciferin (Promega) (120 mg/kg bodyweight) was detected and quantified (10 minutes after
injection) with a NightOWL LB 981 NC 100 system from Berthold Technologies, using an anaesthesia system with
gaseous isoflurane from TEM SEGA.

Example 2: Netrin-1 dictates metastasis of breast tumor by inhibiting apoptosis

[0082] We first analysed netrin-1 and its dependence receptors -i.e., DCC and UNC5H expression by Q-RT-PCR in
a panel of 30 breast primary tumors, 15 of which were without known metastatic evolution, and 15 that were metastatic
at diagnosis. While DCC was barely detectable and UNC5H failed to show significant change between the two types of
tumors, netrin-1 appeared to be significantly more expressed in metastatic breast tumors than in non-metastatic breast
tumors (figure 1A).

[0083] 60% of tested metastatic breast tumors showed an over-expression of netrin-1 (range from 1.4 to 9.6 fold,
p<0.015) (Table 1).

Table 1: The percentage of samples showing a netrin-1 expression higher than the average expression in non-
metastatic biopsies is indicated, as is the range of the over-expression.

n=15 metastasis non metastasis
% of breast tumors that over-express 60 33
netrin-1

Range of over-expression of netrin-1 1.4-9.6 1.6-2.9

[0084] In mice, Miller and colleagues developed a powerful model to study the biology of metastatic versus non-
metastatic tumors: from a single primary mammary tumor that occurred naturally in a BALB/c mouse, a series of cell
lines were obtained that showed different metastatic potentials when injected into syngenic mice. In particular, while
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B67NR cells form primary mammary tumors but no metastasis, 4T1 cells form primary tumors and metastasis, especially
in the lung, the bone marrow and the liver 20, Interestingly, while netrin-1 failed to be detected in 67NR cells, netrin-1
was highly expressed in 4T1 cells (figure 1B).

[0085] To assay whether the metastatic potential of 4T1 cells, compared to that of 67NR cells, was related to netrin-
1 expression, 67NR cells were forced to stably express netrin-1. Mock transfected 67NR cells or 67NR-net cells that
express netrin-1 (figures 2A, 2B) were injected in mammary gland or i.v. and metastasis was monitored by anatomo-
pathology examination of lungs. Both cell lines failed to form metastasis when injected in fat pad, suggesting that the
presence of netrin-1 in 67NR is not sufficient to allow lung metastasis formation from the primary site. However, when
cells were injected i.v., a significant increase of metastasis in the lungs was detected in the netrin-1 expressing 67NR
(figure 2C).

[0086] See Table 2 showing the number of under-pleural (metastasis outside the lung) and intra-parenchymatous
nodules (metastasis in the lung).

Table 2:

under-pleural lesions Intra parenclzz:st:):ssislgesions (lung
mice injected with | Number of lung Number of noduled per Number of lung Numberofnodules per
clone: Affected lung (range) affected lung (range)
67NR1 3 0-5 0 0
67NR2 2 0-2 0 0
67NR-net1 3 0-5 1 0-4
67NR-net2 1 0-3 2 1-2

[0087] Thus, netrin-1 expression appears to be a crucial event that supports metastasis formation, probably by favoring
tumor cells after intravation.

[0088] Because netrin-1 appears to be sufficient for the metastastic potential of 67NR cells after intravation and
because netrin-1 was shown to inhibit netrin-1 dependence receptors-induced cell death 6 7,18 we next investigated
whether autocrine production of netrin-1 provides a selective advantage to 4T1 cells by inhibiting DCC/UNC5H-induced
cell death in these cells. A domain located in the N-terminus of netrin-1 (the so-called laminin-VI| domain) interacts with
both DCC and UNC5H receptors (figure 3A; 21), so that a soluble extracellular domain of DCC (DCC-EC-Fc) can inhibit
both DCC/netrin-1 and UNC5H/netrin-1 interaction (not shown). DCC-EC-Fc was then added to a culture of 4T1 cells
and cell death was monitored either by a trypan blue exclusion assay (figure 3B) or by measuring caspase activity (figure
3C). As shown in figure 3C, addition of the competing protein in the culture medium triggers death of 4T1 cells in a dose-
dependent manner. Moreover, this effect is specific, as DCC-EC-Fc had no effect on 67NR cell death and IL3R-EC-Fc
(the extracellular domain of IL3 receptor) failed to trigger 4T1 cell death (figures 3B, 3C). This effect is due to netrin-1
inhibition, as addition of an excess amount of netrin-1, together with DCC-EC-Fc inhibited the pro-apoptotic activity of
DCC-EC-Fc on 4T1 cells (not shown). To restrict the competition to a smaller domain, we produced the fifth fibronectin
type Il domain of DCC, which is known to interact with netrin-1 21, Addition of this domain -DCC-5Fbn- had a similar
pro-apoptotic activity on 4T1 cells (figure 3D). Thus, while netrin-1 appears to confer metastatic potential to tumor cells
in mice, these netrin-1 expressing metastatic tumor cells can be engaged toward apoptosis by inhibition of the netrin-
1/receptors interaction.

[0089] To further analyse whether this holds true in human breast tumor cells, netrin-1 expression was analysed in a
panel of human metastatic breast cancer cell lines (see Table 3).

Table 3:
Human breast carcinoma cell line | Netrin-1 transcriptional expression | DCC-EC-Fc sensitivity
MDA-MB 157 ++++ +/-
MCF-7 ++++ -
CAMA-1 +++ -
SKBR3 ++ ND
SAV-NUDE ++ ND
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(continued)

Human breast carcinoma cell line | Netrin-1 transcriptional expression | DCC-EC-Fc sensitivity
Cal51 ++ +++
MDA-MB231 + ++
MDA-MB453 + +
T47D - ND
T47D* ++ ++
*Carried out on another T47D cell line

Table 3 showing the different human metastatic breast cell lines analysed for the netrin-1 expression by Q-RT PCR as
in figures 1A, 1B, and their sensitivity to DCC-EC-Fc by measurement of cell death by trypan blue exclusion. The relative
amount of netrin-1 expression and DCC-EC-Fc sensitivity are indicated by (+), while the absence of these criteria is
indicated by (-). In some cell lines the DCC-EC-Fc has not been determined (ND).

[0090] As expected, netrin-1 is expressed in a large number of metastastic cell lines and some of them undergo
apoptosis when cultured in the presence of DCC-EC-Fc. As an example, CAL51 cells underwent apoptosis in a dose-
dependent manner in response to DCC-Ec-Fc. As above, addition of netrin-1 in excess reverts the effect of DCC-EC-
Fc, supporting the view that the competing proteins kill these human cell lines by inhibiting the netrin-1/netrin-1 receptors
interaction. Moreover, a clonal selection from CAL51 cells allowed the establishment of a CAL51-36 cell line, that is
much more susceptible to cell death in response to DCC-EC-Fc (figure 4B). Because the DCC-EC-Fc or DCC-5Fbn
may consequently represent good tools to trigger selective apoptosis of human metastatic tumors cells.

[0091] Here we show that netrin-1 expression may be considered as a marker of breast tumor dissemination. More
than half of the breast tumors with metastasis propensity showed elevated netrin-1 expression. Both the mice model
described above and the data obtained on human breast cancer cell lines support the view that this elevated netrin-1
level is a selective advantage acquired by the cancer cell to escape netrin-1-dependence receptors induced apoptosis
and, consequently, to survive independently of netrin-1 availability. From a mechanistic point of view, this autocrine
expression of netrin-1 inhibits cell death induced by UNC5H. Indeed, DCC was barely detectable in the two groups
-metastastic and non metastatic- of breast cancers studied, hence suggesting that DCC is either down-regulated early
during breast tumorigenesis or is only weakly expressed in breast tissue. Moreover, inhibition of UNC5H-induced ap-
optosis by co-expression of a dominant negative mutant form of the UNC5H pro-apoptotic activity inhibits CAL51 cell
death in response to DCC-EC-Fc (not shown). This may fit with the recent observation that part of UNC5H2 pro-apoptotic
activity passes through the activation of the serine/threonine DAPK 22 a protein involved in metastasis regulation 23,
[0092] These observations not only provide evidence for the importance of the ligand/dependence receptor pair in the
regulation of tumor development, but also enlighten a new therapeutic strategy. Indeed, as of today, there is no efficient
treatment for patients with metastatic breast cancer, a lack of treatment that leads to the death of 400,000 women
worldwide per year 24, Here we propose that a treatment based on inhibition of the interaction between netrin-1 and its
dependencereceptors could positively affect half of the patients suffering from metastatic breast cancer. These treatments
could include chemical drugs, monoclonal antibodies or the DCC-5Fbn protein presented here. Whether this should be
considered as a strategy preventing metastasis formation, which would imply a long-term preventive treatmenton women
diagnosed with primary breast cancer, or as a strategy that could be used to induce metastasis regression remains to
be shown. Future clinical trials should also answer this point.

[0093] Here we describe that, unlike human non-metastatic breast tumors, the majority of metastatic breast cancers
shows an over-expression of netrin-1. In a mice model, we demonstrate that in non-metastatic mammary tumor cells,
forced expression of netrin-1 is associated with metastasis in the lungs. Moreover, mice or human metastatic tumor cell
lines, that were shown to highly express netrin-1, undergo apoptosis when the netrin-1/receptors interaction is inhibited
by a competing protein. Thus, netrin-1 is a marker for human metastatic cancer such as metastatic breast and inhibition
of the netrin-1/receptors interaction represents a therapeutic approach to induce metastatic cell death.

Example 3: Restoration of the netrin-1 dependence receptors pathway trippers apoptosis in metastatic breast
tumors

[0094] Netrin-1 and its dependence receptors -i.e., DCC, UNC5H2, UNC5H3 expression were analysed by Q-RT-
PCRinapanelof 51 breast tumors. Itincludes patients whose tumors were either localized to the breast (NO, 16 patients),
had nodal involvement (N+, 19 patients) or had distant metastatic disease at the time of diagnosis (M+, 16 patients).
While DCC was barely detectable and UNC5H expression failed to display significant changes between the different
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types of tumors (not shown), netrin-1 is significantly more expressed in N+ tumors than in NO tumors (median: 1.8 versus
0.5, p=0.007) with a range of netrin-1 expression higher in N+ tumors (figure 5 and Table 4).

Table 4: The percentage of samples showing a netrin-1 expression higher than the average expression in NO biopsies,
5 fold higher or 15 fold higher is indicated, as is the range of the over-expression.

n=>51 NO Localised to N+ Nodal M+ Distant
breast (n=16) involvement (n=19) | metastasis
(n=16)
% of breast tumors that over-express netrin-1 31 73.7 93.7
% of breast tumors that over- | More than 5 fold 0 31.5 625
express netrin-1. More that 15 fold 0 0 375
Range of over-expression of Netrin-1 0.02-4.6 0.03-12.8 0.6-111.7

[0095] 31.5% of the N+ tumors show at least a 5 fold increase in netrin-1 expression while no such increase was
detected in any tested NO tumors (figure 5 and Table 4). An even more striking difference is observed when comparing
netrin-1 expression in M+ versus NO tumors (median: 7.8 versus 0.5, p<0.0001). Along this line 62.5% of M+ tumors
show at least a 5 fold increase in netrin-1 expression. A significant difference in netrin-1 expression also exists between
N+ and M+ tumors (median: 1.8 versus 7.8, p=0.009). Moreover, netrin-1 overexpression is higher in M+ tumors than
in N+ tumors, as 37.5% of M+ tumors display more than a 15 fold increase in netrin-1 level, while such an increase is
not detected in N+ tumors (figure 5 and Table 4). Thus, netrin-1 up-regulation is a marker of nodal involvement and
distant metastatic disease in human breast cancer.

[0096] In mice, Miller and colleagues developed a powerful model to study the biology of metastatic versus non-
metastatic tumors: from a single primary mammary tumor that occurred naturally in a BALB/c mouse, a series of cell
lines were obtained that showed different metastatic potentials when injected into syngenic mice. In particular, while
B67NR cells form primary mammary tumors but no metastasis, 4T1 cells form primary tumors and metastasis, especially
in the lung, the liver and the bone marrow 20, Interestingly, while netrin-1 failed to be detected in 67NR cells, netrin-1
was highly expressed in 4T1 cells (figure 1B).

[0097] To first assay whether the metastatic potential of 4T1 cells, compared to that of 67NR cells, was related to
netrin-1 expression, 67NR cells were forced to stably express netrin-1. Mock transfected 67NR cells or 67NR cells that
express netrin-1 (figures 2A and 2B) were injected into mammary glands and metastasis was monitored by anatomo-
pathological examination. Both cell lines failed to efficiently form metastasis in liver or in lungs when injected in mice fat
pads (19 mice were injected with netrin-1 expressing 67NR cells and only two suspicions of micro-metastases, one in
the lung and one in the liver were detected) (Table 5).

Table 5: Lungs and liver metastasis of fat pad-injected 67NR versus netrin-1 expressing cells. One control cell clone
bearing puromycine resistance (67NR-mock), one netrin-1 expressing cell clone (67NRnet1) and one polyclonal
population of netrin-1 stably transfected 67NR (67NR-net1-polyclonal) were injected in fat pad of mice and metastasis
was analyzed in the lung or liver environment.

Cells injected Mice (n) Primary tumors Metastasis Comment
67NR-mock 9 9 0
67NR-net1 7 7 0 §u§p|0|on of 1 micrometastase
in liver
67NR-net1 Suspicion of 1 micrometastase
12 12 0 .
polyclonal in lung

[0098] Thus, netrin-1 expression in tumor cells is not sufficient to enable metastasis formation from the primary site.
[0099] Because netrin-1 was shown to inhibit netrin-1 dependence receptors-induced cell death 6.7, 18 we next in-
vestigated whether the autocrine production of netrin-1 detected in metastatic 4T1 cells confers a selective advantage
to these cells, by inhibiting DCC/UNC5H-induced cell death. To assay this, we looked for a compound that may titrate
netrin-1. It was reported that a domain located in the N-terminus of netrin-1 (the so-called laminin-VI domain) interacts
with both DCC and UNC5H receptors (figure 3A; 21). We show that a soluble extracellular domain of DCC (DCC-EC-
Fc) can inhibit both DCC/netrin-1 and UNC5H2/netrin-1 interaction, as measured by ELISA assay (figure 6A). DCC-EC-
Fcwas then added to a culture of 4T1 cells and cell death was monitored, either by a trypan blue exclusion assay (figures
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3B and 6B) or by measuring caspase activity by flow cytometry (figures 3C and 6C). As shown in figures 3B, 3C, 6B
and 6C addition of the competing protein in the culture medium triggers death of 4T1 cells in a dose-dependent manner.
This effect is specific, as DCC-EC-Fc had no effect on 67NR cell death (figures 3B, 3C, 6B and 6C) and IL3R-EC-Fc
(the extracellular domain of the IL3 receptor) failed to trigger 4T1 cell death (figure 3D). Thus, 4T1 cells survive through
autocrine production of netrin-1, which blocks netrin-1 receptors-induced cell death.

[0100] Because the complete extracellular domain of DCC appears as only of modest interest for use in vivo and in
therapy (DCC-EC-Fcis about 1100 amino-acid large), we looked for an alternative polypeptide from the DCC extracellular
domain, which could trigger apoptosis in 4T1 cells. We consequently produced the fifth fibronectin type 1ll domain of
DCC, DCC-5Fbn, which is known to interact with netrin-1 21 (figure 3A). Interestingly, this 100 amino-acid protein does
notinterfere with the binding of DCC/netrin-1 or UNC5H/netrin-1, but affects the ability of netrin-1 to trigger multimerization
of these receptors (see Example 4). As DCC and UNC5H multimerization is a pre-requisite for the netrin-1 inhibitory
activity on DCC/UNC5H-induced cell death, the addition of DCC-5Fbn triggers apoptosis in DCC-expressing cells cultured
in the presence of netrin-1 22 and triggers death of both 4T1 (figure 7A).

