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Description

Field of the invention

[0001] An assay for identifying a modulating agent of OPN mediated cell malignant transformation and/or OPN sig-
nalling pathway.

Background of the invention

[0002] Metastasis is the major cause of treatment failure in various type of cancer and particularly in breast cancer
patients. The extracellular matrix glycophosphoprotein osteopontin (OPN) is normally secreted by osteoblasts and is
utilised as an extracellular adhesion molecule. Osteopontin has also been associated with certain aspects of malignant
transformation (1) by enhancing malignant cell attachment and migration and contributing to anchorage-independent
growth of tumour cells (2, 3). Transfection of benign, non-metastatic rat mammary cells with cDNA for OPN has been
determined to endow the transfectants with the ability to overproduce OPN in vitro and to metastatsize in vivo (4). OPN
overexpression has been associated with poor prognosis in human primary breast cancer (5, 6) and OPN has been
shown to be the single most powerful prognostic factor in a multivariate analysis against outcome, in a large prospective
study of breast cancer patients (7). Although it is known that circulating plasma levels of OPN are higher In metastatic
breast cancer patients (8), the precise molecular mechanisms of OPN regulated metastasis remains unclear.

Summary of the Invention

[0003] RAN GTPase (RAN) is a small GTP (Guanosine triphosphate) binding protein of the RAS superfamily. RAN
has been determined to be essential for the translocation of RNA and proteins through the nuclear pore complex. A
direct association between RAN and viral oncoproteins such as human adenovirus E1A, human papilloma virus E7 and
SV40 large T antigen has been reported to be closely associated with cellular transformation and genomic instability
induced by viral infection (27) and RAN GTPase has been determined to be highly expressed in most of the adenocar-
cinoma and squamous cell carcinoma cell lines tested from various organs, including the stomach, lungs, head and
neck, pancreas and colon and also in metastatic tumour cells (29), but not in the normal cells in those tumour tissues
(28). RAN has also been determined to regulate spindle cell cycle progression and DNA synthesis (26).
[0004] Whilst RAN has been determined to be associated with uncontrolled cell growth, determining cell growth does
not give a measure of the process of metastasis, which is a largely independent process.
[0005] By analysing gene expression between the benign rat mammary cell line Rama 37 (R37) and R37 cells stably
transfected with an expression vector for OPN, termed R37-OPN cells, wherein the former cells produce low levels of
OPN and are non-invasive and nonmetastatic (9), while the latter cells produce high levels of OPN and are invasive,
the inventors have determined that RAN has a further role in invasion and metastasis and that RAN and RAN Binding
Protein 1 have substantially increased expression in association with OPN.
[0006] According to a first aspect of the present invention there is provided a method of determining whether a tumour
cell has invasive / metastatic potential comprising the steps:

determining the level of a marker in a tumour cell from a sample, wherein the marker is at least one member selected
from the group comprising RAN, RAN Binding Protein 1, an active fragment of a RAN polypeptide, an active fragment
of a RAN Binding Protein 1 polypeptide, a nucleic acid sequence encoding RAN, a nucleic acid sequence encoding
RAN Binding Protein 1, a nucleic acid sequence encoding an active fragment of RNA and a nucleic acid sequence
encoding an active fragment of RAN binding Protein 1, and

comparing the level of the marker detected in said tumour cell with the level determined for the marker in a non-
invasive and / or non-metastatic tumour cell,

wherein an increase in the level of the marker in the tumour cell from the sample is indicative that the tumour cell
has invasive and /or metastatic potential.

[0007] Suitably, the sample may be tissue or cells from a subject. In embodiments, the sample may be isolated from
the subject, the tumour cell may be isolated from the sample and / or the contents of the cell, for example mRNA, or
proteins, may be isolated before the level of the marker is determined. In embodiments, the level of the marker in an
invasive and / or metastatic tumour cell is at least 4 times, at least 5 times, at least 6 times, at least 7 times, at least 8
times, at least 9 times, the level of the marker in a non-invasive and / or metastatic cell.
[0008] By invasive and /or metastatic potential it is meant that the tumour cell is invasive and /or metastatic or is
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progressing towards being invasive and / or metastatic.
[0009] As will be appreciated, this method may be used to determine whether a subject is afflicted with an invasive /
metastatic tumour.
[0010] Also described is a method to assess whether a subject is afflicted with an invasive / metastatic tumour com-
prising the steps:

determining the level of a marker in a tumour cell from a sample from a subject, wherein the marker is at least one
member selected from the group comprising RAN, RAN Binding Protein 1 and a derivative thereof, and

comparing the level of the marker detected in said tumour cell with the level determined for the marker in a non-
invasive and / or non-metastatic tumour cell,

wherein an increase in the level of the marker in the tumour cell from the sample is indicative that the subject is afflicted
with a tumour which has invasive / metastatic potential.
[0011] In addition to allowing the invasive and / or metastatic potential of a tumour cell to be measured at a single time
point, there is provided the measurement of invasive and / or metastatic potential of a tumour cell(s) at multiple time points.
[0012] Accordingly, a second aspect of the present invention provides an in vitro method for monitoring a tumour cell
to determine the invasive and / or metastatic potential of said tumour cell, the method comprising the steps of:

a) detecting in the tumour cell at a first time point, the level of a marker, wherein the marker is at least one member
selected from the group comprising RAN, RAN Binding Protein 1 an active fragment of a RAN polypeptide, an active
fragment of a RAN Binding Protein 1 polypeptide, a nucleic acid sequence encoding RAN, a nucleic acid sequence
encoding RAN Binding Protein 1, a nucleic acid sequence encoding an active fragment of RAN and a nucleic acid
sequence encoding an active fragment of RAN binding Protein 1,.
b) repeating step a) at a subsequent point in time; and
c) comparing the level of a marker in steps a) and b) wherein an increase in the level of marker from a first time
point to a subsequent time point is indicative that the tumour cell is gaining invasive and / or metastatic potential.

[0013] In the period between the first time point and a subsequent time point, a test agent can be applied to the tumour
cell to determine if the level of marker is affected by said test agent. In particular embodiments the tumour cell can be
subjected to a particular condition, for example radiation, surgery or the like in the period between the detection of the
level of the marker at the first time point and the detection at a subsequent time point.
[0014] Also described is a method for monitoring the progression of a cancer in a subject comprising the steps of:

a) detecting, in a sample of a tumour from a subject, at a first time point, the level of a marker, wherein the marker
is at least one member selected from the group comprising RAN, RAN Binding Protein 1, an active fragment of a
RAN polypeptide, an active fragment of a RAN Binding Protein 1 polypeptide, a nucleic acid sequence encoding
RAN, a nucleic acid sequence encoding RAN Binding Protein 1, a nucleic acid sequence encoding an active fragment
of RAN and a nucleic acid sequence encoding an active fragment of RAN binding Protein 1,.,

b) repeating step a) at a subsequent point in time; and

c) comparing the level of a marker in steps a) and b) wherein an increase in the level of marker from a first time
point to a subsequent time point is indicative that the tumour cell is gaining invasive and / or metastatic potential
and therefrom that the cancer is progressing in the subject.

[0015] A therapy, for example a drug treatment, surgical intervention or the like may be provided to the subject between
the first time point and the subsequent point in time and the method will provide an indication as to whether the therapy
is having a beneficial effect on the subject, (whether the cancer is gaining invasive and / or metastatic potential).
[0016] In circumstances wherein the therapy is a test agent or composition, it will be appreciated that the invention
provides a method by which the ability of different test agents to affect invasion and / or metastasis can be assessed.
[0017] Accordingly a third aspect of the present invention provides a method to select an agent to inhibit invasion and
/ or metastasis by a tumour cell in a sample, the method comprising the steps:

providing at least first and second aliquots, wherein each aliquot comprises at least one tumour cell, from the sample;

exposing a first aliquot of the sample to a first test agent;
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exposing a second aliquot of the sample to a second test agent;

optionally, exposing a further aliquot of the sample to a further respective test agent;

determining the level of a marker from a tumour cell of each aliquot, wherein the marker is at least one member
selected from the group comprising RAN, RAN Binding Protein 1, an active fragment of a RAN polypeptide, an
active fragment of a RAN Binding Protein 1 polypeptide, a nucleic acid sequence encoding RAN, a nucleic acid
sequence encoding RAN Binding Protein 1, a nucleic acid sequence encoding an active fragment of RAN and a
nucleic acid sequence encoding an active fragment of RAN binding Protein 1,

comparing the level of the marker detected in each of the aliquots, and

selecting the agent which provides for a lower level of marker in an aliquot with that agent relative to the other agents.

[0018] Should a portion of a tumour remain in the body of a subject, the selection of an agent which provides a lower
level of marker in an aliquot with that agent relative to other agents can be utilised to provide a medicament to the subject.
[0019] Also described is a method for inhibiting invasion or metastasis of a tumour in a subject, the method comprising
the steps:

providing a sample from a tumour of a subject;

providing at least first and second aliquots, wherein each aliquot comprises at least one tumour cell, from the sample;

exposing a first aliquot of the sample to a first test agent;

exposing a second aliquot of the sample to a second test agent;

optionally, exposing a further aliquot of the sample to a further respective test agent;

determining the level of a marker from a tumour cell of each aliquot, wherein the marker is at least one member
selected from the group comprising RAN, RAN Binding Protein 1 and a derivative thereof,

comparing the level of the marker detected in each of the aliquots,

selecting the agent which provides for a lower level of marker in an aliquot with that agent relative to the other agents,
and

administering to the subject a therapeutically effective amount of at least one agent which provides for a lower level
of marker in an aliquot with that agent relative to the other agents.

[0020] The present inventors have determined agents which reduce the level of RAN protein and / or RAN Binding
Protein 1 present in a tumour and which would thus decrease the invasion and / or metastatic potential of a tumour cell.
[0021] Suitably such an agent may be an antibody with binding specificity to RAN (SEQ ID NO 1) or RAN Binding
Protein 1 (SEQ ID NO 3) or a derivative thereof.
[0022] According to a fourth aspect of the invention there is provided a nucleic acid which is capable of binding under
stringent conditions to a polynucleotide which encodes RAN (SEQ ID NO 1) or RAN Binding Protein 1 (SEQ ID NO 3)
or a fragment of said polynucleotide which encodes an active fragment of RAN or encodes an active fragment of RAN
Binding Protein 1 for use in the treatment of metastatic and / or invasive cancer.
[0023] Suitably, the expression or activity of RAN, RAN Binding Protein 1 or derivatives thereof are blocked.
[0024] In particular embodiments, the method is used to treat tumours or subjects with tumours which are invasive
and / or are metastatic. In particular embodiments the tumours can be cancerous cells from the stomach, the lungs, the
head and neck, the pancreas and the colon, the bladder or the breast. In particular embodiments the tumours can be
cancerous cells from the colon, bladder or breast. In specific embodiments the cancerous cells can be from breast tissue.
[0025] Also disclosed is a nucleic acid molecule which can hydrogen bond to and anneal with a polynucleotide sequence
which encodes RAN (SEQ ID NO 1) or RAN Binding Protein 1 (SEQ ID NO 3). An antisense nucleic acid may be
complementary to the entire coding strand, a portion thereof, for example all or part of the protein coding region, or all
or part of a non-coding region (5’ and 3’ sequences which flank the coding region and are not translated into amino
acids) of the coding strand. An antisense nucleic acid can be about 5, 10, 15, 20, 25, 30, 35, 40, 45, or 50 or more
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nucleotides in length. An antisense nucleic acid may be synthetically synthesised and may include modified nucleotides
to enhance the stability of the antisense molecule or the duplex formed by the antisense molecule and the nucleotide
sequence to which it binds.
[0026] Also disclosed is a method comprising providing a subject with an antisense nucleic acid or polynucleotide
using a vector that expresses the antisense nucleic acid in tumour cells. Administration of antisense nucleic acid may
be by, for example, direct injection into the tumour, via infusion of the antisense systemically into the body or delivery
to a target  site using a vector. As will be appreciated by those of skill in the art, various targeting means, for example
peptide and / or antibody conjugates and / or expression systems may be used to target a genetic polynucleotide
sequence.
[0027] The invention also encompasses ribozymes with specificity to polynucleotide sequences which encode RAN
or RAN Binding Protein 1, nucleic acids which form triple helical structures to polynucleotide sequences which encode
RAN or RAN Binding Protein 1 or dsRNA which can bind polynucleotide sequences which encode RAN or RAN Binding
Protein 1.
[0028] In particular embodiments the nucleic acid sequences can be selected from SEQ ID NO 5, SEQ ID NO 6, SEQ
ID NO 7, SEQ ID NO 8, SEQ ID NO 9, or SEQ ID NO 10.
[0029] In addition to determining agents which cause a decrease in the levels of a marker, the present invention also
provides a method for determining agents, (test compounds) which increase the level of RAN and / or RAN Binding
Protein 1 or affect the activity of RAN and / or RAN Binding Protein.
[0030] According to a fifth aspect of the present invention there is provided a method for identifying a modulating agent
of OPN-mediated cell malignant transformation, said method comprising the steps of:

- providing an assay comprising at least one member selected from the group comprising RAN, RAN Binding Protein
1, an active fragment of a RAN polypeptide, an active fragment of a RAN Binding Protein 1 polypeptide, a nucleic
acid sequence encoding RAN, a nucleic acid sequence encoding RAN Binding Protein 1, a nucleic acid sequence
encoding an active fragment of RAN and a nucleic acid sequence encoding an active fragment of RAN binding
Protein 1, contacting a modulating agent candidate with said assay under suitable conditions; and

- detecting a variation in the activity of the assay by comparing the assay’s activity without said candidate with the
assay’s activity in presence of said candidate.

