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kDa can be released Cleavage enhances receptor turnover and generates a partially
activated kinase (O'Bryan JP, et al (1995) J Biol Chem. 270 (2): 551-557). However,

the function of the cleaved domain is unknown.

Structural information relating to the human Axl gene and gene product is described in

WO 03/068983. The following patent publications also relate to Axl or other tyrosine
kinase .receptors: US 5,468,634; US 6,087,144; US 5,538, 861; US 5,968, 508; US
6,211,142; US 6,235,769; WO 99/49894;, WO 00/76309; WO 01/16181 and WO
01/32926. |

Axl is involved in the stimulation of cell proliferation. Specifically, Axl is a chronic
myelogenous leukemia-associated oncogene, that is also associated with colon cancer
and melanoma. It is in close vicinity to the bcl3 oncogene which is at 19q13.1-q13.2.
The Axl gene is evolutionarily conserved among vertebrate species, and is expressed

during development in the mesenchyme.

Upon interaction with the Gas6 ligand, Axl becomes autophosphorylated, and a
cascade of signal transduction events takes place. PI3K, AKT, src, Bad, 14-3-3, PLC,
ERK, S6K (mitogen-regulated kinase) and STAT are each known to be involved in this
cascade. Gas6 has a region rich with y-carboxyglutamic acid (GLA domain) that
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Axl is overexpressed in human glioma cells and can be used to predict poor prognosis
in patients with Glioblastoma Multiforme (GBM) (Vajkoczy P. et al, PNAS, April 11,
2006, vol 103, no. 15, 5799-5804; Hutterer M. et al, Clinical Cancer Res 2008; 14 1
Jan 1, 2008;). Axl is also relatively overexpressed in highly invasive lung cancer cell
lines compared to their minimally invasive counterparts (Shieh, Y-S et al, Neoplasia,
vol 7, no. 12, Dec 2005, 1058-1064). Axl is therefore believed to play an important role

in tumour invasion and progression.

Likewise, Axl is expressed in highly invasive breast cancer cells, but not in breast
cancer cells of low invasivity. More specifically, inhibition of Axl signalling (by
dominant-negative Axl mutant, an antibody against the extracellular domain of Axl, or
by short hairpin RNA knockdown of Axl) decreased the motility and invasivity of highly
invasive breast cancer cells. Small molecule Axl inhibitors interfered with motility and
invasivity of breast cancer cells. Thus, Axl is understood to be a critical element in the
signalling network that governs the motility/invasivity of breast cancer cells (Zhang, Y-X
et al, Cancer Res 2008; 68 (6), March 15, 2008).
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The present invention seeks to provide new diagnostic, prognostic and therapeutic
applications involving Axl. In particular, the invention seeks to provide methods for
detecting the occurrence of epithelial-to-mesenchymal transition (EMT), which have
therapeutic implications in the treatment of cancer, more specifically, metastatic and

drug resistant cancers.

STATEMENT OF INVENTION
A first aspect of the invention relates to the use of Axl as a biomarker for detecting the

occurrence of epithelial-to-mesenchymal transition (EMT) in a subject.

The present invention is based on the finding that Axl expression is correlated to the
occurrence of epithelial-to-mesenchymal transition (EMT). To our knowledge, the
present invention represents the first demonstration of such a correlation.
Advantageously, this finding opens up exciting new opportunities for providing
diagnostic, prognostic and therapeutic methods in the field of cancer, more particularly,

metastatic and drug resistant cancers.
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Advantageously, determining the expression of Axl provides a “permanent” marker for
detecting the occurrence of an EMT event, which in itself is transient in nature. Thus,
the detection of Axl expression provides a unique and permanent indication of whether

an EMT event has taken place.

Studies by the Applicant have shown that this is due to the fact that EMT-related
activation establishes an autocrine Axl-Gas6 signalling loop that is advantageous to

malignant cells. Axl may also be activated via paracrine mechanisms.

Detection of tumor cells that have undergone EMT is complicated by the fact that
current markers (eg. vimentin, N-Cadherin, lack of E-cadherin) are based on
mesenchymal cytoskeletal and junctional proteins that are present in normal stromal
cells. Distinguishing tumor cells from surrounding stroma cells is difficult. Axl
expression is more likely to be restricted to tumor cells in solid tumors providing a

distinguishing characteristic to malignant tumor cells.

Reversibility of EMT is important -for metastasis formation at distant sites. Axl

expression can be used to detect metastasis.
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A sixth aspect of the invention relates to a method for detecting the ability of an agent

to inhibit or reverse epithelial-to-mesenchymal transition (EMT), said method

comprising:

() administering the agent to a cell, group of cells, an animal model or human;

(ii) measuring Axl expression in samples derived from the treated and the

untreated cells, animal or human; and .
(iii) detecting an increase or a decrease in the expression or activity of Axl in the
treated sample as compared to the untreated sample as an indication of the

ability to inhibit or reverse epithelial-to-mesenchymal transition (EMT).

A seventh aspect of the invention relates to a method of monitoring the activity of an
Axl inhibitor, said method comprising detecting the occurrence of epithefial-to-

mesenchymal transition (EMT) by:
0] administering said Axl inhibitor to a cell, group of cells, an animal model or

human; and
(i) measuring Axl expression in samples derived from the treated and the

untreated cells, animal or human; and
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steps of: (i) contacting t’he agent with Axl receptor or cells expressing
the AxlI receptor; (ii) measuring the AxlI receptor activity in the presence
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epi t hel ,g al Atntﬂt"r‘rﬁgm ﬁ§/ |inygnijag irelates t?P Emthclad ¥or |der:tiPy|r$g grr\ aégr\\/tecra?)able of

inhibiting or reversing epithelial-to-mesenchymal transition (EMT) by screening a

plurality of agents, said method comprising the steps of:

(i) contacting the plurality of agents with the Axl receptor or cells expressing the
Axl receptor;

(i) measuring the Axl receptor activity in the presence of the plurality of agents;

(iii) comparing the activity measured in step (ii) to that measured under controlled
conditions, wherein a decrease identifies the plurality of agents as being
capable of inhibiting or reversing epithelial-to-mesenchymal transition (EMT);
and

(iv) separately determining which agent or agents present in the plurality inhibit or

reverse epithelial-to-mesenchymal transition (EMT).

A tenth aspect relates to the use of an agent identified according to the method of the

invention in the preparation of a medicament for the treatment of metastatic cancer.
An eleventh aspect relates to a pharmaceutical composition comprising an agent
identified according to the method of the invention admixed with a pharmaceutically

acceptable diluent, excipient or carrier.

A twelfth aspect relates to a process of preparing a composition which comprises:
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A sixteenth aspect of the invention relates to the use of an Axl inhibitor in the
preparation of a medicament for treating metastatic cancer by inhibiting or reversing

epithelial-to-mesenchymal transition (EMT).

A seventeeth aspect of the invention relates to a kit for assessing the ability of an
agent to inhibit or reverse epithelial-to-mesenchymal transition (EMT), said kit

comprising anti-Ax| antibodies, a nucleic acid probe for Axi or a QPCR primer for Axl.

An eighteenth aspect relates to the use of a kit as defined above in a method

according to the invention.

DETAILED DESCRIPTION

Metastasis underlies the majority of cancer-related deaths. Hence, furthering the
understanding of the molecular mechanisms that enable tumour cell dissemination is a
vital health issue. Epithelial-to-mesenchymal transitions (EMT) endow carcinoma cells
with enhanced migratory and survival attributes that facilitate malignant progression.
Characterization of EMT effectors is likely to yield new insights into metastasis and

novel avenues for treatment. The Applicant has shown that the presence of the
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with the unicellular invasive. cell motility associated with metastasis (Theirry, 2002
Weinberg, 2007).

As mentioned above, the present inventors have demonstrated that Axl is an essential
EMT-induced effector in the invasion-metastasis cascade. The results show that EMT
program activation leads to Axl upregulation that is essential for invasiveness and
spontaneous metastasis of malignant breast carcinoma cells. Axl expression
correlates strongly with breast cancer patient mortality from interval mammography-
detected tumors, suggesting a link between Axl activation and the development of

metastatic disease.

Axl was originally identified as a key regulator of invasive cell migration in a functional
genetic screen (Holland et al 2005). We demonstrate here that Axl expression in
malignant breast cancer cells is required for invasiveness in three-dimensional
matrices in response to different chemotactic inducers (serum, SDF-1). In contrast, we
observed little effect of Axl knockdown in plate-based 2D assays (proliferation, scratch)

or on cell adhesion. Ax! inhibition also inhibits glioma and lung carcinoma cell migration
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carcinoma cell line (MDA-231—DH2LN) into mammary glands and monitored spread by
in vivo optical imaging of luciferase bioluminescence. Temporal whole body optical
imaging revealed extensive MDA-231-DH2LN spread to lymph nodes, lungs, ovaries
and kidneys within 28 days of implantation in all control mice. Spontaneous lymph
node metastases were detected initially at 4 weeks in all animals. Organ metastases
were detected throughout the 9-week follow up. At sacrifice, excised organs were
scanned individually and shown to contain metastases, later confirmed by histology. In
contrast, no metastases were detected by bioluminescence or histology of organs from
mice bearing Ax! knockdown cells (MDA-231-DHLN-AxIshRNA). This strong inhibition

of spread from orthotopic mammary site shows that Axl is essential for metastasis.

Together, our results indicate that detection and targeted treatment of Axl-expressing
mammary tumors represents an important new strategy for breast cancer therapeutic

development.

Diagnostic Tool
One aspect of the invention relates to a diagnostic tool for detecting the occurrence of

epithelial-to-mesenchymal transition (EMT).
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proteins (ddihekal 1B (HHHE €088 THRPG) 2002)e TEMEMT program is initiated by contextual
activation of morphogen signaling pathways that induce the expression of
transcriptional regulators, including Twist, Snail, Slug and Zeb2, which alter the
expression of junctional complex proteins (Thiery and SLeeman 2006). The EMT
gene expression profile reflects the phenotypic shift, repression of E-cadherin and

cytokeratins with induction of vimentin and N-cadherin (Weinberg ef al 2007).

Another aspect of the invention relates to the use of Axl as a biomarker for detecting

and monitoring malignancy.

Another aspect of the invention relates to the use of Axl as a biomarker for detecting
tumour metastasis. Preferably, the tumour is a carcinoma, more preferably breast

cancer.

In one embodiment, the invention provides a diagnostic method for determining
whether a subject would be a suitable candidate to receive treatment with an Axl
inhibitor. For example, if Axl expression is shown to be upregulated, this can be used
as a guide to treatment options and performance, i.e. a prognostic in personalised

medicine applications, to select subjects that are likely to be susceptible to treatment
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expression in a sample derived from a cell or mammal is altered or modulated, for
example, up or down regulated, when epithelial-to-mesenchymal transition (EMT)
takes place. Where the biomarker is a protein, modulation or alteration of expression

encompasses modulation through different post translational modifications.

Post translational modifications are covalent processing events that change the
properties of a protein by proteolytic cleavage or by addition of a modifying group to
one or more amino acids. Common post translational modifications include
phosphorylation, acetylation, methylation, acylation, glycosylation, GPI anchor,
ubiquitination and so forth. A review of such modifications and methods for detection
may be found in Mann et al. Nature Biotechnology March 2003, Vol. 21, pages 255
261.

In one preferred embodiment, upregulation of Axl is indicative of the occurrence of

epithelial-to-mesenchymal transition (EMT).

Another aspect of the invention relateé to a method for detecting the occurrence of
epithelial-to-mesenchymal transition (EMT) in a sample, said method comprising the

steps of:
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measured using an anti-Axl antibody or affinity agent.
metastatic breast cancer.

Preferably, the expression of the Axl gene, or the level of Axl receptor polypeptide, is

measured using an anti-Axl antibody or affinity agent.

Diagnostic for new therapeutic agents

Another aspect of the invention relates to a diagnostic assay for identifying agents that
are capable of inhibiting or reversing epithelial-to-mesenchymal transition (EMT),
thereby having potential therapeutic applications in the treatment of proliferative

disorders such as cancer.

Thus, one aspect of the invention relates to the use of Axl or a gene encoding Axl in
monitoring the activity of an agent capable of inhibiting or reversing epithelial-to-

mesenchymal transition (EMT).

In one preferred embodiment, the presence of Axi is monitored after administration of
the agent capable of inhibiting or reversing epithelial-to-mesenchymal transition (EMT)

to a cell, group of cells, an animal model or human.
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to an unt r@atattdredcaxprassions ismpeant améC'leeWndeéW&F%QéiOH}?“”'?%@Jéﬂ eygh gr

transcri Pt dnPbr BdtEliors il BRahHIB bdived! ford 20feKEd (8P wheh raamanst [gamRNA

and translatiron o _ to produce the correspondi ng gene product
(i.e., a papteatd, codto)paipplede, or protein) as well as the "expression" of a
protein in one or nore forns that may have been nodified post translation.

Detection of altered exprnessi on i ncludin ene expr i on be rfornmed
by any oneThst tefriéexpsessiats reigisnie the tr?ﬂ%cr%fa?'?%%ﬂﬂ“gﬁﬁm &"Ef{/lr&ﬁit% P roo?fl?%y
anal ysi s, t\%%ﬁ&fb&'d%’%ﬁgmoén&f{ar%@%h% IfHilE GHFSA 30! prodase GRCEOrrebbadieg

expression may also be detected by anal ysi ng .protein content of. es
usipng met hgm@y@fgémpt éise.Empgp\'cidqpp_p?ly%eptide, %r pro?euﬁ)) as well as the eexpressno'ﬁ’agpé

protein in one or more forms that may have been modified post translation.

Detection of altered expression including gene expression may be performed by any
one of the methods known in the art, particularly by microarray analysis, Western
blotting or by PCR techniques such as QPCR. Altered expression may also be
detected by analysing protein content of samples using methods such as ELISA, PET
or SELDI-TOF MS as described herein and using further analytical techniques such as
2Dgel electrophoresis. Techniques such as this can be particularly useful for detecting

altered expression in the form of alternative post translationally modified forms of a

protein.

Another aspect of the invention relates to a method for detecting the ability of an agent

to inhibit or reverse epithelial-to-mesenchymal' transition (EMT), said method

comprising: ’

(i) administering the agent to a cell, group of cells, an animal model or human; and
(i) measuring ‘AxI expression in samples derived from the treated and the

untreated cells, animal or human; and



or SELDI - TOF MS as described herein and using further analytical techniques
such as 2Dgel el ectrophoresis. Techni ques such as this can be particularly

usef ul f%ogﬁ@ﬁ#ggg altered expression in the form of @htrﬁﬁﬂﬁgde%gmoost
0 e

translation ified forns of a protein. Another aspect
invention relates to a method for detecting the ability of an agent to
I nhibit or reverse epithelial-to- mesend ymal transition (EMI), said nethod

conprising:.. (i) adninisteri t he C i I
ani mal noddy ordaﬁﬁ%ﬂ;ana'r%,’e% g?)é?rfaeggﬁjr%%sn%%&e g%ﬁﬁ?se%ér?gﬁﬁqillnggﬁpﬁas@ﬂeri ved
from the treat eshnepiel at vompateddtattbel uotseateqd sampleaas an indigatian of fhe( akility to

detecting an i ncrigf??gre%rsg eg ﬁéﬁ?@%"j@%ﬁ%ﬁgnaﬁgngﬁaﬁ WZI AXlI in the treated

sanpl e as conpdp e untrea as an 1n ion of the ability
to inhibit or reverse epithelial-to-nesenchynmal transition (EMI). The

I nhi bi tion_ma -at _any _| gy, : | t he
protein | QU’éi B"?’}?’ﬁ‘gﬁ rg%\{)}[éﬁeaﬁ ag"gplé\gﬁlqgﬁkhgﬁﬁeﬂﬁ%@ﬁ%ﬁﬁ\ggot g%:brgginhod of
noni torindetde activity of an Axl inhibitor, said nethod conprising
detecting the occurrence of epithelial-tomesenchymal transition (EM) by;
(i) adm nisterinng said AxI inhibitor to a cell, group of cells, an_ ani nal
{mdel gr hYetempther ajpavk aftheiimention relates tasaimathechofdnapitosiag dhg ¢y PF 3 t he
reated angl,the. r e I ;| - ; kbl ikl an
I ncrease ojsr&I amggg&éa%’eﬁirﬂeﬁﬁé g?(”ﬁ 'es'ri‘alaodrtla?eir)crtlqu(rzmt?1 ieviotaf/mi)e?béAx%f ?ﬁﬂﬁ'gh? ?eat ed
sanpl e as roesgrehwydaltteansitien (FMTERK, ed sanpl e as an i ndication of Axl

| nhi bitor yact | fchikistehRl daftl AxARRBRSr 0P8 Zeh” GBLY dr LIS 24P bRiniat rasiidl yped by
protein andl ysis, nore preterably by ELISA PET, flow cytonetry, SELDI-TOF
M5 or 2-D PAGE.hussanised herein, a sanple derived froma treated or

untreated gell rﬁ%ﬁﬁﬂaﬁlyégﬁé?si&ﬂiﬁ aGdmMlEs THERVEd Gk MeSaEmbe alef ithed from
a group of ' cells Ich can be fromtissue
untreated cells, animal or human; and
(iii) detecting an increase or a decrease in the expression or activity of Axl in the
treated sample as compared to the untreated sample as an indication of Axl

inhibitory activity.