[0101] We next investigated whether the cell death effect observed in vitro may be extended in vivo. To do so, 4T1
cells were stably transfected with a luciferase-based vector and 4T1-luc cells were intraveinously (i.v.) injected into
syngenic BALB/c mice. Mice were then intraperitonaly (i.p.) and i.v injected (1 injection every two days, once i.v., once
i.p.) from day 0 to day 13 with either PBS buffer or Flag-tagged-DCC-5Fbn (1.25 pg/mouse g/injection). Metastasis
formation was then analyzed using luminescence recording. As shown in figures 7B and 7C, when i.v. injected, 4T1-luc
cells efficiently colonize lungs. Onthe opposite, mice treated with DCC-5Fbn show a dramatic reduction of lung metastasis
(figures 7B and 7C). This inhibition of metastasis formation was then confirmed by anatomo-pathological examination
of lungs, (not shown, see Table 6).

Table 6: Total number of lung metastatic nodules in individual mice were counted under a dissection scope in the
two treated populations (+PBS, +DCC-5Fbn)

Treatment Mice (n) Average of Metastatis per Range of metastasis per
mouse mouse
PBS 10 42.4 0-75
DCC-5Fbn 10 2.6 0-6

[0102] Similar results were obtained when we performed daily i.p. injection of GST-tagged-DCC-5Fbn instead of Flag-
tagged-DCC-5Fbn and GST-FADD instead of PBS (not shown). Thus, in mice, the inhibition by DCC-5Fbn of the pro-
survival activity conferred by netrin-1 autocrine expression is associated with metastasis prevention.

[0103] The acquired survival advantage through netrin-1 autocrine expression is not restricted to murine tumor cells,
as it is detected in human breast cancer cell lines. Indeed, netrin-1 was shown to be expressed in a sizeable fraction of
human breast cancer lines (figure 8A) and addition of DCC-EC-Fc or DCC-5Fbn to naturally netrin-1 expressing human
breast adenocarcinoma T47D or SKBRY7 cell cultures triggers cell death induction measured either by caspase-3 activity
assay or MTT assay (figure 8B and not shown). This effect is due to netrin-1 inhibition, as addition of an excess amount
of netrin-1, inhibited the pro-apoptotic activity of DCC-EC-Fc/DCC-5Fbn (not shown). To monitor the anti-tumor effect
of DCC-5Fbn, xenografts of T47D cells were implanted in nude mice. When tumors reached a palpable size, mice were
daily treated with either PBS or DCC-5Fbn and tumor volume was determined for 18 days. Similarly to the data obtained
in the syngenic model above, DCC-5Fbn fully inhibits tumor growth (Table 7).

Table 7: showing the number and behavior of xenografted T47D tumors that have been treated either with PBS or
DCC-5Fbn. The number of tumors that has grown in size more than 40% and the number of tumors that has a reduced
size (more than 30%) are indicated

Treatment Number of mice Tumor growth (> 40 %) Tumor regression (> 30 %)
PBS 4 3 0
DCC-5Fbn 5 0 3

[0104]

Here we show that netrin-1 expression may be considered as a marker of breast tumor ability to disseminate.

Most of the breast tumors with metastasis propensity showed elevated netrin-1 expression. Both the data obtained on
human/mice breast cancer cell lines and the syngenic/human xenograft mice models described above and support the
view that this elevated netrin-1 level is a selective advantage acquired by the cancer cell to escape netrin-1-dependence
receptors induced apoptosis and, consequently, to survive independently of netrin-1 availability. From a mechanistic
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point of view, in the human pathology, this autocrine expression of netrin-1 probably inhibits UNC5H-induced cell death.
Indeed, DCC was barely detectable in the different groups (NO, N+, M+) of breast cancers studied, hence suggesting
that DCC is either down-regulated early during breast tumorigenesis or is only weakly expressed in breast tissue.
Moreover, inhibition of UNC5H-induced apoptosis by co-expression of a dominant negative mutant form of the UNC5H
pro-apoptotic activity inhibits human breast cancer cell death in response to DCC-EC-Fc (not shown).

[0105] Thus, as predicted by the dependence receptor model, we have now shown that a tumor cell can escape
dependence receptor dependency in at least three manners. First, expression of the dependence receptor can be down-
regulated, as extensively described for DCC and more recently for UNC5H 15,17, 19,29 Second, the downstream death
signalling can be shut down. Along this line, we have recently shown that UNC5H2 pro-apoptotic activity relies on the
binding of UNC5H2 to the serine/threonine DAPK 22, a protein that was demonstrated to be involved in metastasis
regulation and down-regulated in human malignancy 23. Similarly, a recent report by Stupack and colleagues shows
that, in the case of some integrins that act as dependence receptors, caspase-8, which triggers the cell death mediated
by these integrins, is crucial for neuroblastoma metastasis 30, Here we show that a third selective advantage for the
tumor cell is the self-production of the dependency ligand. One intriguing question remains as to why breast tumors with
metastatic propensity seem to have preferably selected netrin-1 self-production rather than receptor loss, while colorectal
tumors have mostly selected loss of the receptors rather than gain of netrin-1 expression - indeed, only 7% of colorectal
cancers show an increase of netrin-1 expression 18, A possible explanation is that netrin-1 expression not only confers
a gain in survival to the migrating cells, but also possibly a gain in the non-apoptotic/positive signalling of netrin-1
receptors. Along this line, it is important to note that netrin-1 was originally described as a guidance cue 31, which, even
though completely unproven, could play a role in the tropism of metastatic cells. Other proposed roles of netrin-1 include
adhesion and morphogenesis regulation 3234, both mechanisms that may be of importance for metastasis development.
Similarly, netrin-1 was recently proposed to play a role during embryonic angiogenesis and even though conflicting
results have been published 36-38 we cannot at this stage discard the role of netrin-1 as an angiogenic factor that
somehow could favor metastasis development at the secondary site. However, the gain of "positive" signalling by netrin-
1 autocrine expression is probably not sufficient per se to promote metastasis, as forced expression of netrin-1 in non-
metastatic cells failed to be associated with metastasis formation.

[0106] These observations not only provide evidence for the importance of ligand/dependence receptors pairs in the
regulation of tumor development, but also enlighten a new therapeutic strategy. Indeed, as of today, there is no efficient
treatment for patients with metastatic breast cancer, a lack of treatment that leads to the death of 400,000 women
worldwide per year 24, Here we propose that a treatment based on inhibition of the interaction between netrin-1 and its
dependence receptors could positively affect a large fractions of the patients suffering from metastatic cancer, such as
breast cancer -i.e. patients who would shown high netrin-1 expression in primary tumors-. These treatments could include
chemical drugs, monoclonal antibodies or the DCC-5Fbn protein presented here.

Example 4: Netrin-1 expression and inhibition of netrin-1 activity in other human tumors

[0107]
A) Netrin-1 is a marker of aggressiveness in human neuroblastoma (see figure 9A, its legend and table 8) and inhibiting
netrin-1 activity promotes neuroblastoma cell death (see figure 10B ant its legend).

Table 8: 26 neuroblastoma cell lines (either obtained directly from patient tumors at Centre Léon Bérard (CLB-X) or

classic neuroblastoma cell lines (IMR32, SHEP, SHSY or SKNAS)) were tested as in (a) for netrin-1 expression by

Q-RT-PCR. Netrin-1 level is indicated as (-) no netrin-1, (+, ++, +++) low to high netrin-1 level. It can be noted that
a significant fraction of cell lines have high expression of netrin-1.

Cell line netrin-1

CLB-BAB -
CLB-BAC -
CLB-BAR -
CLB-BARREC -
CLB-BEL +
CLB-BOULT ++
CLB-BER2 -
CLB-BERLUD -
CLB-CAR -
CLB-ESP -+
CLB-GAR -
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(continued)

Cell line netrin-1

CLB-GHE MO -
CLB-GHE PCT -
CLB-HUT +++
CLB-MAR MO -/+
CLB-MAR LT +
CLB-PEC -
CLB-REM +++
CLB-SED +
CLB-TRA -
CLB-VOL ++++
IGRN91 -/+
IMR32 +++
SHEP -/+
SHSY 5Y -/+
SKNAS ++++

B) Netrin-1 is overexpressed in a large fraction of glioma (see figure 10A and its legend) and inhibition of netrin-1 activity
promotes glioma cell death (see figure 10B and its legend).
C) Netrin-1 is overexpressed in human lung cancer (see figure 11A, its legend and table 9) and inhibition of netrin-1
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45

activity promotes lung cancer cell death and prevents lung cancer development (see figures 12C and 12D and their

legends).

Table 9: Lung cancer cell lines either derived from small-cell-lung cancer (SCLC) or non-small-cell-lung cancer
(NSCLC) were tested as in (a) for netrin-1 expression by Q-RT-PCR. Netrin-1 level is indicated as (-) no netrin-1, (+,
++) low to high netrin-1 level. It can be noted that a significant fraction of cell lines have high expression of netrin-1.

Cell line netrin-1
NSCLC
A549 +
H322 ++
H358 ++
H460 -
H1299 +
SCLC
H69 -
H146 +
H196 -

D) Netrin-1 expression in other human tumors.

Expression of netrin-1 examined by Q-RT PCR using total RNA extracted from different human tumors as in figures
10A-10B, 11A-11C, 12A-12B. The table 10 indicates (n) the number of tumors tested and the percentage of tumors
showing an overexpression of netrin-1 in each pathology.

50

55

Table 10:
Cancers n over expression of netrin-1
Renal adenocarcinoma 5 40%
Acute myeloid leukaemia 55 62%
Sarcoma 10 30%
Melanoma 6 50%
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(continued)

Cancers n over expression of netrin-1
Ovarian adenocarcinoma 14 93 %*
Pancreatic adenocarcinoma 7 57%
Uterus adenocarcinoma 42 19%
Stomac adenocarcinoma 27 26%
Kidney adenocarcinoma 20 50%
Rectal adenocarcinoma 18 17 %

*100 % of the 7 metastatic samples

Example 5:

[0108] To analyze whether DCC was under its monomeric form unless netrin-1 was present, we transiently co-ex-
pressed an HA-tagged full-length DCC together with c-myc-tagged full-length DCC in HEK293T cells. Immunoprecipi-
tation was then performed using an anti-c-myc antibody and as shown in figure 12A, despite a good expression of both
HA and c-myc tagged-DCC, HA-DCC was only modestly included in the c-myc-DCC pull-down in absence of ligand,
suggesting that DCC, was mainly present as a monomer when expressed in HEK293T in the absence of netrin-1. In the
same experimental conditions, when netrin-1 was added to the culture medium (not shown and figure 15C) or when a
netrin-1 expression construct was co-expressed with the DCC-expressing constructs (figure 11A), HA-DCC was clearly
included in the c-myc DCC pull-down, hence demonstrating that netrin-1 triggers dimerisation or multimerization of DCC.
This result is in agreement with data from Tessier-Lavigne and colleagues who first reported netrin-1-induced multimer-
ization 46, even though in our culture and immunoprecipitation conditions, DCC displays a modest albeit detectable level
of multimerization in the absence of netrin-1. This constitutive, low multimerization level could either be attributed to the
low affinity of DCC receptors for themselves in the absence of ligand or to the system used, which is based on forced
expression of high levels of transmembrane receptors.

[0109] We then investigated whether the other UNC5H netrin-1 receptors share a similar behaviour. HEK293T cells
were transiently transfected with an HA-tagged full-length UNC5H2 together with Flag-tagged full-length UNC5H2 in the
presence or absence of netrin-1. Immunoprecipitation was then performed using an anti-FlagM2 antibody. As shown in
figure 11B, the presence of netrin-1 triggers an efficient immunoprecipitation of HA-UNC5H2 with Flag-UNC5H2. Thus,
while in the absence of netrin-1, DCC and UNC5H2 are mainly under monomeric forms, both DCC and UNC5H2 show
an increased propensity to multimerize in the presence of netrin-1.

[0110] To determine whether netrin-1-induced multimerization is the crucial step for inhibiting DCC/UNC5H2 pro-
apoptotic cell death, we developed a chimeric system in which protein dimerization can be induced by a chemical agent.
This system was successfully used to show both the role of caspase-8 dimerization in caspase-8 activation 49 and the
importance of p75ntr-multimerization in p75ntr pro-apoptotic activity 48. This system is derived from the ability of the
Fk1012 compound to cross-dimerize the FKBP motif. DCC and UNC5H2 intracellular domains were fused in their N-
terminus to derived Fv2e FkBP motives and dimerization was induced using the AP20187 chemical compound (figure
13A). We first analyzed whether the developed system recapitulates netrin-1-induced multimerization of the UNC5H2
intracellular domain. HEK293T cells were co-transfected with an HA-tagged Fv2e-UNC5H2-IC together with c-myc-
tagged Fv2e-UNC5H2-IC and co-immunoprecipitations were performed using an anti-c-myc antibody. As shown in fiure
13B, without addition of AP20187, HA-Fv2e-UNC5H2-IC was barely detectable in the c-myc-Fv2e-UNC5H2-IC pull-
down, hence supporting that Fv2e-UNC5H2-IC is expressed in HEK293T cells mainly as a monomer. As expected,
addition of AP20187 led to the efficient pull-down of HA-Fv2e-UNC5H2-IC with c-myc-Fv2e-UNC5H2-IC. Similar results
were obtained with Fv2e-DCC-IC (not shown). Thus, this dimerization system recapitulates dimerization of the intracellular
domain of the netrin-1 receptors DCC and UNC5H2.

[0111] Because this chemically-inducible DCC/UNC5H2 dimerization system appears to work adequately to mimic
netrin-1-induced DCC/UNC5H2 multimerization, we then assessed whether the dimerization of DCC/UNC5H2 was
sufficient to inhibit DCC/UNC5H2 pro-apoptotic activity. HEK293T cells were forced to express Fv2e-DCC-IC in the
presence or absence of AP20187 and cell death was assessed by trypan blue staining, as previously described, to
measure DCC-induced celldeath & 27, As shown infigure 14A, expression of Fv2e-DCC-IC was associated with increased
cell death compared to expression of the Fv2e motives without the DCC-IC fusion. Interestingly, when AP20187 was
added, cell death induced by Fv2e-DCC-IC was dramatically reduced (figure 14A). Similarly, while Fv2e-UNC5H2-IC
triggers cell death (figure 14B) or caspase activation (figure 14C) when expressed in HEK293T in the absence of
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AP20187, the addition of the dimerizing drug is sufficient to reduce significantly Fv2e-UNC5H2-IC-induced cell death
(figure 14B) or caspase activation (figure 14C). Thus, while monomeric DCC-IC and UNC5H2-IC are pro-apoptotic, the
multimeric forms of DCC-IC or UNC5H2-IC no longer display pro-apoptotic activity. Therefore, the ability of netrin-1 to
inhibit DCC/UNC5H2-pro-apoptotic activity is intrinsically linked to the ability of netrin-1 to multimerize DCC or UNC5H2,
as this multimerization process is sufficient to shut down DCC and UNC5H2 pro-apoptotic activity.

[0112] A tempting model would be that the monomeric form of DCC or UNC5H2 has a spatial conformation that is
easily subjected to the initial caspase cleavage of the receptor’s intracellular domain. On the opposite, presence of the
ligand would lead to multimerization of the intracellular domain, which somehow becomes less accessible to caspase
cleavage. Along this line, Arakawa and colleagues have shown that the caspase cleavage of UNC5H2 is inhibited by
netrin-1 presence 47. Yet, because of technical limitations, we have failed to detect DCC or UNC5H2 cleavage in cells
forced to express the Fv2e fusion proteins. An alternative model to the cleavage inhibition would be that netrin-1-induced
receptor mutimerization triggers a survival signal, that somehow inhibits a constitutive pro-apoptotic activity of DCC or
UNCS5H2related to constitutive caspase cleavage. However, we failed to show that the known positive signalling pathways
activated by DCC upon netrin-1 binding are involved in the inhibitory activity of netrin-1 on DCC pro-apoptotic activity.
For example, netrin-1 induces DCC-mediated activation of ERK-1/2 3, kinases known to display an anti-apoptotic effect.
However, classic inhibitors of the ERK-1/2 pathway, while affecting netrin-1-induced ERK-1/2 phosphorylation, failed to
block the netrin-1-inhibitory effect on DCC pro-apoptotic activity (Forcet and Mehlen, unpublished). Thus, it is probable
that netrin-1-induced DCC multimerization affects DCC intracellular accessibility. However, it remains to be demonstrated
whether this is a matter of simple stochiometry, or whether the bringing closer of the extracellular domains induces a
change of conformation within the intracellular compartments.