[0031] Suitably a modulating candidate agent may include, but is not limited to an antibody, a peptide, a hormone, a
nucleic acid, an oligonucleotide, natural or synthetic compounds or small molecules.
[0032] Preferably, the contacting step is followed by an incubating step wherein the mixture obtained in the contacting
step is incubated for a time period and under conditions suitable to allow interaction between the components and/or
the test substance.
[0033] In embodiments of the invention at least one member selected from the group comprising RAN, RAN Binding
Protein 1, an active fragment of RAN polypeptide, an active fragment of a RAN Binding Protein 1 polypeptide, a nucleic
acid sequence encoding RAN, a nucleic acid sequence encoding RAN Binding Protein 1, a nucleic acid sequence
encoding an active fragment of RAN and a nucleic acid sequence encoding an active fragment of RAN binding Protein
1 may be immobilised, for example by being bound to a solid surface of a compartment of a kit.
[0034] In a specific embodiment, the method for identifying a modulating agent of OPN - mediated cell malignant
transformation can be performed by maintaining Rama 37 and its subclones and breast cancer cells MDA-MB-231 and
MDA-MB 435S, which may be obtained from the American Type Culture Collection (Rockville, MD), in a humidified
atmosphere of 95% (v/v) air and 5% (v/v) CO2 at 37°C in routine medium (RM) (Dulbecco’s Modified Eagles Medium
(DMEM) (Sigma, Poole, UK) containing 10% (v/v) foetal calf serum (FCS), 100 mg/ml penicillin and 100 mg/ml streptomycin
(Gibco BRL, Paisley, UK). Prior to treatment with a candidate modulating agent the cells can be grown overnight in
routine media. The next day the candidate modulating agent can be added at a range of different concentrations in
routine media unless otherwise  specified. Cells are typically treated for 48 hours prior to assaying using for example,
but not limited to western blotting for RAN, RANBP1 and/or OPN proteins, cell growth assays, cell adhesion assays,
soft-agar assays, or matrigel invasion assays as described herein.
[0035] In particular embodiments of the method, cell growth assays may be carried out by plating out 1 x 105 cells in
one well of a six well plate. At time points of 3, 6, 12, 24, 48, 72 and 96 hours cells may be removed by trypsination and
counted using a haemocytometer. Typically assays are carried out in triplicate to allow statistical analysis.
[0036] The contacting (eventually incubating) step may advantageously be followed by a removal step wherein any
unassociated candidate is removed from the mixture.
[0037] Detection of the variation of the activity can be conducted by any convenient means. Generally detection may
be via an antibody, for example a monoclonal antibody, the presence of which is established by exposure to a second
labelled monoclonal antibody in a typical ELISA-style assay. Alternatively, the candidate may be labelled (e.g. radioac-
tively, fluorescently or enzymatically) to determine its binding to the other component.
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[0038] The assay described above can also be used to study cellular biological aspects of the osteopontin signal
transduction pathway which would allow progress in the understanding of tissue invasion of cancer and more particularly
epithelial tissues such as breast cancer and may provide new potential drug targets.
[0039] It is preferred that that the assay be a cellular assay which may comprise cultured cells of a transformant cell
line. Such a cell line may be the result of the transfection of a cell line with an expression vector comprising the sequence
or a substantial portion of the sequence a RAN polynucleotide sequence and/or RANBP1 polynucleotide. In particular
embodiments the transformant cell line can overexpress the corresponding RAN polypeptide and/or RANBP1 polypep-
tide. The transformant cell line can be further transfected by an expression vector comprising the sequence of a substantial
portion of the sequence of OPN nucleotide sequence. Preferably, the RAN, RANBP1 and optionally the OPN, nucleotide
sequence(s) are human sequences.
[0040] Alternatively, the cells may be from a tumour sample.
[0041] Suitably, the agents determined by the invention, for example the modulating agents determined by the above
assay, may be useful in therapeutic or diagnostic uses. It is understood that the amount of an agent determined by the
methods of the present invention provided to a subject would depend upon a number of factors within the knowledge of
a skilled physician, veterinarian or researcher. The dose of such an agent will vary, for example, depending on the
identity, size, condition of the subject being treated and the route of administration. Suitably, an agent may be administered
to a subject in a pharmaceutical composition. Pharmaceutical compositions may be formulated to be compatible with
its intended route of administration, for example, intravenous, intradermal, subcutaneous, oral, transdermal, transmu-
cosal, and rectal administration.
[0042] According to a sixth aspect of the present invention there is provided a method to assess the potential of a test
agent to cause invasion and / or metastasis by a tumour cell comprising:

providing at least first and second aliquots, wherein each aliquot comprises at least one tumour cell, from the sample,

exposing a first aliquot of the sample to a first test agent,

determining the level of a marker from a tumour cell of each aliquot, wherein the marker is at least one member
selected from the group comprising RAN, RAN Binding Protein 1, an active fragment of a RAN polypeptide, an
active fragment of a RAN Binding Protein 1 polypeptide, a nucleic acid sequence encoding RAN, a nucleic acid
sequence encoding RAN Binding Protein 1, a nucleic acid sequence encoding an active fragment of RAN and a
nucleic acid sequence encoding an active fragment of RAN binding Protein 1, and

comparing the level of the marker detected in each of the aliquots,

wherein a significantly increased level of a marker in the aliquot exposed to the test agent, relative to the aliquot not
exposed to the test agent is indicative that the test agent has invasive and / or metastatic potential.

[0043] It may be advantageous to provide / administer such a test agent to a subject. Also disclosed is the administration
of such an agent to a subject.
[0044] The present invention further relates to kits.
[0045] According to a seventh aspect of the present invention, there is provided a kit to assess whether a tumour cell
is invasive and / or metastatic, the kit comprising a reagent for assessing the level of marker in a tumour cell, wherein
the marker is at least one member selected from the group comprising RAN, RAN Binding Protein 1 and a derivative
thereof.
[0046] In an embodiment of a kit, the reagent can be an antibody with binding specificity for RAN, RAN Binding Protein
1 or a derivative thereof. Suitably, the reagent may be employed for in situ histological detection of RAN, RAN Binding
Protein 1 or a derivative thereof. As will be appreciated, in situ detection may comprise, applying the reagent to a sample
removed from a subject and then using a second labelled antibody to visualise binding of the reagent. Such a procedure
allows determination of the presence of RAN, RAN Binding Protein 1 or a derivative thereof and also distribution in the
sample.
[0047] Alternatively, in other embodiments, labelled nucleic acid probes may be used to detect mRNA or RAN or RAN
Binding Protein 1.
[0048] Also disclosed is a kit for assessing an agent for inhibiting invasion and / or metastasis by a tumour cell, the
kit comprising:

a) a plurality of test compounds, and
b) a reagent for assessing the level of marker in a tumour cell, wherein the marker is at least one member selected
from the group comprising RAN, RAN Binding Protein 1 and a derivative thereof.
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[0049] Suitably, a kit may comprise a visual indicator of the reagent, for example, a labelled antibody capable of binding
to the reagent or to the reagent and a marker complex.
[0050] A kit may, optionally, comprise liquids, for example buffers suitable for detecting the level of marker in a sample,
for example, buffers which provide for the stringent hybridisation of a reference nucleotide to a nucleotide sequence of
a marker, buffers which provide for binding of an antibody specific to a marker protein, and the like. Optionally, a kit can
comprise instructional material describing the way in which a method of the invention should be performed and / or a
compartment(s) for samples.
[0051] The level of expression of a marker of the invention, wherein the marker is at least one member selected from
the group comprising RAN, RAN Binding Protein 1 and a derivative thereof, can be determined by detecting the presence
of

a) the marker protein having the amino acid sequence SEQ ID NO 1 or the marker protein having the amino acid
sequence SEQ ID NO 3 or a fragment of said sequences using a reagent with binding specificity to at least one of
said amino acid sequences or fragments thereof, for example said reagents can include an antibody, an antibody
derivative, an antibody fragment or a single chain antibody;
b) the nucleotide transcripts which encode one of the amino acid sequence SEQ ID NO 1 or SEQ ID NO 3 such as
SEQ ID NO 2 or SEQ ID NO 4 or a fragment thereof, or
c) a metabolite or other peptide which is produced directly or indirectly by one of the marker proteins.

[0052] Whilst not wishing to be bound by theory, mechanistically the inventors have determined that RAN increases
Met receptor and Akt phosphorylation (Fig.5) and that the phosphoinositol 3 kinase (PI3K) inhibitor LY294002 or mutation
of RAN in the GTP binding pocket blocks RAN mediated invasion of R37 cells by about 70% and 82%, respectively (Fig.
5A). LY294002 at the concentrations used, is specific for inhibition of P13K. The inventors also consider that cell surface
receptors linked to PI3K may mediate such effects, one such receptor being c-Met.
[0053] By the term "indicative", there may be at least a 10%, more preferably a 20%, more preferably a 30 %, more
preferably a 50%, and most preferably a 90% likelihood that the tumour cell is invasive and / or metastatic.
[0054] An increased level of the marker in the tumour cell of the sample may be at least a two-fold, at least three-fold,
at least five-fold, at least seven fold, at least ten-fold, at least one-hundred-fold or at least five-hundred fold more than
the level of marker present in a non-invasive and / or metastatic tumour cell. The level of marker present in a non-invasive
and / or non metastatic tumour may be determined by assessing the level of marker in a sample from archived subject
samples or the like.
[0055] In embodiments, the level of marker can be compared with an absolute amount or concentration of the marker
from a standard reference sample.
[0056] In an embodiment of the method the level of the marker is determined by detecting a transcribed polynucleotide
or portion thereof which encodes RAN or RAN Binding Protein 1.
[0057] In embodiments of the method, the transcribed polynucleotide is mRNA. In other embodiments, the transcribed
polynucleotide is cDNA. Suitably, the transcribed polynucleotide can be amplified, for example using Polymerase Chain
Reaction (PCR) or RT-PCR. In particular embodiments of the invention, the level of a marker is determined by detecting
the binding of a reference nucleotide sequence which can bind to a transcribed polynucleotide or a portion thereof under
stringent hybridisation conditions.
[0058] The reference polynucleotide may be bound to a solid substrate or be labelled with, for example, a chromophore,
a fluorphore, an enzyme, or  enzyme co-factor to allow detection of hybridisation. Polymerase Chain Reaction can,
optionally, be used to amplify cDNA before hybridisation to a reference polynucleotide. In alternative embodiments, PCR
or other techniques, for example single nucleotide polymorphisms, can be used to measure the level of marker present.
[0059] In alternative embodiments the level of the marker is determined by detecting the presence of RAN protein or
RAN Binding Protein 1 or a fragment thereof. Suitably, the presence of protein is detected using a reagent which
specifically binds to the protein. In embodiments of the invention, the reagent is selected from an antibody, an antibody
derivative, or an antibody fragment. In particular embodiments, an antibody used to measure the level of marker can be
labelled with, for example, a radiolabel, a flurophore-label or an enzyme-label, an antibody derivative can be conjugated
with a substrate or ligand and an antibody fragment can be, for example a single chain antibody or an isolated antibody
hypervariable domain.
[0060] In embodiments the tumour cell may be from various organs and tissues, including the stomach, lungs, head
and neck, pancreas and colon and also the bladder and the breast. In particular embodiments the tumour cell is from
the breast.
[0061] Preferred features and embodiments of each aspect of the invention are as for each of the other aspects mutatis
mutandis unless context demands otherwise.
[0062] Embodiments of the present invention will now be described, by way of example only, with reference to the
accompanying drawings in which:
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Fig. 1A - A Northern (upper panel) and immuno (lower panel) blot showing OPN mRNA and protein levels in R37,
R37-pBK-CMV and R37-OPN cells. Cell lysates were diluted and 20 mg loaded onto a SDS 10% (w/w) polyacrylamide
gel as follows: lane 1 R37, lane 2, R37-pBK-CMV, lane 3 R37-OPN and specific proteins were detected using
antibodies to OPN and β-actin. Bands were quantified using densitometric analysis and normalized against β-actin.
The average fold increase for three different experiments are: lane 1=1, lane 2=160.2 and lane 3=1061.7.

Fig. 1B - The ability of transfected cell lines to adhere to a laminin-treated surface was assessed over a 30 min
period and the number of adherent cells quantified. Results of the mean 6 standard errors from three independent
experiments are shown.

Fig. 1C - A soft agar assay was carried out to assess the ability of stable transfected cell lines to grow in an anchorage
independent environment. The colony number was assessed after 5 days. Empty vector pBK-CMV had no effect
on anchorage independent cell growth. Results of the mean 6 standard errors from three independent experiments
are shown.

Fig. 1D - R37 and R37-OPN were plated on ECM-coated filters (500 mg/ml) in Boyden chambers. The number of
cells that migrated through the filter after 48 hrs was determined by staining and scanning using a digital imaging
system (Experimental procedures). Results of the mean 6 standard errors from three independent experiments are
shown.

Fig. 2A - A Northern (upper panel) and immuno (lower panel) blot for RAN protein in R37, R37-OPN cells and cells
stably transfected with an expression vector for RAN. Expression of OPN and RAN mRNA levels in lane 1 R37;
lane 2; R37-RAN; lane 3 R37-OPN; lane 4 R37=OPN-RAN. β-Actin  mRNA was assessed as control. Major hybridizing
bands are shown in kilobases (kb) (upper Panel). The average fold increase for three different experiments for OPN
is: lane 1 = 1, lane 2 = 1.2 6 0.3, lane 3 = 7.5 6 1.5 and lane 4 = 8 6 1.1 and for RAN is: lane 1=1, lane 2 = 6.5 6
0.5, lane 3 = 6.3 6 0.5 and lane 4 = 7.5 6 1.4. Cell lysates were diluted and 5mg for RAN and β-actin and 20mg for
OPN immunoblots were loaded on a SDS 10% polyacrylamide gel, as follows: lane 1 R37; lane 2 R37-RAN; lane
3 R37-OPN; lane 4 R37-OPN-RAN. Specific proteins were detected using antibodies to OPN, RAN or β-actin. Bands
were quantified using densitometric analysis and normalized against β-actin. The average fold increase for three
different experiments for OPN is: lane 1 = 1, lane 2 = 1 6 0.2, lane 3 = 5.8 6 0.4 and lane 4 = 5.8 6 0.7 and for
RAN is: lane 1 = 1, lane 2 = 4.9 6 0.7, lane 3 = 5.1 6 0.5 and lane 4 = 5.6 6 0.7. The results given were representative
of 3 experiments.

Fig. 2B - The ability of transfected cell lines to adhere to a laminin-treated surface was assessed over a 30 min
period and the number of adherent cells quantified. The results were the mean 6 standard error from three inde-
pendent experiments

Fig. 2C - A soft agar assay was carried out to assess the ability of stable transfected cell lines to grow in an anchorage
independent environment. The colony number was assessed after 5 days. The results were the mean 6 standard
error from three independent experiments.

Fig. 2D - R37 and R37-OPN stably transfected with and without RAN were plated on ECM-coated filters (500 mg/ml)
in Boyden chambers. The number of cells that migrated through the filter after 48 hrs was determined by staining
the inserts and scanning using a digital imaging  system (Experimental Procedures). The results were the mean 6
standard error from three independent experiments.

Fig. 3A - An immunoblot showing OPN and RAN levels in cells containing as OPN. The average fold increase for
three different experiments for OPN is: lane 1 = 1, lane 2 = 4.2 6 0.3 and lane 3 = 0.8 6 0.15 and for RAN is : lane
1 = 1, lane 2 = 2.8 6 0.3 and lane 3 = 1 6 0.2.

Fig. 3B - Immunoblot showing OPN and RAN levels in cells containing siRNA-RAN. Cell lysates were diluted 20mg
(for anti-OPN) or 5mg (for anti-RAN) loaded onto a SDS 10% polyacrylamide gel, as follows: lane 1 R37; lane 2
R37-RAN; lane 3 R37/siRNA- RAN; lane 4 R37-OPN; lane 5 R37-OPN-RAN and lane 6 R37-OPN/siRNA-RAN.
Specific proteins were detected using antibodies to OPN or RAN or β-action. Bands were quantified using densit-
ometric analysis and quantified with respect to those of β-actin. The average fold increase for three different exper-
iments for RAN is: lane 1 = 1, lane 2 = 3.8 6 0.4, lane 3 = 0.860.2, lane 4 = 2.6 6 0.2, lane 5 = 3 6 0.3 and lane
6 = 1 6 0.3 and for OPN is: lane 1 = 1, lane 2 = 1 6 0.3, lane 3 = 0.9 6 0.2, lane 4 = 4.1 6 0.4, lane 5 = 4.2 0.5
and lane 6 = 4.3 6 0.6.
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Fig. 3C - The ability of transfected cell lines to adhere to a laminin-treated surface was assessed over a 30 min
period and the number of adherent cells quantified. The results were the mean 6 standard error of three independent
experiments.

Fig. 3D - Soft agar assays were carried out to assess the ability of stable transfected cell lines to grow in an anchorage
independent environment. The colony number was assessed after 5 days. The results were the mean 6 standard
error of three independent experiments.