For this aspect, preferably the sample is analysed by protein analysis, more preferably
by ELISA, PET, flow cytometry, SELDI-TOF MS or 2-D PAGE.

As used herein, a sample derived from a treated or untreated cell can be a lysate,
extract or nucleic acid sample derived from a group of cells which can be from tissue
culture or animal or human. For protein analysis, a sample can be a tissue culture
supernatant. A celi can be isoléted from an individual (e.g. whole cells from a blood,

serum or plasma sample) or can be part of a tissue sample such as a biopsy.

Preferably, the group of cells is a cell culture.

Preferred cell types are selected from colonic tumour cell lines such as HT29, lung
tumour cell lines such as A549, renal tumour cell lines such as A498, bladder tumour
cell lines such as HT13, breast tumour cell lines such as MDA-MB-231, endometrial
tumour cell lines such as AN3CA, uterine tumour cell lines such as MESSA DH6
uterine sarcoma cells, hepatic tumour cell lines such as Hep2G, prostate tumour cell

lines such as DU145, T cell tumour cell lines such as Cem T cell, pancreatic tumour



culture or animal or human. For protein analysis, a sanple can be a tissue
culture supernatant. A cell can be isolated froman individual (e.g. whole

cell's frogpacfy@ess serumor plasma sanple) or can be pagtBioidodosisue
sanpl e such as a biopsy. Preferably, the group of cells is a cell culture.

Preferred cell types are selected fro oI onic tumour cell lines such as
HT29, lung tunour cell lines such as A renal tumour cell |ines such as
A498, bl a asGfiabat L SAitePt4iilel Sthé'Eél%m séimthbu@fauéfa:mbioldgidaeS such
as MDA- I\/Bdgginéyg%grragtr'%a tunour cel ? l'i nes sﬁ% as CA, uterine tunour

cel | |inesampit ohe IMASBRIODEK (SHCBr 3 sgm%ﬁ%ee&w @se'h WrecMICIRRSE e |
Ll nes sUCTefdnldiétiodd fo?%tet%tcﬁndrl;@ﬂéuéxﬁ?@ston' ih Sps SEMPRS iidlltbusirg EISH

t unour cel I hes SUC ancreati.c tg nes such as
M aPaCa2. oN trmnumhls:m@mlstn/e te,céﬂnl%leﬁays"ﬂﬂe anybedigs rt ?trnr%‘?°99'sﬁ| Coi968F2 al

sanpl e of é‘eritfﬁgghe@l Yell §ﬁﬁmlath%as%r%ﬁal%.ﬁg&w@aténycdrawtmamumles

m crosurgery urtabl e nmethods for detecting gene expression in biopsy
sanpl es include using FISH or imunohi stocheni stry techniques using

ant | bodi e, Agihef SROARIES e LI9 RS BG4 éi Gtkubey Gich EPBNICE. aas msschods

for anal ysing e protein conposition of sa I n another alternative,

the cells heaginbtheblesndPBMG” refars (¢ SSTIRRRER B gg‘b@?\%ﬂ@““?&%" e‘g *fﬂ% 'ngﬁ he

term” PBI\/[;,élgﬁf@E,Zpr}épm%ddq?%@gcywspod mononucl ear cells and includes PBLs
0 e

(peri pheral ynmphocy Suitably, alterations in expression
i ncl udi ng changes in gene expression are nonitored in sanples taken from

the mammalg lﬁtrab [y atloﬁé'lﬁ @%r@ss‘i&ﬁ%l@&mb%bh@& in l@léhe akgression btemnbmtbred)
ti ssue sanples su ‘bi opsy, blood, urine

enbodi nentin sgmp@séﬁb@reﬁgm elfﬁafb'r"‘é\‘ e BN, o%{'téglcég%m cr 6"‘&@3? %@t %, ho?"®

particul anjideelol %sgﬁe" sxRdle 0B8R astpiopsy! bﬁ)'dﬂhuﬁ\'& lHueaslt scrdapa&getcghsbme c,
head and ne k colorectal, renal, pancreatic,

I r,
endonet ri s8mbedimpitogeRg BXRIGSRIY} § RIRIErIRY PeiRFtad "b r‘??lﬁrﬁeﬂ? oot?(ﬁﬂcéleﬁr SC%E%CI’] as
I yrrmocyt rngEI’ frofd §{tlﬁﬁ&hlj§{10h REMNr&d¥er 18hg, | geBRIBPRYAd N ued:kdaslom rehal,
anot her e iment altered protein expression erected in
pl asma or RANSERANCCYIRENR: depalise Plagreh £NdoRe il aqdr%ﬂ'% M %naslﬁ%gigﬁr{gg
det ecti on Gfsrdh BlodHNSId Budhess impREGytésami prdfetabr periphepdl dgnphcsgtepisesh of

patients,
as PBMC.

In another embodiment altered protein expression is detected in serum or plasma or

tissue culture supernatant samples from a mammal or human.

In detection of proteins in serum and, in particular, in plasma samples of patients,
samples are removed and subjected to protein analytical techniques such as flow
cytometry, ELISA, PET and SELDI-TOF MS, as described herein.

In one preferred embodiment, the method comprises extracting RNA from said sample

and detecting gene expression by QPCR.

In another embodiment, gene expression is detected by detecting protein products

such as, for example, by Western Blot.

Another aspect of the invention relates to a method for identifying an agent capable of

inhibiting or reversing epithelial-to-mesenchymal transition (EMT), said method

comprising the steps of:



sanpl es are renoved and subjected to protein analytical techniques such as
flow cytonetry, ELISA, PET and SELDI - TOF M5, as described herein. In one

pref err edygofdiopRet ., the nmethod conprises extracti ng RNAThiBSTYGRsEE sampl e
and detecting gene expression by QPCR |n another enbodi nent, gene

expression is detected by detecting protein products such as, for exanple,
by Western Bl ot. Another aspect of thelPnvention relates to a nethod for

identifying an agent. capabl e W ONLRI L i .

cpi thel | a1 Ot o rieacng i ety pRIkCidnty ool bprEmdife Ax receptor, o
steps of : (i) coneatkingthe Ad recpptar aglivity il presanse of theragesh [@8dexpr essi ng t he
Axl receptor; (ii) neasuring. r. bW i 8r Boritpese of

t he agent ;(ﬂémd %"?Hﬁ'n%z%?\&gﬁghﬁ%ﬁggt'ﬁ\%ﬁ%ﬁ%ﬁ%; \éﬂdetaﬁﬂegt% Ei i )b to, t hat
measur ed under odtiond,] etiereimdi deorsse virntiéesh the craank 2% bPENEFRARS of he

agent as_bei o capghl & Al el B Lheb KA HerGaBRIGHTEMT! -t 0- resenchyma

transition (EMT‘T e activity asured i s tyrosine
phosphoryl ation of a substrate of the Axl receptor. Mre preferably, the

activity asur.ed .| . | st Sbdifate bOthetAxd S
particul ar' € 6@?"&‘3%3,%%&5?%%3’ ybéttzftgg@glqﬁgséﬂr}ﬁwﬁ?ncgﬁfacti ng step (i) have
previ ousl yrebegtor.t r ansf ect ed by the Axl gene. Even nore preferably, the
transfected cells are either transiently or stably transfected. In one
preferred enbodi nent, the controlled conditions in ste iii) conprise
cont act i ngMbieeprefgeattly, Whet activity measired is ausephogphagyiationofthe %Hﬁ@@t&fwen nor e
preferably, the cells have a nutated inactive formof the Axl gene. In
anot her preferred enbodi nent, the controlled conditions in ste (is)}hiaiy%]

e

conprise clorpthis particuiar embpdimept trreferatly Hheaselised the eendacipg et
agent. In grn?lo Qiﬁégﬂréﬁ’ﬁéf Ctgag}t@rer/gggg,qg)odi ment, the Axl receptor conprises
i y a Ion 0 I

a biologic rve por the I ntracel lular domain. In one preferred
enbodi ment, the Axl receptor is imobilized, for exanple, by attachnent to

a sol i d ph@\?e%‘ more preferably, the transfected cells are either transiently or stably transfected.

In one preferred embodiment, the controlled conditions in step (iii) comprise contacting

the agent with cells which lack an active Axl gene. Even more preferably, the cells

have a mutated inactive form of the Axl gene.

In another preferred embodiment, the controlled conditions in step (ili) comprise

comparing the activity to that measured in the absence of the agent.

In one particularly preferred embodiment, the Axl receptor comprises a biologically
active portion of the intracellular domain.
In one preferred embodiment, the Axl receptor is immobilized, for example, by

attachment to a solid phase.

Another aspect of the invention relates to a method for identifying an agent capable of
inhibiting or reversing epithelial-to-mesenchymal transition (EMT) by screening a
plurality of agents, said method comprising the steps of: _

(i) contacting the plurality of agents with the Axl receptor or cells expressing the

Axl receptor;
(i) measuring the AxI receptor activity in the presence of the plurality of agents;



Anot her aspect of the invention relates to a nethod for identifying an
agent capable of inhibiting or reversing epithelial -to mesenchynal

transitiqg Ry screening a plurality of agents, risin
fzﬁ‘M{ )3 ¥ bﬁTﬂﬁiﬁQ@qogﬂs”p g

the steps o ntacting the pl urallty of agents wit receptor
or cells expressing the Axl receptor; #l) measuring the Axl receptor
activity in the presence of the pIurall y of agents;(iii) conparing the

activity gza:ilsur eo%?ﬂa mStﬂ?eDaéqvlL# m}eg?ﬁrgé‘ n ﬂgﬁjﬁ? tdhat rQJelr %Qnt?&l@d'cbh&ﬂﬁws wher ei n

a decreas dent t he S as el ng capabl e of
i nhibiting or rwhwemlm@poeqmaehéentlﬁes the-niralsy ehganits as being cArRAPIg eV ; and (v)

separately deter ﬂ%ﬁﬂ ) I
inhibit or revepgiejﬂiég%{ ﬁ@\)ﬁ&r}' %%aggon@%%ﬁﬁ%yﬁ%gﬁﬁ%t:dgr?E EmduIrZ‘?e:‘ te?/abl y
in the net{wds sHpatdtelyidatesminingwhich a@csntpr pashtspresent "ﬂH@%l@r@H'zy inhibif ofy ’
treating net aSt.%Bé%e%%ﬁﬁe%‘ét-topr%@n%wrﬂﬁ ,tggglhg,qi(mﬂt he met hod Anot her aspect

relates to the use o ent 1den according to any of the
abovedescri bed nmethods in the preparation of a medi cament for the treatnent

of metastaplg, rgagqﬁqhﬁ(ﬁé ?g @Ptlhg’ln\;ehﬁorfzé’ﬁ‘&%cnbéd S6d\RC iHRhdehpifbr tRatihg | ung,

gastric, hesd orectal, renal, pancreatic, uterine, hepatic,

bl adder, emetaststicicahceand prostate cancers and | eukeni as. More preferably,
the cancer is breast cancer. Measuring altered expression of gene/protein
mar kers Levels of gene and protein expression nay be determ ned using a
nunber of Agénteridentifiesiintheumethoda) at the RNA | evel Gene expression can be

detected ap %tE% %Aetlsr%}é%ﬁ to?ﬁ@‘u@?f A agath "d@ﬁhﬁéﬁ Adcoraingtd SnyUstitRe) albve-

extraction I nc exa e, using acid phenol/guanidine
i sot hi ocyadaceb@d(meamdswmﬂ(eﬂpwaj‘ﬁt@ ofzp Uyéﬁégie@ fOV%f%H%@m’RNfAO p’l“@%ﬁttag‘fl on
kits (Q ageiN.ePr PAXgene (PreAnal ytix, Switzerland). Typical assay formats
utilising ribonucleic acid hybridisation i ncl ude nucl ear run-on assays,

RT- PCR, RNase '

Preferably, the cancer is selected from breast, lung, gastric, head and neck, colorectal,
renal, pancreatic, uterine, hepatic, bladder, endometrial and prostate cancers and

leukemias. More preferably, the cancer is breast cancer.

Measuring altered expression of gene/protein markers
Levels of gene and protein expression may be determined using a number of different

techniques.

(a) at the RNA level

Gene expression can be detected at the RNA level. RNA may be extracted from cells
using RNA extraction techniques including, for example, using acid phenol/guanidine
isothiocyanate extraction (RNAzol B; Biogenesis), RNeasy RNA preparation Kits
(Qiagen) or PAXgene (PreAnalytix, Switzerland). Typical assay formats utilising
ribonucleic acid hybridisation include nuclear run-on assays, RT-PCR, RNase
protection assays (Melton et al., Nuc. Acids Res. 12:7035), Northern blotting and /n
Situ hybridization. Gene expression can also be detected by microarray analysis as

described below.

For Northern blotting, RNA samples are first separated by size via electrophoresis in
an agarose gel under denaturing conditions. The RNA is then transferred to a

membrane, crosslinked and hybridized with a labeled probe. Nonisotopic or high



protection assays (Melton et al., Nuc. Acids Res. 12:7035), Northern
blotting and In Situ hybridization. Gene expression can also be detected by

M croarrayodj /1Y)§38§ as described bel ow. For Northern bl gt:trhﬁgm@}%msanpl es

are first separate by size via electrophoresis in an agarose ¢
denaturing conditions. The RNA is then 1gransferred to a menbrane,
crosslinked and hybridized with a | abel’éd probe. Noni sotopic or

hi ghspeci férpgeaﬁ’igtééﬁ\/ﬂy réﬁpﬂagelgg%rggesorcgﬁ’e&a GRBd BRCILSRG ﬂaﬂ@érﬁf#nﬁﬁzd nick-

randomp ate CR-generated DNA probes, in vitro
transcri beferMeq)r@bBE/R-mf%W M reles, d@sV’tf%dEﬁ"ﬁFFB?ﬁQI RNA geabgsnatd with

only part '?{qon&f@dt gy A@dlﬁbnallf %éﬁc@g‘vﬁthdéﬁcli gargial h&ﬁ&@@%&e @7 cORAGFEne DNA

fragnents at m t contaln an exon) may be used ro Nucl ease

Prot ecti ona Aﬁ@aqré S@Bﬁéti wdigegomist ANA ragmente fad migbt ‘e%tt?'ﬁr?"ag’?@én%t’n

nucl ease &;égw de an extrenely sensitive nethod for the detecti on
and quanti tat | or{) specific mMRNAs. The basis of the NPA is solution

hybri di zati on of an anti sense probe (radi ol abel ed or nonisotopic) to an RNA

sanpl e. dﬁgx{l Aé\ébwoi’é&uaﬁ'%a txﬁ&b@n@tbbaﬂﬂs@hudeabymrbebﬁ@ﬂawa@beananm RNA
are degrade y nucl eases. The remai i ng protect eﬂa ég 8 are seggrat ed
t n

on an acrymlé?lﬁa@@ arsays)\PrYidg [apwextrrnaly mangiivne Just Jpctiog,

Speci es. aplifatiof HP & bebifmRNAS( Wﬁé‘)ba‘s% ¥ tROWFA 18 scﬂﬂﬁanﬁ)FUffﬂtzb{I(ﬁt boah for
t he IocaI| atiron of specific nRNAs i

n cells ortlssue I—%( géatton of
the probe aniiersepprabe (Fdidahelacher eg’quotmw)ttpsagh@ AS‘?%@J%@ FrUNVRAdIZatet ur e -
IS maintal @%Rgnéﬁﬁ&ﬁ%ﬂhyﬁmi‘z&f FSBiAd RRIH Bro\dedRflcdnbpr miidaess. alheit t he

| ocation o hin the tissue sanple. The cedure begins b I Xi ng
sanpl es i rfeﬁ&n"ﬂgapf%%ﬁ‘?‘efféamﬁ%rﬁ?|Sﬁparé‘tﬁfi’ %’Prﬁ@o%"ﬁ@mtdﬁeget' @gﬁé %"?l‘xﬁé‘? af fin.
The sanpl egmafishdolis Beflclisitst devéal RRARpESies.i ons and mounted onto m croscope
slides. Alternatively, tissue can be sectioned frozen and post-fixed in

par af or mal dehyde. After a series of washes to dewax and rehydrate the

sect | 0”3 | ﬁ’tﬁﬂ%ﬁﬂldﬁ’a‘t%n IflS'-l)@l@§ttioW@rﬂJlSariﬂe\fécrﬂat’t|l§9ﬁot for tHiCloeslzatign @‘bﬁpecuflc
accessi bil

and a | abel ed proh e bridized to t
sections. gllA§| igslle @r Sississs "Elpﬁgﬁtg’ﬂa& "B@dy robe k1e§ RIRE Wt 'Pnig‘? cglg %nt o
the slidesigshbi Sifcd @B QRicfAé iy mamiahed tHéwhest teeprocedure, ISH provides
information about the location of MRNA within the tissue sample.