[0113] Ifthe mechanisms underlying netrin-1-induced receptor multimerization are yet to be described, the observation
that netrin-1-induced DCC/UNC5H2 multimerization is sufficient to inhibit DCC/UNC5H2-induced cell death may repre-
sent an interesting tool to turn on DCC or UNC5H pro-apoptotic activity in vivo, in tumors in which netrin-1 is expressed
in an autocrine manner. Indeed, we have demonstrated that netrin-1 overexpression in mice gut is associated with
intestinal tumor development because of apoptosis inhibition 8 and we have recently observed that netrin-1 is overex-
pressed in the majority of human metastastic breast cancers. Moreover, the mechanism of netrin-1 overexpression
appears to be an acquired selective advantage of metastatic tumor cells for survival in settings of environmental absence
of netrin-1 (see examples 2 and 3). Thus, to inhibit DCC/UNC5H dimerization would putatively represent an interesting
way to trigger tumor cell apoptosis.

[0114] Along this line, the fifth fibronectin domain of DCC has been shown to be a domain of interaction with netrin-1
(figure15A and 21), even though conflicting data have also been reported 43. We thus first assessed whether arecombinant
soluble fifth fibronectin domain of DCC (DCC-5Fbn) could bind to recombinant netrin-1. ELISA assay demonstrates that
DCC-5Fbn specifically binds to netrin-1, as opposed to the extracellular domain of an unrelated receptor, IL3-R (figure
15A). The approximate Kd for DCC-5Fbn/netrin-1 was roughly estimated at 5 nM, in keeping with the order of magnitude
of the described DCC/netrin-1 Kd. We next investigated whether this domain was sufficient to displace DCC/netrin-1
interaction. As shown in figure 15B, using an ELISA assay in which the extracellular domain of DCC was coated and
netrin-1/DCC interaction was detected by netrin-1 immunoreactivity, we observed that, while as a positive control the
complete extracellular domain of DCC (DCC-EC) was sufficient to displace DCC/netrin-1 interaction, DCC-5Fbn failed
to interfere. Thus, DCC-5Fbn interacts with netrin-1 but is not sufficient to inhibit DCC/netrin-1 interaction. We next
investigated whether DCC-5Fbn could influence DCC multimerization. We performed co-immunoprecipitation in
HEK293T transiently transfected with HA-tagged full-length DCC together with c-myc-tagged full-length DCC in the
presence or absence of netrin-1. As also described in Figure 1A, presence of netrin-1 triggers the immunoprecipitation
of HA-DCC with c-myc-DCC, demonstrating netrin-1-induced DCC multimerization (figure 15C). However, when the
cells incubated with netrin-1 were also simultaneously treated with DCC-5Fbn, the HA-DCC/c-myc-DCC interaction
returns to netrin-1 non-treated levels. Thus, DCC-5Fbn interacts with netrin-1 in a region responsible for the netrin-1-
mediated coming closer of two or more DCC molecules and is able to inhibit netrin-1-induced DCC-multimerization.
[0115] We then tested whether DCC-5Fbn could consequently trigger netrin-1 receptors-induced cell death. To this
purpose, HEK293T cells were forced to express DCC in the presence or absence of netrin-1, with or without DCC-5Fbn,
and cell death was determined by trypan blue exclusion assay (figure 16A). As shown in figure 16A, while DCC triggers
apoptosis in the absence of netrin-1, a pro-apoptotic activity blocked by the presence of netrin-1, the presence of DCC-
5Fbnis sufficient to block the inhibitory activity of netrin-1, thus leading to DCC-induced cell death. Because the HEK293T
cell system uses ectopic expression of netrin-1, we next tested DCC-5Fbn in a more biologically relevant model. We
recently demonstrated that compared to non-metastatic breast cancers, the majority of human metastatic breast cancers
overexpresses netrin-1. We have also shown that titrating overexpressed netrin-1 triggers tumor cell apoptosis in vitro
and metastasis inhibition in mice (see Examples 2 and 3). Many breast tumor cell lines appear to express netrin-1 and
we have shown that titrating netrin-1 in mice breast carcinoma 4T1 cells triggers apoptosis (see Examples 2 and 3). As
shown in figure 16B, addition of DCC-5Fbn to a 4T1 cell culture is associated with increased cell death.

[0116] Taken together, we have shown here that the multimerization of the dependence receptors DCC and UNC5H
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is a sufficient mechanism to block their pro-apoptotic activity. Interestingly, this inhibitory mechanism appears to mirror
what is observed with death receptors. Indeed, it is known that TNFr or Fas requires trimerization to induce apoptosis
45 This intrinsic difference may therefore represent an added-value for therapeutic strategies using dependence recep-
tors. Indeed, the search of therapeutic molecules in the past has mainly led to hits that act on the inhibition of cellular
processes-e.g., kinasesinhibitors, IAP inhibitors-rather than activators. As a consequence, inhibition of netrin-1 receptors
multimerization via the use of recombinant DCC-5Fbn or via any compound screened to interfere with receptor mul-
timerization appears as a tempting strategy for the treatment of cancers in which netrin-1 autocrine expression has been
acquired.

[0117] Here, we show that netrin-1 triggers the multimerization of both DCC and UNC5H receptors. By using a system
in which dimerization is chemically-induced, we demonstrate that multimerization of the intracellular domain of netrin-1
receptors, such as DCC and UNC5H2, is the critical step to inhibit their pro-apoptotic activity. We therefore propose a
model in which monomeric netrin-1-dependence receptors are pro-apoptotic, while their multimerization, induced by
netrin-1, abolishes their pro-apoptotic activity. Using this property, we propose the use of a recombinant specific domain
of the DCC extracellular region that (i) interacts with netrin-1 and (ii) inhibits netrin-1-induced multimerization, in order
to trigger apoptosis of tumor cells.
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<210> 1

<211> 62

<212> DNA

<213> Artificial sequence

<220>
<223> Primer used for introducing a HA tag in the template pPCMV-DCC

<400> 1

cacaggctca gccttttatc catatgatgt accggattat gcataacatg tatttctgaa 60
tg 62

<210> 2

<211> 62

<212> DNA

<213> Artificial sequence

<220>
<223> Primer used for introducing a HA tag in the template pPCMV-DCC

<400> 2

cattcagaaa tacatgttat gcataatccg gtacatcata tggataaaag gctgagcctg 60
tg ' 62

<210> 3

<211> 65

<212> DNA

<213> Artificial sequence

<220>
<223> Primer used for introducing a c-myc tag in the template pCMV-DCC

<400> 3
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cacaggctca -gcctttgage agaagttgat aagtgaggaa gatctgtaac atgtatttct
gaatg . :

<210> 4

<211> 65

<212> DNA

<213> Artificial sequence

<220>
<223> Primer used for introducing a c-myc tag in the template pCMV-DCC

<400> 4

cattcagaaa tacatgttac agatcttcct cacttctcaa cttctgctca aaggctgage
ctgtg

<210> 5

<211> 33

<212> DNA

<213> Artificial sequence

<220>
<223> Primer used for obtaining a PCR fragment of the intracellular domain of DCC (1122-1447)

<400> 5
tatgtcgacc gacgctcttc agcccagcag aga 33

<210> 6
<211>72
<212> DNA

<213> Artificial sequence

<220>
<223> Primer used for obtaining a PCR fragment of the intracellular domain of DCC (1122-1447)

<400> 6

tatgaattct tagtcgagtg cgtagtctgg tacgtcgtac ggataaaagg ctgagcecctgt
gatggcatta ag '

<210>7

<211>78

<212> DNA

<213> Artificial sequence

<220>
<223> Primer used for obtaining c-myc-Fv2E-DCC-IC

<400> 7

cttaatgcca tcacaggctc agcecctttgaa cagaaactca tctcetgaaga ggatctgtaa
gaattcataa agggcaat e

<210> 8

26
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<211>78
<212> DNA
<213> Artificial sequence

<220>
<223> Primer used for obtaining c-myc-Fv2E-DCC-IC

<400> 8

attgcccttt atgaattctt acagatcctc ttcagagatg agtttctgtt caaaggctga
gcctgtgatg gcattaag :

<210> 9

<211> 25

<212> DNA

<213> Artificial sequence

<220>
<223> Primer used for the constructs encoding FlagM2-UNC5H2

<400> 9
gcgeggeege agggeccgga geggg 25

<210> 10

<211> 30

<212> DNA

<213> Artificial sequence

<220>
<223> Primer used for the constructs encoding FlagM2-UNC5H2

<400> 10
cggaattctc agcaatcgcc atcagtggte 30

<210> 11

<211> 26

<212> DNA

<213> Artificial sequence

<220>
<223> Primer used for generating by PCR amplification of the UNC5H2-HA intracellular domain

<400> 11

cggtcgacgt gtaccggaga aactge 26
<210> 12

<211> 57

<212> DNA

<213> Artificial sequence

<220>
<223> Primer used for generating by PCR amplification of the UNC5H2-HA intracellular domain

<400> 12
gcgaattctc atgcataatc cggcacatca tacggatagce aatcgccate agtggte 57

<210> 13
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<211> 26
<212> DNA
<213> Artificial sequence

<220>

<223> Primer used for generating by PCR amplification of the UNC5H2-myc intracellular domain

<400> 13
cggtcgacgt gtaccggaga aactge 26

<210> 14

<211> 60

<212> DNA

<213> Artificial sequence

<220>

<223> Primer used for generating by PCR amplification of the UNC5H2-myc intracellular domain

<400> 14

gcgaattctc acagatcctc ttctgagatg agtttttgtt cgcaatcgcece atcagtggte

<210> 15

<211> 18

<212> DNA

<213> Artificial sequence

<220>
<223> Fv2E forward primer

<400> 15
ccaccatggg gagtagca 18

<210> 16

<211> 49

<212> DNA

<213> Artificial sequence

<220>
<223> UNC5H2-HA reverse primer

<400> 16
tcatgcataa tccggcacat catacggata gecaatcgeca tcagtggte

<210> 17

<211> 52

<212> DNA

<213> Artificial sequence

<220>
<223> UNC5H2-myc reverse primer

<400> 17
tcacagatcc tcttctgaga tgagtttttg ttcgcaatcg ccatcagtgg tc

<210> 18

<211> 23

<212> DNA

<213> Artificial sequence
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<220>
<223> Primer used for expressed human PBGD as internal control

<400> 18
ctggagttca ggagtattcg ggg 23

<210> 19

<211> 24

<212> DNA

<213> Artificial sequence

<220>
<223> Primer used for expressed human PBGD as internal control

<400> 19
cagatccaag atgtcctggt cctt 24

<210> 20

<211> 20

<212> DNA

<213> Artificial sequence

<220>
<223> Primer used for expressed human TBP as internal control

<400> 20
cacgaaccac ggcactgatt 20

<210> 21

<211> 22

<212> DNA

<213> Artificial sequence

<220>
<223> Primer used for expressed human TBP as internal control

<400> 21
ttttcttgct geccagtetgg ac 22

<210> 22

<211> 21

<212> DNA

<213> Artificial sequence

<220>

<223> Primer used for expressed human netrin-1-NTN1 as internal control

<400> 22
tgcaagaagg actatgccgt ¢ 21

<210> 23

<211> 21

<212> DNA

<213> Artificial sequence

<220>

<223> Primer used for expressed human human netrin-1-NTN1 as internal control
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<400> 23
gctegtgecc tgcttataca ¢ 21

<210> 24

<211> 20

<212> DNA

<213> Artificial sequence

<220>
<223> Primer used for expressed human UNC5B as internal control

<400> 24
tgcaggagaa cctcatggtc 20

<210> 25

<211> 20

<212> DNA

<213> Artificial sequence

<220>
<223> Primer used for expressed human UNC5B as internal control

<400> 25
gggctggagg attactggtg 20

<210> 26

<211> 25

<212> DNA

<213> Artificial sequence

<220>
<223> Primer used for expressed human DCC as internal control

<400> 26
agccaatggg aaaattactg cttac 25

<210> 27

<211> 25

<212> DNA

<213> Artificial sequence

<220>
<223> Primer used for expressed human DCC as internal control

<400> 27
aggttgagat ccatgatttg atgag 25

<210> 28

<211> 26

<212> DNA

<213> Artificial sequence

<220>
<223> Primer used for expressed human UNC5C as internal control

<400> 28
gcaaattgct ggctaaatat caggaa 26
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<210> 29

<211> 26

<212> DNA

<213> Artificial sequence

<220>
<223> Primer used for expressed human UNC5C as internal control

<400> 29
gctccactgt gttcaggcta aatctt 26

Claims

Method for selecting a compound for the prevention or the treatment of cancer, said cancer to be prevented or
treated being selected from the group consisting of breast cancer, lung cancer, neuroblastoma, glioma, leukemia,
sarcoma, melanoma and adenocarcinoma, wherein said cancer to be prevented or treated is a cancer wherein
tumoral cells express or overexpress netrin-1, wherein said method comprises the following steps of:

a) having a medium containing netrin-1, or a fragment thereof, and a netrin-1 receptor, or a fragment thereof,
wherein:

- said netrin-1, or a fragment thereof, and said netrin-1 receptor, or a fragment thereof, is able to specifically
interact together to form a binding pair, and/or

- said netrin-1, or a fragment thereof, is able to induce the dimerization or multimerization of the intracellular
domain of said netrin-1 receptor;

b) contacting said medium with the compound to be tested;
c)

- measuring the inhibition of the interaction between netrin-1, or a fragment thereof, and said netrin-1
receptor, or a fragment thereof, and/or

- determining whether said compound inhibits the dimerization or multimerization of said netrin-1 receptor,
or a fragment thereof, particularly the dimerization of the intracellular domain of said netrin-1 receptor; and

d) selecting said compound if:
- the measuring in step c) demonstrates a significant inhibition of the interaction between netrin-1, or a
fragment thereof, and netrin-1 receptor, or a fragment thereof, in presence of said compound, and/or
- the determination in step ¢) demonstrates a significant inhibition of the dimerization or multimerization, in
presence of said compound, of the intracellular domain of said netrin-1 receptor.
The method according to claim 1, wherein said adenocarcinoma to be prevented or treated is selected from the
group consisting of ovarian adenocarcinoma, renal adenocarcinoma, pancreatic adenocarcinoma, uterus adeno-
carcinoma, stomac adenocarcinoma, kidney adenocarcinoma and rectal adenocarcinoma.

The method according to claim 1 or 2, wherein said cancer to be prevented or treated is a metastatic cancer.

The method according to claims 1 to 3, wherein at step a) said netrin-1 receptor is selected from the group of Deleted
in Colorectal Cancer (DCC), Unc-5 homolog (UNC5H), neogenin and the adenosine A2b receptors.

The method according to claim 4, wherein at step a) said netrin-1 receptor is selected from the group of DCC,
UNC5H1, UNC5H2 and UNC5H3.

The method according to claims 1 to 5, wherein at step a):

- said netrin-1 receptor fragment comprises or is the extracellular domain of the netrin-1 receptor, or part thereof
able to bind to netrin-1; and/or

31



10

15

20

25

30

35

40

45

50

55

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

EP 1 989 546 B1

- said netrin-1 receptor fragment comprises or is the intracellular domain of the netrin-1 receptor, or part thereof
able to dimerize or multimerize in presence of netrin-1.