Fig. 3E - R37 and R37-OPN cells stably transfected with expression vectors for siRNA-RAN, for as-OPN or a
combination for as-OPN and RAN (asOPN + RAN).Cells were plated on ECM-coated filters (500 mg/ml) in Boyden
chambers. The number of cells that migrated through the filter after 48 hrs was determined by staining the inserts
and scanning using a digital imaging system (Experimental Procedures). The results were the mean 6 standard
error of three independent experiments.

Fig. 4A - Immunoblot for RAN protein with cells transfected with individual siRNA-RAN oligonucleotides. Cell lysates
were diluted and 5mg loaded onto a SDS 10% (w/w) polyacrylamide gel, as follows: lane 1 R37-OPN; lane 2 R37-
OPN-oligo1; lane 3 R37-OPN-oligo2; lane 4 R37-OPN-oligo3; lane 5 R37-OPN-oligo1,2; lane 6 R37-OPN-oligo2,3;
and lane 7 R37-OPN-oligo1,3. Specific proteins were detected using antibodies to RAN or β-actin. Bands were
quantified using densitometric analysis and quantified with respect to those of β-actin. The results were a repre-
sentative sample of three experiments.

Fig. 4B - The ability of stably transfected cell lines to adhere to a laminin treated surface was assessed over a 30
min period and the number of adherent cells quantified. All three oligonucleotides from the siRNA RAN mixture were
stably transfected separately into the R37-OPN cell line.

Fig. 4C - Soft agar assays were carried out to asses the ability of stable transfected cell lines to grow in an anchorage
independent environment. The colony number was assessed after 5 days. The results were the mean 6 standard
error of three independent experiments.

Fig. 5A R37 cells transfected with expression vectors, R37-Wt.RAN, R37-Wt.RAN/siRNA-RANBP1 and R37-
Mut.RAN were treated with or without  50 mM of phosphoinositol 3 kinase (PI3K) inhibitor LY 294002 for 48 hr. The
cells were plated on ECM-coated filters (500 mg/ml) in Boyden chambers. The number of cells that migrated through
the filter after 48 hrs was determined by staining the inserts and scanning using a digital imaging system (Experimental
Procedures). The results were the mean 6 standard error from three independent experiments.

Fig. 5B Immunodetection of Met receptor in parental R37, R37-CMV, R37-OPN and R37-RAN. 20 mg cell lysates
were loaded onto a SDS 10% (W(W) polyacrylamide gel as follows: lane 1 R37, lane 2 R37 - pBk-CMV; lane 3 R37-
OPN; lane 4 R37-RAN. Proteins were detected in immunoblots using specific antibodies to phosphoserine 473 AkT.
Bands were quantified using densitometric analysis and quantified with respect to those of β-actin. The results were
a representative sample of three experiments. The average fold increase for 3 different experiments for c-MET is:
lane 1=1, lane 2 = 1.660.1, lane 3 =3.660.2, lane 4 =10.460.8.

Fig. 5C Immunodetection and LY290042-inhibition of phosphorylated Akt in parental R37, R37-CMV, R37- OPN
and R37-RAN cells. 20 mg cell lysates were loaded onto a SDS 10% (W(W) polyacrylamide gel as follows: lane 1
R37, lane 2 R37 - pBk-CMV; lane 3 R37-RAN, lane 4 R37-OPN; lane 5 R37-OPN treated with 50mm LY290042 for
18 hr (R37-OPN/LY); and lane 6 R37-RAN treated with 50mm LY290042 for 18 hr (R37-RAN/LY). Proteins were
detected in immunoblots using specific antibodies to phosphoserine 473 AkT. Bands were quantified using densi-
tometric analysis and quantified with respect to those of β-actin. The results were a representative sample of three
experiments. The average fold increase for 3 different experiments for phosphorylated AkT on ser473 is: lane 1=1,
lane 2 =2.260.4, lane 3 =22.560.7, lane 4 =21.1 60.5, lane 5  =060 and lane 6 =060.

Fig. 5D Immunodetection of phosorylated AkT in Wild Type and Mutant.RAN expressing cells. 20 mg cell lysates
were loaded onto a SDS 10% (W(W) polyacrylamide gel as follows: lane 1 R37-Wt.RAN; and lane 2 R37-Mut.RAN.
Proteins were detected in immunoblots using specific antibodies to phosphoserine 473 AkT. Bands were quantified
using densitometric analysis and quantified with respect to those of β-actin. The results were a representative sample
of three experiments. The average fold increase for 3 different experiments for phosphorylated AkT on ser473
normalized to that in R37 cells (=1) is: lane 1=22.060.6, lane 2 =060.
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Detailed Description

Markers

[0063] The expression " RAN, RAN Binding Protein 1 and derivatives thereof" includes the RAN polypeptide, an active
fragment, an analog and a variant thereof together with nucleic acid sequence encoding these proteins or polypeptides
and / or which hybridise to at least one of these nucleic acid sequences. It is preferred to use human RAN or its derivatives.
Human RAN amino acid sequence and its coding nucleotide sequence are shown in SEQ ID No. 1 & 2 respectively.

SEQ ID No 1

SEQ ID No 2
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Human RANBP1 amino acid sequence and its coding nucleotide sequences are shown as SEQ ID No. 3 and 4
respectively.
SEQ ID No. 3: Protein sequence of RANBP1
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SEQ ID No. 4: Nucleotide sequence of RANBP1

[0064] In embodiments, the expression "active fragment" refers to a portion of the full-length sequence which has
preserved at least one of the activities or functions of the naturally occurring RAN or RANBP1. It is preferred that the
active portion retains most of the biological activities of the RAN protein or RANBP1 with respect to the OPN mediated
signalling pathway, its role into the transformation of a cell into a malignant cell and/or its role in metastasis.
[0065] In particular embodiments of the invention the active fragment is a fragment which presents antigenic properties.
The length of such fragment comprises at least 6, up to 15, preferably 25 and more preferably 50 contiguous amino
acids from SEQ ID No.1 or SEQ ID No. 3 or derivatives thereof. An active fragment of RAN or RANBP1 can be determined
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using, for example; C-terminal serial deletion of RAN cDNA or RANBP1 cDNA. Said RNA cDNA deletion constructs
may then be cloned into suitable plasmids, for example, but not limited to pcDNA6/HisC plasmid. The activity of these
deletion mutants may then be tested for biological activity as described herein. In specifc embodiments, the active
fragment can be derived from at least 10 consecutive amino acids of RAN, RAN Binding Protein 1 or a derivative thereof.
[0066] The expression "analog" and "variant" encompasses a RAN polypeptide sequence or RANBP1 polypeptide
sequence which includes substitution of amino acids, especially a substitution(s) which is/are known for having a high
probability of not leading to any significant modification of the biological activity or configuration, or folding, of the protein.
These substitutions are known in the art. For example the group of arginine, lysine and histidine are known interchangeable
basic amino acids. An analog or variant may comprise an amino acid sequence which is at least 70% homologous to
SEQ ID NO 1, more preferably at least 80% homologous to SEQ ID NO 1, more preferably at least 90% homologous
to SEQ ID NO 1, even more preferably at least 95% homologous to SEQ ID NO 1 and most preferably at least 97%
homology with SEQ ID NO 1.
[0067] An analog or variant may comprise an amino acid sequence which is at least 70% homologous to SEQ ID NO
3, more preferably at least 80% homologous to SEQ ID NO 3, more preferably at least 90% homologous to SEQ ID NO
3, even more preferably at least 95% homologous to SEQ ID NO 3 and most preferably at least 97% homology with
SEQ ID NO 3.
[0068] Derivatives of the RAN polypeptide or RANBP1 polypeptide also includes RAN polypeptides or RANBP1
polypeptides linked to a coupling partner, e. g. an effector molecule, a label, a drug, a toxin and/or a carrier or transport
molecule. Techniques for coupling the polypeptides of the invention to both peptidyl and non-peptidyl coupling partners
are well known in the art.
[0069] RAN derivatives or RANBP1 derivatives further include fusion peptides. RAN derivatives or RANBP1 polypep-
tide or their analogues may be fused with the constant domain of immunoglobulins (IgA, IgE, IgG, IgM), or portions
thereof (CH1, CH2, CH3, or any combination thereof), resulting in  chimeric polypeptides. These fusion polypeptides or
proteins can facilitate purification and show an increased half-life in vivo. Such fusion proteins may be more efficient in
binding and neutralizing other molecules than monomeric polypeptides or fragments thereof alone. See, e.g., Fountou-
lakis et al., J. Biochem., 270:3958-3964 (1995).
[0070] Fusion proteins of the invention also include RAN polypeptides or RANBP1 polypeptides fused with albumin,
for example recombinant human serum albumin or fragments or variants thereof (see, e.g., US Patent No. 5876969,
EP Patent 0413622 and US Patent No. 5766883).
[0071] The use of polynucleotides encoding such fusion proteins described herein are also encompassed by the
invention.
[0072] Analogs for use in the present invention further include reverse-or retroanalogues of natural RAN proteins or
RANBP1 protein, portions thereof or their synthetic derivatives.
[0073] RAN polypeptides or RANBP1 polypeptides may also be in the form of multimers. Thus multimers (of 2, 3 or
more individual RAN polypeptide or RANBP1 polypeptide monomeric units) can be used in the method or assay according
to the invention. Such multimers may be used to prepare a monomeric peptide by preparing a multimeric peptide that
includes the monomeric unit, and a cleavable site (i.e., an enzymatically cleavable site), and then cleaving the multimer
to yield a desired monomer.
[0074] In particular embodiments, nucleic acid sequences provided for by the expression "RAN, RAN Binding Protein
1 and derivatives thereof" comprise the nucleic acid sequences shown in SEQ ID No 2 or SEQ ID No  4, and nucleic
acids which hybridise to these sequences under stringent conditions.
[0075] As used herein conditions of high stringency can be readily determined by the skilled artisan based on, for
example, the length of the DNA. These conditions can be, for example, a hybridisation conducted in a solution containing
6*SSC (20*SSC represents 333 mM sodium citrate, 333 mM NaCl), 0.5% SDS and 50% formamide at 42[deg.] C., and
then the hybridised products are washed in a solution of 0.1*SSC, 0.5% SDS at 68[deg.] C, or to conditions as described
in Nakayama, et al., Bio-Jikken-Illustrated, vol. 2, "Idenshi-Kaiseki-No-Kiso (A Basis for Gene Analysis)", pp. 148-151,
Shujunsha, 1995.
[0076] Nucleic acid sequences that can be used in the aspects of the invention comprise nucleotide sequences that
are at least 70%, at least 80% identical to the naturally occurring sequences SEQ ID NO: 2 and SEQ ID NO: 4. Also
contemplated are embodiments in which the nucleic acid molecules comprise a sequence at least 90%, preferably at
least 95%, more preferably at least 99%, or even at least 99.8% identical to the originally occurring or native sequences
SEQ ID NO: 2 and SEQ ID NO: 4. The percent identity may be determined by visual inspection and mathematical
calculation or by comparing sequence information using known computer programs such as the GAP computer program.
[0077] The RAN or RANBP1 protein or polypeptides can be produced by use of the corresponding encoding polynu-
cleotides in an expression system. In such systems the polynucleotide is inserted in an appropriate vector wherein the
polynucleotide is operably linked to a control sequence which is capable of providing expression of the nucleic acid in
a host cell. A variety of vectors may be used. For example suitable vectors may include  viruses (eg. Vaccinia virus,
adenovirus, baculovirus etc), yeast vectors, phage, chromosomes, artificial chromosomes, plasmids or cosmid DNA. In
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the following example of the invention the vector used is pcDNA6/HisC (Invitrogen)
[0078] The vectors may be used to introduce the polynucleotide into a host cell for use in the methods of the invention.
A wide variety of host cells may be used. The host cells may be prokaryotic or ’eukaryotic’. They include bacteria, eg E.
coli, yeast, insect cells and mammalian cells. Mammalian cell lines which may be used include Chinese hamster ovary
cells, baby hamster kidney cells, NSO mouse melanoma cells, monkey and human cell lines and derivatives thereof
and many others. The cell line which has been used in the following example as particularly suitable is Rama 37 and
its subclones.
[0079] A host cell strain that modulates the expression of, modifies, and/or specifically processes the gene product
may be used. Such processing may involve glycosylation, ubiquination, disulfide bond formation and general post-
translational modification.
[0080] For further details relating to known techniques and protocols for manipulation of nucleic acid, for example, in
preparation of nucleic acid constructs, mutagenesis, sequencing, introduction of DNA into cells and gene expression,
and analysis of proteins, see, for example, Current Protocols in Molecular Biology, 2nd ed.,Ausubel et al. eds., JohnWiley
& Sons, 1992 and, Molecular Cloning: a Laboratory Manual: 3rd edition Sambrook et al., Cold Spring Harbor Laboratory
Press, 2000.
[0081] In embodiments of methods of the invention, the methods may be performed using an animal model useful for
screening for agents capable  of modulating the effects of the RAN polypeptides or RANBP1 polypeptides. A useful
genetically modified animal may comprise naturally occurring sequences of the RAN gene or RANBP1 gene or genetically
altered sequences including insertions, deletions, additions, and substitutions. Preferably the animals used are transgenic
animals which have germ-line insertions that are stably transmitted to all cells of progeny animals. The genetically
modified animals may produce larger amounts of RAN polypeptide or RANBP1 polypeptide and would be useful disease
models. Reference to larger amount includes up to about a 2, 3, and more preferably a 4 to 5 fold increase than normal.
[0082] Preferably, the genetically modified animal is a mouse, rat, guinea pig, rabbit, pig, sheep or goat. More preferably,
the genetically modified animal is a mouse or rat. Most preferably, the genetically modified animal is a mouse.
[0083] The animal models of the present invention may be in the form of the animals or may be, for example, in the
form of embryos for transplantation. The embryos are preferably maintained in a frozen state and may optionally be sold
with instructions for use.
[0084] These animals can be obtained using recombination methods that are standard in the art. Bacteriophage P1
Cre recombinase and flp recombinase from yeast plasmids are two non-limiting examples of site-specific DNA recom-
binase enzymes that leave DNA at specific target sites (box P sites for Cre recombinase and fit sites for flp recombinase).

Modulators

[0085] A modulator of the level of RAN or RAN Binding Protein 1 may be a sense or antisense polynucleotide or double
stranded DNA (dsRNA), a ribozyme, a DNAzyme, methylation- or demethylation-inducing agents as well as RNAi-type
agents such as siRNA.
[0086] In particular embodiments siRNA can be selected from one of SEQ ID Nos. 5, 6, 7, 8, 9 and 10.
[0087] These genetic agents can be suitably conjugated to other molecules such as small peptide or molecules that
can allow an easier passage across the cell membrane or facilitate hybridisation. Said genetic agents may be used in
alone or in combination with each other.
[0088] Naturally occurring protein, peptide mimetics, antibodies and non-proteinaceous chemical entities (especially
small chemical molecules) are also contemplated by the present invention.
[0089] A modulator of RAN and / or RAN Binding Protein 1 can be chosen from amongst polyclonal or monoclonal
antibodies raised against RAN protein or RANBP1 protein or some particular antigenic portions thereof. Monoclonal
antibodies raised against human RAN polypeptides or RANBP1 polypeptides are preferred. Alternatively the antibody
can be humanised or may be a chimeric antibody, fab fragment etc. Further the antibodies can advantageously be
conjugated to another molecule such as a label or a cytotoxic compound.
[0090] Candidates can be chosen in the group consisting of proteins, or derivatives thereof, which are known to
biologically naturally interact with the RAN protein RANBP1 protein or osteopontin.
[0091] Further, a suitable modulator may be a small molecule (usually having a molecular weight lower than 1000)
which can be either obtained by computer-aided drug design or, alternatively by combinatorial chemical libraries.