The procedure begins by fixing samples in neutral-buffered formalin, and embedding
the tissue in paraffin. The samples are then sliced into thin sections and mounted onto
microscope slides. Alternatively, tissue can be sectioned frozen and post-fixed in
paraformaldehyde. After a series of washes to dewax and rehydrate the sections, a
Proteinase K digestion is performed to increase probe accessibility, and a labeled
probe is then hybridized to the sample sections. Radiolabeled probes are visualized
with liquid film dried onto the slides, while nonisotopically labeled probes are
conveniently detected with colorimetric or fluorescent reagents. This latter method of

detection is the basis for Fluorescent /n Situ Hybridisation (FISH).

Methods for detection which can be employed include radioactive labels, enzyme

labels, chemiluminescent labels, fluorescent labels and other suitable labels.

Typically, RT-PCR is used to amplify RNA targets. In this process, the reverse
transcriptase enzyme is used to convert RNA to complementary DNA (cDNA) which

can then be amplified to facilitate detection. Relative quantitative RT-PCR involves



conveniently detected with colorinetric or fluorescent reagents. This
| atter nethod of detection is the basis for Fluorescent In Situ

Hybri di sati.qon. (F . Methods for detection which can b | ncl ude
radioactﬁ&égpg%@kgy)enzyne | abel s, chem | um nescent Iabgpiﬁgkﬁéﬁggggent

| abel s and other suitable |abels. Typically, RT-PCR is used to anplify RNA
targets. In this process, the reverse ﬂ?anscriptase enzyne is used to

convert RNA_t o .conmpl.epent ar \ j.eh : ki o]
facilitat earﬂ‘@&@?:c! {;BHT‘{;E@H ﬁﬁ@%&ﬁ% .St%%'mﬁ‘R‘P?%ﬁem%‘Pév%?gﬁn*ﬁ il?g%/iq‘r?i an

i nternal ccntrobls ssedutc aorewlisé \thenisamptese Qpeaaophalizede diseet, comrarisabe Phal
control is ed_to nor i . I g%@ ' | I

conpari sor@}éﬁ\’e ?éﬁ"}ﬂ af‘&@é%&ﬁ’&éﬁ‘ge ofwég'i;?%ci | cmné?ﬁh%;s%qbpé&haﬁgn;%nr%ss t he
sanpl es. Guedumesnalistrolsribendeforexampls, SAPRH, IR T, fagtin ardaysiephil@GAPDH, HPRT,
actin and cyclophilin. Many DNA anplification nmethods are known, nost of

which rely on an enzymatic chain reaction (such as a pol ynerase chain
reaction, Maty Qidempifitationeertbedsrare known.geest sliwhish iy o8 RRYBAICHIAL at i on)
or fromt r}%a&ﬁ)ﬂl gsﬁ?l‘ﬁ 128N, gfol %ra&g cR&h treQétiohNa IlP%%E%hairﬂ?éhc‘ﬂGh,C& hisdffas been
cloned. Many target and sidgnal anplification (TAS) nethods have been

descri bed sustainesl $equence tapBcatipp) oriermshe rerjeationaat allefi RARSO'INe VRESE Rt hods

i n Landegrgq Mha%heéﬂ clonecEi €nce. 242: 229-237 (1988) and Lewis, R, Cenetic
Engi neeri ng K%ws 1, %4- 55 (1990). PCR is a nucleic acid anplification
nmet hod described inter alia in US 4,683,195 and 4, 683,202. PCR can be used
to anmplifymaRy tdgeand drl Qangﬁﬁ@btibﬁ @AS) agetReds tat® et dddetikectin ahe |

1994, Gynaecal.ogic Oncol ogy 52:247-252) . Self-systained sequence

replicati ditereler) for exampley jagnpish reyiews\g thgsecmet 96I'Q§f§an§ﬁ§el’s 1% 1l

anpl i fi cat§Qencef o4 IpeLd i ¢19R8) dnll ABMIAIRE, GeRefE BHENbEAlg Neusdr0: nf54-85/er se
transcriptase (RT), polynerase and nucl ease activities that are nedi ated by
an enzynme @82Qtail and appropriate oligonucleotide primers (Guatelli et

al ., 1990, Proc. Natl. Acad. Sci. USA 87:1874). Ligation anmplification

e on ek el TR TR SRS BB IR BB M e 1, v

D. Y. and )83 202 POR c&h be L8&Pto dteplityramskrbwrGilcleinatit én Qdidgepsticomstext

techni que’(M%lklAet al., 1994, Gynaecologic Oncology 52:247-252). Self-sustained sequence
replication (3SR) is a variation of TAS, which involves the isothermal amplification of a
nucleic acid template via sequential rounds of reverse transcriptase (RT), polymerase
and nuclease activities that are mediated by an enzyme cocktail and appropriate
oligonucleotide primers (Guatelii et al., 1990, Proc. Natl. Acad. Sci. USA 87:1874).
Ligation amplification reaction or ligation amplification system uses DNA ligase and
four oligonucleotides, two per target strand. This technique is described by Wu, D. Y.
and Wallace, R. B., 1989, Genomics 4:560. In the QB Replicase technique, RNA
replicase for the bacteriophage QB, which replicates single-stranded RNA, is used to

amplify the target DNA, as described by Lizardi et al., 1988, Bio/Technolfogy 6:1197.

Quantitative PCR (Q-PCR) is a technique which allows relative amounts of transcripts
within a sample to be determined. A suitable method for performing QPCR is described

herein.

Alternative amplification technology can be exploited in the present invention. For
example, rolling circle amplification (Lizardi et al., 1998, Nat Genet 19:225) is an
amplification technology available commercially (RCAT™) which is driven by DNA

polymerase and can replicate circular oligonucleotide probes with either linear or
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t he pol ypegt hdspdrereiction beibbslieg PhebesrfonserfoamingdiPiiessi on may al so be
detected by neasuring the pol ypepti des encoded by the AxI gene. This nay be

achi eved by using nol ecul es which bind to the pol ypeptides encoded by Axl
gene. Sui tg,? H@A&g%@ﬁ{ea\g%]ts which bind either directly or indirectly to
or

t he pol ype des Tn er to detect the presence of the protein. inc]ude
natural | y Albered rgeng ras piotgiesexressions Mayptalse Peadgtastast éﬂyné“eaﬁﬁrl‘nge%é‘?rpl e
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the protein include naturally occurring molecules such as peptides and proteins, for

example antibodies, or they may be synthetic molecules.

Antibodies for the Axl genes or proteins may be derived from commercial sources or
through techniques which are familiar to those skilled in the art. In one embodiment,
and where altered expression manifests itself through the expression of alteration of
post translationally-modified forms of a protein biomarker, antibodies specific for those

different forms may be used.

Methods for production of antibodies are known by those skilled in the art. If polyclonal
antibodies are desired, a selected mammal (e.g., mouse, rabbit, goat, horse, etc.) is
immunised with an immunogenic polypeptide bearing an epitope(s) from a polypeptide.
Serum from the immunised animal is collected and treated according to known
procedures. If serum containing polyclonal antibodies to an epitope from a polypeptide
contains antibodies to other antigens, the polyclonal antibodies can be purified by
immunoaffinity chromatography. Techniques for producing and processing polyclonal

antisera are known in the art. In order to generate a larger immunogenic response,
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as well as single chain antibodies (scFv). Furthermore, the antibodies and fragments

thereof may be humanised antibodies, for example as described in EP239400A. The

i donas

term “antibody” as used herein also encompasses antibody-like affinity reagents. For
example: monoclonal and polyclonal antibodies, recombinant antibodies, proteolytic
and recombinant fragments of antibodies (Fab, Fv, scFv, diabodies), single-domain
antibodies (VHH, sdAb, nanobodies, IgNAR, VNAR), and proteins unrelated to
antibodies, which have been engineered to have antibody-like specific binding, such as

the following:

Name Based on:

Affibodies Protein A, Zdomain 6 kDa

'Affitins Sac7d (from Sulfolobus acidocaldarius) 7 kDa
Anticalins Lipocalins 20 kDa

DARPins Ankyrin repeat motif 14 kDa

Fynomers Fyn, SH3 domain 7 kDa

Kunitz domain peptides Various protease inhibitors 6 kDa

Monobodies Fibronectin



and reconbi nant fragnments of antibodies (Fab, Fv, scFv, diabodies),
si ngl e-domai n anti bodi es (VHH, sdAb, nanobodi es, | gNAR, VNAR), and proteins
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A, Z domain 6 kDa Affitins Sac7d (fromﬁZul f ol obus aci docal darius) 7 kDa
Anticalins Li pocal ins 20 kDa DARPins Afikyrin repeat notif 14 kDa Fynomers

Fyn, SH3 '
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kDa Monob d laboratory techni
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Ax| act|V|ta¥n B £d with untreated cells in the same cell population.
Gene expression r?a SO0 be determ ned by detecting changes in ‘
post-transl ati onal pr ocessi ng of pol ypeptides or post-transcriptional
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AXI1  expr esgingNoBiuds %ﬁ&mag pMypeptidee RS ivilisas (heir pmst;tramhlatg:nahmadlf cddody of

t he i nvention; ( I ncubat i n% a biol ogical sa a ang i 2o under

condi t i onsM@hi ke detecsed rUsing: RECRTISIARARTBIIN, 1355 sar?{v\fggﬂn linst i"gen cocrr% ex;

and (c) d cﬁfdghrg,ﬁigeg@pé@@fopﬁa@s@ody antigen conpl ex conprising said

anti body i's fornmed ui tabl e sanpl es include extracts of tissues such as

brain, breast, ovary, lung, colon, pancreas, testes, liver, nuscle and bone
tissues OrArftibQHbB@tw BeSlised TG dawdnmg dat éxpeeksion by a method which comprises: (a)

providing an antibody of the invention; (b) incubating a biological sample with said
antibody under conditions which allow for the formation of an antibody-antigen
complex; and (c) determining whether antibody-antigen complex comprising said

antibody is formed.

Suitable samples include extracts of tissues such as brain, breast, ovary, lung, colon,
pancreas, testes, liver, muscle and bone tissues or from neoplastic growths derived

from such tissues. Other suitable examples include blood or urine samples.

Antibodies that specifically bind to Axl proteins can be used in diagnostic or prognostic
methods and kits that are well known to those of ordinary skill in the art to detect or
quantify the expression of Ax protein in a body fluid or tissue. Results from these tests
can be used to diagnose or predict the occurrence or recurrence of cancer and other
cell motility or cell survival-mediated diseases, or to assess the effectiveness of drug

dosage and treatment.

Ahtibodies can be assayed for immunospecific binding by any method known in the art.
The immunoassays which can be used include but are not limited to competitive and
non-competitive assay systems .using techniques such as western blots,
immunohistochemistry, radioimmunoassays, ELISA, sandwich immunoassays,
immunoprecipitation assays, precipitin reactions, gel diffusion precipitin reactions,
immunodiffusion assays, agglutination assays, complement-fixation assays,

immunoradiometric assays, fluorescent immunoassays and protein A immunoassays.
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I ncorporated by reference herein inits entirety). Antibodies for use in
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kits in a suitable contalner along with suitable reagents, concfrolp?
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MB) is an &fdigwti by -RespATHR Me) Pehn iafinibabed M8 frieftsodainewhich proteins are
selectively adsorbed to a chemically modified solid surface, impurities are removed by
washing, an energy-absorbing matrix is applied, and the proteins are identified by laser

desorption mass analysis.

SELDI-TOF-MS can be used for the detection of the appearance/loss of either intact
proteins or fragments of specific proteins. In addition SELDI-TOF-MS can also be
used for detection of post translational modifications of proteins due to the difference in
mass caused by the addition/removal of chemical groups. Thus phosphorylation of a
single residue will cause a mass shift of 80 Da due to the phosphate group.: A data
base of molecular weights that can be attributed to post-translational modifications is

freely accessible on the internet (http:/iwww.abrf.org/index.cfm/dm.home?avgmass=all).

Moreover specific polypeptides can be captured by affinity-based approaches using
SELDI-TOF-MS by employing antibodies that specifically recognise a post-
translationally modified form of the protein, or that can recognise all forms of the

protein equally well.
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function. Currently, the major applications for array technology include the |dent|f cation of
sequence (gene / gene mutation) and the determination of expression level
(abundance) of genes. Gene expression profiling may make use of array technology,
optionally in combination with proteomics techniques (Celis et al., 2000, FEBS Lett,
480(1):2-16; Lockhart and Winzeler, 2000, Nature 405(6788):827-836; Khan et al.,
1999, 20(2):223-9). Other applications of array technology are also known in the art;
for example, gene discovery, cancer research (Marx, 2000, Science 289: 1670-1672,
Scherf et alet al., 2000, Nat Genet 24(3):236-44; Ross et al., 2000, Nat Genet 2000,
24(3):227-35), SNP analysis (Wang et al., 1998, Science 280(5366):1077-82), drug -
discovery, pharmacogenomics, disease diagnosis (for example, utilising microfluidics
devices: Chemical & Engineering News, February 22, 1999, 77(8):27-36), toxicology
(Rockett and Dix (2000), Xenobiotica 30(2):155-77; Afshari et al., 1999, Cancer Res
59(19):4759-60) and toxicogenomics (a hybrid of functional genomics and molecular
toxicology). The goal of toxicogenomics is to find correlations between toxic responses
to toxicants and changes in the genetic profiles of the objects exposed to such

toxicants (Nuwaysir et al., 1999, Molecular Carcinogenesis _24: 153-159).

In the context of the present invention, array technology can be used, for example, in
the analysis of the expression of Axl protein. In one embodiment, array technology may

be used to assay the effect of a candidate compound on Axi activity.
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either with multiple samples in a well, or with a single sample in each well. Furthermore,
the solid substrate may be a membrane, such as a nitrocelluloée or nylon membrane
(for example, membranes used in blotting experiments). Alternative substrates include
glass, or silica based substrates. Thus, the samples are immobilised by any suitable
method known in the art, for example, by charge interactions, or by chemical coupling
to the walls or bottom of the wells, or the surface of the membrane. Other means of
arranging and fixing may be used, for example, pipetting, drop-touch, piezoelectric
means, ink-jet and bubblejet technology, electrostatic application, etc. In the case of
silicon-based chips, photolithography may be utilised to arrange and fix the samples on

the chip.

The samples may be arranged by being “spotted” onto the solid substrate; this may be
done by hand or by making use of robotics to deposit the sample. In general, arrays
may be described as macroarrays or microarrays, the difference being the size of the
sa_mple spots. Macroarrays typically contain sample spot sizes of about 300 microns or
larger and may be easily imaged by existing gel and blot scanners. The sample spot
sizes in microarrays are typically less than 200 microns in diameter and these arrays

usually contain thousands of spots. Thus, microarrays may require specialized robotics
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determined by its spatial location in the array. The locations in the array where binding
interactions between a predetermined molecule (e.g., a target or probe) and reactive
library members occur is determined, thereby identifying the sequences of the reactive
library members on the basis of spatial location. These methods are described in US .
5,143,854; WO 90/15070 and WO 92/10092; Fodor et al., 1991, Science 251:767;
Dower and Fodor, 1991, Ann. Rep. Med. Chem. 26:271.

To aid detection, targets and probes may be labelled with any readily detectable reporter,
for example, a fluorescent, bioluminescent, phosphorescent, radioactive, etc reporter.
Such reporters, their detection, coupling to targets/probes, etc are discussed elsewhere

in this document. Labelling of probes and targets is also disclosed in Shalon et al., 1996,
Genome Res 6(7):639-45.

Specific examples of DNA arrays include the following:

Format I: probe cDNA (~500 - ~5,000 bases long) is immobilized to a solid surface

such as glass using robot spotting and exposed to a set of targets either separately or



up various pernutations of sequences at the various discrete positions on
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knowledge about the uhderlying biological processes is to be extracted. Methods of
data analysis (including supervised and unsupervised data analysis as well as

bioinformatics approaches) are disclosed in Brazma and Vilo J, 2000, FEBS Lett
480(1):17-24.

As disclosed above, proteins, polypeptides, etc may also be immobilised in arrays. For
example, antibodies have been used in microarray analysis of the proteome using
protein chips (Borrebaeck CA, 2000, /mmunol Today 21(8):379-82). Polypeptide arrays
are reviewed in, for example, MacBeath and Schreiber, 2000, Science,

289(5485):1760-1763.