The method according to claims 1 to 6, wherein at step a) said netrin-1 or/and said netrin 1 receptor are from mammal.
The method according to claims 1 to 7, wherein at step a) said netrin-1 is from chicken.

The method according to claims 1 to 8, wherein said netrin-1 or/and said netrin-1 receptor and/or the compound to
be tested is labeled by a marker able to be directly or indirectly measured.

The method according to claims 1 to 9, wherein at step ¢):

- the measure of the inhibition of the interaction between netrin-1, or a fragment thereof, and said netrin-1
receptor, or a fragment thereof, is carried out by immunoassay (particularly by Enzyme-linked Immunosorbent
Assay (ELISA) or by Immunoradiometric Assay (IRMA)), by Scintillation Proximity Assay (SPA) or by Fluores-
cence Resonance Energy Transfer (FRET); and/or

- the dimerization or multimerization, or its inhibition, of said netrin-1 receptor, or fragment thereof, particularly
the intracellular domain, is carried out by immunoprecipitation or FRET.

The method according to claims 1 to 10, wherein at step a) said medium contains cells which express at their surface
membrane an endogenous netrin-1 receptor or a recombinant netrin-1 receptor, particularly at least the extracellular
domain of a recombinant netrin-1 receptor.

The method according to claim 11, wherein at step a) said medium contains cells which express recombinant netrin-
1 receptor.

The method according to claim 11, wherein at step a) said medium contains tumoral cells which express endog-
enously said netrin-1 receptor at their membrane surface and which express or overexpress netrin-1, and wherein
at step c) the inhibition of the interaction between netrin-1 and its netrin-1 receptor in presence of the compound to
be tested, is measured by the apoptosis or cells death induced by the presence of the compound to be tested.

The method according to claim 13, wherein at step a) said medium contains metastatic tumoral cells.

A method according to claims 1 to 14 for selecting a compound for the prevention or the treatment of cancer, wherein
said method comprises the following steps of:

a) having a medium containing a mammal cell expressing an endogenous or a recombinant netrin-1 receptor,
or a fragment thereof comprising at least its intracellular domain;

b) contacting said medium with the compound to be tested;

c) determining whether the dimerization or multimerization of said netrin-1 receptor intracellular domain is
inhibited in presence of said compound to be tested; and

d) selecting said compound if the determination in step ¢) demonstrates a significant inhibition of the dimerization
or multimerization of the intracellular domain of said netrin-1 receptor.

The method according to claim 15, wherein said cell of step (a) is a tumor cell.
The method according to claim 15, wherein said cell of step (a) is a cell presenting dimerization or multimerization
of its netrin-1 receptor intracellular domain or a cell wherein its netrin-1 receptor intracellular domain is able to

dimerize or multimerize in presence of netrin-1.

The method according to any one of claims 15 to 17, wherein at step (b) the medium further containing netrin-1, or
a fragment thereof able to bind to the extracellular domain of the netrin-1 receptor.

The method according to any one of claims 15 to 18, comprising further determining whether the presence of the
compound to be tested induces the cell death of said mammal cell; and step (d) comprises the determination of the

cell death of said mammal cell.

An in vitro method for predicting the presence of a metastatic or an aggressive cancer in a patient having a primary
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tumor from a biopsy of said patient containing primary tumors cells, said cancer being selected from the group
consisting of breast cancer, lung cancer, neuroblastoma, glioma, leukemia, sarcoma, melanoma and adenocarci-
noma, wherein said cancer to be prevented or treated is a cancer wherein tumoral cells express or overexpress
netrin-1, comprising the following step of:

(a) measuring of a netrin-1 expression product level in said biopsy, wherein said product is (i) RNA encoding
netrin-1 or (ii) netrin-1 protein; and

(b) comparing said expression product level with expression of netrin-1 expression product level in a non-
metastatic primary tumor biopsy or in a non-aggressive cancer biopsy ;

wherein an increase with a ratio superior to 2 between netrin-1 expression product levels in the biopsy to be tested
and in the non-metastatic or non-aggressive reference biopsy is significant of the presence of a metastatic cancer
or an aggressive cancer.

A method for determining in vitro the efficiency of an anti-cancer treatment for a patient or for in vitro selecting
patients who respond to a specific anti-cancer treatment, said cancer being selected from the group consisting of
breast cancer, lung cancer, neuroblastoma, glioma, leukemia, sarcoma, melanoma and adenocarcinoma, wherein
said cancer to be prevented or treated is a cancer wherein tumoral cells express or overexpress netrin-1, said
method comprising the following step of:

- measuring of a netrin-1 expression product level in a biopsy of said patient, wherein said product is (i) RNA
encoding netrin-1 or (ii) netrin-1 protein;

wherein the efficiency of said anti-cancer treatment is correlated with the decrease by a ratio of at least 2 of the
amount of the netrin-1 expression product level measured in said biopsy, or

wherein the selected patients who respond to a specific anti-cancer treatment are patients where the amount of the
netrin-1 expression product level measured in their biopsy has been decreased by a ratio of at least 2 after said
specific treatment.

A method according to claim 21, wherein said cancer induced an overexpression of netrin-1 and/or is a metastatic
cancer.

The method according to claims 20 to 22, wherein said RNA encoding netrin-1 is measured by a quantitative real
time reverse polymerase chain reaction (PCR) method.

The method according to claims 20 to 22, wherein said netrin-1 protein is measured using specific antibodies able
to specifically recognize said netrin-1 protein.

The method according to claims 20 to 24, wherein the primary tumor is a primary tumor of a cancer selected from
the group consisting of breast cancer, lung cancer, neuroblastoma, glioma, leukemia, sarcoma, melanoma and
adenocarcinoma.

The method according to claim 25, wherein said adenocarcinoma is selected from the group consisting of ovarian
adenocarcinoma, renal adenocarcinoma, pancreatic adenocarcinoma, uterus adenocarcinoma, stomac adenocar-
cinoma, kidney adenocarcinoma and rectal adenocarcinoma.

Use for the selection of a compound for the prevention or the treatment of cancer, said cancer being selected from
the group consisting of breast cancer, lung cancer, neuroblastoma, glioma, leukemia, sarcoma, melanoma and
adenocarcinoma, of a kit comprising tumoral cells which express netrin-1 receptor and express or overexpress
netrin-1.

Use according to claim 27, wherein the tumoral cells are cells from a tumoral cell line.

Use according to claim 27 or 28, further comprising a netrin-1 protein, or a fragment thereof able to specifically
interact with said netrin-1 receptor protein to form a binding pair.

A compound selected from the group consisting of:
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- a compound comprising an extracellular domain of netrin-1 receptor or fragment thereof able to specifically
inhibit the interaction between the netrin-1 and said netrin-1 receptor, and/or able to inhibit the dimerization or
multimerization of the intracellular domain of said netrin-1 receptor; and

- a monoclonal or polyclonal antibody directed specifically against netrin-1 or the extracellular domain of netrin-
1 receptor or to a netrin-1 fragment able to interact with the extracellular domain of said netrin-1 receptor,

for use in an in vivo method to prevent or treat breast cancer, lung cancer, neuroblastoma, glioma, leukemia,
sarcoma, melanoma and adenocarcinoma.

A compound for the use according to claim 30, wherein said extracellular domain of netrin-1 receptor or fragment
thereof is selected from the group of DCC; UNC5H , neogenin and the adenosine A2b.

A compound for the use according to claim 30 or 31, wherein said compound comprising an extracellular domain
of netrin-1 receptor is from DCC.

A compound for the use according to claim 32, wherein said compound is DCC-EC-Fc or DCC-5Fbn.

A compound for the use according to any one of claims 30 to 33, for use in a method to prevent or treat a cancer
wherein tumoral cells express or overexpress netrin-1.

The compound according to claims 30 to 34 or an antisense or iRNA (interfering RNA) oligonucleotide which is
specific and complementary to the nucleic acid encoding netrin-1 protein for use in an in vivo method to treat or
prevent cancer in mammals, including man, said cancer being selected from the group consisting of breast cancer,
lung cancer, neuroblastoma, glioma, leukemia, sarcoma, melanoma and adenocarcinoma, wherein said cancer to
be prevented or treated is a cancer wherein tumoral cells express or overexpress netrin-1.

The use of the compound according to claim 35, characterized in that said cancer is a metastatic cancer.
The use of the compound according to claim 35 or 33, characterized in that said adenocarcinoma is selected from
the group consisting of ovarian adenocarcinoma, renal adenocarcinoma, pancreatic adenocarcinoma, uterus ade-

nocarcinoma, stomac adenocarcinoma, kidney adenocarcinoma and rectal adenocarcinoma.

The use of the compound according to claims 35 to 37, characterized in that the primary tumor cells of said cancer
express or overexpress netrin-1.

Patentanspriiche

Verfahren zum Auswahlen einer Verbindung fiir die Pravention oder die Behandlung von Krebs, wobei der Krebs,
dem vorgebeugt oder der behandelt werden soll, ausgewahlt ist aus der Gruppe bestehend aus Brustkrebs, Lun-
genkrebs, Neuroblastom, Gliom, Leukamie, Sarkom, Melanom und Adenokarzinom, wobei der Krebs, dem vorge-
beugt oder der behandelt werden soll, ein Krebs ist, bei dem tumorése Zellen Netrin-1 exprimieren oder Giberexpri-
mieren, wobei das Verfahren die folgenden Schritte umfasst:

a) Bereitstellen eines Mediums enthaltend Netrin-1 oder ein Fragment davon und einen Netrin-1-Rezeptor oder
ein Fragment davon, wobei:

- das Netrin-1 oder ein Fragment davon und der Netrin-1-Rezeptor oder ein Fragment davon dazu in der
Lage ist, spezifisch miteinander zu interagieren, um ein bindendes Paar zu bilden, und/oder

- das Netrin-1 oder ein Fragment davon dazu in der Lage ist, die Dimerisierung oder Multimerisiereung der
intrazellularen Domane des Netrin-1-Rezeptors zu induzieren;

b) In-Kontakt-bringen des Mediums mit der zu testenden Verbindung;

- Messen der Inhibierung der Interaktion zwischen Netrin-1 oder einem Fragment davon und dem Netrin-
1-Rezeptor oder einem Fragment davon und/oder
- Bestimmen, ob die Verbindung die Dimerisierung oder Multimerisiereung des Netrin-1-Rezeptors oder

34



10

15

20

25

30

35

40

45

50

55

10.

11.

12.

13.

EP 1 989 546 B1

eines Fragments davon, insbesondere die Dimerisierung der intrazellularen Domane des Netrin-1-Rezep-
tors, inhibiert; und

d) Auswahlen der Verbindung, wenn:

- das Messen in Schritt c) eine signifikante Inhibierung der Interaktion zwischen Netrin-1 oder einem Frag-
ment davon und dem Netrin-1-Rezeptor oder einem Fragment davon in Anwesenheit der Verbindung zeigt
und oder

- das Bestimmen in Schritt ¢) eine signifikante Inhibierung der Dimerisierung oder Multimerisierung der
intrazellularen Domane des Netrin-1-Rezeptors in Anwesenheit der Verbindung zeigt.

Das Verfahren gemaR Anspruch 1, wobei das Adenokarzinom, dem vorgebeugt oder das behandelt werden soll,
ausgewahlt ist aus der Gruppe bestehend aus Eierstock-Adenokarzinom, Nieren-Adenokarzinom, Pankreas-Ade-
nokarzinom, Gebarmutter-Adenokarzinom, Magen-Adenokarzinom, Nieren-Adenokarzinom und Mastdarm-Adeno-
karzinom.

Das Verfahren gemal Anspruch 1 oder 2, wobei der Krebs, dem vorgebeugt oder der behandelt werden soll, ein
metastatischer Krebs ist.

Das Verfahren gemaR den Anspriichen 1 bis 3, wobei in Schritt a) der Netrin-1-Rezeptor ausgewahlt ist aus der
Gruppe von Deleted in Colorectal Cancer (DCC), Unc-5-Homolog (UNC5H), Neogenin und den Adenosin-A2b-
Rezeptoren.

Das Verfahren gemaR Anspruch 4, wobei in Schritt a) der Netrin-1-Rezeptor ausgewahlt ist aus der Gruppe von
DCC, UNC5H1, UNC5H2 und UNC5H3.

Das Verfahren gemaR den Anspriichen 1 bis 5, wobei in Schritt a):

- das Netrin-1-Rezeptor-Fragment die extrazellulare Domane des Netrin-1-Rezeptors oder Teil davon, dazu in
der Lage, Netrin-1- zu binden, umfasst oder ist und/oder

- das Netrin-1-Rezeptor-Fragment die extrazellulare Domane des Netrin-1-Rezeptors oder Teil davon, dazu in
der Lage, in Anwesenheit von Netrin-1-zu dimerisieren oder multimerisieren, umfasst oder ist.

Das Verfahren gemaR den Anspriichen 1 bis 6, wobei in Schritt a) das Netrin-1 oder/und der Netrin-1-Rezeptor von
einem Saugetier sind.

Das Verfahren gemaR den Anspriichen 1 bis 7, wobei in Schritt a) das Netrin-1 aus dem Huhn ist.

Das Verfahren gemafR den Anspriichen 1 bis 8, wobei das Netrin-1 oder/und der Netrin-1-Rezepor und/oder die zu
testende Verbindung mit einem Marker markiert ist, der direkt oder indirekt gemessen werden kann.

Das Verfahren gemaR den Anspriiche 1 bis 9, wobei in Schritt c):

- das Messen der Inhibierung der Interaktion zwischen Netrin-1 oder einem Fragment davon und dem Netrin-
1-Rezeptor oder einem Fragment davon mittels eines Immunassays (insbesondere mittels Enzyme-linked Im-
munosorbent Assay (ELISA) oder mittels Immunoradiometric Assay (IRMA)), mittels Scintillation Proximity As-
say (SPA) oder mittels Fluoreszenz-Resonanz-Energie-Transfer (FRET) durchgefihrt wird; und/oder

- die Dimerisierung oder Multimerisierung oder ihre Inhibierung des Netrin-1-Rezptors oder Fragments davon,
insbesondere der intrazellularen Domane, mittels Immunprazipitation oder FRET durchgefiihrt wird.

Das Verfahren gemaR den Anspriichen 1 bis 10, wobei in Schritt a) das Medium Zellen enthalt, die die Expression
an ihrer Oberflachenmembran einen endogenen Netrin-1-Rezeptor oder einen rekombinanten Netrin-1-Rezeptor,

insbesondere zumindest die extrazellulare Domane des rekombinanten Netrin-1-Rezeptors, exprimieren.

Das Verfahren gemaR Anspruch 11, wobei in Schritt a) das Medium Zellen enthalt, die einen rekombinanten Netrin-
1-Rezeptor exprimieren.

Das Verfahren gemaR Anspruch 11, wobei in Schritt a) das Medium tumordse Zellen enthalt, die den Netrin-1-
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Rezeptor endogen an ihrer Membranoberflache exprimieren und die Netrin-1 exprimieren oder berexprimieren,
und wobei in Schritt ¢) die Inhibierung der Interaktion zwischen Netrin-1 und seinem Netrin-1-Rezeptor in Anwe-
senheit der zu testenden Verbindung Uber die Apoptose oder Zelltode, die in Anwesenheit der zu testenden Ver-
bindung induziert werden, gemessen wird.

Das Verfahren gemaR Anspruch 13, wobei in Schritt a) das Medium metastatische, tumordse Zellen enthalt.

Ein Verfahren gemaR den Anspriichen 1 bis 14 zum Auswahlen einer Verbindung fir die Pravention oder die
Behandlung von Krebs, wobei das Verfahren die folgende Schritte umfasst:

a) Bereitstellen eines Mediums enthaltend eine Saugetierzelle, die einen endogenen oder einen rekombinanten
Netrin-1-Rezeptor oder ein Fragment davon umfassend zumindest seine intrazellulare Doméane exprimiert;

b) In-Kontakt-bringen des Mediums mit der zu testenden Verbindung;

c) Bestimmen, ob die Dimerisierung oder Multimerisiereung der intrazellularen Netrin-1-Rezeptor-Doméne in
Anwesenheit der zu testenden Verbindung inhibiert ist; und

d) Auswahlen der Verbindung, wenn das Bestimmen in Schritt ¢) eine signifikante Inhibierung der Dimerisierung
oder Multimerisierung der intrazellularen Domane des Netrin-1-Rezeptors zeigt.