Materials and Methods

Cell lines and cell culture

[0092] Rat mammary (R37) nonmetastatic benign tumor-derived cell line were prepared as described previously (9)
and derivative stably transformed cell subclones were cultured in Dulbecco’s modified Eagle’s medium (DMEM), 10%
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(v/v) fetal calf serum, 100 mg/ml penicillin, 100 mg/ml streptomycin (Invitrogen). The MCF-7 human breast cancer cell
line was obtained from ECACC, Wiltshire (UK) and propagated in DMEM, 5% (v/v) FCS, 50 ng ml-1 insulin, 10-8 M
estradiol. The human breast cancer cell lines MDA-MB 231 and MDA-MB 435S, were obtained from ECACC, Wiltshire
(UK) and were grown in RPMI supplemented with 20% (v/v) fetal calf serum,1 mM sodium pyruvate, and 100 mg/ml
penicillin-streptomycin.

Plasmids and oligonucleotides

[0093] Expression vectors for rat OPN, OPN-pBK-CMV (Stratagene) (13) and for human RAN GTPase, RAN-pcDNA6
(Invitrogen) were prepared as described previously (13). The expression vectors for small interfering RNA to RAN and
RAN binding protein 1 (RANBP1), pRETROSUPER-siRNA  RAN or siRNA-RAN; and for antisense to OPN RNA, anti-
sense-OPN-pcDNA4 or as-OPN were prepared as described below. DNA sequencing confirmed their authenticity. The
specific siRNA transcripts targeted against human RAN and RANBP1 were obtained from a previously described SUPER
RNAi library (Cancer Research, UK) (14). Briefly, the 19 mer sequences from the RAN gene and RANBP1 genes were
converted into pairs of complementary 59 mer hairpin oligonucleotides. Three sets of complementary 59 mer oligonu-
cleotides targeting the same gene were annealed and ligated into the pRETROSUPER vector and transfected into
competent DH5α bacteria. The pRETROSUPER vector contains a phosphoglycerate kinase promoter which drives
expression of the Puro resistance gene for selection in eukaryotic cells (15).
[0094] The pRETROSUPER vector is derived from the Murine Embryonic Stem Cell virus (pMSCV) and contains the
pSUPER shRNA expression cassette. The hairpin oligonucleotides for the SUPER RNAiTM library are cloned down-
stream of the polymerase III Histone H1-RNA promoter (H1). Upon transfection into a packaging cell line, pRETROSUPER
expresses a transcript containing the viral packaging signal, the H1-shRNA cassette and the puromycin resistance gene.
The pRETROSUPER has a specifically designed 3’LTR that has a deletion in the LTR promoter elements. This deletion
results in inactivation of the LTR mediated transcription upon retroviral integration. The phosphoglycerate kinase promoter
(PGK) drives the expression of the puromycin resistance gene (puro) for selection in eukaryotic cells. The pRETROSU-
PER plasmid can be propagated in E.Coli under ampicillin (AMP) selection.
[0095] Glycerol stocks of transformants were prepared with each well containing bacteria with the 3 different short
interfering RNA constructs (siRNA) targeting the same gene. DNA from all three siRNA constructs was isolated. The
DNA corresponding to each siRNA construct was determined by sequencing. The siRNA oligonucleotide sequences for
RAN (siRNA-RAN), designed according to the human mRNA sequence (GenBank accession numbers NM_006325,
BC000852) were as follows:

(1) target sequence 1 (5’-AAAAACGACCTTCGTGAAACGTCAT-3’) - SEQ ID NO. 5
(2) target sequence 2 (5’-AAGCCCAGTGTGCCATCATAAT-3’) - SEQ ID NO. 6
(3) target sequence 3 (5’-AAGTATGTAGCCACCTTGGGT-3’) - SEQ ID NO.7 (most effective-particularly when in
combination with SEQ ID No 3)

and for SiRNA-RANBP1 (GenBank accession numbers NM-002882) was as follows:

(1) target sequence 1 (5’-TACAGACGAGTCCAACCAT-3’) -SEQ ID No 8
(2) target sequence 2 (5’-CCACTACATCACGCCGATG-3’) - SEQ ID No 9
(3) target sequence 3 (5’-GGACACTCATGAGGACCAT-3’) - SEQ ID No 10

[0096] Target sequence 1 showed 76% homology to rat RAN whilst target sequences 2 and 3 showed 95% homology
to rat RAN. These expression vectors were termed siRNA-RAN (1), siRNA-RAN (2) and siRNA-RAN (3), respectively
and similarly for SiRNA-RANBP1s.
[0097] Generation of mutated of RAN.
[0098] The pcDNA-RAN plasmid with mutated glycine (G19) to valine (V) and glutamine (Q69) to leucine (L) (Ren et
al., 1995) were generated with the  QuikChange site-directed mutagenesis kit (Stratagene, La Jolla, CA) (El-Tanani et
al., 2004). A mutant of G19V was generated by using
5’ AAC TTG TAT TGG T TGG TGA TGt TGG TAC TGG AAA A 3’ SEQ ID NO: 11
and
5’ T TTT CCA GTA CCA aCA TCA CCA A CCA ATA CAA GTT 3’ SEQ ID NO: 12
forward and reverse primers, respectively.
[0099] A mutant Q69L was generated by using
5’ GGG ACA CAG CCG GCC tGG AGA AAT TCG GTG GAC TGA 3’ SEQ ID NO: 13
and
5’ TCA GTC CAC CGA ATT TCT CCa GGC CGG CTG TGT CCC 3’ SEQ ID NO: 14
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forward and reverse primers, respectively. This expression vector was termed Mut.RAN.
[0100] Production of stable transformant cell lines
[0101] R37 and derivative cell lines were cultured as outlined above. Cells were harvested and seeded in multiwell
plates at 2.5 x105/3.5cm diameter well in 1 ml of serum-free medium. Initially R37 cells were transfected with expression
vectors for OPN, RAN and Mut. RAN, or with both expression vectors for OPN and RAN as previously described using
1.0mg/ml geneticin (Invitrogen) for OPN or 5mg/ml blasticidin (Invitrogen) for RAN transfections as the selective medium
(16) to generate R37-OPN, R37-RAN  and R37-OPN-RAN cell lines, respectively. R37, R37-RAN, R37-Mut.RAN and
R37-OPN cell lines were separately stably transfected with the siRNA plasmids containing a mixture of each individual
siRNA using Lipofectamine and PLUS-C reagent (Invitrogen); these cell lines were termed R37/siRNA-RAN, R37-RAN/
siRNA-RAN and R37-OPN/siRNA-RAN, respectively. R37-RAN cell lines were also transfected separately with the
siRNA plasmids containing the mixture of the three individual siRNA to RANBP1; these cell lines were termed R37-RAN/
siRNA-. Cells were selected using 5mg/ml puromycin. The as-OPN construct was transfected separately into R37, R37-
RAN, R37-OPN and R37-OPN-RAN cell lines, and these were stably selected using 250mg/ml Zeocin (23); they were
termed R37/as-OPN, R37-OPN/as-OPN, R37-RAN/as-OPN and R37-OPN-RAN/as-OPN cell lines. The pooled clonal
cell lines were established by combining all surviving cell colonies following transfection and growth under selective
pressure.

Northern blotting

[0102] Total RNA was extracted from cells and subjected to Northern blot analysis, as previously described (21). The
membranes were hybridized separately and in turn to OPN and glyceraldehyde-3-phosphate dehydrogenase (GAPD)
cDNA probes and subjected to autoradiography.

Western blotting for OPN and RAN proteins

[0103] OPN and RAN and RANBP1 protein levels were established in the stably transfected cells by Western blotting
as described previously (17). 20 mg and 5 mg of total protein respectively, from whole cell lysates of OPN transfected
and RAN transfected cells were electrophoresed through 10% (w/v) polyacrylamide, 1% (w/v) SDS gels and transferred
by blotting onto  nitrocellulose membranes (Millipore Corporation, Watford, U.K.). The membranes were blocked by
incubation with 0.02 M Tris-HCl (pH 7.0), 0.9% (w/v) NaCl, 0.1% (v/v) Tween 20 containing 5% (w/v) Marvel, for 1 hour.
Monoclonal antibodies to OPN (1/500) (Developmental Studies Hybridoma Bank, lowa City, IA), RAN (8 ng/ml, BD
Biosciences Pharmingham, Oxford, UK) RANBP1 (Santa Cruz) and β-actin (1/5000) (Sigma) were added overnight at
4°C. Bound antibodies were located by a further incubation with 1:5000 horseradish peroxidase-conjugated rabbit an-
timouse Ig, visualized with Luminol Reagent (Santa Cruz Biotechnology, Inc, California, USA) and exposed to Kodak
XAR5 film (Sigma, Poole, U.K.). Bands on films were quantified using a digital imaging system (Syngene, Genetool,
Cambridge, England).
[0104] In vitro tests for malignant/metastatic transformation
[0105] Cell adhesion assays were carried out as previously described (18). Briefly cells were plated at a known density
(2 x 105 cells per well) in a 6 well plate in conditioned media and allowed to adhere to laminin-coated plates for 30 min
at 37°C, 5% (v/v) in an atmosphere of CO2. Cells were then washed with PBS and after their removal by treatment with
tryspin/EDTA, were counted and cell adhesion expressed as a percentage of those adhered compared to the total
number of cells added.

Colony Formulation

[0106] Colony formation was tested in soft-agar as described previously for the bottom agar, 5 ml of 1.6% (w/v) agarose
was plated in a 100-mm diameter tissue culture dish and allowed to harden. Cells were removed by trypsinization and
resuspended at 1.0 x 106 cells/ml in normal medium. Nine ml of normal media (1x DMEM with 10% (v/v) FCS, 200mM
L-glutamine, 100 mg/ml penicillin, 100 mg/ml streptomycin) was added to the top of the bottom agar and 1.0 ml of cells
seeded per plate. The plates were incubated at 37°C in an atmosphere of 5% (v/v) CO2 for 5-7 days and stained with
1 ml of 0.2 % (w/v) crystal violet. The plates were scanned for colonies and counted using a digital imaging system
(Syngene, Genetool, Cambridge, England) (19).

Invasion through Matrigel

[0107] Invasion through matrigel was measured in Boyden chamber as described previously. Biocoat 250 mg/ml
Matrigel invasion chambers 6.4 mm in diameter (Falcon-Ulster Anaesthetics, Moneyrea, NI, UK) were used to assess
the invasiveness of suitably transfected R37 cells, as described previously (19). Briefly, 1x106 cells were resuspended
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in 1ml of serum-free DMEM and 100 ml added to the cell culture inserts of the upper invasion chambers on top of Biocoat
250mg/ml matrigel coated invasion chamber. A chemoattractant, 5mg of rat fibronectin (Gibco-BRL, U.K.) per ml in DMEM
and 10% (v/v) FCS were added to the lower chambers. The cultures were incubated at 37°C in a 5% (v/v) CO2 atmosphere
and allowed to invade through the matrix and the pores (8mm) of the attached lower membrane for 48h. The upper
surfaces of the filters were wiped clean of cells and the filters were fixed by immersion in 100% (v/v) methanol and
stained by Gurr’s eosin and methylene blue, according to the manufacturer’s instructions (BDH Laboratory Supplies,
Pool, U.K). The inserts were scanned for cell density using a digital imaging system (Syngene, Genetool, Cambridge,
England) (19). The PI3Kinose LY294002 inhibitor (PI3K) (2-4(4-morpholinyl) -8-phenyl-4H-1-benzopyran-4-one) was
purchased from calbiochem Beeston, Nottingham, U.K. At 50mM it is specific for PI3K without inducing apoptosis (38)

Assays for metastasis

[0108] Pooled cells were harvested by treatment with EDTA/trypsin solutions, washed and resuspended in PBS at
107 cells/ml. 2 x 106 cells in 0.2 ml were injected s.c. through the skin into the right inguinal fat pads of 6-10 week-old
syngeneic female Furth-Wistar rats (Ludwig-Wistar OLA strain), 20 rats/group (12). Rats were autopsied after 12weeks,
and tumors and relevant tissues particularly the lungs and lymph nodes were examined for gross metastasis. Primary
tumors and other tissues of abnormal appearance including all lungs were fixed in Methacam (methanol, Inhibisol, acetic
acid : 6,3,1) embedded in paraffin-wax, sectioned and stained with haematoxylin and eosin. Five microscopic fields from
two sections by two independent observers were assessed as described in Davies BR, Barraclough R, and Rudland
PS. Induction of metastatic ability in a stably diploid benign rat mammary epithelial cell line by transfection with DNA
from human malignant breast carcinoma cell lines. Cancer Res, 54: 2785-2793., (1994) and Jamieson S, Barraclough
R, and Rudland PS. Generation of metastatic variants by transfection of a nonmetastatic rat mammary epithelial cell
line with DNA from a metastatic rat mammary cell line. Pathobiology, 58: 329-342., (1990).

mRNA Isolation

[0109] Cells were harvested at an exponential phase for RNA isolation. Total RNA was isolated with TriZol reagent
(Life Technologies, Paisley, Scotland, UK) following the manufacturer’s instructions. mRNA was isolated from total RNA
with a NucleoTrap mRNA extraction kit (BD Clontech, Oxford, UK) following the manufacturer’s protocol.

Quantitative Real Time RT-PCR

[0110] Quantitative PCR (QPCR) was used as an independent method to probe the association of identified genes
with rat benign noninvasive R37 and invasive R37-OPN cell lines and to extend the observations to human breast cancer
cells (Table 1).