Pharmaceutical Composition
A further aspect relates to a pharmaceutical composition comprising an agent identified -
according to any of the above-described methods admixed with a pharmaceutically

acceptable diluent, excipient or carrier.

Another aspect relates to a process of preparing a composition which comprises:
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phar maceut i y accep uent, carrier or exclpient.
deleterious to the recipient thereof. The pharmaceutical compositions may be for

human or animal usage in human and veterinary medicine.

Examples of such suitable excipients for the various different forms of pharmaceutical
compositions described herein may be found in the “Handbook of Pharmaceutical
Excipients”, 2™ Edition, (1994), Edited by A Wade and PJ Weller.

Acceptable carriers or diluents for therapeutic use are well known in the
pharmaceutical art, and are described, for example, in Remington's Pharmac.eu_ticaIA

Sciences, Mack Publishing Co. (A. R. Gennaro edit. 1985).

Examples of suitable carriers include lactose, starch, glucose, methyl cellulose,
magnesium stearate, mannitol, sorbitol and the like. Examples of suitable diluents

include ethanol, glycerol and water.

The choice of pharmaceutical carrier, excipient or diluent can be selected with regard
to the intended route of administration and standard pharmaceutical practice. The
pharmaceutical compositions may comprise as, or in addition to, the carrier, excipient
or diluent any suitable binder(s), lubricant(s), suspending agent(s), coating agent(s),
solubilising agent(s), buffer(s), flavouring agent(s), surface active agent(s), thickener(s),



Yet another aspect of the invention relates to the use of an agent
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suspendi n oating agen si ng agent(s),
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intramuscular and intravenous), nasal and pulmonary administration e.g., by inhalation.
The formulation may, where appropriate, be conveniently presented in discrete dosage
units and may be prepared by any of the methods well known in the art of pharmacy.
All methods include the step of bringing into association an active compound with liquid
carriers or finely divided solid carriers or both and then, if necessary, shaping the

product into the desired formulation.

Pharmaceutical formulations suitable for oral administration wherein the carrier is a
solid are most preferably presented as unit dose formulations such as boluses,
capsules or tablets each containing a predetermined amount of active agent. A tablet
may be made by compression or moulding, optionally with one or more accessory
ingredients. Compressed tablets may be prepared by compressing in a suitable
machine an active agent in a free-flowing form such as a powder or granules optionally
mixed with a binder, lubricant, inert diluent, lubricating agent, surface-active agent or
dispersing agent. Moulded tablets may be made by moulding an active agent with an
inert liquid diluent. Tablets may be optionally coated and, if uncoated, may optionally
be scored. Capsules may be prepared by filling an active agent, either alone or in

admixture with one or more accessory ingredients, into the capsule shells and then
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Pharmaceutical formulations suitable for parenteral administration include sterile

solutions or suspensions of an active agent in aqueous or oleaginous vehicles.

Injectable preparations may be adapted for bolus injection or continuous infusion.
Such preparations are conveniently presented in unit dose or multi-dose containers
which are sealed after introduction of the formulation until required for use.
Alternatively, an active agent may be in powder form which is constituted with a

suitable vehicle, such as sterile, pyrogen-free water, before use.

An active compound may also be formulated as long-acting depot preparations, which
may be administered by intramuscular injection or by implantation, eg.
subcutaneously or intramuscularly. Depot preparations may include, for example,
suitable polymeric or hydrophobic materials, or ion-exchange resins. Such long-acting

formulations are particularly convenient for prophylactic use.
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As a further possibility an active agent may be in the form of a solution or suspension
for use in an atomizer or nebuliser whereby an accelerated airstream or ultrasonic

agitation is employed to produce a fine droplet mist for inhalation.

Formulatlons swtable for nasal administration include preparations generally s:mllar to
those described above for pulmonary administration. When dispensed such
formulations should desirably have a particle diameter in the range 10 to 200 microns
| to enable retention in the nasal cavity; this may be achieved by, as appropriate, use of
a powder of a suitable particle size or choice of an appropriate valve. Other suitable
formulations include coarse powders having a particle diameter in the range 20 to 500
microns, for administration by rapid inhalation through the nasal passage from a
container held close up to the nose, and nasal drops comprising 0.2 to 5% w/v of an

active agent in aqueous or oily solution or suspension.

Pharmacedutically acceptable carriers are well known to those skilled in the art and
include, but are not limited to, 0.1 M and preferably 0.05 M phosphate buffer or 0.8%
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nose, and {p,g%aéag foyprising 0.2 to 5% w v of an active agent in
aqueous or oily solution or suspension. Pharmaceutically acceptable
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as a bandage, gauze, mesh or the like can be sprayed or spnnkle with the formulation

and then applied to the site to be treated.

According to a further aspect of the invention, there is provided a process for the
preparation of a pharmaceutical or veterinary composition as described above, the
process comprising bringing the active compound(s) into association with the carrier,

for example by admixture.

In general, the formulations are prepared by uniformly and intimately bringing into
association the active agent with liquid carriers or finely divided solid carriers or both,
and then if necessary shaping the product. The invention extends to methods for
preparing a pharmaceutical composition comprising bringing an agent into association

with a pharmaceutically or veterinarily acceptable carrier or vehicle.

Therapeutic Applications
In another aspect, the invention relates to a method of inhibiting growth and spread of

cancer cells and other cells having undergone an epithelial-to-mesenchymal transition



sol vents are propyl ene glycol, polyethylene glycol, vegetable oils such as
olive oil, and injectable organic esters such as ethyl ol eate. Aqueous
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a carrier such as a bandage, gauze, nesh or the |like can be sprayed or
sprinkle with the fornmulation and then applied to the site to be treated.
Accor di ng Inmne prefetree embogiment, ¢ite suhiedt inraed; thereok in spitering AN GANRER a process
for the preparation of a pharmaceutical or veterinary conposition as

descri bed above, the process conprising bringing the active conﬁoung’s S)
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bringing an agent 1 nto association with a pharmaceutically or veterinarily

accept abl emetastasiged gre yrabletoarow b digiaatisites MBISIBA9%t i ons 1 n anot her aspect,
the invention relates to a method of inhibiting gromh and spread of cancer
cells and other cells having undergone an epithelial-to-nesench
transiti onlEWE) highly preferpd @mbodingidgtheragtbed of dhg aWFrB‘t%B'e&%&ﬁrﬁ)ég?a hlft
adm ni st erjna @mditkd epithelial-to-mesenchymal transition (EMT) from spreading to distant

sites in the body, i.e. the inhibition is such that the spread of metastatic cells

dependent on epithelial-to-mesenchymal transition_(EMT) is eliminated.

Another aspect of the invention relates to a method for treating metastatic cancer in a
subject in need thereof, said method comprising inhibiting tumor cells undergoing
epithelial-to-mesenchymal transition (EMT) by administering to said subject an Axl

inhibitor.

As used herein, the term “Axl inhibitor” refers to a molecule that is capable of inhibiting
Axl, the Axl signalling pathway or any one or more components of the Ax signalling
pathway. In one embodiment, the molecule will be capable of reducing or preventing

Ax| or Axl protein expression.
In one particularly preferred embodiment, the Axl inhibitor is an anti-Ax| antibody.

In one particularly preferred embodiment, the Axi inhibitor is a small molecule kinase
inhibitor. An example of such a small molecule inhibitor is R428, as described in

Holland et al 2010.



inhibitor to said subject. As used herein "inhibiting
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I expression prevents metastatic spread from orthotopic sites in the mammary gland
to lymph nodes and major organs. Hence inappropriate EMT-dependent activation of
Axl during early malignant transitions may promote metastasis and negatively affect
overall patiént survival. Disruption of Axl signaling via established therapeutic
strategies therefore represents an exciting avenue for the therapeutic development of
treatments for cell proliferative disorders such as breast cancer, and cell-motility and

cell survival-mediated disorders.

Another aspect of the invention relates to the use of a'n'A_xl inhibitor in the preparation

of a medicament for inhibiting or reversing epithelial-to-mesenchymal transition (EMT).

Yet another aspect of the invention relates to the use of an Axl inhibitor in the
preparation of a medicament for treating metastatic cancer by inhibiting tumor cells

dependent on an epithelial-to-mesenchymal transition (EMT).

In another aspect, the invention relates to a method of treating metastatic cancer or
late stage cancer in a subject in need thereof, said method comprising administering

an Axl inhibitor to said subject.
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use of an f&&ﬁ nhibitor in the preparation of a nedicanment for inhibiting
or reversing epithelial-to-nmesenchymal transition (EMI). Yet another aspect
of the invention relates to the use of an Axl inhibitor in the preparation
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| ate stage cancer in a subject in need thereof, sal d nmet hod conpri sing
adm ni stering an Axl inhibitor to said subject. an 1:I_Ber ect, the
i nvent i on Prefesakly, the Axlahibiter ipan apti-Axhanfiy Vn?rtsé'?a iMO'e B\hg’b@?atl on of a
medi cament for treating netastatic cancer or |ate stage cancer. |In another
aspect, the invention relates to a nmethod of inhibiting netastasis in a
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nasal, intrabronchial, topical (including buccal and sublingual), vaginal or parenteral
(including subcutaneous, intramuscular, intravenous, intraarterial and intradermal),
intraperitoneal or intrathecal administration. Preferably the formulation is an orally
administered formulation. The formulations may conveniently be presented in unit
dosage form, i.e., in the form of discrete portions containing a unit dose, or a multiple
or sub-unit of a unit dose. By way of example, the formulations may be in the form of
tablets and sustained release capsules, and may be prepared by any method well

known in the art of pharmacy.

Formulatibns for oral administration in the present invention may be presented as:
discrete units such as capsules, gellules, drops, cachets, pills or tablets' each
containing a predetermined amount of the active agent; as a powder or granules; as a
solution, emulsion or a suspension of the active agent in an aqueous liquid or a non-
aqueous liquid; or as an oil-in-water liquid emulsion or a water-in-oil liquid emulsion; or
as a bolus etc. Preferably, these compositions contain from 1 to 250 mg and more

preferably from 10-100 mg, of active ingredient per dose.
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units such as capsu eF cachets, pills or tablets each
cont ai ni ngst@r@heed@dlwnrﬁtwateamwmbm e stearpies. qlyeerel stgarale sisareAClY,
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enul si on qreppenwitte pil iofwisttergreeguekeremiavewdng anst thedikg ogpale dP@¥ abl vy,
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ng, of active 1ngredient doSe. onpositions for oral adm nistration
(e.qg. tabITsibiet%m@)'@Jﬂstﬂ @;@}ed t@m@etheﬁwe% BP@aarrier” includes :
vehi cl es such as conmon excipients e.g. binding agents, for exanple syrup,

acacia, gelatin, sorbitol, tragacanth, polyvinylpyrrolj e (Povi done),
met hyl cel |Ailtaigel, mayHige MQ%Pbs'@mP%|°ﬂn9rcm°HMH99?@ IYV{'}' (5’&'& or more

hydr oxypr opylLg WYig?@é ibits OB BmpfateE P I8bI8 Imay deCprephiek! I8y %omﬁdasglag rinex s, for
exanpl e corn starc l'atin, |actose, sucrose, mcrocr II|ne ce Ll ul ose,

kaol i n, mﬁabl@|mav@ir@athe|aefﬂﬁepaa?§b1ﬁ'aa@ee HoMNg ferEnsYshi ageR ‘h °@PFﬁ%’ &ci d;
and | ubri %Eﬁal@%&e@ﬁm%ﬁ%ﬁﬂek!%bncant, inert diluent, preservative, surface-active or

dispersing agent. Moulded tablets may be made by moulding in a suitable machine a
mixture of the powdered compound moistened with an inert liquid diluent. The tablets
may be optionally be coated or scored and may be formulated so as to provide slow or

controlled release of the active agent.

Other formulations suitable for oral administration include lozenges comprising the
active agent in a flavoured base, usually sucrose and acacia or tragacanth; pastilles
comprising the active agent in an inert base such as gelatin and glycerin, or sucrose

and acacia; and mouthwashes comprising the active agent in a suitable liquid carrier.

Other forms of administration comprise solutions or emulsions which may be injected
intravenously, intraarterially, intrathecally, subcutaneously, intradermally,
intraperitoneally or intramuscularly, and which are prepared from sterile or sterilisable
solutions. Injectable forms typically contain between 10 - 1000 mg, preferably between

10 - 250 mg, of active ingredient per dose.
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1 the age, body weight, general health, sex, diet, mode and time of administration, rate

of excretion, drug combination, the severity of the particular condition, and the

individual undergoing therapy. The dosages disclosed herein are exemplary of the

average case. There can of course be individual instances where higher or lower

dosage ranges are merited, and such are within the scope of this invention.

In accordance with this invention, an effective amount of agent may be administered to
inhibit Axl. Of course, this dosage amount will further be modified according to the type
of administration of the agent. For example, to achieve an “effective amount” for acute
therapy, parenteral administration is preferred. An intravenous infusion of the
compound in 5% dextrose in water or normal saline, or a similar formulation with
suitable excipients, is most effective, although an intramuscular bolus injection is also
useful. Typically, the parenteral dose will be about 0.01 to about 100 mg/kg; preferably
between 0.1 and 20 mg/kg, in a manner to maintain the concentration of drug in the_(
plasma at a concentration effective to inhibit a kinase. The agents may be
administered one to four times daily at a level to achieve a total daily dose of about 0.4
to about 400 mg/kg/day. The precise amount of an active agent which is

therapeutically effective, and the route by which such agent is best administered, is



oi ntment consisting of a white wax or white soft paraffin base together
with such stabilisers and preservatives as may be required. Dosage A person
of ordin illL in the art can easily determ ne an appt i e of
one of tﬁ&xizﬁﬁl{]ghslscorrposi tions to adm nister to a subj @ggﬁwﬁm‘wg?indue
experinmentation. Typically, a physician wl| determ ne the actual dosage
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excretion, drug conbi nation, the severity of the particul ar condltl on, and
the i ndi vi dual under goi ng therapy The dosages di scl osed herein are
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wher & hi ghary of, | HE T AOSHAR0K HAR0 S CoufRtidrt OF adiEleSURE G frokd tohitfe t he
scope of thi's Inven |on n accor ﬂce wth this invention, an effective
amount of thgepeuticyndicatiadsr disclosedebenetn. i Tupiaslly. Axphargyaceuisal CompRFioRios age
o et bocldihh e BB ARACH O oh B Ubsd Obekiith Qo U ) dHolinko on_ Of

t he agent. "For e o ac Ieve an ec Ive anpunt”_for acute therapy,
par ent er al mgtgi m@tnaanerownssstq:nt ofithr sheccongition (of thsy eakRN. | Prefasatin ths ofahe

conpound |@? %%?/éiﬁd(ﬁé 258utio waatb%mﬁ?qp@%tl Vesal ine, or-a simlar formrulation

with suit € excl piren s I S nost al t hough an intranuscul ar
bolus injection is also usef ul. Typically, the parenteral dose will be

about 0.01pj0 a?pr%'tof 1R iARrgn rﬂéyefbgrt@?leﬁ |H%ﬁéeéps&fe1al%lgo§@alnﬁgslégs thn a

manner to mal APai R The concentratlon o plasma at a-

concent r at deferming elbei genceptration f t ay @Qerh‘as‘éh'c"l'h'é é?j’é’l’f?@ Payane adeiven st ered
one to fou5 atnzlggg,%%?il at a level to achieve a total daily dose of about
0.4 to about day The precise amount of an active agent which is
therapeutically effective, and the route by which such agent is best

adm ni stergﬁ,of'gﬁ&gadlly determ ned by one of ordinary skill in the art by
conparing t ood |l evel of the agent to the concentration reqU|%§q to
have a t hehngibenaspeetafdbe inveptionagiaiessto kit farassesaing the ALY, oban 8ol to

adm ni st er ﬁﬁ.bg RleverdPepi {Pﬁna%lnf‘é%tencﬂyﬁnéitraﬁam{ (|§\wc)h shigat édmprn‘smgcamt ration
of drug ISAEIU ItI)CdI ent to achieve one or nore of
antiboaies.

Yet another aspect of the invention relates to kit for assessing the ability of an agent to
_inhibit or reverse epithelial-to-mesenchymal transition (EMT), said kit comprising a

nucleic acid probe for Axl.

Another aspect of the invention relates to kit for assessing the abi[ity of an agent to
inhibit or reverse epithelial-to-mesenchymal transition (EMT), said kit comprising at

least one QPCR primer for Axl.

A further aspect of the invention relates to the use of a kit as defined above in any of

the above-described methods.