Das Verfahren gemaR Anspruch 15, wobei die Zelle von Schritt (a) eine Tumorzelle ist.

Das Verfahren gemafk Anspruch 15, wobei die Zelle von Schritt (a) eine Zelle ist, die Dimerisierung oder Multime-
risierung ihrer intrazellularen Netrin-1-Rezeptor-Doméane aufweist, oder eine Zelle, in der ihre intrazelluldre Netrin-
1-Rezeptor-Domane dazu in der Lage ist, in Anwesenheit von Netrin-1- zu dimerisieren oder multimerisieren.

Das Verfahren gemaR einem der Anspriiche 15 bis 17, wobei in Schritt (b) das Medium des Weiteren Netrin-1- oder
ein Fragment davon, dazu in der Lage, an die extrazellulare Domé&ne des Netrin-1-Rezeptors zu binden, enthalt.

Das Verfahren gemaR einem der Anspriiche 15 bis 18, umfassend des Weiteren das Bestimmen, ob die Anwesenheit
der zu testenden Verbindung den Zelltod der Saugetierzelle induziert; und Schritt (d) umfasst das Bestimmen des
Zelltods der Saugetierzelle.

Ein in vitro Verfahren zur Vorhersage der Anwesenheit eines metastatischen oder eines aggressiven Krebses in
einem Patienten, der einen primaren Tumor hat, von einer Biopsie des Patienten enthaltend primare Tumorzellen,
wobei der Krebs ausgewahlt ist aus der Gruppe bestehend aus Brustkrebs, Lungenkrebs, Neuroblastom, Gliom,
Leukamie, Sarkom, Melanom und Adenokarzinom, wobei der Krebs, dem vorgebeugt oder der behandelt werden
soll, ein Krebs ist, bei dem tumordse Zellen Netrin-1 exprimieren oder Uberexprimieren, umfassend die folgenden
Schritte:

(a) Messen eines Netrin-1-Expressionsproduktievels in der Biopsie, wobei das Produkt (i) RNA kodierend fiir
Netrin-1 oder (ii) Netrin-1-Protein ist; und

(b) Vergleichen des Expressionsproduktlevels mit der Expression des Netrin-1-Expressionsproduktlevels in
einer nicht-metastatischen, primaren Tumorbiopsie oder in einer nicht-aggressiven Krebsbiopsie;

wobei eine Erhéhung mit einem Verhaltnis von mehr als 2 zwischen Netrin-1-Expressionsproduktleveln in der zu
testenden Biopsie und in der nicht-metastatischen oder nicht-aggressiven Referenzbiopsie charakteristisch fir die
Anwesenheit eines metastatischen Krebses oder eines aggressiven Krebses ist.

Ein Verfahren zur in vitro Bestimmung der Wirksamkeit einer anti-Krebs-Behandlung fiir einen Patienten oder zum
in vitro Auswahlen von Patienten, die auf eine spezifische anti-Krebs-behandlung ansprechen, wobei der Krebs
ausgewahlt ist aus der Gruppe bestehend aus Brustkrebs, Lungenkrebs, Neuroblastom, Gliom, Leukamie, Sarkom,
Melanom und Adenokarzinom, wobei der Krebs, dem vorgebeugt oder der behandelt werden soll, ein Krebs ist, bei
dem tumordse Zellen Netrin-1 exprimieren oder lUberexprimieren, wobei das Verfahren die folgenden Schritte um-
fasst:

- Messen des Netrin-1-Expressionsproduktlevels in einer Biopsie des Patienten, wobei das Produkt (i) RNA
kodierend fir Netrin-1 oder (ii) Netrin-1-Protein ist;

wobei die Wirksamkeit der anti-Krebs-Behandlung in Verbindung mitder Abnahme um ein Verhaltnis von mindestens
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2 der Menge des Netrin-1-Expressionsproduktlevels gemessen in der Biopsie steht, oder

wobei die ausgewahlten Patienten, die auf eine spezifische anti-Krebs-Behandlung ansprechen, Patienten sind, bei
denen die Menge des Netrin-1-Expressionsproduktlevels gemessen in ihrer Biopsie um ein Verhéltnis von mindes-
tens 2 nach der spezifischen Behandlung verringert wurde.

Ein Verfahren gemaR Anspruch 21, wobei der Krebs eine Uberexpression von Netrin-1 induziert hat und/oder ein
metastatischer Krebs ist.

Das Verfahren gemaf den Anspriichen 20 bis 22, wobei die fiir Netrin-1 kodierende RNA mittels eines quantitativen,
reversen Echtzeit-Polymerase-Kettenreaktion (PCR) -Verfahrens gemessen wird.

Das Verfahren gemafR den Anspriichen 20 bis 22, wobei das Netrin-1-Protein unter Verwendung spezifischer An-
tikorper, die in der Lage sind, das Netrin-1-Protein spezifisch zu erkennen, gemessen wird.

Das Verfahren gemaRk den Ansprichen 20 bis 24, wobei der primare Tumor ein primérer Tumor eines Krebses
ausgewahlt aus der Gruppe bestehend aus Brustkrebs, Lungenkrebs, Neuroblastom, Gliom, Leukéamie, Sarkom,
Melanom und Adenokarzinom ist.

Das Verfahren gemal Anspruch 25, wobei das Adenokarzinom ausgewahlt ist aus der Gruppe bestehend aus
Eierstock-Adenokarzinom, Nieren-Adenokarzinom, Pankreas-Adenokarzinom, Gebarmutter-Adenokarzinom, Ma-
gen-Adenokarzinom, Nieren-Adenokarzinom und Mastdarm-Adenokarzinom.

Verwendung, zur Auswahl einer Verbindung fir die Pravention oder die Behandlung von Krebs, wobei der Krebs
ausgewahlt ist aus der Gruppe bestehend aus Brustkrebs, Lungenkrebs, Neuroblastom, Gliom, Leukamie, Sarkom,
Melanom und Adenokarzinom, eines Kits umfassend tumorése Zellen, die Netrin-1-Rezeptor exprimieren und Netrin-
1 exprimieren oder Uiberexprimieren.

Verwendung gemafl Anspruch 27, wobei die tumordsen Zellen Zellen von einer tumordsen Zelllinie sind.

Verwendung gemaf Anspruch 27 oder 28, des Weiteren umfassend ein Netrin-1-Protein oder ein Fragment davon,
das dazu in der Lage ist, mit dem Netrin-1-Rezeptor-Protein zu interagieren, um ein bindendes Paar zu bilden.

Eine Verbindung ausgewahlt aus der Gruppe bestehend aus:

- einer Verbindung umfassend eine extrazellulare Domane eines Netrin-1-Rezeptors oder Fragments davon,
dazuinder Lage, spezifisch die Interaktion zwischen Netrin-1 und dem Netrin-1-Rezeptor zu inhibieren, und/oder
dazu in der Lage, die Dimerisierung oder Multimerisierung der intrazellularen Domane des Netrin-1-Rezeptors
zu inhibieren; und

- einem monoklonalen oder polyklonalen Antikorper, der spezifisch gegen Netrin-1 oder die extrazellulare Do-
mane des Netrin-1-Rezeptors oder ein Netrin-1-Fragment gerichtet ist, dazu in der Lage, mit der extrazellularen
Domane des Netrin-1-Rezeptors zu interagieren,

zur Verwendung in einem in vivo Verfahren zum Vorbeugen oder Behandeln von Brustkrebs, Lungenkrebs, Neu-
roblastom, Gliom, Leukémie, Sarkom, Melanom und Adenokarzinom.

Eine Verbindung zur Verwendung gemaf Anspruch 30, wobei die extrazellulare Domane des Netrin-1-Rezeptors
oder Fragments davon ausgewahlt ist aus der Gruppe von DCC, UNC5H, Neogenin und Adenosin-A2b.

Eine Verbindung zur Verwendung gemaf Anspruch 30 oder 31, wobei die Verbindung umfassend eine extrazellulare
Domane des Netrin-1-Rezeptors von DCC ist.

Eine Verbindung zur Verwendung gemal Anspruch 32, wobei die Verbindung DCC-EC-Fc oder DCC-5Fbn ist.

Eine Verbindung zur Verwendung gemaf einem der Anspriiche 30 bis 33, zur Verwendung in einem Verfahren zum
Vorbeugen oder Behandeln von Krebs, bei dem tumordse Zellen Netrin-1 exprimieren oder Giberexprimieren.

Die Verbindung gemafR den Anspriichen 30 bis 34 oder ein Antisense- oder iRNA-(interfering RNA) Oligonukleotids,
das spezifisch fiir oder komplementar zu der Nukleinsaure ist, die Netrin-1-Protein kodiert, zur Verwendung in einem
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in vivo Verfahren zum Behandeln oder Vorbeugen von Krebs in Saugetieren, einschlieRlich des Menschen, wobei
der Krebs ausgewahltist aus der Gruppe bestehend aus Brustkrebs, Lungenkrebs, Neuroblastom, Gliom, Leukamie,
Sarkom, Melanom und Adenokarzinom, wobei der Krebs, dem vorgebeugt oder der behandelt werden soll, ein
Krebs ist, bei dem tumordse Zellen Netrin-1 exprimieren oder Uberexprimieren.

Die VerwendungderVerbindung gemaR Anspruch 35, dadurch gekennzeichnet, dass der Krebs ein metastatischer
Krebs ist.

Die Verwendung der Verbindung gemaR Anspruch 35 oder 33, dadurch gekennzeichnet, dass das Adenokarzinom
ausgewahlt ist aus der Gruppe bestehend aus Eierstock-Adenokarzinom, Nieren-Adenokarzinom, Pankreas-Ade-
nokarzinom, Gebarmutter-Adenokarzinom, Magen-Adenokarzinom, Nieren-Adenokarzinom und Mastdarm-Adeno-
karzinom.

Die Verwendung der Verbindung gemaR den Anspriiche 35 bis 37, dadurch gekennzeichnet, dass die primaren
Tumorzellen des Krebses Netrin-1 exprimieren oder Gberexprimieren.

Revendications

Méthode de sélection d’'un composé destiné a la prévention ou au traitement d’un cancer, ledit cancer a prévenir
ou a traiter étant choisi dans le groupe constitué par un cancer du sein, un cancer du poumon, un neuroblastome,
un gliome, une leucémie, un sarcome, un mélanome et un adénocarcinome, ledit cancer a prévenir ou a traiter étant
un cancer dans lequel des cellules tumorales expriment ou surexpriment la nétrine-1, ladite méthode comprenant
les étapes suivantes consistant a :

a) avoir un milieu contenant de la nétrine-1, ou un fragment de celle-ci, et un récepteur de la nétrine-1, ou un
fragment de celui-ci, dans lequel :

- ladite nétrine-1, ou un fragment de celle-ci, et ledit récepteur de la nétrine-1, ou un fragment de celui-ci,
sont capables d’interagir spécifiquement I'un avec I'autre pour former une paire de liaison, et/ou

- ladite nétrine-1, ou un fragment de celle-ci, est capable d’induire la dimérisation ou la multimérisation du
domaine intracellulaire dudit récepteur de la nétrine-1 ;

b) mettre en contact ledit milieu avec le composé a tester ;
c) mesurer l'inhibition de Iinteraction entre la nétrine-1, ou un fragment de celle-ci, et ledit récepteur de la
nétrine-1, ou un fragment de celui-ci, et/ou

- déterminer si ledit composé inhibe la dimérisation ou la multimérisation dudit récepteur de la nétrine-1,
ou d’'un fragment de celui-ci, en particulier la dimérisation du domaine intracellulaire dudit récepteur de la
nétrine-1 ; et

d) sélectionner ledit composé si :

- la mesure dans I'étape ¢) démontre une inhibition significative de linteraction entre la nétrine-1, ou un
fragment de celle-ci, et unrécepteur de la nétrine-1, ou un fragment de celui-ci, en présence dudit composé,
et/ou

- la détermination dans I'étape c¢) démontre une inhibition significative de la dimérisation ou de la multimé-
risation, en présence dudit composé, du domaine intracellulaire dudit récepteur de la nétrine-1.

Méthode selon la revendication 1, dans laquelle ledit adénocarcinome a prévenir ou a traiter est choisi dans le
groupe constitué par un adénocarcinome de I'ovaire, un adénocarcinome rénal, un adénocarcinome du pancréas,
un adénocarcinome de l'utérus, un adénocarcinome de 'estomac, un adénocarcinome durein et un adénocarcinome
rectal.

Méthode selon la revendication 1 ou 2, dans laquelle ledit cancer a prévenir ou traiter est un cancer métastatique.

Méthode selon les revendications 1 & 3, dans laquelle a I’étape a), ledit récepteur de la nétrine-1 est choisi dans le
groupe du geéne délété dans le cancer colorectal (DCC), 'lhomologue de Unc-5 (UNC5H), la néogénine et les
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récepteurs de 'adénosine A2b.

Méthode selon la revendication 4, dans laquelle a I'étape a), ledit récepteur de la nétrine-1 est choisi dans le groupe
constitué par DCC, UNC5H1, UNC5H2 et UNC5H3.

Méthode selon les revendications 1 a 5, dans laquelle a I'étape a) :

- ledit fragment du récepteur de la nétrine-1 comprend ou est le domaine extracellulaire du récepteur de la
nétrine-1, ou une partie de celui-ci, capable de se lier a la nétrine ; et/ou

- ledit fragment du récepteur de la nétrine-1 comprend ou est le domaine extracellulaire du récepteur de la
nétrine-1, ou une partie de celui-ci, capable de se dimériser ou de se multimériser en présence de nétrine-1.

Méthode selon les revendications 1 a 6, dans laquelle a I'étape a), ladite nétrine-1 et/ou ledit récepteur de la nétrine-
1 proviennent d’'un mammifére.

Méthode selon les revendications 1 a 7, dans laquelle a I'étape a), ladite nétrine-1 provient de poulet.

Méthode selon les revendications 1 a 8, dans laquelle ladite nétrine-1 et/ou ledit récepteur de la nétrine-1 et/ou le
composé a tester sont marqués par un marqueur capable d’étre mesuré de maniére directe ou indirecte.

Méthode selon les revendications 1 a 9, dans laquelle a I'étape c) :

- la mesure de l'inhibition de l'interaction entre la nétrine-1, ou un fragment de celle-ci, et ledit récepteur de la
nétrine-1, ou un fragment de celui-ci, est réalisée par immunodosage (en particulier par dosage d'immunoab-
sorption par enzyme liée (ELISA) ou par dosage immunoradiométrique (IRMA)), par dosage de scintillation par
proximité (SPA) ou par transfert d’énergie par résonance en fluorescence (FRET) ; et/ou

- la dimérisation ou la multimérisation, ou son inhibition, dudit récepteur de la nétrine-1, ou d’'un fragment de
celui-ci, en particulier du domaine intracellulaire, est réalisée par immunoprécipitation ou par FRET.

Méthode selon les revendications 1 a 10, dans laquelle a I'étape a) ledit milieu contient des cellules qui expriment,
au niveau de leur membrane de surface, un récepteur de la nétrine-1 endogéne ou un récepteur de la nétrine-1
recombinant, en particulier au moins le domaine extracellulaire d’un récepteur de la nétrine-1 recombinant.

Méthode selon la revendication 11, dans laquelle a I'étape a) ledit milieu contient des cellules qui expriment le
récepteur de la nétrine-1 recombinant.