[0111] The differential expression of the tumor protein, translationally-controlled 1 (TPT1), aryl hydrocarbon receptor
nuclear translocator (ARNT), ataxia telangiectasia mutated (ATM), and RAN GTPase (RAN) genes versus the house-
keeping S18 ribosomal gene S18 was calculated for each cell line using the expression: ΔCt=Ct target gene-Ct S18. Next,
MCF7 non-invasive cells:other cell ratios were calculated from the ΔCt values as follows: 2-(ΔCt tumor cells -ΔCt MCF-7). ND-
not detectable.
[0112] QPCR analysis was performed using a QuantiTect SYBR® Green RT-PCR kit (Qiagen) containing a QuantiTect
SYBR QuantiTect SYBR Green RT-PCR buffer, SYBR Green I dye and ROX passive reference dye. In comparing
quantitative expression differentials, three different human cell lines were utilized. Each sample was run in triplicate to
ensure quantitative accuracy. QPCR data are reported as a ratio of the non-invasive human breast cancer MCF-7 cells
to the invasive MDA MB 231 or MDA MB 435S  cells and calculated using the comparative threshold cycle (Ct) method
(39). Briefly, the differential expression of different target genes versus the housekeeping gene, ribosomal RNA (S18),
was first calculated for all samples using the expression: ΔCt=Ct of the target gene-Ct of the reference (S18). MCF-7
cells were compared to the indicated cell lines using the following formula: ΔΔCT = ΔCt value for target gene - ΔCt value

Table 1. Quantitative RT-PCR for 3 breast cancer cell lines

Cell type TPT1 ARNT ATM RAN OPN

MCF-7 1 1 ND 1 1
MDA-MB 231 269 16.6 1 765 60
MDA-MB 435S 159 4.1 ND 13191 9785
ZR-75 - - - 1 1
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for MCF-7 cells. Values were reported as 2^-(ΔΔCt) (Ponchel et al., 2003). All reported QPCR reactions were performed
and analyzed using a LightCycler rapid thermal cycler system (Roche, East Sussex, England).
[0113] Briefly, 1mg of total RNA was reverse transcribed with Superscript II reverse transcriptase (Invitrogen, Life
Technologies Ltd, Paisley, UK). The cDNA was then diluted to give 200 mg/ml prior to PCR amplification. Reactions were
performed in a 10 ml volume using 200 mg of cDNA and 5 ml QuantiTect SYBR Green PCR Master Mix (Qiagen, West
Sussex, UK). Control samples without reverse transcriptase enzyme were included for each cell type. The expression
of TPT1, ARNT, and ATM were quantified using the following primers:

forward 5’-GATCGCGGACGGGTTGT-3’ SEQ ID NO: 15,
reverse 5’-TTCAGCGGAGGCATTTCC-3’ SEQ ID NO: 16,
forward 5’-GCTGCTGCCTACCCTAGTCTCA-3’ SEQ ID NO: 17,
reverse 5’-GCTGCTCGTGTCTGGAATTGT-3’ SEQ ID NO: 18 and
forward 5’-CAGGGTAGTTTAGTTGAGGTTGACAG-3’ SEQ ID NO: 19,
reverse 5’.CTATACTGGTGGTCAGTGCCAAAGT-3’ SEQ ID NO: 20.

[0114] The expression of RAN was quantified using the following primers:

forward 5’-TACTGGAAAAACGACCTT-3’ SEQ ID NO: 21,
reverse 5’-TCCCATACATTGAACTTA-3’ SEQ ID NO: 22.

[0115] Internal control primers of ribosomal RNA (S18) were also included and were as follows:

forward 5’-GTAACCCGTTGAACCCCATT-3’ SEQ ID NO: 23,
reverse 5’-CCATCCAATCGGTAGTAGCG-3’ SEQ ID NO: 24.

[0116] The protocol included a 15 min activation step at 95ºC, followed by 40 cycles of 15 sec denaturation at 94ºC,
30 sec of predetermined optimum annealing temperature and extension for 30 sec at 72ºC. An amplification plot of
fluorescence signal versus cycle number was drawn. In the initial cycles of PCR there was little change in fluorescence
signal and this defined the baseline for the amplification plot. An increase in fluorescence above the baseline indicated
the detection of the accumulated PCR product. A fixed fluorescence threshold of 0.1 was set above the baseline in the
exponential phase of the PCR. To confirm amplification specificity, the PCR products from each primer pair were subjected
to a melting curve analysis and checked using agarose gel electrophoresis.

Rapid amplification of cDNA ends for cloning of full length cDNA of RAN

[0117] Cloning of full length RAN cDNA was carried out by rapid amplification of cDNA ends (RACE) using a Marathon
cDNA amplification Kit (Clontech) on 2 mg of poly(A)+-containing RNA derived from the MDA-MB-435S cell line. The
resulting adaptor ligated ds cDNA, which represented an uncloned ds cDNA library, was used to perform 5’ and 3’ RACE
reactions with the following RAN gene specific primers for 5’ and 3’ RACE reactions respectively:

5’-ATGGCTGCGCAGGGAGAG-3’ SEQ ID NO: 25,
5’-GGGGCGAGAGCAGGCATG-3’ SEQ ID NO: 26,

based on the GenBank accession number NM_63258.

In vitro recombinant RAN and mutant protein preparations

[0118] Products were generated in a coupled transcription-translation cell-free protein-synthesizing reticulocyte lysate
for the expression vector of wild (Wt.) or mutant (Mut.) RAN and unprogrammed lysate for the empty vector pcDNA, as
we have previously described (17,40).The proteins synthesised were confirmed by Western blotting.

GTPase assay

[0119] The assay was performed as described in the manufacture’s instructions by measuring the release of inorganic
phosphate using the malachite green phosphomolybdate colaumetric assay (Innova Biosciences, UK) (41). Briefly, the
assay was performed in triplicate in round bottom, 96 well polystyrene plates, which were kept on ice while preparing
the reactions. Each reaction mix consisted of a complete assay buffer (0.5M Tris, HcL, pH 7.4/0.1 M MgCl2))/substrate
(0.5mM GTP). Wt. or Mut. RAN protein containing reticulocyte lysate was added to each well. Fresh Gold mix/accelerator
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(1/100 [v/v]) was added, followed by added stabilizer. Control samples with the complete assay buffer, but no RAN
protein in unprogrammed cell lysates were also included to account for spontaneous hydrolysis of ETP. After 30min and
60min, the plates were analysed spectrophotometrically at a wavelength of 600nm. A standard dilution series of known
phosphate concentrations was include in the assay to quantify the extent of GTP hydrolysis from the absorptions of
phosphomolybdate.

C-Met Autophosphorylation

[0120] Confluent monolayers (19-cm diameter Petri dishes) of R37, R37-pBK-CMV (R37-CMV), R37-OPN and R3-
RAN cells were serum-starved overnight at 37°C, lysed in anti-phosphotyrosine RIPA Buffer (20 mM Tris-HCl, 150 mM
NaCl, 2.5 mM EDTA, 10 mM NaF, 10 mM sodium pyrophosphate, 1 mM sodium vanadate, 1% Nonidet P-40, plus
protease inhibitors, pH 7.5), and immunoprecipitated with anti-phosphotyrosine monoclonal antibody 4G10 bound to
agarose beads (50 ml of beads/lysate; Upstate Biotechnology, Inc, USA.). Immunoprecipitated proteins were resolved
by 7.5% W/V SDS-PAGE and immunoblotted with mouse anti-c- Met (Santa Cruz, sc-161), as described previously (42).

AKT Phosphorylation

[0121] The R37, R37-CMV, R37-RAN and R37-OPN cells were harvested at 80 % confluence from 7 cm dishes. The
cell were lysed in 300 ml of 2X Loading buffer (20 % glycerol (v/v), 4 % SDS (w/v), 10 % 2-mercaptoethanol (v/v), 126mM
Tris, pH 6.8 and coloured with bromophenol blue). The lysates were sonicated, boiled at 100 °C for 5 minutes and then
centrifuged at 15000 rpm for 10 minutes. Proteins were resolved by 7.5% SDS-PAGE and immunoblotted for ser473
phosphorylated Akt.as previously (43).

Statistical treatment of results

[0122] All biological experiments were performed at least three times. The mean and standard error were calculated
and p values less than 0.05 were considered significant as calculated using the student’s t-test.

Examples

Example 1

Effect of osteopontin gene expression on cell invasion

[0123] The inventors raised various stable cell lines from R37 cells. These were stably transfected by empty vector
pBK-CMV (R37-pBK-CMV) or by the constitutively active expression vector OPN-pBK-CMV (R37-OPN cells) as de-
scribed herein. Individual clones of the transformants were pooled for subsequent analysis. Immunoblot analysis using
a monoclonal (MAb) antibody to OPN, which recognizes both human and rat OPN showed that the OPN protein was
expressed at a low level in R37 and R37-pBK-CMV cells (Fig. 1A). In R37, R37-pBK-CMV and R37-OPN cells, the MAb
to OPN recognized a protein of Mr 65,000 (Fig. 1A, Lanes 1-3), consistent with the size of OPN from rat cell lines (9,
19). OPN protein expression was increased 10 fold in R37-OPN compared to R37 and R37-pBK-CMV cells (Fig. 1A).
The increase in OPN protein in the R37-OPN cell line suggests that the OPN-pBK-CMV vector consistently overexpresses
OPN, the empty vector pBK-CMV having no effect on OPN expression in R37 cells.

Example 2

Effect of OPN on cellular adhesion, anchorage-dependent growth and invasion

[0124] Adhesion of cells to laminin-coated surfaces was assayed using a dye based system. R37-OPN cells showed
a 9.2 and 8 fold increase in cell adhesion to laminin-coated dishes, in comparison with R37 and R37-pBK-CMV cells,
respectively (p<0.01) (Fig. 1B). Colony formation was assayed in soft agar, R37-OPN cells induced a 1.8 and 2.3 fold
increase in colony  number per plate compared to R37 and R37-pBK-CMV cells, respectively (p<0.01) (Fig. 1C). The
ability of cells to migrate through a reconstituted three dimensional collagen gel (Matrigel) and appear on the underside
of a polycarbonate membrane was tested as an assay for cell invasion. The number of cells on the underside of the
membrane were stained, scanned and counted using a digital imaging system in Experimental procedures (19). Migration
of R37-OPN transformants was 913 and 1006 fold greater than the parental R37 and R37-pBK-CMV cells, respectively
(p=0.002) (Fig.1D). These results suggest that high levels of OPN induce cell adhesion, anchorage independent growth
and invasion in vitro.



EP 2 082 225 B1

20

5

10

15

20

25

30

35

40

45

50

55

Example 3

Quantitative Real Time PCR and expression of RAN

[0125] Four of the highest differentially expressed genes that were also associated with invasion and/or malignancy
were chosen from the total number of 1686 (data not shown) for validation by quantitative real-time PCR analysis (QPCR)
(Table 1) using the relatively non-invasive MCF-7 and the highly invasive MDA-MB-231 and MDA-MB-435S human
breast cancer cell lines (Nam et al., 2004). The four genes encode for tumor protein translationally-controlled (TPTI),
aryl hydrocarbon receptor nuclear translocator (ARNT), ataxia telangiectasia mutated (ATM) and RAN GTPase (RAN).
MCF-7 cell: other cell ratios were calculated using the comparative threshold cycle (Ct) method (29) after normalization
to a control housekeeping gene for ribosomal RNA S18. The highly invasive malignant cell lines MDA-MB-231 and MDA-
MB-435S showed a 269 and 159 fold increase in TPTI expression, respectively, in comparison with the relatively non-
invasive malignant cell line MCF-7. MDA-MB-231 and MDA-MB-435S cells showed a 16.6 and 4.1 fold increase in ARNT
expression, respectively, in comparison with MCF-7 cells. ATM was undetectable in  both MCF-7 and MDA-MB-435S,
but a small amount was detected in MDA-MB-231 cells (Table 1). However, the most differentially expressed gene of
the four was RAN GTPase. Thus the invasive cell lines MDA-MD-435s and MDA-MB-231 showed a 13191 and 765 fold
increase, respectively, in RAN expression compared to MCF-7 cells and they also showed a 9785 and 60 fold increase
in levels of OPN (Table 1). The relatively non-invasive breast cancer cell line ZR-75 showed almost identical levels of
low expression of RAN and OPN to those of the MCF-7 cell line (Table 1).

Example 4

Effect of RAN on benign R37 cells and invasive R37-OPN cells

[0126] Stable transfection of R37 cells with an expression vector for RAN increased RAN and RAN protein expression
by 6 fold and 5 fold respectively, but did not affect OPN levels using Northern and Western blot analysis. Moreover,
stable transfection of R37-OPN cells with an expression vector for RAN barely affected RAN or OPN levels of mRNA
and protein (Fig. 2A). In contrast, transfection of R37 cells with the expression vector for OPN increased the mRNA and
protein for RAN by similar 6 and 5 folds, respectively. All results were normalized using a housekeeping gene, beta-
actin and quantified using densitometry readings. Adhesion of the transfected RAN cells to laminin-coated surfaces was
assayed by a dye-based system. Transfection of RAN into R37 cells, designated R37-RAN, produced a 3.1 fold increase
(p<0.01) in adhesion to laminin-coated dishes whilst transfection of expression vector for OPN, designated R37-OPN,
produced an 11-fold increase (P<0.01). In contrast RAN produced no further increase in adhesion of R37-OPN cells
(Fig. 2B). Colony formation was assayed in soft agar to test anchorage-independent growth. Stable transfection of the
RAN  expression vector into R37 and R37-OPN cells, designated R37-RAN, R37-OPN-RAN, induced a significant 1.6
fold (p<0.01) and a nonsignificant 1.1 fold (p>0.05) increase in colony number per plate compared to the respective R37
and R37-OPN controls (Fig. 2C). The ability of cells to invade through Matrigel was tested as an assay for cell invasion.
The migration of R37 RAN transfectants was increased by 907 fold (p<0.01) over the parental R37 cells, approaching
that of R37-OPN cells, but RAN overexpression had no significant effect on cell migration in R37-OPN cells (p=0.5) (Fig.
2D).

Example 5

Effect of OPN antisense cDNA (as-OPN) and siRNA-RAN on osteopontin and RAN protein expression

[0127] Immunoblot analysis using MAb to OPN and RAN which recognize both human and rat OPN and RAN dem-
onstrated that the OPN and RAN proteins were both reduced in R37-OPN/ as-OPN cells compared to the control cells,
R37-OPN, (Fig. 3A) by factors of 5 and 3 fold respectively. In contrast, only RAN protein levels were significantly reduced
in the R37-OPN/ siRNA-RAN cells compared to the R37-OPN cells by a factor of 13 fold, there was no significant
reduction in OPN protein (Fig. 3B). Western blots were performed from a pool of cloned-cell extracts and the MAb to
OPN and RAN recognized proteins of Mr 65,000 and 25,000 Da, respectively (Fig. 3A and B), consistent with the size
of OPN (5, 16) and RAN from rat cell lines (22). These results suggest that inhibiting OPN expression inhibits that of
RAN, but inhibiting RAN expression does not inhibit that of OPN. In R37-RAN cells in which the binding protein for RAN,
RANBP1 was inhibited by transfection with siRNA-RANBP1, the level of RAN protein itself was relatively unaffected (1.0
fold reduction), whereas that of the RANBP1 was reduced by a factor 8 in the R37-RAN/siRNA-RANBP1 cells (data not
shown).
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Example 6

Effect of inhibiting RAN and OPN expression on cellular properties

[0128] Transfection of R37-OPN cells with expression vectors for siRNA-RAN and as-OPN significantly reduced cell
adhesion by 8 and 5.3 fold, respectively (p<0.01) to levels close to that of R37 cells alone. There was little or no effect
of these transfections on R37 cells alone (Fig. 3C). When the expression vector for RAN was stably co-transfected into
R37/as-OPN cells, designated R37-RAN/as-OPN, cell adhesion increased 3.7 fold compared to R37/as-OPN cells
(p=0.0004). When the expression vector for RAN was co-transfected with that for as-OPN in R37-OPN cells, designated
R37-OPN-RAN/as-OPN, cell adhesion significantly increased by 3.6 fold when compared to R37-OPN/as-OPN cells
(p<0.01), overcoming the inhibitory effect of expression of as-OPN (Fig. 3C). Stable transfection of R37-OPN cells
separately with expression vectors for siRNA-RAN and as-OPN significantly reduced colony formation in soft agar by
3.4 and 6.9 fold, respectively (p<0.01). There was little effect of siRNA-RAN expression on R37 colony cell growth but
a significant 2 fold reduction in R37/as-OPN cells (p=0.02) (Fig. 3D). When RAN was stably co-transfected into R37/as-
OPN cells, designated R37-RAN/as-OPN, colony formation was increased 1.9 fold compared to R37/as-OPN cells
(p=0.02), rising almost to that of the original R37 cells. Reintroduction of the RAN expression vector into R37-OPN/as-
OPN known as R37-OPN-RAN/as-OPN cells caused colony formation to increase by 6 fold over that of the R37-OPN/as-
OPN cells (p<0.01), similar to the original level in R37-OPN cells. Stable transfection of R37 with expression vector for
siRNA or as-OPN had little or no effect on invasion in R37 cells. Stable transfection  of R37-OPN cells with expression
vectors for siRNA-RAN or as-OPN reduced invasion of R37-OPN cells by 4.4 and 2.5 fold, respectively (Fig. 3E).
Furthermore, stable transfection of R37 RAN cells with an expression vector for SiRNA-RANBP1 reduced invasion of
R37 cells by 70%. When the expression vector for RAN was stably co-transfected into R37/as-OPN cells, designated
R37-RAN/as-OPN, invasion increased 3.2 fold compared to R37/as-OPN cells (p=0.04). In contrast, transfection of R37
with expression vector for Mut. RAN had little effect on invasion in R37 cells compared to WT.RAN (Fig.5A). When RAN
was overexpressed with as-OPN in R37-OPN cells, designated R37-OPN-RAN/as-OPN, cell invasion significantly in-
creased by 1.5 fold when compared to R37-OPN/as-OPN cells, overcoming the inhibitory effect of as-OPN (Fig. 3E).