Diagnostics and Prognostics
The invention also relates to the use of Axl as a biomarker in the diagnosis or
prognosis of diseases characterized by proliferative activity, particularly in individuals

being treated with Axl inhibitors.



therapeutic indications disclosed herein. Typically, a pharmaceutical
conposition containing the agent is adm nistered at an oral dose of between

about 0. ]’Wb%ﬁ}?@ ¢90 i ng/kg in a manner consistent wi ?BT}IEﬁ)IG/Q%giZéion/ (lzf
ng

t he patient. ferably the oral dose would be about 0.5 to about
The agents of this invention may be teg?ed I n one of several biological
assays to determ ne the concentration an agent which is required to have

a given phj{‘srerggg %.ﬁalth tgﬁt“ §é6st%f m@ﬁ'{oﬁe rﬁtgélﬁshsrrré @CthaPTenbbBs a

i nvention 2 KTt essing t an agent to_inhibit
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assessing the abi an agent to In It or reverse
epi thelial -to-nmesenchymal transition (ENW) said kit conprising at | east

one QPCR J"?émt( Q laﬁﬁg ic AnbibhNeE asddehbred niddhsi BVRBiHoANtHaElcAbBIBs t# t he

use of a k| as de above 1 n any of the above-described nethods.
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a biomarkeg.if, rk%\’ealmgt'ﬂg%uﬁcéys &rtfgaﬂﬁér'lt%vl ar@'ﬁ&?ﬁﬁtﬁﬁto?k@b@%’%@és'sé@m@y

prollferatlve activit articul ar I'n individuals being treated with Axl
i nhi bi tor sd»msa@daabmer euntablet Hegn@sﬁm insuglgrrselescdirpotasble aryeefrige §enes 8dd t hat

bl
enabl es a BUAHES Holh SRR bHBLPOPERIRMAS, KEHAghaRdRedtbie. huran or

disease, in particular, cancer. Mre
speci fical I Y, the cancers of interest include br east | ung, gastric, head

and neck, t“ﬁ’vjo n6§|EaJnettB9ﬂCJse§§éoChe#&r?rd\éﬁ?rs Eeﬁn@fHoﬁ that andples a

endometrl pros ate cancers and | eukem as.
determlnatlon of the likelihood of a subject being susceptible or responsive to
treatment with a particular agent/regimen. Such prognostic methods provide
information on the likely outcome of a particular treatment regimen, for example, the
likelihood of a subject responding to said treatment, and/or information as to how
aggressively an individual should be treated within a particular treatment regimen,
and/or how aggressively an individual should be treated with conventional therapeutic
methods such as radiation/chemotherapy. The prognostic methods described herein

therefore have important applications in the field of personalised medicines.

One preferred embodiment thus relates to the use of a biomarker as described above

in a personalised medicine application.

In one preferred embodiment, the personaIiSed medicine application is for determining

whether a subject will be susceptible or responsive to treatment with an Axl inhibitor.

In one preferred embodiment, the personalised medicine application is for determining

whether a subject is particularly likely to suffer from metastatic cancer.

Another aspect of the invention relates to a prognostic method for determining whether
a subject will be susceptible to treatment with an Axi inhibitor, said method comprising

detecting the occurrence of epithelial-to-mesenchymal transition (EMT) in said subject.



The term "di agnostic nethod" as used herein nmeans a nethod that enables a
determ nati on of the presence or type of cancer in or on a human or ani mal.
Sui t abl y o al l ows the success of treatment with bit or
to be ass‘gg?gﬁﬁl di scussed above, suitable diagnosti cs i nc%%ﬂc){gdogirﬁuobes
directed to any of the genes as identif bed herein such as, for exarrpl e,
QPCR prinmers, FISH probes and so forth The term’ prognosti c net hod" as
used her ei g, B4 é‘ctrs?méqu%rlﬁﬁ r&18R8 1S thedysB& A3 bickarkér if b%rbgdﬁéh(t hood

of a subject bei n suscepti bl e or responsive to treatnent with a LI cul ar
agent / r egi agent f%@@t@"pm@nwmth%f %ﬁ@%%é""‘b%\?l’ﬂ@*’?'h‘f*cﬂr FE3ROFAVE O trRaMEkel v
out cone of,a RARkiGHbiRy. treatnent reginen, for exanple, the likelihood of a
subj ect respondl ng to said treatnent, and/or information as to how
aggressively an individual should be treated within a particul ar treatnent
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in the fiejdleQihgRd SQUALhSES dPRAbIGI-REMeséAtByRBRFAISTIOH (ERITPIN sERNSubjdtls
relates to t%e Use of a biomarker as descri bed above in a personalised

medi ci ne application. In one preferred enbodi ment, the personalised

medi ci ne alﬂ@l‘ér%ﬁ i1tR&E pfognb&tic rﬁ'&h@ddﬂéﬁcﬂged/\é'&ivé%bm%nwbie@ép%ﬂ | be
suscepti bl e or- responS| ve to treatment with an AxI inhibitor. In one

pref err ed @nbodii@iRing arsanieiremfaid wbiech@dfci ne application is for

det er m ni ng, Vmedé?@ffnuﬂng?‘ﬂbé @&prekSioM 3 tAxF il 8aidysdnpie lag éd?np?dﬁéd @6 o cantol .
met ast ati c cancer aspect. of the inventi an rel a}ees to. a fF'P'ggnOStl c

net hod for det samRig: H@“e\ﬁﬂ@t“ﬁ@g“!i‘t'%ﬂf@@texﬁielsf;'%ée alivedafhe pontrdl §a T ment

with an Axl i nhh@itaRe. oﬁauéieamulhpdocmhteﬁﬂ Wilh det et rmgoltbhearﬁcmureaeace of
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likely to sufifer from metastatic cancer, said net hod conpri si ng det ecting
t he occurrence of epithelial-to- mssenchyrral transition (EMI) in said
subj ect .

Preferably, the sample is analysed by protein analysis, more preferably, by ELISA,

PET, flow cytometry, SELDI-TOF MS or 2-D PAGE.

The present invention is further illustrated by way of the following non-limiting

examples, and with reference to the following Figures, wherein:

Figure 1 shows that Axl expression is a negative prognostic factor for breast cancer
survival. (A) Immunochemistry weak (60 %) and strong Axl expression. (B) Kaplan-
Meier analysis of 8 year clinical follow-up. (C) multivariate analysis. (D) Axl expression
in matched pairs (n=16) of primary and metastatic human breast carcinoma: primary
tumors to the left (upper. Axl negative, lower: Axl positive), metastases to the right
(upper. liver, lower. bone). Axl expression tended to be stronger in metastases when

compared with corresponding primary tumors (p=0.11, McNemar's test).

‘Figure 2 shows that Axl is required for breast cancer cell invasiveness (A) FACS and
(B) Western blot analysis of Axl expression in epi-allelic MB-MDA-231 breast
carcinoma cell series. (C) Axl is phosphorylated Epi-allelic analysis of matrigel



Preferably, the prognostic methods described above conprise the steps of:
(i) obtaining a sanple fromsaid subject; and (ii) determning the

expr essi ' i :
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of susceptibility to treatment with an Axl inhibitor and increased
| i keli hood of suffering fromnetastati élcancer. Thr oughout t he
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SDS- PAGE and

Figure 4 shows that tissue engineered breast tumours require Ax expression. (A) In
vivo imaging of MDA-MB-231/GFP-Luc tumor tissue engineering implants in NODSCID
mice. Temporal tumor growth was monitored by in vivo optical imaging of luciferase
bioluminescence from MDA-MB-231/GFP-Luc cells (/). Tumor cell number (total
photon) and extent of radial infiltration (signal diameter) measurements are from
control implants (solid line) and cell implants expressing MDA-MB-231/GFP-Luc-
shAxI2 (dashed line) show Axl-dependence of tumor growth and colonization within
poly-lactic acid tissue engineering scaffolds (i). Appearance of bilateral scaffolds upon
excision (ii). Immunohistochemistry analysis of tissue engineered tumors with anti-
human Axl at 28 days post-implantation (left panel, vector control; right panel, shAxI2)
(iv). Tumor tissue engineering implants with wildtype control (left panel) and shAxI2-
expressing cells (right panel) were analyzed by immunohistochemistry with anti-human
Axl (v). Black squares demarcate colonization and radial spread of MDA-MB-231/GFP
Luc cells . *p<0.05, **p<0.005 (paired t-test) compared with control. N = 6 mice/group.
(B) Temporal in vivo imaging of tricellular implants comprising primary human
microvascular cells (EC), vascular smooth muscle cells (SMC) and MDA-MB-231/GFP
Luc cells (). Tumor growth (total photon) and radial spread (diameter) measurements
in control (solid line) and shAxI2 expressing MDA-MB-231 cell implants (broken line)



i mmunobl otting using an antibody against Gas6. (C) MCFICa cells transduced
with retroviral vectors encoding Tw st, Zeb2, Slug, Snail or vector control

(GFP) wergoapalnsgd on by flow cytonetry for Axl Surfac%c??iﬁ/@ilﬁ%gfk {I eft)

and geonetric nean fluorescence (right). (D) Extracts from

transduced with Twi st, Zeb2, Slug or Snail retroviral vectors were anal yzed
by i mmhnob: otti ng for changes I n eplthé‘I I al (E-cadherin, b-catenin) and
mesenchyma Vi ren ells
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pol y-l acti | SSue engi neering sca Appear ance of bilateral
scaf fol ds enpg)meeeadzl\f@PGMB(HDtumwnblhﬂ%i @CW%@We% ysis of tissue

engi neered tunors with anti human Axl at 28 days post-inplantation (left
panel, vector control; right panel, shAxl2) ?Q Tunor tissue eng| neering
i npl ant's wFighrenb IsHow®n WQtapea"e@IP@h@lyﬁiariéY%a'%ﬁ istinptdidd-exprgssioadhregheld| | s
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(v). Black uar es oni zation and radi al “spread
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photon) an UnsBUr I
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| munohi st ems ysSI's s hat the engi neered anti - hu p 05)3
- st ai ni ng shAxI279 (/neffectlve shRNA) (11) (D) Tumor growth (28 day measurementsST% otte
versus Axl knockdown reveal the therapeutic threshold (80% reduced expression).

*p<0.05, **p<0.005 (paired t-test) compared with control. N = 6 mice/group.

Figure 6 shows that Axl is required for metastasis of breast carcinoma cells. (A) In vivo
monitored primary tumour and metastasis, |, Orthotropic growth (upper panel) and
metastasis to lymph node over time (lower panel). ll, Primary tumour growth monitored
by in vivo optical |mag|ng (GE Explore Optix) of wild type (solid line) and Axl RNAi
implants (broken line). (B) Detection of metastasis in different organs. (C) Ex vivo
detection of breast cancer cells. |, Images of excised organs are shown. I, Histological
analysis of the same tissues confirmed metastasis (arrow) to different organs. (D)
Mann-Whitney (log-rank) test between control (vector) and shAxi2 orthographically
injected mice shows an increasing of survival in MDA-MB-231-D3H2LN/GFP-Luc-
shAXxI2 tumor-bearing mice (P=0.013).

Figure 7 shows that Axl is essential for post-immune response recurrence and
metastasis of syngeneic breast carcinoma cells in BALB/c mice. (A) 4T1-GFP-Luc

mouse breast carcinoma cells expressing mouse Axl-targeting shRNA (shmAxi2) or



vessel s contain intra-lumenal red blood cells (inset) indicative of patency
and perfusion (/V: left panel, vector control; right panel, shAxl- 2).

*
P<0.05, *Wwo WiPodfR. *** p<0.0005 (paired t-test) conpa | rol. N=
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Axl RNAI inplants (broken line). (B) Detection of metastasis in different
organs. (Caiglﬁ‘é %g%%@ﬁ#ﬁ)gﬁeefbfrtﬁ%%ﬁrL@Q@Eém p&lobAGFP2ALUcEges of excised

organs are ] ogl cal analysis of the sanme tissues confirned
netastasis (arrow) to different organs. (D) Mann-Witney (Il og-rank) test

bet ween cant ralg ( r ; i B - .

i ncreasi ngﬂé"l!rgsguﬁ/ﬁ%\%y&’ %H%ﬂgmﬁaw Dgﬁl-%{ﬁl\fg:gmfuﬁgsa hﬁlfgtﬁdmﬁﬁd%‘ﬁ?\r’g o
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BALB/ C [:%?;H%sg\gaﬂgﬁ 1c_§1rggpn_ff§-fl|}%§t%+éssfah WHER8QEE bYIRAGHy SRt fered8 s i n
hdurs. Slug and Ha-Ras expression in MCF10a cells Ied to a strong increase in surface

expression of the cancer stem cell marker CD44.

Figure 9, Panel B.,>shows that Axl surface expression in MCF10a cells encoding Lsug,

Ras. Axl surface expression correlates with the presence of CD44 and mesenchymal

traits both in Slug and Ha-Ras induced EMT.

Figure 9, Panel C, shows mesenchymal morphology of Slug or Ha-Ras expressing
MCE10a cells at 72 hours post seeding sorted by FACS for CD44 high (CD44+) and
low (CD44-) CD44-expressing sub-populations. CD44- cells show epithelial
morphology, while CD44+ MCF10 cells demonstrate elongated mesenchymal

morphology.

Figure 9, Panel D, shows Western blot analysis of CD44- and CD44+MCF10a cells
transduced with retroviral vectors encoding Slug', Ras. CD44- MCF10a cells retained
epithelial junctional and cytoskeletal protein expression. In contrast, CD44+ cells
showed strong mesenchymal marker expression (vimentin, N-cadherin) and loss of E-

cadherin, demonstrative of EMT.
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MATERIALS AND METHODS

Plasmids and antibodies

All shRNAs were expressed from a modified human U6 promoter in the LTR of the
retroviral vectors RRI-Red/ L087 (Genbank: EU424173) used to transform MDA-MB-
231 cells via retroviral infection. RRI-Red also expresses Puro2AmRed1 resulting in
puromycin resistance and red fluorescence in successfully transformed cells. All AxI

cDNA nucleotides are numbered as in Genbank: BC032229.

The following sequences were used: AxI2; (hairpin in small letters)
GACATCCTCTTTCTCCTGCGAAGCCCATctggtcATGGGCTTCGCAGGAGAAAGAGG

ATGTC , shAxI278;
ACGGGTCTCCTTCTTTCGCCGttggatccetggtcggatccaaCGGCGAAAGAAGGAGACC

CG, shAxi279;
GCTTCAGGCGATTTCCCCGGCGttggatcectggtcggatccaaCGCCGGGGAAATCGCCT

GAAGC, shAxI280;
ATGCACGCCCAGCC_GCACAGCGttggatccctggtcggatccaaCGCTGTGCGGCTGGGCG

TGCAT shlLuc;
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shAx| 280; antibodies against human Axl were used; mouse monoclonal anti-human Ax| (MAB154,
R&D Systems) and goat anti-human Axl (M-20, Santa Cruz). In addition, the following
antibodies were employed; rabbit anti-human pAxl (Y779, R&D), rat anti-human Snail
(SN9H2, Cell Signaling), mouse anti-human Slug (L40Cb, Cell Signaling), rabbit anti-
human E-cadherin (24E10, Cell Signaling), rabbit anti-human N-cadherin (ab18203,
Abcam), actin, mouse anti-human. b-catenin (L54E2, Cell Signaling), mouse anti-

human Gas6 (R&D Systems), rabbit anti-human Twist (Twist2C1a, Abcam).

Cell culture, retroviral transductions and cell proliferation assay

All cells were cultured at 37°C, 5% CO,. Phoenix A cells (Dr. Gary Nolan, Stanford),
MDA-MB-231 human breast epithelial carcinoma cells (American Type Culture
_Collection, Rockville, MD), human dermal microvascular endothelial cells (HMVEC),
and pulmonary artery smooth muscle cells (PASMC) (Cambrex, Walkersville, MD,
USA) were maintained as previously described (Holland 2005). The clonal cell line
MDA-MB-231-DH3L2N (Xenogen Corporation, Alameda, CA, USA) was cultured in
Minimum Essential Medium with Earl's Balanced Salts Solution MEM/EBSS medium
supplemented with 10% FBS, 1% nonessential amino acids, 1% L-glutamine, and 1%
sodium pyruvate. Phoenix A cells were transfected using the calcium phosphate
method (Swift, 1999). Approximately 30 hours after transfection, the medium was
changed to growth medium for the cells to be infected, supplemented with 10% FBS.
Infectious supernatant was collected ~48 hours after transfection. Target cells were
exposed to supernatant containing 5 mg/mi protamine sulphate over night. Infected

cells were selected with(1 pg/ml puromycine. Cell proliferation assay was performed to
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Bal anced SghdifsisSehus iFaes CAMUEBESY iGythroeter (BD Biosciences). Data analyses were
carried out using the FlowJo software (Tree Star, Inc., Ashland, OR, USA). .
Cells expressing high levels of GFP, RFP and low Axt (shRNA) were isolated by FACS
Aria SORP with laser 488nm, 532nm, 638nm and 407nm to establish stable,

homogenous populations of cells.