Méthode selon larevendication 11, dans laquelle aI'étape a) ledit milieu contient des cellules tumorales qui expriment
de maniére endogéne ledit récepteur de la nétrine-1 au niveau de leur surface membranaire et qui expriment ou
surexpriment la nétrine-1, et dans laquelle a I'étape c) l'inhibition de l'interaction entre la nétrine-1 et son récepteur
de la nétrine-1 en présence du composé a tester est mesurée par I'apoptose ou la mort des cellules induite par la
présence du composé a tester.

Méthode selon la revendication 13, dans laquelle a I'étape a) ledit milieu contient des cellules tumorales métasta-
tiques.

Méthode selon les revendications 1 a 14, de sélection d’'un composé destiné a la prévention ou au traitement d’un
cancer, ladite méthode comprenant les étapes suivantes consistant a :

a) avoir un milieu contenant une cellule de mammifére exprimant un récepteur de la nétrine-1 endogéne ou
recombinant, ou un fragment de celui-ci, comprenant au moins son domaine intracellulaire ;

b) mettre en contact ledit milieu avec le composé a tester ;

c) déterminer si la dimérisation ou la multimérisation dudit domaine intracellulaire du récepteur de la nétrine-1
est inhibée en présence dudit composé a tester ; et

d) sélectionner ledit composé si la détermination dans I'étape ¢) démontre une inhibition significative de la
dimérisation ou de la multimérisation du domaine intracellulaire dudit récepteur de la nétrine-1.

Méthode selon la revendication 15, dans laquelle ladite cellule de I'étape (a) est une cellule tumorale.
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Méthode selon la revendication 15, dans laquelle ladite cellule de I'étape (a) est une cellule présentant une dimé-
risation ou une multimérisation de son domaine intracellulaire du récepteur de la nétrine-1, ou une cellule dans
laquelle son domaine intracellulaire du récepteur de la nétrine-1 est capable de se dimériser ou de se multimériser
en présence de nétrine-1.

Méthode selon 'une quelconque des revendications 15 a 17, dans laquelle a I'étape (b) le milieu contenant en outre
de la nétrine-1, ou un fragment de celle-ci, est capable de se lier au domaine extracellulaire du récepteur de la
nétrine-1.

Méthode selon 'une quelconque des revendications 15 a 18, consistant en outre a déterminer si la présence du
composé a tester induit la mort cellulaire de ladite cellule de mammifére ; et I'étape (d) comprend la détermination
de la mort cellulaire de ladite cellule de mammifere.

Méthode in vitro de prédiction de la présence d’'un cancer métastatique ou agressif chez un patient présentant une
tumeur primaire a partir d’'une biopsie dudit patient contenant des cellules de tumeurs primaires, ledit cancer étant
choisi dans le groupe constitué par un cancer du sein, un cancer du poumon, un neuroblastome, un gliome, une
leucémie, un sarcome, un mélanome et un adénocarcinome, ledit cancer a prévenir ou a traiter étant un cancer
dans lequel des cellules tumorales expriment ou surexpriment la nétrine-1, comprenant les étapes suivantes con-
sistant a:

(a) mesurer un taux de produit d’expression de nétrine-1 dans ladite biopsie, ledit produit étant (i) un ARN
codant pour la nétrine-1 ou (ii) une protéine nétrine-1 ; et

(b) comparer ledit taux de produit d’expression avec 'expression du taux de produit d’expression de nétrine-1
dans une biopsie de tumeur primaire non métastatique ou dans une biopsie de cancer non agressif ;

dans laquelle une augmentation présentant un rapport supérieur a 2 entre les taux de produit d’expression de
nétrine-1 dans la biopsie a tester et dans une biopsie de référence non métastatique ou non agressive est
significative de la présence d’un cancer métastatique ou d’un cancer agressif.

Méthode de détermination in vitro de l'efficacité d’un traitement anticancéreux pour un patient ou de sélection in
vitro de patients qui répondent a un traitement anticancéreux spécifique, ledit cancer étant choisi dans le groupe
constitué par un cancer du sein, un cancer du poumon, un neuroblastome, un gliome, une leucémie, un sarcome,
un mélanome et un adénocarcinome, ledit cancer a prévenir ou a traiter étant un cancer dans lequel des cellules
tumorales expriment ou surexpriment la nétrine-1, ladite méthode comprenant I'étape suivante consistant a :

- mesurer un taux de produit d’expression de nétrine-1 dans une biopsie dudit patient, ledit produit étant (i) un
ARN codant pour la nétrine-1 ou (ii) une protéine nétrine-1 ;

dans laquelle lefficacité dudit traitement anticancéreux est en corrélation avec la diminution par un rapport d’au
moins 2 de la quantité du taux de produit d’expression de nétrine-1 mesuré dans ladite biopsie,

ou

dans laquelle les patients choisis qui répondent a un traitement anticancéreux spécifique sont des patients pour
lesquels la quantité du taux de produit d’expression de nétrine-1 mesuré dans leur biopsie a été diminuée par un
rapport d’au moins 2 aprés ledit traitement spécifique.

Méthode selon la revendication 21, dans laquelle ledit cancer induit une surexpression de la nétrine-1 et/ou est un
cancer métastatique.

Méthode selon les revendications 20 a 22, dans laquelle ledit ARN codant pour la nétrine-1 est mesuré par une
méthode de réaction en chaine par polymérase inverse (PCR) en temps réel.

Méthode selon les revendications 20 a 22, dans laquelle ladite protéine nétrine-1 est mesurée en utilisant des
anticorps spécifiques capables de reconnaitre de maniére spécifique ladite protéine nétrine-1.

Méthode selon les revendications 20 a 24, dans laquelle la tumeur primaire est une tumeur primaire d’un cancer
choisi dans le groupe constitué par un cancer du sein, un cancer du poumon, un neuroblastome, un gliome, une

leucémie, un sarcome, un mélanome et un adénocarcinome.

Méthode selon la revendication 25, dans laquelle ledit adénocarcinome a prévenir ou a traiter est choisi dans le
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groupe constitué par un adénocarcinome de I'ovaire, un adénocarcinome rénal, un adénocarcinome du pancréas,
un adénocarcinome de l'utérus, un adénocarcinome de 'estomac, un adénocarcinome durein et un adénocarcinome
rectal.

Utilisation, pour la sélection d’'un composé destiné a la prévention ou au traitement d’un cancer, ledit cancer étant
choisi dans le groupe constitué par un cancer du sein, un cancer du poumon, un neuroblastome, un gliome, une
leucémie, un sarcome, un mélanome et un adénocarcinome, d’un kit comprenant des cellules tumorales qui expri-
ment le récepteur de la nétrine-1 et qui expriment ou surexpriment la nétrine-1.

Utilisation selon la revendication 27, dans laquelle les cellules tumorales sont des cellules provenant d’'une lignée
de cellules tumorales.

Utilisation selon la revendication 27 ou 28, comprenant en outre une protéine nétrine-1, ou un fragment de celle-ci,
capable d’interagir de maniére spécifique avec ladite protéine récepteur de la nétrine-1 pour former une paire de
liaison.

Composé choisi dans le groupe constitué par :

- un composé comprenant un domaine extracellulaire du récepteur de la nétrine-1 ou un fragment de celui-ci
capable d’inhiber de maniére spécifique l'interaction entre la nétrine-1 et ledit récepteur de la nétrine-1, et/ou
capable d’inhiber la dimérisation ou la multimérisation du domaine intracellulaire dudit récepteur de la nétrine-
1; et

- un anticorps monoclonal ou polyclonal dirigé spécifiquement contre la nétrine-1 ou le domaine extracellulaire
du récepteur de la nétrine-1 ou un fragment de la nétrine-1 capable d’interagir avec le domaine extracellulaire
dudit récepteur de la nétrine-1,

pour une utilisation dans une méthode in vivo destinée a prévenir ou traiter un cancer du sein, un cancer du poumon,
un neuroblastome, un gliome, une leucémie, un sarcome, un mélanome et un adénocarcinome.

Composé pour une utilisation selon la revendication 30, dans lequel ledit domaine extracellulaire du récepteur de
la nétrine-1 ou fragment de celui-ci est choisidans le groupe constitué par DCC, UNC5H, la néogénine et 'adénosine
A2b.

Composé pour une utilisation selon la revendication 30 ou 31, dans lequel ledit composé comprenant un domaine
extracellulaire du récepteur de la nétrine-1 provient de DCC.

Composé pour une utilisation selon la revendication 32, dans lequel ledit composé est DCC-EC-Fc ou DCC-5Fbn.

Composé pour une utilisation selon I'une quelconque des revendications 30 a 33, pour une utilisation dans une
méthode destinée a prévenir ou traiter un cancer dans lequel les cellules tumorales expriment ou surexpriment la
nétrine-1.

Composé selon lesrevendications 30 a 34 ou unoligonucléotide antisens ou ARNi (ARN interférent) qui est spécifique
et complémentaire a I'acide nucléique codant pour la protéine nétrine-1 pour une utilisation dans une méthode in
vivo destinée a prévenir ou traiter un cancer des mammiféres, notamment 'lhomme, ledit cancer étant choisi dans
le groupe constitué par un cancer du sein, un cancer du poumon, un neuroblastome, un gliome, une leucémie, un
sarcome, un mélanome et un adénocarcinome, ledit cancer a prévenir ou a traiter étant un cancer dans lequel des
cellules tumorales expriment ou surexpriment la nétrine-1.

Utilisation du composé selon la revendication 35, caractérisée en ce que ledit cancer est un cancer métastatique.
Utilisation du composé selon la revendication 35 ou 33, caractérisée en ce que ledit adénocarcinome est choisi
dans le groupe constitué par un adénocarcinome de l'ovaire, un adénocarcinome rénal, un adénocarcinome du
pancréas, un adénocarcinome de l'utérus, un adénocarcinome de I'estomac, un adénocarcinome du rein et un

adénocarcinome rectal

Utilisation du composé selon les revendications 35 a 37, caractérisée en ce que les cellules de la tumeur primaire
dudit cancer expriment ou surexpriment la nétrine-1.

M



Netrin-1 expression

EP 1 989 546 B1

12

101, - O non-metastatic
m metastatic

]

2 1 .
ol _nofl T‘Hﬂ,mf-_v i AENRERE

T ™

12 3.4 56 7 8 910111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

samples .

FIGURE 1A
67NR : 411
netrin-1
RPLPO

FIGURE 1B

42



EP 1 989 546 B1

1
pd
~
[(]

netrin-1 - C-mye
RPLPO netrin-1
FIGURE2A -~ = . FIGURE 2B .

67NR-net1 .  67NR-net2

. FIGURE2C I FIGURE 2D

43



EP 1 989 546 B1

COO0 .

HaN - “netrin-1 -

COHN . BN
- \ : 3.5 " O ILR3-EC-Fc
C ~ 371 T & DCC-EC-Fe
__..UNCSH b3 1pg/mi
g 25
£
s 2]
8 15
3 1
o
0.5
0
ooc 4T1
FIGURE 3A ‘ o " FIGURE 3B
‘3 Control ",
‘ 1 DCC-EC-Fc 1pg/ml
CUET - DCC-EC-Fc 1.5ug/m! , B DCC-5Fbn (2ug/mi)
80 ‘ 457 o
70 T 4.01 o :
= 60 1 = 3.5 ‘
= . D -
® 50 4 T 3.0
Q =
s = 25
= 40 £
o S 201
3 30 1 z |
R 2‘0 % 1.5
. 7 o 1.0
10 1 0.5 1
Y T . 0 .
- 67NR - 4T . . 67NR _AT1
FIGURE 3C . FIGURE 3D

44



%,

%ot o dead

EP 1 989 546 B1

-ﬁ - ’ - -
B - Tal 51 Cal 51-35
€ - .
63 | .
. 50
N -é:* - ]’
o & b,
<0 4 §f . ¢
324 g
= T
&
+  DECEC-Fe . BOS R

080 (wugml)
FIGURE 4A L 'FIGURE 4B

35 4

.30 -

25,- . . ‘
20 - C ' ‘

IR T e |
s+ ek
1 J . 1 I l._

e ol o0 - B oo 111 1 & 1 |
TT1T iryYrrryyrrrrrrrrryrrrrryrryyg 3y 11ty ryyrrr v Ty v 7T v irno7Td

Netrin-1 expression

Localised to breast NO .Nodal involvement N+ Distant metastasis M+
i p=0.007 ]l p=0.009 )
5 , p<0.0001 ‘ -

FIGURE 5

45



Cell death (index)

3.5 7
3.0 1
25 4
2.0 1
1.5 1

1.0

0.5 1

0.3

0.2
0.1

0.20

016

012

0.08

. 0.04

[ LR3-EC-F¢
Il DCC-EC-Fc 1pg/m!

67NR

FIGURE 6B

471

EP 1 989 546 B1

086

0.6 1.2
- FIGURE 6A
o
2
©
Cm
.c ]
=0
28
28
&8
ks
°

46

1.2

DCC-EC-Fc adsorbed

DCC-EC-Fc -

(ng/mi)

" UNCSH2-EC-Fc adsorbed

DCC-EC-Fc

{ng/ml)

70
60
50

40

30
20

10

O controt
[J DCC-EC-Fc 1pg/ml
[l PCC-EC-Fc 1.5ug/ml

67NR

'FIGURE 6C

471



% of cell survival

EP 1 989 546 B1

100
80
60
40
20

- 02 04 12 - 02 04 12 DCC-5Fbn
67NR : 471

FIGURE 7A

+DCC-5Fbn . . +PBS
FIGURE 7B
a5y S
T 401 . ggg-San‘
E 3.5
= 307
5 5 £ ]
E 2.5 )
§ 207
§ 151 i : .
€ 1.0 N\ N a—
3 051 - \
8 I\ BN\
Experiment 1 Experiment 2
FIGURE 7C

47



EP 1 989 546 B1

120

100 .

uoissaldxs |-UljoN

L SLHZ
Z18 00vN
alrl
82¢ ANS

SCZ NNS
90Z NNS
061 WNS
S8L WNS

65+ WNS

61 NS

Z0L WNS

Z5 NS

LHIS

cHANS
'89S

89t AW vaw
‘£S5 an YA

- 9Evy 8N VAW

S GEP AN YN
SLy an Yaw
L9E AN YaW
LEZ W VAW

SZL AW Yaw
vEL N YO
401 40N
VOI-40W
L3O

1825 SH
L-3WH
812Z00H
¥56100H

LE6LD0H

908100H
69SLO0H |

00SLODH
S6ELD0H
Z0ZO0H
8E0DH
001-18H

LVAVO
6vs-18
£8b-16
vib-18

- 0c-189

20-ZW-vO-u8
10-ZW-vO-H8
sa-v8L
8L

48

FIGURE 8A



‘Nétrin-1 expressioh/HPRTﬂ

EP 1 989 546 B1

SKBR7

=
S
£ 18 | 100
> 1
S 14 - 80
g 2
> ’ g 60
a 7]
. a = 40
8 06 g :
' §. 0.2 R 20
8 OJ B
& .0
' - DCC-5Fbn : - DCC-5Fbn
(1 ng/mi) (1 pg/mi)
FIGURE 8B
n=101
, p<0.01 . p<0.1
25 | {
20
15.
10
5
0

4 < 1year o , ’ .. . 8s Stage
(n=12) 4 znlg’f)ar (n=22) - _
FIGURE 9A

49



Caspase 3 activity (Index)

* % of cell survival

EP 1 989 546 B1

© IMR32

IL3R

IL3R

FIGURE 9B

50

DCC-5Fbn

DCC-5Fbn



EP 1 989 546 B1

401 AUNOIL

118U + ug45-00Q ugq4s-00a 0
0
02
o 2
0o 2
w
- c
08 5
001 DM -
. N r4)
-wmc+:n..~u oon_ ugq46s-00a
0 le)
i g
90 &
80 &
& 8
- vL 3
9l =
gL T
wN._O e
Vo1 :ANDIA
, - Nl obeis ewojseqoln | abess ewonboipuspobiio || abeys mEow_mochmcom__o
anssh jewson P HA Lc“z”.“m.f._. e
— _ _ U m s
: L Lol
Si
0z
T 74
. .% [0}
419