Example 7

Effect of Permanent Transfection of RAN on Metastasis in Vivo.

[0129] Transfection of Rama 37 cells with RAN construct, RAN-as-OPN construct, OPN pBKCMV/siRNA RAN or
pBKCMV vector alone yielded 1-to 5-mm diameter colonies of cells that were visible after 10 days. Colonies of R37-
OPN, R37-OPN/siRNA RAN, R37-RAN, R37-RAN/as-OPN transfectants were first picked, and then the remaining col-
onies were pooled. The pooled and individual cell colonies continued to grow in selective medium for up to 12 passages,
whereas all of the parental untransfected Rama 37 cells died within 4 days in this medium. Injection of each pool of the
above transfectants into 20 female rats induced tumors in 14/17 (64%), 0/20 (0%), 10/20 (50%), and 10/19 (53%) animals,
respectively of the tumor-bearing animals (Fisher exact test AvB, P = 0.00003; AvC, P =1; AvD, P = 0.0005; AvE,
P=0.0004; BvC, P=0.00001; DvE, P=1; Table 2).

[0130] The majority of the metastases occurred in the lungs, with a few metastases in the lymph nodes, but no

Table 2. Comparison of the incidence of metastasis produced by permanently transfected cell lines.

Transformants Tumor incidencea (100%) Incidence of Metastasisb (100%)

R37-pBK-CMV 18/20 (90%) 0/18 (0%)

R37-OPN 17/20 (85%) 11/17c (65%)
R37-OPN/siRNA-RAN 20/20 (100%) 0/20 (0%)
R37-RAN 20/20 (100%) 10/20c (50%)
R37-RAN/as-OPN 19/20 (95%) 10/19c (53%)

a Number of tumors/number of animals injected.
b Number of animals with metastases/number of animals with primary tumors.
c R37-OPN, R37-RAN, R37-RAN/as-OPN were highly significantly different from R37-pBK-CMV,
R37-OPN/siRNA-RAN (Fisher’s Exact test), (p≤0.00003), whereas there was no significant difference
between R37-pBK-CMV and R37-OPN/siRNA-RAN (p=1) and between R37-OPN and R37-RAN
and R37-RAN/as-OPN (p≥0.51).
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metastatic deposits were observed in other organs. The histological appearance of primary tumors from all of the four
groups were similar, primarily consisting of spindle cells admixed with more cuboidal, epithelial-like cells.

Example 8

Establishing the Active Oligonucleotide Sequence in RAN siRNA mixture

[0131] The siRNA-RAN consisted of a mixture of three different oligonucleotide sequences. When each of the three
oligos were analyzed by Western blot for RAN protein expression they showed 1.6, 2.6 and 9.6 fold reduction in RAN
protein expression compared to R37-OPN cells for oligos 1 (SEQ ID NO: 5), 2 (SEQ ID NO: 6) and 3 (SEQ ID NO: 7)
respectively, with oligo 3 having the greatest effect (Fig. 4A, lanes 2-4). Combinations of oligos 1, 2, oligos 2, 3 and
oligos 1, 3 showed 33.4, 9.5 and 21.8 fold reduction in protein expression, respectively (Fig. 4A, lanes 5-7). Each
oligonucleotide was tested separately to assess it effect on cell adhesion. R37-OPN cells were stably transfected with
each one separately or in combination, designated R37-OPN-oligo 1; R37-OPN-oligo 2; R37-OPN-oligo 3; R37-OPN-
oligo 1; 2, R37-OPN-oligo 2, 3; R37-OPN-oligo 1, 3. R37-OPN-oligo 1 decreased cell adhesion 1.5 fold, R37-OPN-oligo
2 by 1.4 fold and R37-OPN-oligo 3 by 2.5 fold. All three oligo’s were able to decrease cell adhesion significantly with
oligo 3 having.the greatest effect (p=0.01, p=0.02 and p<0.005, respectively). R37-OPN-oligo 1, 2, R37-OPN-oligo 2, 3
and R37-OPN-oligo 1, 3 cells showed a significant decrease in cell adhesion by 2.6, 2.1 and 14.3 fold respectively,
compared to R37-OPN cells (p=0.002, p=0.001 and p<0.005, respectively). The combination of oligo1, 3 showed a
reduction in adhesion to the same level as transfection with the combined siRNA-RAN construct (p<0.005) (Fig 4B).
[0132] Each oligonucleotide was also tested separately and in combination for its ability to cause a decrease in colony
formation in R37-OPN cells. R37-OPN-oligo 1 and R37-OPN-oligo 2 cells caused a significant decrease in colony
formation (2.3 and 2.0 fold decrease, p<0.005, respectively). All combinations of oligonucleotides caused a significant
reduction in colony formation. R37-OPN-oligo1, 2 cells showed a 2.0 fold reduction, R37-OPN-oligo 2, 3 a 4.0 fold
reduction which R37-OPN-oligo1, 3 cells showed the greatest reduction in colony formation by 23 fold (p<0.005) (Fig.
4C). These results suggest that the capacity of the above oligonucleotides to inhibit RAN mediated cell adhesion and
colony formation is related to their capacity to inhibit RAN expression.

Example 9

Mechanistic effect of RAN on invasion in vitro

[0133] To test whether the invasive phenotype induced by RAN was mediated through its specific binding proteins
and/or through its GTPase activity (41,44), both activities were inhibited separately in R37-RAN cells. In R37-RAN cells
in which the binding protein for RAN RANBP1 was inhibited by transfection with siRNA-RANBP1, the level of RAN protein
itself was relatively unaffected (1.0+S.D. level compared to untransfeced R37-RAN), whereas that of the RANBP1 was
reduced by 8+S.D.-fold in the R37-RAN/siRNA-RANBP1 cells (data not shown). A double mutant in the GTP binding
pocket of RAN was also constructed, Mut.RAN (Materials and Methods) which, when expressed in a reticulocyte cell-
free protein-synthesising system produced a lower 6-8 fold rate of GTP hydrolysis over the wild type (Wt.) RAN, its
activity being barely detectable above that in unprogrammed cell lysates (Table 3).

[0134] Reaction kinetics for Wt. and Mut.RAN were assayed by measuring the inorganic phosphate released upon
GTP hydrolysis. The inorganic phosphate (Pi) values were obtained from standard curves and are averages of three
independent determinations.
[0135] The R37-RAN/siRNA-RANBP1 and the R37-Mut.RAN cells produced reductions of 68% and 82%, respectively,
in the level of invasion, in comparision with the R37-RAN cells (Fig. 5A). To test whether RAN/RANBP1 signaled increased
invasion through the c-Met receptor and activation of Akt (44), levels of phosphorylation of both these proteins were
measured in R37-RAN and R37-OPN cells using either a combination of antiphosphotyrosine, anti-c-Met antibodies or
a specific antibody to phosphoserine 473 of Akt (Materials and Methods). Both phosphoproteins of 145 kDa and 65kDa
corresponding to c-Met B- subunit and Akt were present at much higher levels in the R37-OPN (c-Met 3.660.2 fold, Akt

Table 3. Phosphate released by lysates containing Wt. and Mut.RAN GTPase

30 min. 60 min.

Unprogrammed 1 1
WT.RAN 2062 3063.5

Mut.RAN 2.560.5 561.5
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21.160.5 fold) and R37-RAN (c-Met 10.460.8 fold, Akt 22.560.7 fold) cells than in the untransfected Rama 37 cells (c-
Met = 1 fold, Akt = 1 fold) or vector alone transfected Rama 37 cells (c-Met 1.660.1 Fold, Akt 2.260.4 fold) when
normalized to total protein and to B-actin, respectively (Fig. 5B, C). R37-Mut.RAN cells contained a undetectable level
of phosphorylated Akt, similar to that in parental Rama 37 cells (= 1 fold) (Fig. 5D). Inhibition of PI3 kinase (P13K) by
exposure of the R37-RAN and R37-OPN cells to 50 mM LY294002 (38) completely abolished detectable levels of
phosphorylated Akt (Fig. 5C) and reduced invasion of R37-RAN cells by 71% to a level similar to that seen in the R37-
Wt.RAN/siRNA-RANBP1 cells (Fig. 5A).

Example 10

Effect of RAN mutation on GTPase activity

[0136] Reticuloyte protein-synthesising lysates were primed with expression vectors for Wt. RAN and a double mutant
in the GTP binding pocket, Mut. RAN. The Wt. and Mut. RAN GTPase activity was determined by using the malachite
green-phosphomolybdate colorimetric assay (Innova Biosciences, UK) (41) that measures inorganic phosphate released
upon GTP hydrolysis. GTP hydrolysis was measured for 30 and 60 min periods. The double Mut. RAN was 6-8 times
less than that of the Wt.RAN (Table 3).
[0137] Benign R37 rat mammary cell line stably transfected with an expression vector for OPN, termed R37-OPN cells
increased OPN expression by 10 fold in excess of that in parental R37 cells. Increased expression of this magnitude is
sufficient to induce the invasive phenotype in vitro (1), enhance cellular migration through Matrigel (24) and induce
metastasis in syngeneic rats in vivo in this R37 system (4). In the present study, OPN cDNA overexpression in R37-
OPN cells is associated with enhanced cellular adhesion to laminin-coated surfaces, enhanced anchorage-independent
growth in soft agar and enhanced cellular invasion through Matrigel. R37 cells thus provide a robust system for the study
of OPN-induced changes in the parental R37 cells that leads to the invasive phenotype in vitro and, by analogy, to the
metastatic state in vivo (4). The inventors have identified the G protein RAN as a potential downstream effector of the
OPN-induced signalling network that can lead to invasion and ultimately metastasis. Further, the inventors have identified
differentially expressed genes whose proteins can interact with and possess some function of RAN, these include p27
and RAG -1, MDM 2, RAN binding protein 5, adenovirus EIA oncoprotein, RAN promoter activated protein Spl, HLA-A,
and androgen receptor associated protein 24.
[0138] When siRNA-RAN was transfected into the R37-OPN cells, it was determined to inhibit the production of OPN,
whilst transfection of the expression vector for as-OPN into RAN expressing R37 cells failed to inhibit the expression of
RAN. Moreover, when an expression vector for RAN was transfected into R37 cells independently of OPN, it also had
the ability to transform their phenotype in the same manner as that of the expression vector for OPN by inducing increased
cell adhesion to laminin-coated surfaces, increased anchorage-independent cell growth and increased cell invasion
through Matrigel, properties identified with the malignant state in vitro and associated with increased metastasis in vivo.
Permanent transfection of Rama 37 and R37-as-OPN cells with the RAN cDNA in its expression vector causes elevated
level of RAN proteins and confers the ability to metastatsize in syngeneic rats. Since the relatively non-invasive MCF-
7 and ZR-75 express low levels of both OPN and RAN and both levels are increased in the invasive breast cancer cell
lines MDA MB 435S and MDA MB 231, this suggests that their levels are coordinately regulated.
[0139] The inventors have determined that stable transfection of non-invasive R37 cells with an expression vector for
RAN induces the invasive/metastatic phenotype in culture characterized by increased cell adhesion, anchorage inde-
pendent growth and invasion through Matrigel and in vivo by metastasis in syngeneic rats. Conversely, stable transfection
of invasive R37-OPN cells with RAN siRNA downregulates RAN expression and inhibits the invasive/metastatic pheno-
type. Further, stable transfection of R37 cells with Mut.RAN significantly inhibits invasion.
[0140] The inventors results show that RAN can trigger the cells to metastatsize in vivo independently of OPN and it
is the key OPN intermediate molecule. Thus expression of RAN alone is able to convert R37 cells to a malignant,
metastatic phenotype in vitro and in vivo. The fact that expression of three siRNA oligonucleotides targeted against RAN
inhibits the three properties associated with the malignant, metastatic state in R37-OPN cells, and that overexpression
of RAN in OPN-silenced R37-OPN cells recreates the malignant, metastatic state are consistent with RAN being a
downstream effector of the same malignant, metastatic state induced by OPN. This conclusion is confirmed by the similar
incremental decreases in expression of RAN protein (Fig. 4A) and in cell adhesion (Fig. 4B) and anchorage-independent
growth (Fig. 4C) when the R37-OPN cells are transfected singly or in binary combinations with the three siRNA oligo-
nucleotides targeted against RAN. Moreover, the expression of RAN in OPN-silenced R37-OPN cells fully restore their
invasive potential in vitro and in vivo, respectively (Fig. 3E, table 2) suggests that RAN alone and also play an important
role in OPN’s induction of invasion in the R37 cell system.
[0141] In addition, it has been determined that overexpression of RAN in R37 cells increased both MET receptor and
Akt phosphorylation and treatment of R37-RAN cells with a phosphoinositol 3 kinase (P13K) inhibiter LY 294002, com-
pletely abolished Akt phosphorylation and reduced cell invasion.
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[0142] The inventors have further determined that an inhibiter of RAN mediated invasion by R37 cells is phosphoinositol
3 kinase (P13K) inhibiter LY 294002. The inventors have also determined that treatment of R37-RAN cells with LY
294002 inhibits Akt phosphorlyation.
[0143] Various modifications may be made to the invention herein described without departing from the scope thereof.
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<210> 5
<211> 25
<212> DNA
<213> Artificial

<220>
<223> siRNA

<400> 5
aaaaacgacc ttcgtgaaac gtcat 25

<210> 6
<211> 22
<212> DNA
<213> Artificial

<220>
<223> siRNA

<400> 6
aagcccagtg tgccatcata at 22

<210> 7
<211> 21
<212> DNA
<213> Artificial

<220>
<223> siRNA

<400> 7
aagtatgtag ccaccttggg t 21
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<211> 19
<212> DNA
<213> Artificial