Protein extracts, SDS—-PAGE, immunoblotting and immunoprecipitation

Cells were lysed in RIPA buffer (PBS with 1% (v/v) Nonidet P-40 (NP-40), 0.5% (w/v)
sodium deoxycholate, 0.1% (w/v) SDS) supplemented with protease inhibitor
(Complete Mini, EDTA-free, Roche #13457200) and 0.2 mM PMSF. SDS-PAGE and
immunoblotting were carried out according to standard procedures. For
immunoprecipitation, cells were lysed in'NP-40 buffer (10%glycerol, 1% NP-40, 50mM
Tris pH 7,4, 0,2 M NaCl, 2,5mM MgCI2) supplemented with protease inhibitor and
PhosSTOP phosphatase inhibitor cocktail (Roche). Extracts were incubated with
antibody coubled to protA/G beads for 1 hour at 40C, and the beads were washed in

NP-40 buffer four times before elution.

Invasion assay and 3D matrigel assay
The boyden chamber chemoinvasion assay (Albini et al 2004) was carried out using

Becton Dickinson (BDFalcon cell culture inserts (8 pm), Falcon multiwellTM 24 well
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(w'v) SDS) 1998° \%I’?W&El@@ M%ﬂ\oBFéb‘hG%%ﬁe eog'r'ytﬁifrﬂfnths. Briefly, 95 invasive interval
cancers occurred during the first two screening intervals (1996-2001), and these were
matched by size with 95 screen-detected tumors from a total of 317 invasive tumors
during the first two rounds (median diameter 15.6 and 15.7 mm, respectively. After
matching, the mean tumor size for screen detected and interval cases were 25.1 and
23.1mm, respectively, and the corresponding mean age in these groups was 62 and
59 years. In addition to age and tumor diameter (by pathologic examination), basic
characteristics, such as breast density, histologic type, histologic grade, lymph node
metastases, and distant metastases at diagnosis were recorded. The median time from
the last mammogram to the diagnosis of interval cancer was 17.1 months. Last date of
follow-up was November 31, 2004, and median follow-up time (of survivors) was 72

months. During the follow-up period, 31 patients died of breast cancer.

Immunohistochemistry

Tissue microarray slides were used in the present study. The tissue microarray
technique is tissue conserving and has been validated in several studies.
Immunohistochemistry was performed on 5 pm thick sections of formalin-fixed,
paraffin-embedded tissues. Antigen retrieval was performed by boiling for 10 min at
750 W and 20 min at 350 W in TRS (Target Retrieval Solution; DakoCytomation,
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then stai npdnphfnd)API. Pictures were taken using a fluorescent m croscope
and the cells counted using Imaged (http://rsb.info.nih.gov/nih-inmged ,

Wayne Rasband. National). The 3D assays were nodified from Sandal ef a/
2007, 3000Qv9g54,§nw§@"ﬁﬁgded out on gel and cultures were allowed to grow

for 10-12 days before they were analgesed Clinic sanpl es The gm?ent
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size for seegstcafbGs b abrahtisslaMing 285 waerlec&ﬂedl @0 (no tumor cells
positive), 1 (<10%), 2 (10%-50%), and 3 (>50% of tumor cells). A staining index (SI)
was calculated as the product of staining intensity and area. Immunohistochemical

registration was done blinded for patient characteristics and outcome.

Statistics

Comparisons of groups were performed by Pearson x2 test. In all statistical analyses,
cut-off values for staining index (Sl) categories were based on median values.
Univariate survival analyses (using death from endometrial carcinoma as end point;
death from other causes were censored) were performed using the product-limit

procedure (Kaplan-Meier method), with the time of primary operation as the entry date.

The log-rank (Mantel-Cox) test was used to compare survival curves for different
categories of each variable. Variables with impact on survival in univariate analyses (P
< .15) were examined by log-log plot to determine how these variables could be

incorporated in Cox’ proportional hazards regression models.
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Eval uation of staining The staining was predom nantly cytoplasnmati c,

al though there was sone concentration of staining in the cytoplasmatic

menbrane. Bichiminegcence imagingiBl-lby a seni quantitative and subjective
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box with continuous exposure to 1-2% isoflurane and imaged for different views
depending on the turhor model. Region of interest were identified and were quantified
as total photon/sec-1 using eXplore Optix software (GE Explore Optix). /n vivo
background bioluminescence was in the range of 2-3x10 photon counts. For ex vivo
imaging, 150 mg/kg D-luciferin was injected into the mice just before necropsy. Tissues

of interest were excised, placed into plates and imaged.

In vivo tumor models

Tissue engineering

1x106 MDA-MB 231 cells which express GFP-Luc biomarker and different RNAs
interference that regulate Axl expression, were suspended in a 1:1 mixture of F-12
Kaighn's (Invitrogen) :Matrigel (BD Biosciences) and seeded in 6x6 mm Poly-lactic
acid (PLLA) scaffolds.

Females NOD/SCID/B2mnull were anesthetized by exposure to 1-2% isoflurane (Isoba
vet.-Schering-Plough A/S) during the implantation procedure and on subsequent
imaging days. Two scaffolds were implanted subcutaneously (s.c) in each mouse
according to Nor et al. Lab Invest.; 81 (4) 453; 2001 Scaffolds with cells that express
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monitored weekly in vivo by imaging for 4 consecutive weeks.

Mammary fat pad spontaneous metastasis model

Subline of human MDA-MB-231 cells (called MDA-MB 231 DH3L2N - Xenogen) which
express GFP-Luc biomarker and different RNAs interference that regulate Axl
expression were injected into mammary pad of mice. NOD/SCID/B2mnull mice were
anesthetized by exposure to 1-3% isoflurane and injected with 50 pl of 2 x 106 MDA-
MB-231 DH3L2N cells suspended in MEM/EBSS medium/Matrigel (1:1) into the
abdominal mammary fat pad. 10-15 min after D-luciferin (Biosynth) injection, mice
were placed in the eXplore Optix Imaging System and imaged from the ventral view.
Tumor growth and metastasis spread was monitored every second week by
bioluminescent imaging for up to 9 weeks. The lower part of each animal was covered
before reimaging, to minimize the bioluminescence from the primary tumor so that the

signals from the metastatic regions could be observed in vivo.

Tissue collection
At the end of each experiment the tumor tissues implants and different organs were

retrieved from the mice and preserved in 10% Paraformaldehyde (Sigma-Aldrich) for



dependi ng on the tunor nodel. Region of interest were identified and were
quantified as total photon/sec-1 using eXplore Optix software (CGE Expl ore

Opt i x) . Iwoghyo%ﬂ%gkground bi ol um nescence was in the rapgapRfioiosrclO

photon counts. For ex vivo imaging, 150 ng/kg D-luciferin was injected into
the mce just before necropsy. Ti ssueségf I nterest were excised, placed
into plates and imaged. In vivo tunor del s Ti ssue engi neering 1x106

MDA- VB 231fuﬁﬁ%|lh2a[n\§f&%§_nl@%%g%g\iﬁlagzﬁ"eb%dblfd?”ﬁi%i&%éth@fb@yd'( ok &¥firé Ném b¥ing,

interference th K expression, were suspended in a 1:1 mxture
of F-12 Kasegtinnisg andhsiaining)@ny angbized pemicqresoop? 8¥¥@iofes) and seeded in 6x6
mm Pol y-lactic acid (PLLA) scaffolds. Femal es NOD SCI Y B2mmul | were

anest hetized by exposure to 1-2%isoflurane (Isoba vet.-Schering-Plough

A S) duri n§tatisticalranalysisief animal rasdelFesultsd on subsequent i magi ng days. Two

scaf f ol ds Lol t (1S .- b dRmed e HiRg t
Nor ot ar. THAnmPa EPLARgSLAE) A e e e e ot ing 1

expr essAx| standardieorsawereadelermingd foseach PaRETHIeNE REPATIEPIRLS YVeredised i ri ght
side scaff Qés@ﬁbg"'tﬁehre@afﬁgh§hib eVt ehbiAkimireR erteBO 6&IHRAber b ricetunidh Qliimetei. cal

procedure, anesthetized mce were placed in Imging System and i maged for
both | eft &tadisticabnalysiegaere bases! off pairgdidgst nt rager igt o%eal i nj ecti og of
150mg/ kg D-luciferin (Biosynth). Tunor devel opnent was nonitored in vivo
once a week by imaging for 4 weeks. Xenograft assay 1 x 106 NDA- MB-231
cel I s infeBESHLEPt h ShRNA vectors and GFP-Luc were suspended in 100m of
F12K medi um + 10% FBS/ Matrigel (1:1 ratio, BD Biosciences) and injected
w th a 29-gauge insulin needle subcutaneous|ly into both flanks of female
NOD/ SCI DY BAK exRressien i stongrogBesys theterdf everall shirvivgoflreastoanses

i nj ect eg, kdiftsi N lr: glht flank cells negative in Axl expression were
injected. For tricellular inplant MDA-MB-231 cells infected with sh
vectors ant @pec loassees Ehenfolecafl A!tim Preash RaRFEF Hﬁﬁmﬂ?'&ers&réﬂéec'ﬁi"?ﬁt'géwgﬁg i al

cel I's (HWEressHid i W8 afrymas tiriks SaToireBstntecee pagbhts GEMMESE) duringrati o of

1:2: 2. Tunor growth was ) . . L
Norwegian Breast Cancer Screening Program which started in 1996 entailing bi-annual
two-view mammography (Wang et al 2001). Briefly, 95 invasive interval cancers
occurred during the first two screening intervals (1996-2001), and these were matched
by size with 95 screen-detected tumors from a total of 317 invasive tumors during the
first two rounds (median diameter 15.6 and 15.7 mm, respectively (Collett ef al., 2005).
After matching, the mean tumor size for screen detected and interval cases were 25.1
and 23.1mm, respectively, and the corresponding mean age in these groups was 62
and 59 years. In addition to age and tumor diameter (by pathologic examination), basic
characteristics, such as breast density, histologic type, histologic grade, lymph node
metastases, and distant metastases at diagnosis were recorded. The median time from
the last mammogram to the diagnosis of interval cancer was 17.1 months. Clinical
parameters were monitored, last date of follow-up was November 31, 2004, and
median follow-up time (of survivors) was 72 months. During the follow-up period, 31

patients died of breast cancer.

There were no significant associations between Axl expression (divided in two groups
by median staining index; Figure 1A) and important clinico-pathologic features such as
histologic grade, tumor diameter, expression of estrogen and progesterone receptors,

and axillary lymph node status. Also, Axl expression was not associated with HER2, E-
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factor for overall survival of breast cancer patients In order to assess
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entailing HbyAEPYRImetastases when compared with corresponding primary human breast
carcinomas (p=0.11, McNemar's test; Figure 1d; metastases to the right, liver (upper)
and bone (lower)), suggesting that Axl expression is a strong prognosticator of poor

clinical outcome in breast cancer patients and associated with metastatic spread.

Axl is required for breast cancer cell invasiveness

The strong correlation of Axl expression in early breast carcinomas with poor survival
indicates an important role for Axl in overall disease pathogenesis. As breast cancer-
related mortality invariably results from complications of metastatic disease, we
assessed whether Axl expression was required for malignant breast carcinoma cell
invasiveness. Axl is expressed in several highly metastatic human breast carcinoma
cell lines including MB-MDA-231. The Axl ligand, Gas6 is often co-expressed, leading
to autocrine activation (Holland et al., 2005). In order to effectively correlate Axl
expression levels in MB-MDA-231 cells with specific cellular behaviors, we developed
an epi-allelic series of Axl-targeting shRNAs that reduce Axl expression in a dose
dependent manner, using a recently developed FACS-based RNAi approach,
CellSelectRNAI (Figure 2A; Micklem ef al., in preparation). This AxI shRNA collection
was used to create an epi-allelic Axl MB-MDA-231 cell series with graded total (Figure

2B) and phosphorylated (Figure 2C) AxI protein levels.
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Ax! is upregulated by EMT-inducing transcription factors in breast epithelial
cells

The acquisition of mesenchymal invasiveness, the ability to migrate and invade ECM,
is the functional hallmark of EMT. The EMT-inducing transcription factor Twist is
required for metastasis of breast-carcinoma cells (Yang et al 2004). We therefore
investigated if Twist expression upregulates Axl in breast epithelial cells. Twist
expression in normal breast epithelial cells (MCF10A) induces EMT (Figure 3A;
Glackin ef al., in preparation). Strikingly, Axl is also strongly upregulated in Twist-
expressing MCF10A cells (Figure 3A-B). Further, as Gas6 is constitutively expressed
by normal breast epithelial cells, this Twist-induced Axl expression establishes an
autocrine activation loop, evidenced by increased cell-associated Gas6 and tyrosine
phosphorylated Axl (Figure 3A, C). To determine if other EMT inducing transcription
factors similarly upregulate Axl expression,' we analyzed MCF10A cells expressing
ZEB2, Snail and Slug. Each of these EMT transcription factors induced mesenchymal
transition in MCF10A cells and upregulated Axl expression. These results suggest that

EMT induction leads to Axl expression and can establish autocrine signaling.
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NOD-SCID mice within a two-week period (Hegen et al., in preparation). As shown in
Figure 4B, MB-MDA-231 cells form aggressive, highly vascularized tumors in this tri-
cellular implant mode!. The engineered human tumor vasculature is evenly distributed
and perfused with intralumenal red blood cells. In contrast, Axl knockdown, blocked
tumor formation, without affecting development of a perfused human microvasculature.
This indicates that Axl is required for tumor formation even in the presence of a

microvasculature that likely obviates the need for induced angiogenesis.

A distinct AxI expression threshold is required for breast tumor formation

In order to evaluate the level of Axl expression needed to form a tumor, we conducted
an in vivb epi-allelic analysis of Axl in subcutaneous MDA-MB-231tumors..The Axl epi-
allelic MDA-MB-231cell series (Figure 1) was injected subcutaneously and temporally
monitored for tumor formation by bioluminescent scanning. This approach revealed an
Ax| dose response for tumor growth (Figure 5). Correlation with surface Axl levels
demonstrated a threshold of Axl expression required for tumor formation (Figure 5B,C).
This dose response is congruent with the dose dependent effects of AxI inhibition on

invasiveness (Figure 2).



| arge di sorgani zed colonies wth invasive, stellate outgrowths that reflect
aggressive tunmors (Bissell). Knockdown of Axl expression strongly reversed

the mal i gRgnt, Oplragﬁﬁt ype of MB-MDA-231 cells in 3D-Matri g@lnu?ﬁﬁg/g@gﬂg snmal |
oget

round col oni es’w thout malignant outgrowths (Figure 2F t hese
data suggest that Axl signaling is I’qul red to maintain the
mesenchynal -I | ke invasi veness of netastatic breast carcinoma cells. Axl is

upr egul 2t cgfit EMdd HEABA0BE bicA il @ik Esns 1 breast. epi thel |

cells The I'on of nese I nvasi veness, the ability to mgrate
and i nvadelnEGMerite ehaustenthe mﬂulrem&m rﬁér'ﬁxlofOTEMPanrlﬁén@WmieFﬁﬂﬁ?i%gwe

transcri pt&mtgpq%tngb%%%éw'é%r 5 _hed> L,@ra pgg,@?b?o%ﬁg 9hd RighRSthetadfatit NoMa

cells (Yang et 'a ore |nvest| ed I f~ Tw st _éxpressi on
upr egul at eis vivd MDA-28ciaclatee fita thel mammaey fad Pad'\AhJ%t‘Q whpledaody QiPlurRINgsramk)

breast epi; "%5"@" Ee%ﬁamy%r?&@sd %,{bg%%éuém&ésasw@ve%meﬁ aedrianoQeerl ., in

preparation 0 stron upregul ated in
Twi st expr egagiody QMDM%M%Z%FD@U%NSW"B) ger;eu,'atgﬁellarg%grt@fgglc mammary

constitut 't\ﬁﬁng AXFF{%PB@@a’?ﬁé’ nQé/roQig hllan BandekERFGNA 68! A&PkAcEkddWH f MDA-

Twi st - i nduce expr essron i shes an ‘autocrine activation | oo
evi denced MB-231ep3INiresiired ti@sfét,el fpeimacaseMERATY typerderaation ub AlSP @ ed Axl

(Figure 3A§ub@antl%_ Pﬂ‘ﬁ'\%ﬁi MAEmbdy RIS @Pﬂﬁré NSRIC | Spbntdrn@bas rrh@tb*st@&sf aa§ ors

simlarly upregula expression, anal yzed MCF10A cell s expressing
ZEB2, Snai initiahyidetpetgd lrEﬁtﬁwth@fathmén@Nmmm aﬁ%% P pantoh MRAME- 23T Rg

mesenchy rmlhekfeﬁnrﬁlcre' &n4 'vﬂeewg'_(f‘faﬁf& BAJ.9n %trﬂﬂr RS Pheh e e e X FEtesed am -

These results su hat EMI"i nduction | eads to Axl exp ressmc{] and can

est abl i sh MDA N:A@ﬁfa?Mgmplﬁnteémp%»s@%hsa%ﬂ?ﬁeete%g’é?'y" fsrisepigans

formation ﬂ&e%ﬁﬁﬁéd"’ﬁ@%ihaﬁy fof Hi%mnﬂés@eﬁé@ehé)foemé tordsefBS &f tBtasfatie tellsO
eval uate the requirenent Ax| mallgnant growh in vivo in we used a

tissue engMﬁéeMBf?@a{:MHMﬁJe@W'icg |hﬁ6 WW%W‘*(?@PF?“?%'“E@W’@%"

GFPI uci feré}ﬁ .&9%@&&&% ?rﬂbh Qi‘JdbC'uﬁ-gt dvBried WAd WMrieyal Irl EBgiray (BB-MBTI ron
et al., un | shed resSu seed W th Matrlgel Intz?é)ﬁ?ﬁlﬁplacuc acid

ti ssue en %%hNT@X'%%NAo‘FQE dighchot ey detegtablp, sintariasit @ a single
I mrunoconpEgBh $¢ thddeh&CbPoRé Gfousé. @%étblo@lc&lhéﬁhlyms of tissue biopsies from the

organs of MDA-MB-231-D3H2LN injected mice confirmed the presence of multiple
micro- and macrometastases in all organs as predicted by the bioluminescent total
photon measurements (Figure 6C). No micro- or macrometastases were observed in
tissue biopsies from MDA-MB-231DHLN-AxIshRNA injected mice, confirming that the
lack of observed bioluminescence was due to inhibited metastasis formation. These

results show that Axl is essential for breast carcinoma metastasis.

We evaluated the functional contribution of Axl to overall survival of NOD-SCID mice
with orthotopically injected MDA-MB-231-D3H2LN/GFP-Luc control or Axl knockdown
cells. Overall survival was significantly increased in MDA-MB-231-D3H2LN/GFP-Luc-
shAXxI2 tumor-bearing mice (P=0.013, log-rank test; Figure 6d). These results together
with our clinical observations support the conclusion that Axl is an important to the

development of metastatic disease and overall patient survival.

In order to validate our results in a different metastatic model we transduced the highly
metastatic mouse breast carcinoma 4T1 cell line with the CSl-construct and selected
for GFPluciferase expression by FACS (4T1-GFP-Luc). The 4T1 cells are dependent

on Twist expression for metastasis and exhibit high levels of Axl expression (Figure 7a).
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cells dlsplayed rapld primary growth, reaching a maximum after one week. This was

followed by a precipitous regression that was sustained for five weeks (Figure 7b). At
week 6, recurrence at the primary site and multiple distant metastases were observed
that subsequently grew rapidly, causing moribundity and lethality in all mice by week 8.
The 4T1-GFP-Luc cells expressing the mouse Axl-targeting shRNA (4T1-GFP-Luc-
shmAxI2) initially followed a similar course: a rapid primary tumor growth, slightly
attenuated by Axlsuppression, followed by regression (Figure 7b). However, the
subsequent recurrence of the primary tumor and emergence of rapidiy growing distant
metastasis was completely absent (Figure 7b). Indeed, all mice injected with the 4T1-
GFP-Luc-shmAxi2 cells remained healthy at the time of sacrifice (8 weeks). The
splenomegaly associated with the leukemoid reaction characteristic of the 4T1 model
was also reduced in mice bearing Axl-knockdown tumors (data not shown). Upon
sacrifice at 8 weeks, individual excised organs were imaged and total light emission
quantified, confirming the presence of metastases at common dissemination sites in all
mice bearing 4T1-GFP-Luc-shAxi279 tumors (ngures 7c-d). In contrast, no
bioluminescent tumor cells were detected in the organs from mice with 4T1-GFP-
LucshmAxI2 tumors (Figures 7d-e). These results support the conclusion that Axl is an

essential regulator of breast tumor metastasis.
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expression of GFP; Ha-Ras expression was selected by puromycin treatment for 48
hours. As shown by flow cytometry (Figure 9, panel A), Slug and Ha-Ras expression in
MCF10a cells led to a strong increase in expression surface expression of the cancer
stem cell marker CD44. Flow cytometry analysis of MCF10a cells transduced with Slug
or Ha-Ras further showed a strong increase in surface Axl expression. Slug or Ha-Ras
expressing MCF10a cells were sorted by FACS for CD44 high (CD44+) and low
(CD44-) CD44-expressing sub-populations. The CD44-v cells showed epithelial
morphology while the CD44+ MCF10 cells demonstrated elongated mesenchymal
morphology (Figure 9, Panel C). Western blot analysis of these cells (Figure 9, Panel
D) demonstrated that CD44- MCF10a cells retained epithelial junctional and
cytoskeletal protein expression. In contrast, CD44+ cells showed strong mesenchymal
marker expression (vimentin, N-cadherin) and loss of E-cadherin, demonstrative of
EMT. Axl expression correlated with the presence of CD44 and mesenchymal traits
both in Slug and Ha-Ras induced EMT (Figure 9, Panels B, D). Growth of the CD44+
and CD44- Slug and Ha-Ras expressing MCF10a cells in 3-D matrigel (Figure 9, Panel
E) demonstrated that the CD44+, Axl-expressing MCF10a cells are invasive,

consistent with a mesenchymal phenotype. These results demonstrate that Axl is
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(Figure 7b). However, the subsequent recurrence of the primary tunor and
energence of rapidly grow ng distant netastasis was conpl etely absent
(Figure 7b). Indeed, all mce injected wwth the 4T1- G-P-Luc-shmAxl 2 cells
remai ned healthy at the tine of sacrifice (8 weeks). The spl enonegal y
associated with the | eukenoid reaction characteristic of the 4T1 nodel



was al so reduced in mce bearing Axl-knockdown tunors (data not shown).
Upon sacrifice at 8 weeks, individual excised organs were inaged and total

i ght emggi,oM,@saeti fied, confirmng the presence of F?E}%%%"“giﬁ cormon

di ssem nation sites in aII m ce bearing 4T1- G-P- Luc- shAx tunors
(Figures 7c-d). In contrast, no biolumumpescent tunor cells were detected in
the organs frommce with 4T1- GFPLucsh | 2 tunors (Figures 7d-e). These
resul ts support the conclusion thaRgPERENCESY essential regul ator of breast
tunmor netastasis. Autocrine Regulation by Gas6é The AxlI ligand Gas6 is often
coexpressed with Axl, consistent with autocrine activation. Cell-associated

Gas6 and phaspoRY! At Rbuielstdreyd .11 RAGAAIDERaEE ORISR MidRoaiagaFHDOGsar &
reduced upon Ax| Knockdown in NMDA- MB- 231 cel | Seigl‘fg E?g?l In MCF10A

cel I's, GasibthaBisepyasy ppdValdation ek Garees Bipmarkes h oci ated on

EMT- i nduceéon@&' KEXBf @B ShOBashFiepitichiall phenoliRSR moral freguetitge aiftenya dredsMT

program i nduction [eads to Axl expression d cap establish autocrine
si gnal i ng $aNcRi<REPaERs Witfesgraen é‘%‘??"gd t%gor%{{:]an f EB'HeE’ W@@a with Gass,

:CS det e;:t etlsfoR, Waﬂ@}l@éﬁ_ﬁé @élﬁélﬁ@?éi pragtﬁd%ﬁé lfékﬁ%réwﬁﬁ_h b?rg&ladanﬁg nayhde a
requent consequence o in ma unor i nducing transcription
factors sutauensf kiptgjogicakgiage "&HEP"?KF%""[%@W%F ceffam @ 1atge iy EQP P

suggest i nOtekR & IofXdp. m&&btm%y Qg@ﬁ'ﬂ@(ﬂ)ﬂp 240301 ferev 2006 GAISY: lp. 1 0012 hat
sust ai ns the mal i gnant. nesenc

f
consi st ent Supta B Iani 55 rapd o 5%”%5‘?"& enot e i %Sgp?"Qg’g]goﬁorrrﬁ'}rﬁte?%{Qc%lt |O(r:] 'S

| esi ons. CGRdthstaBlRasi Epﬁng Ha@SSyPsh atsst B/M)It izoofsx'lro Fpressi on MCFI Ca cel |'s
were transduced with S

const r uct sHolaNd- th. zfﬁ?fﬁjgé\@ E@“Fgémgﬁ“gﬁgﬁd?"{;@é& %ﬁ?ﬁﬁ\@ém @ﬂggﬁgﬁ%r ng
]g:gtrex gg eﬁ z L l?ééh efAS Yﬁgﬁgmfwor@fsl g_@eiﬁ{g | SReMAB, FelSecXe V. piiteshi G’mRayantD eat ment
Ha- Ras expM®sdi Bbn F |‘?Y"q!}[¥y"®e?”@e'l-‘?%"?g§£ (éoég)s? CFP@F 2@505"?‘3 K@)?B?éog(gl on

surface exmé%wnngb $lERisCRICRIMSHGrowire Clanoet Resealch4s: QZQMGBBOGytorretry
anal ysi's of

strong i ncAYLEEN; %ttﬁlf l?té‘r‘%%s'gg%g%é rt@ﬂhs't@g‘fﬁ}pffr‘%ﬂgaﬁgé p{&ﬁq%g \éFﬁ/Cgl Ca
cel I's wer espeeiniend. Rt MO cber4(ZPp48M-gh (CD44+) and | ow
Sun, W., Fujimoto, J. & Tamaya, T. Coexpression of Gas6/Axl in human ovarian
cancers. Oncology 66, 450-7 (2004).
Thiery JP. Epithelial-mesenchymal transitions in tumour progression. Nat Rev Cancer.
2002 Jun;2(6):442-54
Vajkoczy P, Knyazev P, Kunkel A, Capelle HH, Behrndt S, von Tengg-Kobligk H,
Kiessling F, Eich-elsbacher U, Essig M, Read TA, Erber R, Ullrich A Dominant-negative
inhibition of the Ax! receptor tyrosine kinase suppresses brain tumor cell growth and
invasion and prolongs survival. Proc Natl Acad Sci U S A. (2006)103:5799-804.
Yang J, Mani SA, Weinberg RA Exploring a new twist on tumor metastasis. Cancer
Res 2006 66:4549-52. '
Yang J, Mani SA, Donaher JL, Ramaswamy S, Itzykson RA, Come C, Savagner P,
Gitelman |, Richardson A, Weinberg RA.Twist, a master regulator of morphogenesis,
plays an essential role in tumor metastasis. Cell. 2004 117:927-39.
Yang J, Weinberg RA. Epithelial-mesenchymal transition: at the crossroads of
development and tumor metastasis.Dev Cell. 2008 Jun;14(6):818-29.
Wang, H., et al., Mammography screening in Norway: results from the first screening
round in four counties and cost-effectiveness of a modeled nationwide screening.

Cancer Causes Control, 2001. 12(1): p. 39-45.



(CD44-) CD44- expressing sub-popul ations. The CD44- cells showed epithelial
nor phol ogy while the CD44+ MCF10 cells denonstrated el ongated nesenchymal
nor phol ogyoGQbigWsRs9, Panel C). Western bl ot anal ysis opcithigsgo6ssic
(Figure 9, Panel D) denonstrated that CD44- MCFI Ca cells retained
epithelial junctional and cytoskeletal .pgrotein expression. In contrast,
CD44+ cells showed strong nmesenchymal rker expression (vinmentin,

N cadneri RoaRd dif R B CAMIGE el ARIAK MAbitiCoPAx iflse/wboksprmaasi on

correl ate the presence of CD44 and nesench traits both } 4Slug
and Ha- Rassnrmmmlme g8 SHgyiyRbingnodely,ef meigstap ca m?"h"%%( fea M P and
CD44- SIugF ,yh gexpressing MCFIGa cells in 3-D matrigel (Figure 9,
Panel E) denonstrated that the CD44+, Axl-expressing MCFIQa cells are

i nvasi ve, consistent with a mesenchymal phenotype. These results
denonstrate that Axl isupregulated by Slug and Ha-Ras expression in MCFI Ca
cells and correlates with nesenchynmal and cancer stemcell traits. Various
nodi fications and variations of the described aspects of the invention wll
be apparent to those skilled in the art w thout departing fromthe scope
and spirit of the invention. Al though the invention has been described in
connection with specific preferred enbodinents, it should be understood
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sample, wherein upregulation of Axl expression relative to the control sample is

indicative of the occurrence of epithelial-to-mesenchymal transition (EMT).

5. A method of diagnosing metastatic cancer in a subject by detecting the
occurrence of epithelial-to-mesenchymal transition (EMT), said method comprising
determining the level of an Axl receptor polypeptide in a sample from the subject,
wherein a higher level of the polypeptide compared to the level in a subject free of
metastatic cancer is indicative of the occurrence of epithelial-to-mesenchymal

transition (EMT).
6. A method according to claim 5 wherein the cancer is breast cancer.

7. Use of Axl or a gene encoding Axl in monitoring the activity of an agent capable

of inhibiting or reversing epithelial-to-mesenchymal transition (EMT).

8. Use according to claim 7 wherein the presence of Axl is monitored after
administration of the agent capable of inhibiting or reversing epithelial-to-mesenchymal

transition (EMT) to a cell, group of cells, an animal model or human.
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met hod of 0Si Ng Netastatic cancer in a subject by detecting the
occur r enceexiresgin ¢fé¥d.al -t o- nesenchymal transition (EMIN, said method
conprising determning the | evel of an Axl receptor poI ypeptide in a sanple

fromthe subject, wherein a higher |evel of the pol tide co Had to the
| evel in al&ubj édﬂeth@@éc‘éﬁfd'ﬁéf‘%ﬂaﬁf@ Ocwhigh EQPPiSes; E‘é ripg sgid q9¢8

occurrence gf f‘d&bt&%teh@'anfn%lrm&%%mflﬁmbn bﬁ@@éieﬁ:ﬁ@“alﬁsﬁw Expréssién BEAKIGH
according to alm5 wherein the cancer is breast cancer 7. Use of Axl or

a gene encaid ﬁgatﬁdIsamﬁlerﬁfrﬁqﬁﬂﬁr%tqwrﬁr@?fe\ﬂCtoﬂ?t'Blfsang @gent capabl e of
inhibiting or reversing epithelial-to-nmesenchynal tran5| tion (EMI). 8. Use
according to claim7 wherein the presence of Axl nonitore

te
adni ni strafi.on 8fmethed éﬂjéﬁec%ﬁbﬁ'lﬂ gbilgy of AmABERY tﬂg“rbk?'t ?%R?é?'??r?@%e"a['to'
epi thel i al nk@eﬁ%zﬁamiontﬁﬁﬂﬁ'shld)ﬂeﬁ@a/%m fisidg:cel |, group of cells, an

ani mal nod uman od for ident|f n en abl e of
i nhi bi tinglbr radeinistarifadps agrtiad C?'bﬁé%’é’rfgﬁ?i{%laﬂ w@%q%hor(af%mn agd; g
et hod CO'TRP' Si padtHgniast @kpredsisrti il S&HPIks t derRegefrdm GieOtpatetl aed Ithe
ani mal nodel or human and npnitoring the activity and/or or the expression

of Axl. 10. A nettrRatededlisrNiMg T HURIER; 8D whi ch conpri ses adni ni stering

sai d agent ()0 ag&gtiing & MiPedte &chldecrease W'thé@ﬁ@bsﬁbn rwme(nuramé tleatedt i ng
altered expr ession of AxI in said treate | e as . compar eq B
untreated contr$AMREAS| gompared to the untreate sam & &s an indication of the’a ity to

inhibit or reverse epithelial-to-mesenchymal transition (EMT).

12. A method of monitoring the activity of an AxI inhibitor comprising detecting the
occurrence of epithelial-to-mesenchymal transition (EMT) by:
0] administering said Axl inhibitor to a cell, group of cells, an animal model or

human;
(i) measuring Axl expression in samples derived from the treated and the

untreated cells, animal or human; and
(iii) detecting an increase or a decrease in the expression or activity of Axl in the
treated sample as compared to the untreated sample as an indication of Axi

inhibitory activity.

13. A method according to claim 11 or claim 12 wherein the sample is analysed by

protein analysis.

14. A method according to claim 13 wherein protein analysis is by ELISA, PET,
flow cytometry, SELDI-TOF MS or 2-D PAGE.



11. A method for detecting the ability of an agent to inhibit or reverse
epi thelial -tonmesenchymal transition (EMI), said nmethod conprising: (i)

adm ni st 64 gloglra%sggent to a cell, group of cells, an apj k%mﬁ(ﬁ)lsﬁpr
e

human; and (11) nmeasuring Axl expression in sanples derive rom-t
treated and the untreated cells, ani mal6 or human; and (iii) detecting an
i ncrease or a decrease in the expressi or‘? of AXI in the treated sanple as

conpared tgst heA‘r‘rFEtﬁf‘cﬂ&%rcﬁﬁd@ ghyhea ciafitdé a2k 0ad 18] ortdse aRBbdingyto crair nhi bi t

or reverse epithelial-to-mesenchynmal transition (EMI). 12. A nmethod of
noni t or i ng8twhereinthe,groyp 6f cells ingicell fHiUR-t or conpri sing detecting the
occurrence of epithelial-to-nmesenchymal transition (EMI) by: (i)

adm nistering said AxI inhibitor to a cell, graqu gf cells, an e*ni I hbdel
or human; 16.i) fmelbed a@:omgwég@iqﬁﬁ'ai"n%%ﬁﬁﬂ@é o‘érrqs\?éd’c?r%%?ﬁgﬁ?reat ed

and the ungr@alef teetdis ar@Rinbilceld, PRN®B: lydpHodjtéd.) detecting an increase
or a decrease in the expression or activity of AxI in the treated sanple as

conpared to the untreated sanple as an indication of Axl inhibitory

activity. 43. AnpRitheadefdingliodhyl dheCdf@idind 3 to6 ot l18iten1Bavhediein ehensdnysie sanpl e
i s anal ysed by protein analysis. 14. A nethod according to claim 13 wherein

protein an&ltyesids is by ELISA, PET, flow cytonetry, SELDI -TOF Ms or 2-D
PAGE. 15. A nethod according to any one of clains 4 or 9 to 14, or use
according to claim8, wherein the groyp, of cells is.a.cell culture. 16. A
met hod accHf-di nf) Mehehgeasringio %nm%#&'%s Q%? 8 °I§,% t8r1%mr%{e &5 AR o
claim8, WageRim didenh£6l tisSu@biture! Blferegthhts, PBMC or |ynphocytes. 17. A

met hod according to any one of clains 4 to 6 or 10 to 16 wherein the sanple

is blood. 18. A nethod according to any one of clains 4 to 6 or 10 to 16
wher ei n t hgg sanpinethéd ©F IdéRtifyiph aRNEyent cdpabrus ithibiting er reugrsingadpithélial-to-

mesenchymal transition (EMT), said method comprising the steps of:

® contacting the agent with Axl receptor or cells expressing the Axl receptor;

(i) measuring the AxI receptor activity in the presence of the agent; and

(iii) comparing the activity measured in step (i) to that measured under controlled
conditions, wherein a decrease identifies the agent as being capable of

inhibiting or reversing epithelial-to-mesenchymal transition (EMT).

20. A method according to claim 19 wherein the activity measured is tyrosine

phosphorylation of a substrate of the Axl receptor.

21. A method according to claim 19 wherein the activity measured._is auto

phosphorylation of the Axl receptor.

22. A method accofding to claim 19 wherein the cells in the contacting step (i) have

previously been transfected by the Axl gene.

23. A method according to claim 22 wherein the transfected cells are either

transiently or stably transfected.

24. A method according to claim 19 wherein the controlled conditions in step (jii)

comprises contacting the agent with cells that lack an active Axl gene.



19. A nethod for identifying an agent capable of inhibiting or reversing
epi thelial -tonmesenchymal transition (EMI), said nethod conprising the steps

of : (i) C\Q?Fzﬁ?)tdo%st he agent with Axl receptor or cell Sﬁ%’fﬂf;ﬁﬁ%%@lé he Axl
il

receptor; measuring the Axl receptor activity in the presence of the
agent; and (iii) conparing the activity nmeasured in step (ii) to that
measur ed under controlled conditions, ®herein a decrease identifies the
agent as begi ng £ i0hiRi1 i . i epi| 1R (Yo chynal
Fransi £ oret enr) g actoiRE ket s S Rtert R e AR WhRALA Rkt SRR AT
measur ed ithetAxi ganene phosphoryl ation of a substrate of the Axl receptor.
21. A method according to claim19 wherein the activity neasured is auto
phosphoryl ati on of the Axl receptor. 22. A nethod according to claim19
wher ei n t h26.cel Asméethod hecarding staim 1§ wheegin the) Al sgaepiar ©pMpises/a piskagically

transfected,. thod according to claim22 wherein the
transfecte t'g%Pf’@gg?ﬁhg?@ﬁ%y@%adnﬁ%ﬁtIy or stably transfected. 24. A

nmet hod according to claim 19 wherein the controlled conditions in step

(iii) conpgd ses,C [ t4gM £ldhs ARated RNindRbbiRgAX |
gene. 25. rr%7r'r\9t héd?%té@ &@%%rbgga?lrgn 41%\@%5}” t%e ceh s?aﬁogve :31 rrutlat ed
inactive formof the Axl gene. 26. A nethod according claim19 wherein the

Axl recept COQRL hi gl ogi j ik [ L ul ar
ol . 27 T aTseEroP dBh g oilobit bl bt PRIk 2bver g SRR
i mobi | | zedeser@hymalmbrahsitiore (EMT) vt iseigeniggad Rlgeity ehmgents. orid mathed i ng or
rever si ng i Al = enchymal transition (EMI) by screening a
plurality %ﬂﬁé’g@ht@% Sttseglggﬁmat hod conprising the steps of: (i) contacting
the plural@ty ofontasting thevitlurality pbagsnts wisl st reseptos or sells@xpeessingdha he Axl
receptor wth; 'Iiréceﬁrb?mﬁi ng the AxlI receptor activity in the presence of
the plurality of agents; (iii) conparing the activity measured in step (ii)
to that nellsur greapwiag theofvel regeptay activity in the presence of the plurality of agents;

iii) comparing the activity measured in step (ii) to that measured under controlled
conditions, wherein a decrease identifies the plurality of agents as being'
capable of inhibiting or reversing epithelial-to-mesenchymal transition (EMT);
and '

v) separately determining which agent or agents present in the plurality inhibit or

reverse epithelial-to-mesenchymal transition (EMT).

29. A method according to any one of claims 9 to 28 wherein the agent is for

treating metastatic cancer.

30. Use of an agent identified according to the method of any one of claims 9 to 28

in the preparation of a medicament the treatment of metastatic cancer.

31. A pharmaceutical composition comprising an agent identified according to the
method of any one of claims 9 to 28 admixed with a pharmaceutically acceptable

diluent, excipient or carrier.

32. A process of preparing a composition which comprises:
0] identifying an agent capable of inhibiting or reversing epithelial-to-mesenchymal
transition (EMT) using the method of any one of claims 9 to 28; and



conditions, wherein a decrease identifies the plurality of agents as being
capabl e of inhibiting or reversing epithelial-to-nmesenchymal transition
(EMN); ang ﬁﬂyﬁgggrately determ ning which agent or agepiapRhifsRete in the
plurality I'n éit or reverse epithelial-to-nmesenchynmal transition % EMT) .

29. A nmethod according to any one of cggins 9 to 28 wherein the agent is
for treating netastatic cancer. 30. Use-of an agent identified according to
the met hodgpl afmg Sfid Agahiwit & préfinbdtiBalyPacRRibd iludtht, dariBdliopanent
the treat t o stati Cc cancer. . A pharnaceuti cal conposrtion
conprising an agyepentdentified according to the nethod of any one of clains
9 to 28 adm xed with a pharmaceutically acceptable diluent, excipient or
carrier. 32. A process of preparing a conposition which conprises: (i)

i dentifyi ngp-an g@ﬁiﬁoq;tgpmptétir@fgrp qﬂdtqqi;@aq)q;f qa@g%rr%qllﬁgavmg undergone an
epi thel i al eﬁrtﬂefﬁ??&ﬂfe@%@yn{a‘i %Hﬁéiﬁdrp(El\flﬁMﬂi)a ySBjd ih heedBhdiest, ehidansthede of

claims 9 to 28, and(ii) adm xing sald agent with a pharmaceutically
accept abl ecamprisingtadiyaistering aBleg'%E'PtS‘i’réﬁfsa'dﬁbleﬁt net hod for inhibiting
growt h and spread of cancer cells havr ng under gone an

epithelial -to-nmesenchymal transition MI) in a subj n ed her(?of

n
sai d net hodt conprnethag fam fealing Hieﬁ%ﬁtﬁnc%??r i@ s 'f' d"'esegi

A met hod fﬂéthB&%@Hpﬂgngﬁwﬁﬁ&ihe gGéWl‘hEHndl ébr@aowtuaaeér dells Wéeldgtuhﬂé@ﬁﬁe sai d
met hod conpri si i nhi bit he growt and read of cancer ceIIs Vi ng
under gone %fhe@fiie? ﬁéPi%SﬁP@?mgﬁBW‘P& EMT)a'i%? misysteriogntp Wesa*d’r’ﬁ% A8t &ing to
sai d subj eghip@gt. AXI inhibitor. 35. A nethod according to claim33 or 34
wherein the AxI inhibitor is an anti-Axl antibody or small nol ecul e
inhibitor. 36. A nmethod according to any one of clains 33 to 35 wherein the

subj ect is3z W&mﬁ?éthod?cho%.ﬁ@tt@@d.rﬂ%%r@b@@h&@.rﬁﬂw AantabitarligiantandAd o 35

wherein the subject is
antibody or small molecule inhibitor.

36. A method according to any one of claims 33 to 35 wherein the subject is a

mammal.

37. A method according to any one of claims 33 to 35 wherein the subject is a

-human.

38. Use of an Axl inhibitor in the preparation of a medicament for inhibiting growth

and spread of cancer cells having unde'rgone an epithelial-to-mesenchymal transition
(EMT).

39. Use of an Axl inhibitor in the preparation of a medicament for treatind
metastatic cancer by inhibiting the growth and spread of cancer cells having
undergone an epithelial-to-mesenchymal transition (EMT).

40. A kit for assessing the ability of an agent to inhibit or reverse epithelial-to-
mesenchymal transition (EMT), said kit comprising anti-Ax| antibodies.

41, A kit for assessing the ability of an agent to inhibit or reverse epithelial-to-
mesenchymal transition (EMT), said kit comprising a nucleic acid probe for AxI.



human. 38. Use of an Axl inhibitor in the preparation of a nmedicanent for
inhibiting growmh and spread of cancer cells having undergone an

epi t hel i alpbi 0|7r1130§%§chymal transition (EMI). 39. Use of Tﬁgimb@%{:@ tor in
t he preparatl on of a nedicanent for treating netastatic cancer

inhibiting the growth and spread of ca%%"_r cell's having undergone an
epi thelial -to-nesenchymal transition ( 40. A kit for assessing the

ability 0f4%3E Mr&%t fol Gshd¥UrlY fheoébnftgvo?ra°nea§-‘&1ttt96ihh|8i|t o ABRESE FRiABHal-to-

transition risi ant1-Axl antibodies. 41. A kit for
assessi ng llnlasx-:‘ra:bvl‘nlalttglantsﬂloa|(IEM%Br*Ftildtht qoRTPrsing ableapstang QBCR primer for Axl

epi thelial -tomesenchymal transition (EMI), said kit conprising a nucleic
acid probe for Axl.42. A kit for assessing the ability of an agent t

i nhi bi t or43.eveWsmobakit heidefined @r@y@f@!ﬂwﬁﬁﬂotwéﬁgi‘@ﬂaﬂthemﬂme Bi 3y 16

conpri sing I QPCR prinmer for Axl. 43. Use of a kit as deflnedin
any of cla?I%Ln%ﬁ@'fét%i n a nethod defined in any of clains 1 or 9 to 28.
44. A nethod for determ ning whether a subject will be susceptible to

treatment yjth Rr}ne“tﬁéd 'f&haéiéﬁwﬂﬁmg Siticthdred BOsjeSONNies bititepliste 36 @REtnNt (i)

isolating a sa roma cel group of cells, an animal nodel or human;
(ii) deterwitmﬁmléxitlh'@bl@(pﬁaé%meHTPdcﬁOW'P'nBﬁh%%FPES ghnpl e as conpared to a

control sagpl e, jYBeiLh QaMBIEQHM 2R yréllp dPeklS HRARHHAI RO befiurian; t O the
control sahple 1s indicative of susceptibility to treatnent with a

i nhi bi tor. (i15. deteminiod the expessiPA Pl 43 5aid Ea"E%lﬁc"i‘é“‘r CoPPRrgd 4o & 8 ro(Eancer

in a subject ingpeqd Jvmﬁéﬁcu‘ t.@nras?m FRRRANIrelatie: RARE RbAF@ ShMpleds Ax
inhibitor to said subject ! Eregﬁﬁd /gx i nhj bj gor in the preparation

of a medi camsnt'nﬁléat'\'leﬂéétlﬁ;(‘r?@“%‘b’é%f’ﬁ?ti“??“&‘élﬁ'&é? ALY st age cancer. 47. A
met hod of inhibiting netastasis in a subject in need thereof, said nethod
conpri sing adm ni steri ng an Axl inhibitor to said subje

! ! Gt . 48, Use of an
Ax| i nhi bi $r i matodefdieating Fﬁtﬁsﬁtm&aﬁﬁ‘?ﬂ%éﬂ%ﬁfa‘%cﬁa”{:‘?{w BistPiggt 'H@Fﬁgt asi s.

thereof, said method comprising administering an Axl inhibitor to said subject.

46. Use of an Axl inhibitor in the preparation of a medicament for treating

metastatic cancer or late stage cancer.

47. A method of inhibiting metastasis in a subject in need thereof, said method

comprising administering an Axl inhibitor to said subject.

48. Use of an Axl inhibitor in the preparation of a medicament for inhibiting

metastasis.

49. A method of inhibiting EMT-induced invasiveness in subject suffering from

cancer, said method comprising administering an Axl inhibitor to said subject.

50. Use of an Ax! inhibitor in the preparation of a medicament for inhibiting EMT-

induced invasiveness in subject suffering from cancer.

51. A method, use, pharmaceutical composition or kit substantially as described

herein.

52. Use of a biomarker according to claim 1 in a personalised medicine application.



49. A nethod of inhibiting EMI-induced invasiveness in subject suffering
from cancer said nethod conprising adm nistering an Axl inhibitor to said
subj ect . R#%% an Axl inhibitor in the preparation nt for
i nhi biti ng é dﬁced i nvasi veness in subject suffering ?frrggnz@g/ﬁdggfémm A
nmet hod, use, pharmaceutical conpositi o% or kit substantially as described
herein. 52. Use of a bionmarker accordi a to claiml in a personalised

medi ci ne appl | Clgéé 0% ordtn &alﬁ%ﬁér@% oy ﬁér@br@h?gd Wa8icReapbidation is for

per sonal i sed Icine a cation iIs det erm ni ng. whet her a subject w ||
be susceptdeitraining mbsHiensi S/L@Jetqt) wilk b%ttsh‘éq?ﬁpt'b\l?tqii rgspomgive; taiestroent. W'%"4a” Use
according 4@ v@ 52 wherein said personalised medicine application is for
determ ni ng ether a subject is particularly likely to suffer from
netastati c cancer. 55. A prognostic nethod for determ ning whether a

subj ect widj b%é@é&%ﬁ]ﬁd’ﬂo‘f‘clélﬁ’\ 7] ﬁﬁér@ﬁ@md"bér@o@sﬂﬂnebi&hﬂe@ fidatioR & fér Met hod

conpri sing detectin e occurrence of epithelial-to-nesenchymal transition
(EMT) in sdetermining whethess sublegtivpaiiedlary eie sulierdemmetpstalic@arsh 55 which

conprises the steps of: (i) obtaining a sanple fromsaid subject; and (ii)

determ ning the expression of Axl in said sanple as conpared to @m?ntrol

sanpl e, whE: ei nA PpRGRgSliaMedipdaer Aﬁ‘lef@b@mge‘é!%?th?(  stbjert willike pyreep

sanpl e is dofheRt hifie aff A Li'ﬁ’rﬁﬁfbtr' Sdidi inkethé® cbmBAdiAE etedtind) ti odetrrenbdiiobi t or .
57. Use of Axl as a biomarker in a EMEEHOS“C agent for determ ning whet her

a subj ect efithplighto-meserghyms| tEansitiopd iy sAd $PigGteat nent with an Axl
i nhi bitor.

56. A prognostic method according to claim 55 which comprises the steps of:

0] obtaining a sample from said subject; and

(i) determining the expression of Axl in said sample as compared to a control
sample, wherein upregulation of Axl expression relative to the control sample is

indicative of susceptibility to treatment with an Axl inhibitor.

57. Use of Axl as a biomarker in a prognostic agent for determining whether a

subject will be susceptible or responsive to treatment with an Axl inhibitor.