(anssn fewwou/xapu)

ypdeoy/uoissaidxa |-ULeN

51



EP 1 989 546 B1

< 30 4
o
s .
O 5 25 _
c 5
(@] 4
%0 20
8=
= g 15
3 E
‘Tg 10 1
£3 5 .
s ‘
p=4 f:: o 1 4—_ Normal tissue
1 2 3 4 5§ 6 7 tumors
FIGURE 11A
H358 H460
> 25 25 '
2 2 2 2
b3 ' 2
5 15 8z 15
o 2 ] '
g= 1 28 1
& 05 8= 05
Q g
S & o
. 4 . - IR
N i + +  DCC-5Fbn
- - - + nefrin-1
_ 120 S
2. 100 T
S 80 2
2 60 3
i :
o X
20 °
- + + DCC-5Fbn
- - + netrin-1

FIGURE 11B

52



EP 1 989 546 B1

600 - _
Tumor growth kinetics *
500 -
€ 400 _
T.E,’ —&— DCC-5Fbn (n=6)
_:EE 0 —l— P8BS (n=4)
‘>: 200 4
[}
E
= 100
0 - r r ’ . .
0 T 10 20 30 T 40  Days post-innoculation
J5 Treatment ‘ J36
FIGURE 11C
| Total IP (a—myc)
HA-DCC ‘ + + -+ + + +  + +.
c-myc-DCC - -+ + - - 4+ +
netrin-1 -+ - 4
FIGURE 12A
Total IP _(oc~Flag)
“HA-UNC5SH2  +  + + + + +
FlagM2-UNCSH2 - + + - + %
petrin-1 -+ o+ - 4 4

FIGURE 12B

53



EP 1 989 546 B1

 AP20187 ¢

FIGURE 13A

- Total = IP (a-myc)
'HA-FV2E-UNCSH2IC  + + + + + +
c-myc-Fv2E-UNCSH2-IC - +  + - + +

AP2018_7 S - - + . -4 |
| e mee. 4 HA-Fv2E-UNC5H2-

FIGURE 13B

54



EP 1 989 546 B1

30

o
N

Upeap 1199 Jo %,

'FIGURE 14A

| zHONN-Ad

Ad

o o o

_43eIp [199 JO 9,

- FIGURE 14B

55



EP 1 989 546 B1

2.5
= 2
2
15
[
D g
2E |
Nv
=3
5 0.5
0
g % g g
&) + 3 O &
g Z 2
3 2+
o > >
a8 S8
FIGURE 14C
025
g 02
5
s 0.15
)
s 0.1
£
£ 0.05
=2 : . .
| 1) 200 400 600 800 - 1000
-0.05 :
o Netrin-1 (ng)

FIGURE 15A

56



EP 1 989 546 B1

NS T s o T o

duipuiq jo
XOpUl SAIIR[Y

S A B B G
o~ T 0.
Suipuiq jo
Xopul o.\w_ua_og

0g-00d +
U+ D3-00d

®U -+ 0F-00d

uqIs-00d + -

wBu + 049-D0d"

12U +09-00d

FIGURE 15B

1P (a-HA)

. Total
o

. é-myc—DCC

+ + 4+ +

+ 4+

4+ o+

HA-DCC
netrin-1

DCC-5Fbn

<c-

myc-DCC

FIGURE 15C

57



EP 1 989 546 B1

uq46-50d

+39U +20d
U+ D0d
0od
‘Juo)
o o o
W < N

Y3eap [199 Jo %,

FIGURE 16A.

40

> =)
A I

Yieap 1129 Jo 9,

uq.1s-00Q +

uq4s-00a-

FIGURE 16B

58



EP 1 989 546 B1

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be

excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

WO 2005074556 A [0118]

Non-patent literature cited in the description

LANDEGRAN et al.
23-1080 [0055]
NAKAZAWA et al. Proc. Natl. Acad. Sci. USA, 1994,
vol. 91, 360-364 [0055]

SERAFINI, T. et al. Netrin-1 is required for commis-
sural axon guidance in the developing vertebrate
nervous system. Cell, 1996, vol. 87, 1001-14 [0118]
KEINO-MASU, K. et al. Deleted in Colorectal Cancer
(DCC) encodes a netrin receptor. Cell, 1996, vol. 87,
175-85 [0118]

FORCET, C.etal. Netrin-1-mediated axon outgrowth
requires deleted in colorectal cancer-dependent
MAPK activation. Nature, 2002, vol. 417, 443-7
[0118]

ACKERMAN, S. L. et al. The mouse rostral cerebel-
lar malformation gene encodes an UNC-5-like pro-
tein. Nature, 1997, vol. 386, 838-42 [0118]

HONG, K. et al. A ligand-gated association between
cytoplasmic domains of UNC5 and DCC family re-
ceptors converts netrin-induced growth cone attrac-
tion to repulsion. Cell, 1999, vol. 97, 927-41 [0118]
MEHLEN, P. et al. The DCC gene product induces
apoptosis by a mechanism requiring receptor prote-
olysis. Nature, 1998, vol. 395, 801-4 [0118]
LLAMBI, F. ; CAUSERET, F. ; BLOCH-GALLEGO,
E. ; MEHLEN, P. Netrin-1 acts as a survival factor via
its receptors UNC5H and DCC. Embo J, 2001, vol.
20, 2715-22 [0118]

BORDEAUX, M. C. et al. The RET proto-oncogene
induces apoptosis: a novel mechanism for Hirschs-
prungdisease. Embo J, 2000, vol. 19,4056-63 [0118]
STUPACK, D. G.; PUENTE, X. S.; BOUTSAB-
OUALOQY, S.; STORGARD, C. M. ; CHERESH, D.
A. Apoptosis of adherent cells by recruitment of cas-
pase-8 to unligated integrins. J Cell Biol, 2001, vol.
155, 459-70 [0118]

THIBERT, C. et al. Inhibition of neuroepithelial
patched-induced apoptosis by sonic hedgehog. Sci-
ence, 2003, vol. 301, 843-6 [0118]

MATSUNAGA, E. et al. RGM and its receptor neo-
genin regulate neuronal survival. Nat Cell Biol, 2004,
vol. 6, 749-55 [0118]

Science, 1988, vol. 241,

59

US 60776926 B [0119]

RABIZADEH, S. et al. Induction of apoptosis by the
low-affinity NGF receptor. Science, 1993, vol. 261,
345-8 [0118]

MEHLEN, P. ; THIBERT, C. Dependence receptors:
between life and death. Cell Mol. Life Sci, 2004, vol.
61, 1854-66 [0118]

BREDESEN, D. E. ; MEHLEN, P. ; RABIZADEH, S.
Receptors that mediate cellular dependence. Cell
Death Differ, 2005, vol. 12, 1031-43 [0118]
FEARON, E. R. et al. Identification of a chromosome
189 gene that is altered in colorectal cancers. Sci-
ence, 1990, vol. 247, 49-56 [0118]

KINZLER, K. W. ; VOGELSTEIN, B. Lessons from
hereditary colorectal cancer. Cell, 1996, vol. 87,
159-70 [0118]

THIEBAULT, K. etal. The netrin-1 receptors UNC5H
are putative tumor suppressors controlling cell death
commitment. Proc Natl Acad Sci U S A, 2003, vol.
100, 4173-4178 [0118]

MAZELIN, L. et al. Netrin-1 controls colorectal tum-
origenesis by regulating apoptosis. Nature, 2004, vol.
431, 80-4 [0118]

BERNET, A. et al. The netrin-1 receptor UNC5H3 is
a tumor suppressor in colorectal malignancies. sub-
mitted, 2007 [0118]

ASLAKSON, C. J. ; MILLER, F. R. Selective events
in the metastatic process defined by analysis of the
sequential dissemination of subpopulations of a
mouse mammary tumor. Cancer Res, 1992, vol. 52,
1399-405 [0118]

GEISBRECHT, B. V.; DOWD, K. A.; BARFIELD,
R. W.; LONGO, P. A.; LEAHY, D. J. Netrin binds
discrete subdomains of DCC and UNC5 and medi-
ates interactions between DCC and heparin. J Bio/
Chem, 2003, vol. 278, 32561-8 [0118]

LLAMBI, F.etal. The dependencereceptor UNC5H2
mediates apoptosis through DAP-kinase. Embo J,
2005, vol. 24, 1192-201 [0118]

INBAL, B. et al. DAP kinase links the control of ap-
optosis to metastasis. Nature, 1997, vol. 390, 180-4
[0118]

ANDRE, F. et al. Breast cancer with synchronous
metastases: trends in survival during a 14-year peri-
od. J Clin Oncol, 2004, vol. 22, 3302-8 [0118]



EP 1 989 546 B1

CREMOUX, P. et al. Inter-laboratory quality control
for hormone-dependent gene expression in human
breast tumors using real-time reverse transcrip-
tion-polymerase chain reaction. Endocr Relat Can-
cer, 2004, vol. 11, 489-95 [0118]

LATIL, A. et al. Quantification of expression of ne-
trins, slits and their receptors in human prostate tu-
mors. Int J Cancer, 2003, vol. 103, 306-15 [0118]
FORCET, C.; YE, X.; GRANGER, L.; CORSET,
V. ; SHIN, H. ; BREDESEN, D.E. ; MEHLEN, P. The
dependence receptor DCC (deleted in colorectal can-
cer) defines an alternative mechanism for caspase
activation. Proc Natl Acad Sci USA, 2001, vol. 98,
3416-3421 [0118]

KOK, J. B. et al. Normalization of gene expression
measurements in tumor tissues: comparison of 13
endogenous control genes. Lab Invest, 2005, vol. 85,
154-9 [0118]

MEHLEN, P. ; FEARON, E. R. Role of the depend-
ence receptor DCC in colorectal cancer pathogene-
sis. J Clin Oncol, 2004, vol. 22, 3420-8 [0118]
STUPACK, D. G. et al. Potentiation of neuroblasto-
ma metastasis by loss of caspase-8. Nature, 2006,
vol. 439, 95-9 [0118]

SERAFINI, T. et al. The netrins define a family of
axon outgrowth-promoting proteins homologous to
C. elegans UNC-6. Cell, 1994, vol. 78, 409-24 [0118]
YEBRA, M. et al. Recognition of the neural chem-
oattractant Netrin-1 by integrins alpha6beta4 and
alpha3betal regulates epithelial cell adhesion and
migration. Dev Cell, 2003, vol. 5, 695-707 [0118]
SRINIVASAN, K.; STRICKLAND, P.; VALDES,
A.; SHIN, G. C. ; HINCK, L. Netrin-1/neogenin inter-
action stabilizes multipotent progenitor cap cells dur-
ing mammary gland morphogenesis. Dev Cell, 2003,
vol. 4, 371-82 [0118]

LIU, Y. et al. Novel role for Netrins in regulating ep-
ithelial behavior during lung branching morphogene-
sis. Curr Biol, 2004, vol. 14, 897-905 [0118]

PARK, K. W. et al. The axonal attractant Netrin-1 is
an angiogenic factor. Proc Natl Acad Sci U S A, 2004,
vol. 101, 16210-5 [0118]

LU, X. et al. The netrin receptor UNC5B mediates
guidance events controlling morphogenesis of the
vascular system. Nature, 2004, vol. 432, 179-86
[0118]

NGUYEN, A. ; CAIl, H. Netrin-1induces angiogenesis
via a DCC-dependent ERK1/2-eNOS feed-forward
mechanism. Proc Nat!l Acad Sci U S A, 2006, vol.
103, 6530-5 [0118]

WILSON, B. D. et al. Netrins Promote Developmen-
tal and Therapeutic Angiogenesis. Science [0118]
CHAN, S.S.; ZHENG, H.; SU, M\W.; WILK, R.;
KILLEEN, M.T. ; HEDGECOCK, E.M.; CULOTTI,
J.G.UNC-40, aC. elegans homolog of DCC (Deleted
in Colorectal Cancer), is required in motile cells re-
sponding to UNC-6 netrin cues. Cell, 1996, vol. 87
[0118]

60

ELLERBY, L.M. ; HACKAM, A.S.; PROPP, S.S.;
ELLERBY, H.M.; RABIZADEH, S.; CASHMAN,
N.R.; TRIFIRO, M.A. ; PINSKY, L. ; WELLINGTON,
C.L.; SALVESEN, G.S. Kennedy’s disease: cas-
pase cleavage of the androgen receptor is a crucial
event in cytotoxicity. J Neurochem, 1999, vol. 72,
185-195 [0118]

FAZELI, A.; DICKINSON, S.L.; HERMISTON,
M.L.; TIGHE, R.V.; STEEN, R.G. ; SMALL, C.G.;
STOECKLI, E.T. ; KEINO-MASU, K.; MASU, M.;
RAYBURN, H. Phenotype of mice lacking functional
Deleted in colorectal cancer (Dcc) gene. Nature,
1997, vol. 386, 796-804 [0118]

HEDGECOCK, E.M. ; CULOTTI, J.G. ; HALL, D.H.
The unc-5, unc-6, and unc-40 genes guide circum-
ferential migrations of pioneer axons and mesoder-
mal cells on the epidermis in C. elegans. Neuron,
1990, vol. 4, 61-85 [0118]

KRUGER, R.P.; LEE, J. ; LI, W. ; GUAN, K.L. Map-
ping netrin receptor binding reveals domains of Unc5
regulating its tyrosine phosphorylation. J Neurosci,
2004, vol. 24, 10826-10834 [0118]

MEHLEN, P. ; BREDESEN, D.E. The dependence
receptor hypothesis. Apoptosis, 2004, vol. 9, 37-49
[0118]

MUPPIDI, J.R.; TSCHOPP, J.; SIEGEL, R.M. Life
and death decisions: secondary complexes and lipid
rafts in TNF receptor family signal transduction. Im-
munity, 2004, vol. 21, 461-465 [0118]

STEIN, E.; ZOU, Y.; POO, M.; TESSI-
ER-LAVIGNE, M. Binding of DCC by netrin-1 to me-
diate axon guidance independent of adenosine A2B
receptor activation. Science, 2001, wvol. 291,
1976-1982 [0118]

TANIKAWA, C. ; MATSUDA, K. ; FUKUDA, S. ; NA-
KAMURA, Y.; ARAKAWA, H. 53RDL1 regulates
p53-dependent apoptosis. Nat Cell Biol, 2003, vol. 5,
216-223 [0118]

WANG, J.J.; RABIZADEH, S.; TASINATO, A.;
SPERANDIO, S.; YE, X.; GREEN, M.; AS-
SA-MUNT, N.; SPENCER, D.; BREDESEN, D.E.
Dimerization-dependent block of the proapoptotic ef-
fect of p75(NTR). J Neurosci Res, 2000, vol. 60,
587-593 [0118]

YANG, X.; CHANG, H.Y.; BALTIMORE, D. Auto-
proteolytic activation of pro-caspases by oligomeri-
zation. Mol Cell, 1998, vol. 1, 319-325 [0118]
MEHLEN P. ; C. FURNE. Netrin-1;: when a neuronal
guidance cue turns out to be a regulator of tumori-
genesis. Cell Mol Life Sci., 2005, vol. 62, 2599-616
[0118]

BERNET A.; P. MEHLEN. Pathologie Biologie,
2005, vol. 53, 328-333 [0118]



B

SZURES NETRIN-TL ANTIVIIAST, RAK ELLENI VEGYULETERRE
Srabadalmi rénypostok

1. Bliaras rak nieselbecadrs vipy kezoldsdre seoledlo vegytdet hivilasntdsion, ahol a sepeitzondd vagy

Kozelondd rak a kivatkezdk alkotta csoportbel valaseton: melledd, dbrak, neuroblaszidon, ghidma, lukdmiv,
szarkdma, melandima & adenslarcindng, ahol 2 merelbzendd vagy Rezelondd vik olyan 13k, amelyhen a tumo-