<220>
<223> siRNA

<400> 8
tacagacgag tccaaccat 19

<210> 9
<211> 19
<212> DNA
<213> Artificial

<220>
<223> siRNA

<400> 9
ccactacatc acgccgatg 19

<210> 10
<211> 19
<212> DNA
<213> Artificial

<220>
<223> siRNA

<400> 10
ggacactcat gaggaccat 19

<210> 11
<211> 35
<212> DNA
<213> Artificial

<220>
<223> oligonucleotide

<400> 11
aacttgtatt ggttggtgat gttggtactg gaaaa 35

<210> 12
<211> 35
<212> DNA
<213> Artificial

<220>
<223> oligonudeotide

<400> 12
ttttccagta ccaacatcac caaccaatac aagtt 35

<210> 13
<211> 36
<212> DNA
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<213> Artificial

<220>
<223> oligonucleotide

<400> 13
gggacacagc cggcctggag aaattcggtg gactga 36

<210> 14
<211> 36
<212> DNA
<213> Artificial

<220>
<223> oligonucleotide

<400> 14
tcagtccacc gaatttctcc aggccggctg tgtccc 36

<210> 15
<211> 17
<212> DNA
<213> Artificial

<220>
<223> oligonucleotide

<400> 15
gatcgcggac gggttgt 17

<210> 16
<211> 18
<212> DNA
<213> Artificial

<220>
<223> oligonucleotide

<400> 16
ttcagcggag gcatttcc 18

<210> 17
<211> 22
<212> DNA
<213> Artificial

<220>
<223> oligonucleotide

<400> 17
gctgctgcct accctagtct ca 22

<210> 18
<211> 21
<212> DNA
<213> Artificial

<220>



EP 2 082 225 B1

33

5

10

15

20

25

30

35

40

45

50

55

<223> oligonucleotide

<400> 18
gctgctcgtg tctggaattg t 21

<210> 19
<211> 26
<212> DNA
<213> Artificial

<220>
<223> oligonucleotide

<400> 19
cagggtagtt tagttgaggt tgacag 26

<210> 20
<211> 25
<212> DNA
<213> Artificial

<220>
<223> oligonucleotide

<400> 20
ctatactggt ggtcagtgcc aaagt 25

<210> 21
<211> 18
<212> DNA
<213> Artificial

<220>
<223> oligonucleotide

<400> 21
tactggaaaa acgacctt 18

<210> 22
<211> 18
<212> DNA
<213> Artificial

<220>
<223> oligonucleotide

<400> 22
tcccatacat tgaactta 18

<210> 23
<211> 20
<212> DNA
<213> Artificial

<220>
<223> oligonucleotide

<400> 23
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gtaacccgtt gaaccccatt 20

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

<220>
<223> oligonucleotide

<400> 24
ccatccaatc ggtagtagcg 20

<210> 25
<211> 18
<212> DNA
<213> Artificial

<220>
<223> oligonucleotide

<400> 25
atggctgcgc agggagag 18

<210> 26
<211> 18
<212> DNA
<213> Artificial

<220>
<223> oligonucleotide

<400> 26
ggggcgagag caggcatg 18

Claims

1. A method for identifying a modulating agent of glycophosphoprotein osteopontin (OPN)-mediated cell malignant
transformation wherein there is enhanced malignant cell attachment and migration and contribution to anchorage-
independent growth of tumour cells, said method comprising the steps of:

- providing an assay comprising at least one member selected from the group comprising RAN, RAN Binding
Protein 1, an active fragment of a RAN polypeptide, an active fragment of a RAN Binding Protein 1 polypeptide,
a nucleic acid sequence encoding RAN, a nucleic acid sequence encoding RAN Binding Protein 1, a nucleic
acid sequence encoding an active fragment of RAN, and a nucleic acid sequence encoding an active fragment
of RAN Binding Protein 1,
- contacting a modulating agent candidate with said assay under suitable conditions; and
- detecting a variation in the activity of the assay by comparing the assay’s activity without said candidate with
the assay’s activity in the presence of said candidate.

2. A method of determining whether a tumour cell has invasive and / or metastatic potential comprising the steps:

determining the level of a marker in a tumour cell from a sample, wherein the marker is at least one member
of the group comprising RAN, RAN Binding Protein 1, an active fragment of a RAN polypeptide, an active
fragment of a RAN Binding Protein 1 polypeptide, a nucleic acid sequence encoding RAN, a nucleic acid
sequence encoding RAN Binding Protein 1, a nucleic acid sequence encoding an active  fragment of RAN, and
a nucleic acid sequence encoding an active fragment of RAN Binding Protein 1, and
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comparing the level of the marker detected with the level determined for the marker in a non-invasive and / or
non-metastatic tumour cell,
wherein an increase in the level of the marker in the tumour cell from the sample is indicative that the tumour
cell has invasive and / or metastatic potential.

3. An in vitro method for monitoring a tumour to determine the invasive and / or metastatic potential of said tumour,
the method comprising the steps of:

a) detecting in the tumour cell at a first time point, the level of a marker, wherein the marker is at least one
member of the group comprising RAN, RAN Binding Protein 1, an active fragment of a RAN polypeptide, an
active fragment of a RAN Binding Protein 1 polypeptide, a nucleic acid sequence encoding RAN, a nucleic acid
sequence encoding RAN Binding Protein 1, a nucleic acid sequence encoding an active fragment of RAN, and
a nucleic acid sequence encoding an active fragment of RAN Binding Protein 1,
b) repeating step a) at a subsequent point in time; and
c) comparing the level of a marker in steps a) and b) wherein an increase in the level of marker from a first time
point to a subsequent time point is indicative that the tumour cell is gaining invasive and / or metastatic potential.

4. A method for the identification of an agent which inhibits invasion and / or metastasis by a tumour cell in a sample,
the method comprising the steps:

providing at least first and second aliquots, wherein each aliquot comprises at least one tumour cell, from a
sample;
exposing a first aliquot of the sample to a first test agent;
exposing a second aliquot of the sample to a second test agent;
optionally, exposing a further aliquot of the sample to a further respective test agent;
determining the level of a marker from a tumour cell of each aliquot, wherein the marker is at least one member
of the group comprising RAN, RAN Binding Protein 1, an active fragment of a RAN polypeptide, an active
fragment of a RAN Binding Protein 1 polypeptide, a nucleic acid sequence encoding RAN, a nucleic acid
sequence encoding RAN Binding Protein 1, a nucleic acid sequence encoding an active fragment of RAN, and
a nucleic acid sequence encoding an active fragment of RAN Binding Protein 1;
comparing the level of the marker detected in each of the aliquots; and
identifying the agent which provides for a lower level of marker in an aliquot with that agent relative to the other
agents.

5. A method for the identification of an agent which can cause invasion and / or metastasis by a tumour cell, the method
comprising the steps:

providing at least first and second aliquots, wherein each aliquot comprises at least one tumour cell, from the
sample;
exposing a first aliquot of the sample to a first test agent;
determining the level of a marker from a tumour cell of each aliquot, wherein the marker is at least one member
of the group comprising RAN, RAN Binding Protein 1, an active fragment of a RAN polypeptide, an active
fragment of a RAN Binding Protein 1 polypeptide, a nucleic acid sequence encoding RAN, a nucleic acid
sequence encoding RAN Binding Protein 1, a nucleic acid sequence encoding an active fragment of RAN, and
a nucleic acid sequence encoding an active fragment of RAN Binding Protein 1, and
comparing the level of the marker detected in each of the aliquots,
wherein an increased level of the marker in the aliquot exposed to the agent, relative to the aliquot not exposed
to the agent is indicative that the agent has invasive and metastatic potential.

6. The methods as claimed in any one of claims 2 to 5 wherein the level of the marker is determined by detecting a
transcribed polynucleotide or portion thereof which encodes RAN or RAN Binding Protein 1.

7. The method as claimed in any one of claims 2 to 5 wherein the level of the marker is determined by detecting the
binding of an antibody, antibody derivative or an antibody fragment with binding specificity to a polypeptide of RAN,
a polypeptide of RAN Binding Protein 1, an active fragment of RAN or an active fragment of RAN Binding Protein 1.

8. Use of a kit comprising a reagent selected from:
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a) an antibody, antibody derivative or antibody fragment with binding specificity to RAN, RAN Binding Protein
1, an active fragment of RAN or an active fragment of RAN Binding Protein 1, or
b) a nucleic acid probe capable of hybridising to a nucleic acid which encodes RAN, RAN Binding Protein 1 or
an active fragment of RAN, or an active fragment of RAN Binding Protein 1,

in the in vitro diagnosis of whether a tumour cell is invasive or metastatic wherein the level of at least one member
of the group comprising RAN, RAN Binding Protein 1, an active fragment of a RAN polypeptide, an active fragment
of a RAN Binding Protein 1 polypeptide, a nucleic acid sequence encoding RAN, a nucleic acid sequence encoding
RAN Binding Protein 1, a nucleic acid sequence encoding an active fragment of RAN, and a nucleic acid sequence
encoding an active fragment of RAN Binding Protein 1 is assessed.

9. A nucleic acid which is capable of binding, under stringent conditions, to a polynucleotide which encodes RAN (SEQ
ID NO 1) or to a polynucleotide which encodes RAN Binding Protein 1 (SEQ ID NO 3) or a fragment of said
polynucleotide which encodes an active fragment of RAN or encodes an active fragment of RAN Binding Protein 1
for use in the treatment of metastatic and / or invasive cancer.

10. A nucleic acid for use in the treatment of metastatic and/or invasive cancer as claimed in claim 9 wherein said nucleic
acid is selected from SEQ ID NO: 5, SEQ ID NO 6, SEQ ID NO 7, SEQ ID NO: 8, SEQ ID NO 9, or SEQ ID NO 10.

11. A nucleic acid for use in the treatment of metastatic and / or invasive cancer according to claim 9 or claim 10,
characterized in that said cancer is breast cancer.

12. A kit comprising a reagent selected from:

a) an antibody, antibody derivative or antibody fragment with binding specificity to RAN, RAN Binding Protein
1, or an active fragment of RAN or an active fragment of RAN Binding Protein 1, or
b) a nucleic acid probe capable of hybridising to a nucleic acid which encodes RAN, RAN Binding Protein 1 or
an active fragment of RAN or RAN Binding Protein 1,

for use in a method of diagnosis in vivo of whether a tumour cell is invasive or metastatic.

Patentansprüche

1. Ein Verfahren zum Identifizieren eines Modulierungswirkstoffs für durch das Glykophosphoprotein Osteopontin
(OPN) vermittelte maligne Zelltransformation, wobei es eine gesteigerte Anhaftung und Migration maligner Zellen
und einen Beitrag zum verankerungsunabhängigen Wachstum von Tumorzellen gibt, wobei das Verfahren die
folgenden Schritte beinhaltet:

- Bereitstellen eines Assays, der mindestens ein Element beinhaltet, das aus der Gruppe ausgewählt ist, die
RAN, RAN-Bindungsprotein 1, ein aktives Fragment eines RAN-Polypeptids, ein aktives Fragment eines RAN-
Bindungsprotein-1-Polypeptids, eine RAN codierende Nukleinsäuresequenz, eine RAN-Bindungsprotein 1 co-
dierende Nukleinsäuresequenz, eine ein aktives Fragment von RAN codierende Nukleinsäuresequenz und eine
ein aktives Fragment von RAN-Bindungsprotein 1 codierende Nukleinsäuresequenz beinhaltet,
- In-Kontakt-Bringen eines Modulierungswirkstoffkandidaten mit dem Assay unter geeigneten Bedingungen; und
- Erfassen einer Abweichung bei der Aktivität des Assays durch Vergleichen der Assay-Aktivität ohne den
Kandidaten mit der Assay-Aktivität in Gegenwart des Kandidaten.

2. Ein Verfahren zum Bestimmen, ob eine Tumorzelle invasives und/oder metastatisches Potential aufweist, das die
folgenden Schritte beinhaltet:

Bestimmen des Niveaus eines Markers in einer Tumorzelle aus einer Probe, wobei der Marker mindestens ein
Element der Gruppe ist, die RAN, RAN-Bindungsprotein 1, ein aktives Fragment eines RAN-Polypeptids, ein
aktives Fragment eines RAN-Bindungsprotein-1-Polypeptids, eine RAN codierende Nukleinsäuresequenz, eine
RAN-Bindungsprotein 1 codierende Nukleinsäuresequenz, eine ein aktives Fragment von RAN codierende
Nukleinsäuresequenz und eine ein aktives Fragment von RAN-Bindungsprotein 1 codierende Nukleinsäurese-
quenz beinhaltet, und Vergleichen des Niveaus des erfassten Markers mit dem für den Marker in einer nicht
invasiven und/oder nicht metastatischen Tumorzelle bestimmten Niveau, wobei ein Anstieg des Niveaus des
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Markers in der Tumorzelle aus der Probe anzeigt, dass die Tumorzelle invasives und/oder metastatisches
Potential aufweist.

3. Ein In-vitro-Verfahren zum Überwachen eines Tumors, um das invasive und/oder metastatische Potential des Tu-
mors zu bestimmen, wobei das Verfahren die folgenden Schritte beinhaltet:

a) Erfassen des Niveaus eines Markers in der Tumorzelle zu einem ersten Zeitpunkt, wobei der Marker min-
destens ein Element der Gruppe ist, die RAN, RAN-Bindungsprotein 1, ein aktives Fragment eines RAN-Poly-
peptids, ein aktives Fragment eines RAN-Bindungsprotein-1-Polypeptids, eine RAN codierende Nukleinsäure-
sequenz, eine RAN-Bindungsprotein 1 codierende Nukleinsäuresequenz, eine ein aktives Fragment von RAN
codierende Nukleinsäuresequenz und eine ein aktives Fragment von RAN-Bindungsprotein 1 codierende Nu-
kleinsäuresequenz beinhaltet,
b) Wiederholen von Schritt a) zu einem nachfolgenden Zeitpunkt; und
c) Vergleichen des Niveaus eines Markers in den Schritten a) und b), wobei ein Anstieg des Niveaus des Markers
von einem ersten Zeitpunkt zu einem nachfolgenden Zeitpunkt anzeigt, dass das invasive und/oder metastati-
sche Potential der Tumorzelle zunimmt.

4. Ein Verfahren für die Identifizierung eines Wirkstoffs, der die Invasion und/oder Metastasierung durch eine Tumor-
zelle in einer Probe inhibiert, wobei das Verfahren die folgenden Schritte beinhaltet:

Bereitstellen mindestens eines ersten und eines zweiten Aliquots, wobei jedes Aliquot mindestens eine Tumor-
zelle beinhaltet, aus einer Probe;
Aussetzen eines ersten Aliquots der Probe gegenüber einem ersten Testwirkstoff; Aussetzen eines zweiten
Aliquots der Probe gegenüber einem zweiten Testwirkstoff; wahlweise Aussetzen eines weiteren Aliquots der
Probe gegenüber einem weiteren jeweiligen Testwirkstoff;
Bestimmen des Niveaus eines Markers aus einer Tumorzelle jedes Aliquots, wobei der Marker mindestens ein
Element der Gruppe ist, die RAN, RAN-Bindungsprotein 1, ein aktives Fragment eines RAN-Polypeptids, ein
aktives Fragment eines RAN-Bindungsprotein-1-Polypeptids, eine RAN codierende Nukleinsäuresequenz, eine
RAN-Bindungsprotein 1 codierende Nukleinsäuresequenz, eine ein aktives Fragment von RAN codierende
Nukleinsäuresequenz und eine ein aktives Fragment von RAN-Bindungsprotein 1 codierende Nukleinsäurese-
quenz beinhaltet, Vergleichen des Niveaus des in jedem der Aliquots erfassten Markers; und
Identifizieren des Wirkstoffs, der relativ zu den anderen Wirkstoffen in einem Aliquot mit diesem Wirkstoff für
ein niedrigeres Niveau des Markers sorgt.

5. Ein Verfahren für die Identifizierung eines Wirkstoffs, der die Invasion und/oder Metastasierung durch eine Tumor-
zelle bewirken kann, wobei das Verfahren die folgenden Schritte beinhaltet:

Bereitstellen mindestens eines ersten und eines zweiten Aliquots, wobei jedes Aliquot mindestens eine Tumor-
zelle beinhaltet, aus der Probe;
Aussetzen eines ersten Aliquots der Probe gegenüber einem ersten Testwirkstoff;
Bestimmen des Niveaus eines Markers aus einer Tumorzelle jedes Aliquots, wobei der Marker mindestens ein
Element der Gruppe ist, die RAN, RAN-Bindungsprotein 1, ein aktives Fragment eines RAN-Polypeptids, ein
aktives Fragment eines RAN-Bindungsprotein-1-Polypeptids, eine RAN codierende Nukleinsäuresequenz, eine
RAN-Bindungsprotein 1 codierende Nukleinsäuresequenz, eine ein aktives Fragment von RAN codierende
Nukleinsäuresequenz und eine ein aktives Fragment von RAN-Bindungsprotein 1 codierende Nukleinsäurese-
quenz beinhaltet, und
Vergleichen des Niveaus des in jedem der Aliquots erfassten Markers, wobei ein angestiegenes Niveau des
Markers in dem dem Wirkstoff ausgesetzten Aliquot relativ zu dem Aliquot, das dem Wirkstoff nicht ausgesetzt
ist, anzeigt, dass der Wirkstoff invasives und metastatisches Potential aufweist.

6. Verfahren gemäß einem der Ansprüche 2 bis 5, wobei das Niveau des Markers bestimmt wird, indem ein transkri-
biertes Polynukleotid oder ein Teil davon, das RAN oder RAN-Bindungsprotein 1 codiert, erfasst wird.

7. Verfahren gemäß einem der Ansprüche 2 bis 5, wobei das Niveau des Markers bestimmt wird, indem die Bindung
eines Antikörpers, Antikörperderivats oder eines Antikörperfragments mit Bindungsspezifität für ein RAN-Polypeptid,
ein RAN-Bindungsprotein-1-Polypeptid, ein aktives Fragment von RAN oder ein aktives Fragment von RAN-Bin-
dungsprotein 1 erfasst wird.
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8. Verwendung eines Kits, das ein Reagens beinhaltet, das aus Folgendem ausgewählt ist:

a) einem Antikörper, Antikörperderivat oder Antikörperfragment mit Bindungsspezifität für RAN, RAN-Bindungs-
protein 1, ein aktives Fragment von RAN oder ein aktives Fragment von RAN-Bindungsprotein 1, oder
b) einer Nukleinsäuresonde, die in der Lage ist, mit einer Nukleinsäure zu hybridisieren, welche RAN, RAN-
Bindungsprotein 1 oder ein aktives Fragment von RAN oder ein aktives Fragment von RAN-Bindungsprotein
1 codiert,

bei der In-vitro-Diagnose, ob eine Tumorzelle invasiv oder metastatisch ist, wobei das Niveau mindestens eines
Elements der Gruppe, die RAN, RAN-Bindungsprotein 1, ein aktives Fragment eines RAN-Polypeptids, ein aktives
Fragment eines RAN-Bindungsprotein-1-Polypeptids, eine RAN codierende Nukleinsäuresequenz, eine RAN-Bin-
dungsprotein 1 codierende Nukleinsäuresequenz, eine ein aktives Fragment von RAN codierende Nukleinsäure-
sequenz und eine ein aktives Fragment von RAN-Bindungsprotein 1 codierende Nukleinsäuresequenz beinhaltet,
festgestellt wird.

9. Eine Nukleinsäure, die in der Lage ist, unter strengen Bedingungen an ein Polynukleotid zu binden, das RAN (SEQ
ID NO: 1) codiert, oder an ein Polynukleotid, das RAN-Bindungsprotein 1 (SEQ ID NO: 3) codiert, oder ein Fragment
des Polynukleotids, das ein aktives Fragment von RAN codiert oder ein aktives Fragment von RAN-Bindungsprotein
1 codiert, zur Verwendung bei der Behandlung von metastatischem und/oder invasivem Krebs.

10. Nukleinsäure zur Verwendung bei der Behandlung von metastatischem und/oder invasivem Krebs gemäß Anspruch
9, wobei die Nukleinsäure ausgewählt ist aus SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ
ID NO: 9 oder SEQ ID NO: 10.

11. Nukleinsäure zur Verwendung bei der Behandlung von metastatischem und/oder invasivem Krebs gemäß Anspruch
9 oder Anspruch 10, dadurch gekennzeichnet, dass der Krebs Brustkrebs ist.

12. Ein Kit, das ein Reagens beinhaltet, das aus Folgendem ausgewählt ist:

a) einem Antikörper, Antikörperderivat oder Antikörperfragment mit Bindungsspezifität für RAN, RAN-Bindungs-
protein 1 oder ein aktives Fragment von RAN oder ein aktives Fragment von RAN-Bindungsprotein 1, oder
b) einer Nukleinsäuresonde, die in der Lage ist, mit einer Nukleinsäure zu hybridisieren, welche RAN, RAN-
Bindungsprotein 1 oder ein aktives Fragment von RAN oder RAN-Bindungsprotein 1 codiert,

zur Verwendung in einem Verfahren zur In-vivo-Diagnose, ob eine Tumorzelle invasiv oder metastatisch ist.

Revendications

1. Une méthode pour identifier un agent de modulation de transformation maligne de cellules médiée par la glyco-
phosphoprotéine ostopontine dans laquelle il y a favorisation de la fixation et de la migration de cellules malignes
et contribution à la croissance indépendante de l’ancrage de cellules tumorales, ladite méthode comprenant les
étapes consistant à :

- fournir un prélèvement comprenant au moins un élément sélectionné dans le groupe comprenant RAN, une
protéine de liaison de RAN 1, un fragment actif d’un polypeptide de RAN, un fragment actif d’un polypeptide
de protéine de liaison de RAN 1, une séquence d’acide nucléique codant pour RAN, une séquence d’acide
nucléique codant pour une protéine de liaison de RAN 1, une séquence d’acide nucléique codant pour un
fragment actif de RAN, et une séquence d’acide nucléique codant pour un fragment actif de protéine de liaison
de RAN 1,
- mettre en contact un agent de modulation candidat avec ledit prélèvement dans des conditions adéquates ; et
- détecter une variation dans l’activité du prélèvement en comparant l’activité du prélèvement sans ledit candidat
avec l’activité du prélèvement en présence dudit candidat.

2. Une méthode pour déterminer si une cellule tumorale a un potentiel invasif et/ou métastatique comprenant les
étapes consistant à :

déterminer le niveau d’un marqueur dans une cellule tumorale provenant d’un échantillon, le marqueur étant



EP 2 082 225 B1

39

5

10

15

20

25

30

35

40

45

50

55

au moins un élément du groupe comprenant RAN, une protéine de liaison de RAN 1, un fragment actif d’un
polypeptide de RAN, un fragment actif d’un polypeptide de protéine de liaison de RAN 1, une séquence d’acide
nucléique codant pour RAN, une séquence d’acide nucléique codant pour une protéine de liaison de RAN 1,
une séquence d’acide nucléique codant pour un fragment actif de RAN, et
une séquence d’acide nucléique codant pour un fragment actif de protéine de liaison de RAN 1, et
comparer le niveau du marqueur détecté avec le niveau déterminé pour le marqueur dans une cellule tumorale
non invasive et/ou non métastatique,
dans laquelle une augmentation du niveau du marqueur dans la cellule tumorale provenant de l’échantillon
indique que la cellule tumorale a un potentiel invasif et/ou métastatique.

3. Une méthode in vitro pour surveiller une tumeur afin de déterminer le potentiel invasif  et/ou métastatique de ladite
tumeur, la méthode comprenant les étapes consistant à :

a) détecter dans la cellule tumorale, à un premier moment donné, le niveau d’un marqueur, le marqueur étant
au moins un élément du groupe comprenant RAN, une protéine de liaison de RAN 1, un fragment actif d’un
polypeptide de RAN, un fragment actif d’un polypeptide de protéine de liaison de RAN 1, une séquence d’acide
nucléique codant pour RAN, une séquence d’acide nucléique codant pour une protéine de liaison de RAN 1,
une séquence d’acide nucléique codant pour un fragment actif de RAN, et une séquence d’acide nucléique
codant pour un fragment actif de protéine de liaison de RAN 1,
b) répéter l’étape a) à un moment donné subséquent ; et
c) comparer le niveau d’un marqueur dans les étapes a) et b), une augmentation du niveau de marqueur d’un
premier moment donné à un moment donné subséquent indiquant que la cellule tumorale est en train d’accroître
son potentiel invasif et/ou métastatique.

4. Une méthode pour l’identification d’un agent qui inhibe l’invasion et/ou la métastase par une cellule tumorale dans
un échantillon, la méthode comprenant les étapes consistant à :

fournir au moins des première et deuxième aliquotes, chaque aliquote comprenant au moins une cellule tumorale,
à partir d’un échantillon ;
exposer une première aliquote de l’échantillon à un premier agent d’essai ;
exposer une deuxième aliquote de l’échantillon à un deuxième agent d’essai ;
facultativement, exposer une aliquote supplémentaire de l’échantillon à un agent d’essai respectif
supplémentaire ;
déterminer le niveau d’un marqueur provenant d’une cellule tumorale de chaque aliquote, le marqueur étant
au moins un élément du groupe comprenant RAN, une protéine de liaison de RAN 1, un fragment actif d’un
polypeptide de RAN, un fragment actif d’un polypeptide de protéine de liaison de RAN 1, une séquence d’acide
nucléique codant pour RAN, une séquence d’acide nucléique codant pour une protéine de liaison de RAN 1,
une séquence d’acide nucléique codant pour un fragment actif de RAN, et une séquence d’acide nucléique
codant pour un fragment actif de protéine de liaison de RAN 1 ;
comparer le niveau du marqueur détecté dans chacune des aliquotes ; et
identifier l’agent qui assure un niveau de marqueur inférieur dans une aliquote avec cet agent par rapport aux
autres agents.

5. Une méthode pour l’identification d’un agent qui peut causer l’invasion et/ou la métastase par une cellule tumorale,
la méthode comprenant les étapes consistant à :

fournir au moins des première et deuxième aliquotes, chaque aliquote comprenant au moins une cellule tumorale,
à partir de l’échantillon ;
exposer une première aliquote de l’échantillon à un premier agent d’essai ;
déterminer le niveau d’un marqueur provenant d’une cellule tumorale de chaque aliquote, le marqueur étant
au moins un élément du groupe comprenant RAN, une protéine de liaison de RAN 1, un fragment actif d’un
polypeptide de RAN, un fragment actif d’un polypeptide de protéine de liaison de RAN 1, une séquence d’acide
nucléique codant pour RAN, une séquence d’acide nucléique codant pour une protéine de liaison de RAN 1,
une séquence d’acide nucléique codant pour un fragment actif de RAN, et une séquence d’acide nucléique
codant pour un fragment actif de protéine de liaison de RAN 1, et
comparer le niveau du marqueur détecté dans chacune des aliquotes,
un niveau accru du marqueur dans l’aliquote exposée à l’agent, par rapport à l’aliquote non exposée à l’agent
indiquant que l’agent a un potentiel invasif et métastatique.
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6. Les méthodes telles que revendiquées dans l’une quelconque des revendications 2 à 5 dans lesquelles le niveau
du marqueur est déterminé en détectant un polynucléotide transcrit ou une portion de celui-ci qui code pour RAN
ou une protéine de liaison de RAN 1.

7. La méthode telle que revendiquée dans l’une quelconque des revendications 2 à 5 dans laquelle le niveau du
marqueur est déterminé en détectant la liaison d’un anticorps, d’un dérivé d’anticorps ou d’un fragment d’anticorps
ayant une spécificité de liaison à un polypeptide de RAN, un polypeptide de protéine de liaison de RAN 1, un
fragment actif de RAN ou un fragment actif de protéine de liaison de RAN 1.

8. Utilisation d’un kit comprenant un réactif sélectionné parmi :

a) un anticorps, un dérivé d’anticorps ou un fragment d’anticorps ayant une spécificité de liaison à RAN, une
protéine de liaison de RAN 1, un fragment actif de RAN ou un fragment actif de protéine de liaison de RAN 1, ou
b) une sonde d’acide nucléique capable de s’hybrider avec un acide nucléique qui code pour RAN, une protéine
de liaison de RAN 1 ou un fragment actif de RAN, ou un fragment actif de protéine de liaison de RAN 1,

dans le diagnostic in vitro pour établir si une cellule tumorale est invasive ou métastatique où le niveau d’au moins
un élément du groupe comprenant RAN, une protéine de liaison de RAN 1, un fragment actif d’un polypeptide de
RAN, un fragment actif d’un polypeptide de protéine de liaison de RAN 1, une séquence d’acide nucléique codant
pour RAN, une séquence d’acide nucléique codant pour une protéine de liaison  de RAN 1, une séquence d’acide
nucléique codant pour un fragment actif de RAN, et une séquence d’acide nucléique codant pour un fragment actif
de protéine de liaison de RAN 1 est évalué.

9. Un acide nucléique qui est capable de se lier, dans des conditions stringentes, à un polynucléotide qui code pour
RAN (SEQ ID NO 1) ou à un polynucléotide qui code pour une protéine de liaison de RAN 1 (SEQ ID NO 3) ou un
fragment dudit polynucléotide qui code pour un fragment actif de RAN ou code pour un fragment actif de protéine
de liaison de RAN 1 destiné à être utilisé dans le traitement d’un cancer métastatique et/ou invasif.

10. Un acide nucléique destiné à être utilisé dans le traitement d’un cancer métastatique et/ou invasif tel que revendiqué
dans la revendication 9, ledit acide nucléique étant sélectionné parmi SEQ ID NO : 5, SEQ ID NO 6, SEQ ID NO
7, SEQ ID NO : 8, SEQ ID NO 9, ou SEQ ID NO 10.

11. Un acide nucléique destiné à être utilisé dans le traitement d’un cancer métastatique et/ou invasif selon la reven-
dication 9 ou la revendication 10, caractérisé en ce que ledit cancer est le cancer du sein.

12. Un kit comprenant un réactif sélectionné parmi :

a) un anticorps, un dérivé d’anticorps ou un fragment d’anticorps ayant une spécificité de liaison à RAN, une
protéine de liaison de RAN 1 ou un fragment actif de RAN ou un fragment actif de protéine de liaison de RAN 1, ou
b) une sonde d’acide nucléique capable de s’hybrider avec un acide nucléique qui code pour RAN, une protéine
de liaison de RAN 1 ou un fragment actif de RAN ou de protéine de liaison de RAN 1,

destiné à être utilisé dans une méthode de diagnostic in vivo pour établir si une cellule tumorale est invasive ou
métastatique.
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