N

£UH 8

ok notrin- Lot expressadlnak vagy tilexprs

2w Kvetkesd pdseket

aymetein-Tatvagy irapneredt & newins bapceptort vagy fgmensél paalogad klseg bintoshidsa, abol

- a nettin-] vagy Dugmense & a netvin- Dersosptor vagy Dagnense Képes vgymassal spooifibusan kélcedahatva

kitdpant Kialabitani, ésfvag

- a et ovagy fragmense képes & netvin- Breseptor intraociinlirls domdojonek diserizdeioiat vagy sultimeri-

ZAONG i ndukahs:

By a kdzey sunt spdlinds vepvittened
¢

Sonpttn-d ooy fraonionse s 1 berin-latceptor vagy framenns Koedig kélesdohatés gd

sz:\

Loy
Sxivagy

T

sonakameehatdtnniva, bagy & ovegvittel pitolia-¢ 3 et bddeptor vagy Bagrmaense slimerizdciot vagy
miltimerizdciniat, Mildndsena vefrinslaeceptor lntracelinldns doménidnek dimerizicidian & '
d) 3 vegyilet Mvilusnda hae

s Aoy pdchen yrdnde anettin- b vagy Fogmense Sy nafrin- ] sreospior vagy Banense kbt (Slocdolitis

ARy

P

Felontiy sitiacdr mudata kg vevile joleniéidhen, &

gy

snak vagy miultierizas

~ aadipeshenin mvghatdroads L usttin b

sat mutatinkia vapyiilet ;’e}eﬁiété{mn‘

X

e Vi

rosint szering elidnda abdl 2 megeltrondd vagy kesslendd adenokivcindma 8 kbvethendk

kot ool valsaio peteiekeadenciemoma, rendlic adenshardindny, hasnydbinigyeadenokarc-
1 ;x%sé.i-s«ss,c.ir:m:s§>::ssr<:§m:mfzzs_., vomor-adenokarsinding, vose-udenckarsindmea iy reldbis adenokarcindma,

3 A ovagy 2 iphvpont szeriid elidvis, abal @ megeldrend vapy bezclondd rik matasetansos rak

4. 10 gdaypont e an, ahol ne al pdaben @ netrin- Tarsonptor 3 kivetkeztk alkatta oso-
porthdl valassioft Koloreksdlie Rékban Delptdlt (Delsted do Calogsetsl Cancer, DOCK Une-S-homoldy
(UNCIHD, neopan &8 adensaiAdbrdeepiorok.
A4 dgénypont szetintl elifngs, abol as g} ¥
ot DO UNCSHE,

1 anetrin- roceptor okvetkerd shoportbal wdldsie

& A 1S igé'sxypt}m:ak barmelvike szerindt oljdeds, abol az aj lpesben
<@ netrieleroceptor faonens x netrindreceptor extracelioldnis doméniét vagy amak netrin--hes ROt0dni
hépos sevrst tartndimazen vagy arval azonos, Syivagy

A newio-Drcceptorfragmens & netons basceptor exireefiulivhy domeéniét vagy snnak neirdes ] jolenldtben

duverizdiida vagy onltimerzilodol képes ricedt tarialinzen vagy aazal azonns,

T

T A 16 1pdavponiok birmelyike srenintl sliards, ahol az @) Iépdsben a netrlie1 vagyies a iteids

BN}
Il
ﬁ !i i ER128954601

830

resentor emlosbal s

1y
i}

PHOANS. IT0UA/SE



3
¥

8 aztaiy piatt nhiasis shol as ) pdaban & netrin-] barombbhal sziamazik.

ypant g

§. A §-8 axdnypeniok Barmebake scosning of : w netrie-recepltor Svivagy a
feastelendd vegvitlet olvan markerrel van foldbve, amely kdevettondlsagy ki&zvmmten methietd,

10 Az 142 jgdnypontok barmelyike soadinti eljdray, ahola o ipesbern

~ netnne 1 vagy Sagmsmss 85 8 setrin-lroseptor vagy fragmense Raaiui Roicsnahatis gatlsaoak meréss

impmmologin vizsudlatt elfinissal sk GGlondsen enshakaposolt bomunoveorbem vizsgalat elidrisel

(EEIS A

A

sy immurondibnenids viesgdlat efidrassal (RMAY), srcintillicide Mizedségl visgdlati sliedsual

{SPA)Y vagy ﬂu{ss‘esz:c-icns rezonancis encrgistrannetorrel (1Y

a netehi-lacceptor vapy Daghiense, kiifadsen ax mtracelbdicks domén, dunedisleidian vagy

slthocrisneidia, vagy enuek gathisa, immonpracipitionival vagy FRET el theténik,

T oAy 10 fpcnypontcl banwelyike sedchul elideis abobae 8 Bpsshen o Kineg turtabas gefickey

anvelyek felsaint mentheanjolon eadogds neltnLacoepint vagy s sepiort expressziinak,

1

kiiléntsen lopalably a rekombindm utrin: Legosgior extracsiularis domdniél ax;}fe.sszé}j sk

L20A 11 igdnvpont sasrint eljads, abol bz 8 epesben a kdzeg tantalmay seijteket. smelysk reknmbindss

netrine borsceplont expressdl

X,

AL whnypoot szerintt oljdrds, smalyben wz a) Kpdshen 1 Rizeg tusmoros sgiieket wrtalmag, sme

tyek endogdh madon exprasszdliak a nptrieeboreekptont membrdntelszinikan, 8 arostyel exprossailiak vagy

Ny

fsonerinadeet Saahol 1id)

fokozotian exprosssilia Sshion g notrin-1 8y nstviie broceptian koat kalesndianis

hllandonk mtdge, X Vi

vegyilet jelondottbeon, & vizsgdlandd vegwlilet jelentdtchen indukalt apoptéais

VERY seiiha?j&i sdrdscvel etk

A T3 fdnypont szerintl ehirds, abol ax oy lpisban a kilaeg mitsztdzises tumoros sgitehet taral
MR

15 Az 114 igdmpont szerint sljacds

wepilet Medlanatashs
ra, ahot ax elideds irtalmanea o kovetkeed Rpsselts

&) endogdén vigy sekonbindns astrins brosospiortvagy fogaldbl inttscelluldnin dundniét fartabionzd fragmensdt
g g 3 £ 3 27

&

xpressxdid umidsseiter sartalnned kdsep Motositdey:

by wkzey Srintkesterdse a vizegdlandd vegyitetal]

¢} sunak meghatdrozdsa, hogy & netddoe basedpion intaealiuiinis donsdn divaenizinidie vagy muliuenzasidla
wdtolt a vizsgalandd vopyhlat relentétdbon: &5

d) w vegyiiler kivaldsidsa, ameniydben 3 @ Wpdshen & pophaitords e neldn-Taseeptor nbraccthldnis
doménie dimerizdsiclanak \«-f;zg,}-' multimerizaciofinal jelentds patldsat mutatia b

vpont sesninti eliards, ahol sx (1) Bpds geerinti gept tuamorssit
X3 XA 3 3 R

T A 1S dodwvnont srerint eliaris, ahol az {2} 10pds sesrinti sell noirip-loreceptora iravaihlacs
SARERE S S 3 i

dormdénitnek i CIOHL wngy plimeria8cidiat prezemidld seft vagy ofyan st shad aoseit nepeieds

reveptorinal intracstularis doméngs képes dimerizalddn vagy multimerizalidni netrindd jalondéusben,

18, & 1510 1gm\,g>\mm§f baomelyvike srerintt ohifeds, shol g () Kpéchen a kg wutndonw tovabht

netrine 1~ vagy & netrin-1reospior sximesthisads domenisher kotbdii képes fagmensst,

o

24 tovibba annak peghatitoedsi,

19, & 15-18, igényponiok barmelyike seerint ehdeds, arely el

hagy a tesrtelondd vegyitlet Jeleniéte ax embisseit sefthaldlie indukalingg & o (d) Kpde tartalniazzs ovabbi e

T R g gt

emldasgt seithalslinak meghatdrozdsit

TIESAS2T00ABG SIRReE4aRY



0.t vitro olidrds ontasdieises vagy 2y ak iolenlcrdnek prodikeidifra primer wnosban szenve.

i pécisnsheren pdeicns primer wmerseitoket fariiinasd Mopsaiajibal, abol & il & i\mu}\emk atkotn capart

B valassioft mellk td0rak, neurobl na, whioma ook, sankomy, melsndms &8 adenokarsindms,

ahad w mepelBzendd vapy Kezelendd i3k olyan 8K, amelyben § tfussorng sejtek netrin- Lot expresszabuk vagy

flexprassaiinagl, ahol sz oligrss pralmazrs a kivsikerd Bpéseket:

B} 3 biopszishan netrine exprasszid tommdke salntidnsk mbnise whol a te {1 peinias el Bodobd BNS vagy

{81 netrine§-te

by Az exprosedd ovmske seintisnek Ossrehmonlitae serie Laapron

i tenmshe M’alii
prine tuntor-Biopszifas vagy nem REITBR saiv rak bio ’/‘&1'3{3:1}\
4

abd goaeinine Bonprmssio sonshe ¥

wild blopsaiaheli ssiutic &6 » noteie Lexprosseid ivemeke nept miety-

SZtEEisGs vagy nem agressedy, referencia hiopszigheli seintic sranydnsk 2 febeti udvekaddss metaszidzisos vk

Heerush,

vy agresszivorakeg

2

2

20, Blanas prciens ik sllent teriplata badRonysapanak mbpdviiecaasdon i vitre vagy adoti rak ellem

ervitaszold pasionask Mvilassrdsden arvisro; shobardloa kbvetlerdlo alliotiaosoportbé] valavstott;

Y

meilvak, (Wdenak, newotlasaidn, ghidma, loukdmia, szarkomn, melandowm s adenckarcindnn, abol 2 megelte

1 i

zendé vany kerclendodl olvas vl soelvberia Dintoros Soitek ratein-d-ot oxprossedinak vagy tilesprossails

nak, ahol sz elideds inctabmaszs a Kovetkezd indsekel:
«a pieieny bivprzidgishan nefrin- -oxproseio tormeke seingéoek mdrdee, ahol a termdk {1} netrin-F-et ke
dnld RNSvagy

(i ocirined-Behddge

abol o ik ellont kezelés batdkonysisg borrelil o potrine Loxpresszld torradke biopsziiban wdnt prennyivdgdne

fegaldhb 2 reren ardvdesdikendsdenl vagy
ahiol as adott sk ollent terfptive valaszold, kivilusptottpdeivosck srok, slikban e pttrivsTooxprossadd torndks

3

bfupazi{ij ukba men mennviscps a Kereles ulin lopalibb Taverey wanvbag psikkent.

oA 2L igdnypont srsrint oijarss ahol ik sstrie Lo prasiedide it indukaln Ssivagy mistag
rak.

.

F30A 2022 ixdnypontok barmelvike szorinti olifnds, zhol a natrin- -t kodeld BNS-3 mérdse Rvantita-
thy, valds ide it revare polioeniz Tncreakeidval (PR} tridnik
o T

Fhkusan Solismornt képey, spestfiRus wititeaiek kel thrtduk,

2. tgdnvpontek himumlyike seovinti offede abol g nstine -

1 onetrin- bfehdriét

5

28 A 20:24, lgdnypontok bivmuelyike werintl <ljdras, shol a primer timor a kbvethezdl aliatta gsopon
alwitacatort rido ek, dhed, noroblsedon, plivow, lenhdmis, saarkdom welandon oy adenvhiecing
wia

0. A 25 igenypont srerinti ehdrds, ahol as adenokarcindma

setkezdék alkolta caoporibdl vilagpioit

peteisrck-sdenokarcindiny, rendlls adenokancindme, hasnvdlmirigvadenckarcindona, msheadenokarcindms,

gycsmxsrsw;‘uia«nokarci‘srém;a,, ves-sdenokarcinoma s mektahs adenckarmindns,

7. Rengeoskeselt dlkabmantsa rdk megelbedsdre vagy kezelésére san iw\w vegyiet kivalasardsden, shpt

arak a kivetkerik alkoita ceopnthol vilseaion: mai.is“ék, Hddrak neurohlaitdon, clioma, lookdmig, waarkoma,

melundma Sy adenokarcindins, & o reagonskdsest netrie Foroceptoet expronszdld do netrin- 1ot exprossedld vagy

#alo pumorosseitekes fnctalonae

IR.A 2T dudnypont werint alicalnneds, ahola tumorss sgitek tamaossei vonatbol szdroezg seftsk

ERIOSHN6RI



4

38 A pont sxerint alkalpads, amely farinhowe wwibba nelrin Llehénst vagy avmakos
tetrie Lropepiarfebénsyel Kotdpiat Rialaki moden, specitikusan ki lostnhaid fragmensdt,

R0, A kiwetkerdk atkotta caaporthin! valaszion vegyitlet

. Ry, amely tartalnmza netrin: meepter extracelloliniy donsigét vagy suusk a nettin-1 & a potrine 1=
rovepior kdz0mi kolostnhatist speoifkusan sdtolnl Képes Bupnmosés, Seivapy Repes giiodni 8 netrin-1-
recepior intvacelbidics doménisuek dimeristaididt vagy mulumerizaciiiil) 85

- monoklondhs vagy poliklonslis antitest, amely specifilkusan kavstiendl netrin-d vagy netrins bavesptor

extraceiiuldris doménje vagy a newin-Lasoepor sxtmestiulicts dundnjvel kolosOohatm kepes netrin-1-
Fragmens cilent snBtest

saitrak, dOraks nouroblasaitma, ghona, leukdmiy eldpdadre

LoiE

Saere szoteala i vive glid

gy Reze asbnt s alkalvasdars,

0. sgénypont sering vegyilet ae of meghatdrozont alkalmazisra, sl » ustrin Lresepor vagy

foxgmense extraoslioling doménis a kéveikezik alkotta csoporthd! valaseio DOC; UNCSH, neogenin &6 az
adenuzineAZl;
350N Boow

e 31 dednypoat sesrntl vegyalal-az ot swphativocon albabosedsen abol e netein- b=

secopior exiracedlolaris dorodnidt intalmaed vegyidl bl sademaEk
33 A 320 indaypont szerint vepyilel w oo meghathrorot athadoazisra, dhol e veppilet DOC-EC-Fo
sagy DOC3Fn

34 33 i,giéli}}?is'sm)k b&mmiy%ke sseriid vegyiilet az ot nsphatirorott alkabmazdss, oiyare gk

regeléndad s wikalmare aorhban tagros seiek pstrigel et axpres

oliponudinatd, ansly seuie bfehdnist %:c’sdei.(} nukisittivrg konyp imxéen‘ten 8;‘1‘&363&@3“&, belesiive nrembery, rik

kazeléaste vigy megeltzdedrs sudpdld b vive eljarashan Brint alkalmaadsrs, ahol 3 18k 8 Kivelkezok alkotta

e

csoportbel valawion mallok, flonik, nenroblassioma, gl leakemia, seakony, melandms 8 adeanharch

noma, ahol 3 inegelheendd vagy keeslendd oikban fnires sgiivk nelvin--ab expressedinak vagy tilexpresszal-
HELY
36 A 38, fidnypont srerint vegytiot alkalnzdss, aeval jellomenve, hogy a ik mielasatdiros k.

37 A 35 vagy 33 igdnypont seennt wgviilet alkalmasden, seral jellemenve, hogy se adencharcindng

& kdvathertk alfotin ssoponbal villssztow: potelosek-adenokarcidma,. renalls adenckarcindimy, hasuyaing-

figy-adenokarcindo, wdadenokarcinoms, gyomor-adenskarchidma, vese-ada

&)

ahasoindenn S8 rektdlin adean-

karcindma,

38 Vegvilet

ixtnyponiok blrmelyike srerint alkabuavisa, seedd Jellemerve, hogy a rik privmer

¥

lak vagy tilexpresszahnak.

tmnrsgtiel netnne Lat exp

PIGOSR2709A &6 ERIERSESRY

Rared
)x
f‘»J
3
\.a



	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS

