1 TREATMENT OF CANCER/ | NHI BI TI ON OF METASTASI S Backgr ound Thi s
invention relates to the treatnent of cancer, and is particularly, but not
5excl usi webyp1oaper ned with the treatment of netastati eceagpero/ooswsh as
breast or prostate cancer. Progression of netastatic cancer, such as breast
and prostate cancer, is generally considered as conprising five phases, as
follows: 10 1. Cenesis, nanely the initial transformation of a normal cel
into a cancer cell. 2. Proliferation, nanely increase in the nunber of
cancer cells to forma 15primary tunoury of increasing size. 3. Sw tching,
during the genesis or proliferation phase, froma condition in which the
cancer cells have no potential for netastatic behaviour to a condition in
whi ch they do. 20rdEAPOIERENIRUARCERAMNISBITRIL DI MEPALEAPKI Mary tunour
foll owed by nmovenment of those detached cells into surrounding regions of
tissue wthin the sanme organ towards the circul ati on system

Background
This invention relates to the treatment of cancer, and is particularly, but not
5 exclusively, concerned with the treatment of metastatic cancer, such as breast or

prostate cancer.

Progression of metastatic cancer, such as breast and prostate cancer, is generally

considered as comprising five phases, as follows:

10
1. Genesis, namely the initial transformation of a normal cell into a cancer
cell.
2. Proliferation, namely increase in the number of cancer cells to form a
15 primary tumour of increasing size.
3. Switching, during the genesis or proliferation phase, from a condition in
which the cancer cells have no potential for metastatic behaviour to a
condition in which they do.
20

4. Detachment of cancer cells from the primary tumour followed by
movement of those detached cells into surrounding regions of tissue

within the same organ towards the circulation system.



2 5 Metastasis, nanely the novenent of the detached cells through the
circulation (blood or Iynph) to other organs to create secondary tunmours in
t hose ot hwo20mgamsio 5 A significant change which takes pcaasn/dimscel

and causes the switch in condition at phase 3 above is the expression of
functional voltage-gated sodi um channels (VGSCs). In breast cancer it is
the Navl.5 channel which is expressed and in the case of prostate cancer it
is the Navl.7 channel. VGSCs nay be 10 expressed in neonatal and/or adult
form In the case of breast cancer, it iads the neonatal formof the Navl.5
channel (nNavl.5) which is expressed. In the case of prostate cancer, it is
not currently known which formis expressed. In the absence of such
channels, the cells do not have the potential for invasion and hence
metastati c behaviour. 15 In sone cases, the genesis phase involves the

growth of cancer TNR%JISr lsvw“amly L;g%&\%egytdjezhﬁ“ &}e (ﬂﬁt ﬁltn') Sggp% ent Hal .

Prior Proposals event|ng tastasl s e pre
i nvention, the focu nto tr find a treatnent for
preventing net astcb{g t“H&/ bck?f)é; r ]Iyﬁﬁ’?‘g t%f’t‘?‘%@gﬁﬁﬁ o%e?fﬁ secondary fumours

in those other organs.

A significant change which takes place in the cell and causes the switch in
condition at phase 3 above is the expression of functional voltage-gated sodium
channels (VGSCs). In breast cancer it is the Navl.5 channel which is expressed
and in the case of prostate cancer it is the Navl.7 channel. VGSCs may be
10 expressed in neonatal and/or adult form. In the case of breast cancer, it is the
neonatal form of the Nav1.5 channel (nNav1.5) which is expressed. In the case of
prostate cancer, it is not currently known which form is expressed. In the absence
of such channels, the cells do not have the potential for invasion and hence
metastatic behaviour.
15
In some cases, the genesis phase involves the growth of cancer cells which, from

the outset, have metastatic potential.

Prior Proposals for Preventing Metastasis
20
Prior to the present invention, the focus in the field has been to try to find a

treatment for preventing metastasis by one or more of the following:



3 (a) preventing the expression of functional VGSCs; (b) conpletely

bl ocking the activity of functional VGSCs whi ch have been expressed; or 5
(c) killiwog20fp4eebl s. The present invention proposes aPpdrfdBzosniigppr oach.
10Summary of the Invention Current flows intermttently through VGSCs, that
is to say the current flows in pulses. It is known that each pul se
conprises a transient (or peak) part which is followed by a | owlevel DC
part, known as the late or persistent 15 current. It is also known that
appropriate doses of the known drugs ranolazine or riluzole inhibit the
persistent part of the current leaving the transient part either unaffected
or only reduced partially. Experinental work, nore fully described
bel ow, carri(®d oytevichtigpmpegpicssiombl fandQinhi 8GSO¥ent i on has denonstrat ed
that: (i)inhibiting the persistent part of the Navl.5 and Navl.7 currents
respectively in breast and prostate cancer inhibits netastatic behaviour;

(b) completely blocking the activity of functional VGSCs which have been

expressed; or

() killing the cells.

The present invention proposes a difterent approach.

10 Summary of the Invention

Current flows intermittently through VGSCs, that is to say the current flows in
pulses. It is known that each pulse comprises a transient (or peak) part
which 1s followed by a low-level DC part, known as the late or persistent

15 current. It is also known that appropriate doses of the known drugs
ranolazine or riluzole inhibit the persistent part of the current leaving the

transient part either unaffected or only reduced partially.

Expenimental work, more fully described below, carried out in connection with

20 this invention has demonstrated that:

(1) inhibiting the persistent part of the Navl.5 and Navl.7 currents

respectively in breast and prostate cancer inhibits metastatic behaviour;



WD 2012/ 049440PCT/ GB2010/ 001908 4 (ii)it is not necessary to inhibit the
transient part of these currents in order to inhibit netastatic behaviour;
5(iii)appwvopnizatsetsdoses of ranolazine or riluzole will ipalmidB20i0n@iast atic
behavi our wi thout preventing proliferation or destroying the cells of the
tumour; and (iv)the inhibiting effects of ranolazine and riluzole on the
persistent part of the 10 current are greater in cells with prior exposure
to hypoxia, which is a condition that occurs in grow ng tunmours and makes a
critical positive contribution to the netastatic process. Ranol azi ne and
riluzole are both known for the treatnent of cardiac conditions. It 15 is
further known that each of themdifferentially affects the nagnitude of the
transi ent and persistent parts of the VGSC currents, the effect being in a
dose- dependent manner. Hi gh doses of these drugs conpletely block the VGSC

currents. DE))?QS Gt ist R SR cesry 3 YnHebil Ble (Hhn¥Qnt wg«gﬂg@%ﬁghg\ﬁﬁ okl (&1 T ect of

conpletely ocking VGSC curfents i n cardlac e fatal to the
pati ent 20because_jhe h -reguires these currents in order to carry out
its function. Fbﬁgbgﬁfnéﬁﬁéggggggﬂg% wi th an aspect of the invention,

met astati c behaviour is

5 (i)  appropriate doses of ranolazine or riluzole will inhibit metastatic
behaviour without preventing proliferation or destroying the cells of the

tumour; and

(iv)  the inhibiting effects of ranolazine and riluzole on the persistent part of the
10 current are greater in cells with prior exposure to hypoxia, which is a
condition that occurs in growing tumours and makes a critical positive

contribution to the metastatic process.

Ranolazine and riluzole are both known for the treatment of cardiac conditions. It
15 is further known that each of them differentially affects the magnitude of the
transient and persistent parts of the VGSC currents, the effect being in a dose-
dependent manner. High doses of these drugs completely block the VGSC
currents. Doses of these, or any other drug, which would have the effect of
completely blocking VGSC currents in cardiac tissue would be fatal to the patient

20 because the heart requires these currents in order to carry out its function.

However, in accordance with an aspect of the invention, metastatic behaviour is

inhibited or reduced in cancer by administering ranolazine or riluzole, or another



5 substance, at an appropriate dosage to inhibit or reduce the persistent
part of the VGSC current w thout blocking, or at |east wthout conpletely
bl ocki ng,wohei1zxmeansi ent part. Thus, netastasis in cancercraB22bs/dondegbi t ed
or reduced in this way w thout having to adm ni ster doses of drugs which
woul d be fatal. 5 Riluzole has already been proposed in the treatnent of
certain cancers, in particular prostate cancer and nel anoma. I n both cases,
it was proposed that riluzole should be adm nistered in such a way that the
cancerous cells are killed. 10l n accordance with a further aspect of the
invention, which will be nore fully explained below, riluzole, or

ranol azine, is adm nistered at a dosage |evel which will inhibit the

persi stent pabitak, ithe MpRprity d&ake W A odlcaGdd thg pofsistaiiphiigliNe bl ocki ng
the transient part and without directly causing cell death. 15The fact that

et ast ot o Beg! Qi TREL BIRKRL 61 £ckEAAER: thi bRy SRURIAD el | death

may be a significant advantage sifice recen has" su

treating cancer. by killing the cells may, at least .in sone, cases, be
count er gr od 81“?’\‘78%?&:’?' t’hBJSs'@'ﬁ AR L C‘Wﬁ?‘%@?y E’%ﬁ@b'@ﬁdﬂf rEiced ThBS W% m
benefit, the cancer will nevertheless return and proliferate. Thus, the
i nvention protiostBaingtorsyyuisienreses ¢f grugs gk YoHg befatal eventi ng met astati c
behavi our without the potential problens which nay arise fromactually
killimg the cancer cells. Mtastatic behaviour involves several stages,
nanely: 6

Riluzole has already been proposed in the treatment of certain cancers, in

particular prostate cancer and melanoma. In both cases, it was proposed that

riluzole should be administered in such a way that the cancerous cells are killed.

10 In accordance with a further aspect of the invention, which will be more fully
explained below, riluzole, or ranolazine, is administered at a dosage level which
will inhibit the persistent part of the VGSC current without blocking or

completely blocking the transient part and without directly causing cell death.

15 The fact that metastatic behaviour may be inhibited or reduced without causing
cell death may be a significant advantage since recent work has suggested that
treating cancer by killing the cells may, at least in some cases, be counter-
productive in the sense that whilst there will be a short term benefit, the cancer
will nevertheless return and proliferate.  Thus, the invention provides the

20 possibility of inhibiting or preventing metastatic behaviour without the potential

problems which may arise from actually killing the cancer cells.

Metastatic behaviour involves several stages, namely:



(a) detachnment of cells fromthe tunmour; (b) novenent of the detached cells
into the surrounding tissue; 5(c)novenent through that surrounding tissue

t owar ds twe 20iwoamd4at i on system and (d) novenent into thectigeuloai®ms system
(fromwhich the cells may exit ultimately to form secondary tunours). 10

I nhibiting or reducing the activity of the cells in any one or nore of
these stages will therefore contribute to at |east a reduction in

net astasis. The effect of drugs on each of these sub-stages can be

determ ned, as nore fully explai ned belpow, by a nunber of experinents,
nanely: 15 (a) testing the effect of the drug on the adhesiveness of the
cells; (b) testing the effect of the drug on the lateral notility of the

cel l's; 20(c)hest ide@chientofteitd fréh thd@ndutlg on the transverse mgration of
the cells; and

(b) movement of the detached cells into the surrounding tissue;

5 (c) movement through that surrounding tissue towards the circulation system;

and

(d) movement into the circulation system (from which the cells may exit

ultimately to form secondary tumours).

10
Inhibiting or reducing the activity of the cells in any one or more of these stages
will therefore contribute to at least a reduction in metastasis. The effect of drugs
on each of these sub-stages can be determined, as more fully explained below, by
a number of experiments, namely:

15

(a) testing the effect of the drug on the adhesiveness of the cells;

(b) testing the effect of the drug on the lateral motility of the cells;

20 (c) testing the effect of the drug on the transverse migration of the cells; and



7 (d)testing the effect of the drug on the invasiveness of the cells,
nanely the ability of the cells to nove through a nmedi umwhich is consuned
by the cavb2o12As4400re fully descri bed bel ow, experi menteTaGB20ioa@d1@8t in
connection with this invention have shown that adm ni stering ranol azi ne or
riluzole at various dosage |evels can increase the adhesiveness of the
cells and/or reduce one or nore of the lateral notility, transverse

m gration and invasiveness of the cells. 10Accordingly, in accordance with
anot her aspect of the invention, a conpound, conposition or other substance
is provided which is used or intended to be used, in an appropriate dose,
to inhibit or reduce the persistent part of the VGSC in netastatic cancer

cel I's whil s(d) eavésnggtthe effcansf et dfgarén unaidvastadsoof ARl YelRardahly ¥
reduced, for inhibiting or reducing netastasis, preferably without directly

15causing cel | dend iGNt deam a0y b OWARAMINS & RYARELAN,, at | east

in certain aspects or forms, are: 20(a)that breast and prostate cancer (and
ot her cancers in q@ VGSCs are expressed) can be contained so that the
patient may be ab ‘10 live with such cancer without serious detrinment: 8

5 As more fully described below, experiments carried out in connection with this
invention have shown that administering ranolazine or riluzole at various dosage
levels can increase the adhesiveness of the cells and/or reduce one or more of the

lateral motility, transverse migration and invasiveness of the cells.

10 Accordingly, in accordance with another aspect of the invention, a compound,
composition or other substance is provided which is used or intended to be used,
in an appropriate dose, to inhibit or reduce the persistent part of the VGSC in
metastatic cancer cells whilst leaving the transient part unaffected or only
partially reduced, for inhibiting or reducing metastasis, preferably without directly

15 causing cell death.

The advantages that flow from the invention, at least in certain aspects or forms,

are:

20 (a) that breast and prostate cancer (and other cancers in which VGSCs are
expressed) can be contained so that the patient may be able to live with

such cancer without serious detriment;



(b)as a result, the need for the patient to undergo aggressive treatnents
to destroy the cancerous cells, such as by cheno or radiotherapy nay be
avoi ded; woO@pidossugpati ent is suspected of having breast por/gB208Nm@i®sOr

ot her netastatic cancer, immediate treatnment with appropriate doses of
ranol azine or riluzole (or other substance with the rel evant properties)
can be given to inhibit or prevent netastasis whilst awaiting the results
of definitive tests; 10(d)the dosage necessary to achieve this only has to
be high enough to inhibit the persiste® part of the VGSC current;
(e)therapeutically acceptabl e doses of ranolazine or riluzole will achieve
t he required inhibition of the persistent part of these
currents, wih) st ab aaebulg thbhbal forahsipatiént panindsigbsdggrdssiat ltneatmiatd ct ed; and
(Osince ranol azine and riluzol e have been on the market and approved for

human use for ma@ystahe, cahb&olN¥aN isQéth 688y RBeRdt of ﬁamtmrg%i Rl Bese
wi t hout having to go through all the lengthy testing for side effects etc.

20 9 avoided;

5 (©) if a patient 1s suspected of having breast or prostate or other metastatic
cancer, immediate treatment with appropriate doses of ranolazine or
riluzole (or other substance with the relevant properties) can be given to

inhibit or prevent metastasis whilst awaiting the results of definitive tests;

10 (d) the dosage necessary to achieve this only has to be high enough to inhibit

the persistent part of the VGSC current;

(e) therapeutically acceptable doses of ranolazine or riluzole will achieve the
required inhibition of the persistent part of these currents, whilst leaving

15 the transient part substantially unaffected; and

(f) since ranolazine and riluzole have been on the market and approved for
human use for many years, the invention can be put into clinical use
without having to go through all the lengthy testing for side effects etc.

20



Det ai | ed Description The invention is further described wth reference to

t he acconpanyi ng drawi ngs and experinental data set out below. 5 In the

dr awi ngs:wbi2giymaodsoi s a schematic representati on of a tipogldBre1diodN908ancer
progression fromprimary tunorigenesis to formati on of secondary tunours
(metastases); 10Figure 2 is a schematic illustration of the cellular
processes occurring during cancer initiation and progression to netastasis;
Figure 3 (a) is a sketch illustrating the current through VGSC s, show ng
both the transient and persistent partssof the current and al so showi ng the
current under 15both nornoxic and hypoxic conditions; Figure 3 (b) is a
sketch illustrating the effect of differing concentrations of ranol azine on
t he VGSC curbatiled Deqa@ijrishs; 20Fi gure 3 (c) is a sketch illustrating the
effect of differing concentrations of riluzole on the VGSC current
conponent s;

The invention is further described with reference to the accompanying drawings

and experimental data set out below.

In the drawings:
Figure 1 is a schematic representation of a timeline for cancer progression from

primary tumorigenesis to formation of secondary tumours (metastases);

10 Figure 2 1s a schematic illustration of the cellular processes occurring during

cancer initiation and progression to metastasis;

Figure 3 (a) is a sketch illustrating the current through VGSC's, showing both the
transient and persistent parts of the current and also showing the current under

15 both normoxic and hypoxic conditions;

Figure 3 (b) is a sketch illustrating the effect of differing concentrations of

ranolazine on the VGSC current components;

20 Figure 3 (c) i1s a sketch illustrating the effect of differing concentrations of

riluzole on the VGSC current components;



10 Figure 4 is a schematic illustration of a cell adhesion measuring
apparatus for neasuring the adhesion of cells singly, Figure 5is a
schenmat i cwol2biestapabi on of apparatus used for measuring troe/debavmioss
notility of cells; view (a) is a plan view from above of a cell culture

di sh containing a sem -confluent |ayer of cells; view (b) is a schematic
side sectional view of the plated cells; view (c) is a plan view of the
plated cells at tine t = zero when a scar has been created through the

| ayer of cells, and view (d) is a planiview of the plated cells at a later
time (t = 24 hours) after the cells have noved 10and the wound has
partially closed; Figure 6 is a schematic side sectional view of apparatus

used for nmeaggienyid Be&chdrdRYRIuS®atiIng6 R4 icel aBhesfdil ntasubnkl HPadus fof a
schematic side sectional view of apparatus used for neasuring the

i nvasi venessy8fsust Iheradhesion 61 QYE §n8yt S @ graph show ng the concentration
dependent effeé? ﬁ% iﬁhu%gg]chen§cg§y%ypoxia on the single-cell adhesion of

human netastatic breast cancer 20VDA- MB-231 cells; Figure 9 is a graph
showi ng the dose-dependent effect of ranolazine on the single- 11

Figure 5 1s a schematic illustration of apparatus used for measuring the lateral
5 motility of cells; view (a) is a plan view from above of a cell culture dish
containing a semi-confluent layer of cells; view (b) is a schematic side sectional
view of the plated cells; view (c) is a plan view of the plated cells at time t = zero
when a scar has been created through the layer of cells, and view (d) is a plan
view of the plated cells at a later time (t = 24 hours) after the cells have moved

10 and the wound has partially closed;

Figure 6 is a schematic side sectional view of apparatus used for measuring the

transverse migration of cells;

15 Figure 7 is a schematic side sectional view of apparatus used for measuring the

invasiveness of cells;

Figure 8 is a graph showing the concentration dependent effect of induced
chemical hypoxia on the single-cell adhesion of human metastatic breast cancer

20 MDA-MB-231 cells;

Figure 9 is a graph showing the dose-dependent effect of ranolazine on the single-

cell adhesion of MDA-MB-231 cells under normoxia and chemically induced



hypoxi a; Figure 10 is a histogram show ng the dose-dependent effects of
ranol azine on the lateral notility of MDA-MB-231 cells under nornoxia and
hypoxi a; woRbpusesdl is a hi stogram showi ng t he dose- depemamBrvioafimst of
ranol azi ne on the transverse mgration of NDA-MB-231 cells under norrnoxia
and hypoxi a; Figure 12 is a histogram show ng t he dose-dependent
effect of ranol azine on the 10i nvasi veness of MDA- MB-231 cells under

nor nmoxi a and hypoxia; Figure 13 is a series of histograns show ng the
dose- dependent effect of ranol azine onithe invasiveness of MDA-MB-231 cells
t hat have been pre-treated with ranol azine for different durations under
hypoxia; view (a) is a histogram 15 show ng the effect of 5 nMranol azi ne
for cells thepdast only for 24 hours during the assay (i.e., no
pre-treatnent); view (b) is a histogram showi ng the effect of 5 nM

ranol azine for cells pre-treated with the drug for 72 hours; view (c) is a
hi stogram showi ng the effect of 25 tiMranolazine for cells treated only

for 24 hour i e. assa op view (d) .is a

i st ogr am s KU ma0 ot PREHETT St Vigf e PRRIeBRIECHTEN dhrot ol B oS Sa o
with the dr or 48 h d view (e) is a histogram show ng the effect
of 5 p.M raxfgf’ &V‘HB“W&?{M@A‘I %’Hap? ?%é‘PéﬁWH“@ﬁéggm@“?;or 72 hours; 12
Figure 14 is a series of histograns showi ng | ack of effect of ranol azine on
the dgrowth of MDA-MB-231 cells under nornoxi a;

Figure 11 1s a histogram showing the dose-dependent effect of ranolazine on the

transverse migration of MDA-MB-231 cells under normoxia and hypoxia;

Figure 12 is a histogram showing the dose-dependent effect of ranolazine on the

10 invasiveness of MDA-MB-231 cells under normoxia and hypoxia;

Figure 13 1s a series of histograms showing the dose-dependent effect of
ranolazine on the invasiveness of MDA-MB-231 cells that have been pre-treated
with ranolazine for different durations under hypoxia; view (a) is a histogram
15 showing the effect of 5 nM ranolazine for cells treated only for 24 hours during
the assay (i.e., no pre-treatment); view (b) is a histogram showing the effect of
5 uM ranolazine for cells pre-treated with the drug for 72 hours; view (c) is a
histogram showing the effect of 25 uM ranolazine for cells treated only for 24
hours during the assay (i.e., no pre-treatment); view (d) is a histogram showing
20 the effect of 5 pM ranolazine for cells pre-treated with the drug for 48 hours, and
view (e) 1s a histogram showing the effect of 5 pM ranolazine for cells pre-treated

with the drug for 72 hours;



Figure 15 is a histogram showi ng the |ack of effect of ranol azine on the
viability 50f NMDA-MB-231 cells under nornoxia; Figure 16 is a histogram
showi ng twe 2dzm9gdependent effect of ranol azi ne on the tcarmBrers®@19w8grati on
of rat strongly netastatic prostate cancer Mat-LyLu cells under nornoxia
and hypoxia; 10 Figure 17 is a histogram show ng the dose-dependent effect
of ranol azi ne on the invasiveness of Mat-LyLu cells under nornoxia and
hypoxi a; Figure 18 is a histogram showi ng the | ack of effect of
ranol azine on the 15proliferation of Mua-LyLu cells under nornoxia and
hypoxi a; Figure 19 is a histogram show ng the |ack of effect of ranol azine
on the viability of Mat-LyLu cells under nornoxia and hypoxia; 20Figure 20
i's a histogFamrshouws agetibeotipsoptepestienihg ¢fckast efédct bf kanohizéheosn thee | at er al
notility of MDA-MB-231 cells under nornoxia and hypoxia; 13 transverse

mi gration o VRAVRIBRMBE Y LcltofRicr ROfHEXE.a and hypoxia; Figure 22 is a

hi st ogram showi ng t he dose-dependent effect of riluzole on the invasiveness
of NMDA- MB-231 cells under nornoxia and hypoxia; 5

Figure 15 1s a histogram showing the lack of effect of ranolazine on the viability

5 of MDA-MB-231 cells under normoxia;

Figure 16 is a histogram showing the dose-dependent effect of ranolazine on the
transverse migration of rat strongly metastatic prostate cancer Mat-LyLu cells

under normoxia and hypoxia;

10
Figure 17 1s a histogram showing the dose-dependent effect of ranolazine on the
invasiveness of Mat-LyLu cells under normoxia and hypoxia;
Figure 18 is a histogram showing the lack of effect of ranolazine on the
15 proliferation of Mat-LyLu cells under normoxia and hypoxia;
Figure 19 is a histogram showing the lack of effect of ranolazine on the viability
of Mat-LyLu cells under normoxia and hypoxia;
20 Figure 20 is a histogram showing the dose-dependent effect of riluzole on the

lateral motility of MDA-MB-231 cells under normoxia and hypoxia;

Figure 21 is a histogram showing the dose-dependent effect of riluzole on the



Figure 23 is "a pair of histograns showi ng the conparative effect on the

i nvasi veness of NDA-MB-231 pre-treated with 5 1. 1Mriluzole for >72 hours
under hypewi2ai2/bew (a) is a histogram show ng the effeetcTaB2b1ddoMosi | uzol e
for cells treated only for 24 hours during the assay (i.e., no
pre-treatnent); view (b) is 10a histogram showi ng the effect of 5 t.tM
riluzole for cells pre-treated with the drug for 72 hours; Figure 24 is a
hi st ogr am showi ng t he dose-dependent effect of riluzole on the growth of
MDA- MB- 231 cel |l s under nornoxia; 15 Figgre 25 is a histogram show ng the
dose-dependent effect of riluzole on the viability of MDA-MB-231 cells
under nor noxi a; Figure 26 is a histogram show ng the

dose- dependaps @ {anierflondfMBALIBDS i hiels ANIHRTHYERARS hPpoMat - LyLu cel s
under nornoxia and hypoxia; Figure 27 is a histogram show ng the

dose- dependent effect of riluzole on the gromh of Mat-LyLu cells under
nor noxi a and hypoxia, and WD 2012/ 049440PCT/ GB2010/ 001908 14 Figure 28 is

a hi stogramshowing. t he. dose- dependent effect of riluzole on the viability
ot "Wat - Lyt o 1SBHT Locind Foligrib R Med by Bos Teendui S EPEAUREI P8 4 gure 1
tinmeline 101 is a representati on of three successive

invasiveness of MDA-MB-231 cells under normoxia and hypoxia;

Figure 23 is-a pair of histograms showing the comparative effect on the
invasiveness of MDA-MB-231 pre-treated with 5 uM riluzole for >72 hours
under hypoxia; view (a) is a histogram showing the effect of 5 pM riluzole for
cells treated only for 24 hours during the assay (i.e., no pre-treatment); view (b) is
10 a histogram showing the effect of 5 uM riluzole for cells pre-treated with the drug

for 72 hours;

Figure 24 is a histogram showing the dose-dependent effect of riluzole on the
growth of MDA-MB-231 cells under normoxia;

15
Figure 25 1s a histogram showing the dose-dependent effect of riluzole on the

viability of MDA-MB-231 cells under normoxia;

Figure 26 is a histogram showing the dose-dependent effect of riluzole on the

20 invasiveness of Mat-LyLu cells under normoxia and hypoxia;

Figure 27 1s a histogram showing the dose-dependent effect of riluzole on the

growth of Mat-LyLu cells under normoxia and hypoxia, and



phases in the devel opnment of a tunmour, nanely a phase 102 prior to the
devel opnent of cancerous cells, a phase 103 foll ow ng phase 102 duri ng

whi ch t hewgenesisssqof cancer cells takes place and a phagseTAiBbo10f@hidoewi ng
phase 103, during which the cancerous cells proliferate so as to forma
growi ng tunour. The 10proliferation phase 104 may begin soon after the
genesi s phase 103 begins. It has been established that human breast and
human prostate cancer cells may initially not include any functional VGSCs
and that, unless such channels are expnessed in the tunour, the tunour
cells will not be invasive. However, in many 15 such tunours, even though
initially there are no VGSC s, at sone point functional VGSC s wll be
expressed. This triggers a change to a condition in which the tunour nmay
spread. Figure 1 represents a situation in which initially the cells do not

contain ?”yafi%@%g%éihﬁs%ﬁ sm&vin tl?eogﬁe%%bgr}deix?eftféct off]hq§zotlp%net}(18r essi on

of function occur comrencenent of
20t he genesi s. ?ase 03, Ti % 106 i n Fi 1 illustrates the phases
whi ch ari se Y%ﬁ 5 a?¥ﬂ@*%§ éW“PH@aéaﬁgﬁ?m%%cones netastatic. 15 In
the first phase 107 followng tinme 105, netastatic cells detach thensel ves
fromthe tunour. Thereafter, in phase 108, they invade and nove through
surrounding tissue in the same organ towards the circul ation system in
parti éul ar tWathveérerdcarto Figure 1, timeline 101 is a representation of three successive

phases in the development of a tumour, namely a phase 102 prior to the
development of cancerous cells, a phase 103 following phase 102 during which
the genesis of cancer cells takes place and a phase 104, following phase 103,
during which the cancerous cells proliferate so as to form a growing tumour. The

10 proliferation phase 104 may begin soon after the genesis phase 103 begins.

It has been established that human breast and human prostate cancer cells may
initially not include any functional VGSCs and that, unless such channels are
expressed in the tumour, the tumour cells will not be invasive. However, in many
15 such tumours, even though initially there are no VGSC's, at some point functional
VGSC's will be expressed. This triggers a change to a condition in which the
tumour may spread. Figure 1 represents a situation in which initially the cells do
not contain any functional VGSC's but at some point in time 105 the expression
of functional VGSC begins. This may occur at any time after commencement of

20 the genesis phase 103.

Timeline 106 in Figure 1 illustrates the phases which arise following time 105,

when the cancer becomes metastatic.



5 and/or the lynphatic system In phase 109, the netastatic cells enter the
circulation systemwhich may then carry themto other organs in the body,
at whi ch wbeyi12mays40ause the formati on of secondary tunoecs/GBEh®/m@ipmSe
phases are pictorially represented in Figure 2 in which reference nunber
200 represents a portion of an organ such as a breast or a prostate. 10
Heal thy cells 201 of the breast or prostate are shown as supported on a
basenment nenbrane 202 and surrounding a cancerous tunour 203, which is
assunmed to have gone through the genesihs phase 103 and into the
proliferation phase 104. Certain cells 204 of the cancerous tunour 202 are
shown as detaching fromthe 15 tunmour 203 and passing through a degraded
regi on 202a of the basenent nmenbrane 202 into adjacent region 205 of the
organ containing the tunmour 203, which region may conprise mainly coll agen

fibres. CanqgrnCalst phall o7 WhERnb a4 1‘?)%0%%%% @&E‘%Qhafcm‘f@rﬁsf&f‘v_ets r and

have passed through the basenent”nenbrahe are shown passing through
t he region 5 towar a bl ood ves 0207. . A cancerous cell 208 is shown
i ar at Tng APo I el ot piSE 168 sBS0 i MaGHSTe B ehSubo Gufint o
209. 16 carried within the bloodstreamto a region 211 where cells 212 are
shown as haviSsge 1 1§F atee omspviey iy hegsulston Restéia 0 reFtiquis tht vasgulessel 207
towards anot her organ 213, such as the |ynph glands or liver, in which they
my form a sedendheylymphaue systom. sHovphase J0Reftley emtastatignbells 2dwér rtbpr esent s
dormant cancerous cells which have sinply settled in or adjacent to the
wal | of the dilcaldonagsein RBiCh may then carry them to other organs in the body, at

which they may cause the formation of secondary tumours.

The above phases are pictorially represented in Figure 2 in which reference

number 200 represents a portion of an organ such as a breast or a prostate.

10 Healthy cells 201 of the breast or prostate are shown as supported on a basement

membrane 202 and surrounding a cancerous tumour 203, which is assumed to

have gone through the genesis phase 103 and into the proliferation phase 104.

Certain cells 204 of the cancerous tumour 202 are shown as detaching from the
15 tumour 203 and passing through a degraded region 202a of the basement
membrane 202 into adjacent region 205 of the organ containing the tumour 203,
which region may comprise mainly collagen fibres. Cancer cells 206, which have
become detached from the tumour and have passed through the basement
membrane 202, are shown passing through the region 205 towards a blood vessel
20 207. A cancerous cell 208 is shown migrating through the wall of the blood

vessel 207 into the bloodstream 209.

Cells 210, which have already entered the bloodstream, are shown as being



As nmore fully expl ai ned bel ow, the invention provides a treatnent or neans
for 10 preventing or reducing one or nore of the netastatic behavi ours of
t he cancewoceeldmomhi ch takes place in the various phasegctasionetos! n
particular, the invention provides a treatnent or nmeans for: (a) increasing
t he adhesiveness of the cells in the tunmour so that they are |l ess 15likely
to detach; and/or (b) reducing the notility of the cells which have becone
detached so they are less likely to nove to and through the basenent
menbrane into the surrounding tissue; aad/or 20 (c) reducing the

i nvasi veness of the cells which have entered the surrounding tissue by
reducing their ability to nove through that ‘'ti ssue towards the circulation
system and/cafried WOitRiO 1Pk OASEHS GBXT /t16B2 b0 DO e’ cId) T el shgwinhses abi l ity
of the cells to mgrate fromthat tissue into the circulatory systemvia

the walls th@mgfm,g%&d hagw h8BN iR IhaiheedalRRPUR: bRl ¢ABASIPUR WA S Whi ch
do not have functi onal
another organ 213, such as the lymph glands or liver, in which they may form a

secondary tumour (not shown).

Reference number 214 represents dormant cancerous cells which have simply

settled in or adjacent to the wall of the blood vessel 207.

As more fully explained below, the invention provides a treatment or means for
10 preventing or reducing one or more of the metastatic behaviours of the cancer
cells which takes place in the various phases described. In particular, the

invention provides a treatment or means for:

(a) increasing the adhesiveness of the cells in the tumour so that they are less

15 likely to detach; and/or

(b) reducing the motility of the cells which have become detached so they are
less likely to move to and through the basement membrane into the
surrounding tissue; and/or

20

(c) reducing the invasiveness of the cells which have entered the surrounding

tissue by reducing their ability to move through that tissue towards the

circulation system; and/or



VGSCs expressed therein do not behave invasively. Further, it is known that
current passes through VGSCs in pul ses, each of which conprises a transient
or peak paotofalsbaeed by a nuch | ower | evel persistent ecTiGHe10pmid08 | n
accordance with an aspect of the invention, one or nore of the above
metastati c behaviours is 10 inhibited or reduced by inhibiting or reducing
the persistent part of the current whilst not elimnating the peak part, so
making it possible to use a drug which will preferentially reduce the
persistent part of the current. Sone suzh drugs are known for treating
heart conditions such as arrhythma or 15 angina. In the case of treating
the heart, it is vital to ensure that the peak part of the current is not

el i m nat ed because this is essential to maintain the functionality of the
heart and its rhythm Thus, in accordance with an aspect of the invention a
known drug, ch ngl.azl: il ke, i [ V..U f. whhi biting
or reducing(ﬁﬁe Bgﬁgg tgﬁtﬁgg tgg#ﬁ%ﬁg%gégéplJﬁ?éﬁ#ﬁd%?hgﬁgeé thﬁhting t he
peak part 20is used . for inhibiti or reduging netastatic behaviour in
cancer, especialFggg?QE%?G%W]ﬁ?é@?g?%”@gﬁSgr. 18 or riluzole, will be
further described with reference to Figures 3(a), 3(b) and 3(c). Referring
to Figure 3(a), curve 301, shown as an unbroken line, represents a current
pul se flow ng through functional VGSC under nornoxic conditions, the 5
hori Zont al dkhas brsinngxpldingsl ahedetthe caseerpesabellxvbichealongotamyk i fuudonalr

magni tude of the current. As can be seen, this current pulse conprises a
peak or trandi®id epmedsednhdOid dndot behaperisiasivelyt Burthedf & iPdnbivantha03. | n
practice, the tine period for which the persistent part 303 persists is

very nuch grcgat@rpabfaihblgh MASCPRI s Ofach R i@ SbRftiseP @ than3RAt & t hough,
since Figure 3(a) is a diagrammatic sketch rather 10than a curve actually

obtai ned f r?)@lll?éiﬁ’? rf(%]mtd%y 9%&11 15&%?1&@1 &%istgxln}OMajenpatnheIn accordance

with an aspect of the invention, one or more of the above metastatic behaviours is
10 inhibited or reduced by inhibiting or reducing the persistent part of the current
whilst not eliminating the peak part, so making it possible to use a drug which

will preferentially reduce the persistent part of the current.

Some such drugs are known for treating heart conditions such as arrhythmia or
15 angina. In the case of treating the heart, it is vital to ensure that the peak part of
the current is not eliminated because this is essential to maintain the functionality
of the heart and its rhythm. Thus, in accordance with an aspect of the invention a
known drug, such as ranolazine or riluzole, previously used for inhibiting or
reducing the persistent part of the VGSC current without eliminating the peak part
20 1s used for inhibiting or reducing metastatic behaviour in cancer, especially breast

or prostate cancer.

The nature of the VGSC current, and the effect on it of treatment with ranolazine



figure. Curve 304, drawn in chain dotted |ines, shows a pul se of VGSC
current under hypoxic conditions. As can be seen, the peak part 305 of the
current uwdeni2l@odaypoxi ¢ conditions is smaller than theppeals2pavd1®®l under
nor noxi ¢ conditions, but the persistent part 306 under hypoxic conditions
is greater than the persistent part 303 under nornoxic conditions. The

di fference between these curves under hypoxic and nornoxic conditions is
rel evant, as will becone clear from consideration of experinental results
whi ch are descri bed bel ow, because nmanygof 20the cells in a cancerous
tumour are hypoxic due to their partial isolation, by other cancerous
cells, fromthe blood circulation system 19 the transient and persistent
parts of the: Yl Wil 8BuriiRs REGHLYELYh réRrnddidI8 ¢3RE %) I 16) Hrgpnt al axi s
represents the dosage | evel of ranol azine and the vertical ‘axis represents
the normalised VGSC current. Solid line curve 305 represents the nagnitude
of the transient part of the current plotted agai nst increasing dosage 5

and broken |jne curve_ 306 iegresenég t he nagnitudg f the persistent part

of the currdHICHG8i Ak EMGcr@hsTUYE dE5aovdr 3% AR dNRNkeR linfoSERESPBVRI s bei ng
i ndicated on the horizontal axis. It can be further seen from Figure 3(b)
that at dosagerenepdss flpyingharqughganatiangl Y& Sthupdgr naneric goaditiney.dbeut i cal | y
acceptabl e to hunman bei ngs, the persistent part of the current is reduced

si gni $i cant Ihorizontel £iaheinpainier anisihentertpal axis bhieg dinfpl eudenarenfgitwdenft he two
reductions is indicated in Figure 3(b) by the double headed arrows 307. 15A
simlar effagt cwirblt. | N§TRAYNGHOERS cfredti pulkeOtEnsiatls RepaRedt frammBnEl gur e

3(c), in
portion 302 and the persistent or late portion 303. In practice, the time period for
which the persistent part 303 persists is very much greater than the time period of
the transient part 302 although, since Figure 3(a) i1s a diagrammatic sketch rather

10 than a curve actually obtained from experimental data, this is not shown in the

figure.

Curve 304, drawn in chain dotted lines, shows a pulse of VGSC current under
hypoxic conditions. As can be seen, the peak part 305 of the current under
15 hypoxic conditions is smaller than the peak part 301 under normoxic conditions,
but the persistent part 306 under hypoxic conditions is greater than the persistent
part 303 under normoxic conditions. The difference between these curves under
hypoxic and normoxic conditions is relevant, as will become clear from
consideration of experimental results which are described below, because many of
20 the cells in a cancerous tumour are hypoxic due to their partial isolation, by other

cancerous cells, from the blood circulation system.

Figure 3(b) is a sketch illustrating the effect of increasing doses of ranolazine on



which solid line curve 308 represents the magni tude of the transient part
of the current plotted against increasing doses of riluzole and the broken
| i ne curweoddDr/meanesents the magni tude of the persisterCTmB20100001908€
current. Therapeutically acceptable doses of riluzole for human bei ngs
include the range from1 pMto 10 20 p.M As can be seen in Figure 3(c),
and as represented by doubl e headed arrow 311, the reduction in the

magni tude of the persistent part of the current is substantially nore than
the reduction in the nagnitude of the twansient part. 20 As with Figure
3(a), the curves of Figure 3(b) and 3(c) are sketches to illustrate the
currents rather than being based upon the specific experinmental results.

Exper i ment s mbiuGhsidkiCandUbedrfsteRsgdrisistdnbal @3¢ havenPrspectonduci €dart 8 Neasure
the 5 effects of various dosage | evels of ranolazine and 7iluzole on one or

more of the s‘é@ﬁﬁﬁ{ ﬁ&ﬁiiﬁn&?%&ir%ﬁ%m&ﬁh&35&2& ﬁ‘ev%ﬁ@f)%%%?in‘é?h% reia%gt?cag he

Specifically, 1'n ese experi S neasur enent’s one o

adhesi veness of the cells, their ral nohjlity, their _invasivepess and
Thert 11 ansveTuEbH S hegiaist sl el ol b bR e he B R nERE:

vari ous dosage |l evels. Further, experinments have been 10 conducted to

det er ni ne t HBagnwde of ghe Yapsenspaitiristhe fygert plattethasPng|ingressing Jdesaget i vity
of the cells and on the viability of the cells (that is to say whether or
not the drugmdkirbkent liee celvé §P6 rgetents tHe sragnbidgof the pexyeentpant s thad t he
gquantitative results obtained from15 them the follow ng tables summari se

qual i t ati vel durfeheagagiBu irficseadihic (losHavel ragsinzinftdsaedevdlé beiap iBcfeeon f rom
t hese tables, and the subsequent detail ed discussion of the experinments and

the results gbtglingeh okfdat reduction in various netastatic behaviours can
be achi eved at therapeutically acceptable |evels w thout affecting the
proliferation of the cells and without killing the cells. The latter may be
20 particularly inportant because it has recently been suggested that

treating cancer by ki|ling the cells y .be counter-producti ve because,
after the kilf |C?ﬁ3’et$€5$rn§%v fFpde ThiR WPelanes feae 1 Ba EdRNgfaY 9 eappear
in nore aggressive form Preventing or reducing the invasiveness of the
canck? ous celQ sMpinthiadyare gharpnengjcallyiacceptable to human beings, the persistent part

of the current 1s reduced significantly more than the transient part. The difference
between the two reductions is indicated in Figure 3(b) by the double headed

arrows 307.

15 A similar effect with increasing doses of riluzole can be seen from Figure 3(c), in
which sohd line curve 308 represents the magnitude of the transient part of the
current plotted against increasing doses of riluzole and the broken line curve 310
represents the magnitude of the persistent part of the current. Therapeutically
acceptable doses of riluzole for human beings include the range from 1 uM to 10
20 uM. As can be seen in Figure 3(c), and as represented by double headed arrow
311, the reduction in the magnitude of the persistent part of the current is

substantially more than the reduction in the magnitude of the transient part.



them may therefore be a treatnent which has considerabl e advant ages over
the conventional treatnments of killing the cells. Tables 1 and 2 sumari se
t he resulwe 20f2/m@yqaeri nents with vari ous dosage | evel s ofPcrazgbrazion®son
human breast cancer and rat prostate cancer cells (rat prostate cells being
simlar to human prostate cells). Tables 3 and 4 summarise the results
obtained by treating cells of the sane cell lines with various dosage

| evel s of riluzole. 24 -a 2

20

As with Figure 3(a), the curves of Figure 3(b) and 3(c) are sketches to illustrate

the currents rather than being based upon the specific experimental results.

Experiments which are fully described below have been conducted to measure the

5 effects of various dosage levels of ranolazine and riluzole on one or more of the
metastatic behaviours of certain cancerous cell lines. Specifically, in these
experiments measurements of one or more of the adhesiveness of the cells, their

lateral mobility, their invasiveness and their transverse migration have been made

for each of these drugs at various dosage levels. Further, experiments have been

10 conducted to determine the effect of some of these doses on the proliferative
activity of the cells and on the viability of the cells (that is to say whether or not

the drugs kill the cells).

Before describing the experiments and the quantitative results obtained from
15 them, the following tables summarise qualitatively the results which have been
obtained. It can be seen from these tables, and the subsequent detailed discussion
of the experiments and the results obtained, that reduction in various metastatic
behaviours can be achieved at therapeutically acceptable levels without affecting
the proliferation of the cells and without killing the cells. The latter may be
20 particularly important because it has recently been suggested that treating cancer
by killing the cells may be counter-productive because, after the killing treatment
has been discontinued, the cancer may reappear in more aggressive form.

Preventing or reducing the invasiveness of the cancerous cells without killing
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them may therefore be a treatment which has considerable advantages over the

conventional treatments of killing the cells.

Tables 1 and 2 summarise the results of experiments with various dosage levels of
5 ranolazine on human breast cancer and rat prostate cancer cells (rat prostate cells
being similar to human prostate cells). Tables 3 and 4 summarise the results
obtained by treating cells of the same cell lines with various dosage levels of

riluzole.
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Single-cell adhesion assay

Figure 4 is a schematic illustration of the single-cell adhesion measurement

apparatus (SCAMA) first described in the paper by Palmer et al. (2008).

Human breast cancer cells from the MDA-MB-231 cell line were plated at a
density of 2.5 x 10 cells/ml and left to settle in a cell culture dish 401 for 48
hours prior to measurements. Medium was removed and 2 ml of the drug under
study was applied for 10 minutes. Adhesion was measured using a glass
10 micropipette 402 connected to a vacuum pump 403 via plastic tubing 404. The tip
of the micropipette was drawn to about 20um (range, 17-24um) tip diameter. The
vacuum pump was used to create negative pressure tnside a reservoir 405 so that
the negative pressure could be applied to the tip of the micropipette by pressing
the thumb to the open end of a sealable T-piece 406. The cells were observed
15 using a 20x microscope objective 407 under the illumination of a lamp 408. The
pressure was measured using a digital manometer 409 connected to a computer

410 via a RS232 cable 411.

Using a micromanipulator 412, the micropipette 402 was positioned on the
20 periphery of a single cell. Upon closing of the T-piece 406, the negative pressure
was applied to the cell under investigation and, at the exact moment that the cell
was observed to be detached from the culture dish 401, the pressure was released

by opening the T-piece 406. The negative pressure required to detach the cell was



26 Single-cell adhesion assay Figure 4 is a schematic illustration of the
singl e-cell adhesi on neasurenent apparatus (SCAMA) first described in the
paper by wel2oeyo4ets0al . (2008). 5 Hunman breast cancer celpcs/dB201m0/d0nms
MDA- MB- 231 cell line were plated at a density of 2.5 x 104 cells/m and
left to settle in a cell culture dish 401 for 48 hours prior to
measurenments. Mediumwas renoved and 2 nml of the drug under study was
applied for 10 m nutes. Adhesion was neasured using a glass 10 m cropipette
402 connected to a vacuum punp 403 viayplastic tubing 404_ The tip of the

m cropi pette was drawn to about 20}im (range, 17-2411m tip dianmeter. The
vacuum punp was used to create negative pressure inside a reservoir 405 so

that the neqaldnys Af £R20hB.EPH pREAPAILETROL LR Rl ¢agadihikhpPT POl L @

by pressing t e ope nd a seal |ece e cells

wer e observed 5 u crosc ective t he

i |l uninati or{‘°§? Y Prﬁﬁ%reémé%éq’ﬂ]ewﬁ? él§ Sasrlr‘eeaé’ﬁﬁle% g@? r?&h?fwcfi“ﬁqst al
manonet er 409 connected to a conputer 410 via a RS232 cable 411. LBlng a

mi cr omani pul &g thas techigee, severgdgrensdings 2o3d kg dnasisdram aiielofisk pathp

peri phery of a single cell. Upon closing of the T-piece 406, the negative
pressure wasnapissi ed to the cell under investigation and, at the exact
nonent that the cell was observed to be detached fromthe culture dish 401
the psessure was rel eased by opening the T-piece 406. The negative pressure
required to detach the cell was 27 recorded on the conputer as a pressure

spi ke. The pealnRiatd nfpoam &ﬁm(t S UBCIERES, W;g@,meseﬁ&ﬁeewmd@ﬂ) was

used as a measure of the cell's adhesivenéss. Using this technique, several

recordi ngs Ca%Biigati%'ﬂ 0%9&0&% ggr&uﬁé Pﬂ%gou%?%br% Al 2Bk 8S fore testing.

[n order to test for the reversibility of a given effect, the pharmacological agent
10 was washed off, fresh medium was added and the plate was incubated for a
further 10 minutes prior to re-measurement. Each treatment was carried out on at
least two dishes of cells, at least 100 cells per dish were measured, and the

experiment was repeated three times (with corresponding controls).

15 Lateral motility assay
This assay was used to represent the "free” motility of cancer cells during local
spreading. Figure 5(a) is a plan view from above of a cell culture dish 501 having
a semi-confluent layer of cells 502 on its surface, the cells being in an aqueous
medium 503.

20
In order to determine lateral motility, a "wound-heal ("scratch”)” test was carried
out, in which a scratch 504 of ~0.5 mm was made through the layer of cells, as

shown in Figure 5(b) which is a side sectional view of the cell culture dish.



5 To sinul ate hypoxic conditions for the cells, hypoxia was chemcally

i nduced by application of hydrogen peroxide (1-5001.tM for the final 24
hour s befwoeot2abiang. I n order to test for the reversi bipcirtg20fo/migsven
effect, the pharmacol ogi cal agent 10 was washed off, fresh nmedi um was added
and the plate was incubated for a further 10 mnutes prior to
re-measurenent. Each treatnment was carried out on at |east two di shes of
cells, at least 100 cells per dish were neasured, and the experinment was
repeated three tinmes (with correspondi pg controls). 15Lateral notility
assay This assay was used to represent the "free" notility of cancer cells
during | ocal spreading. Figure 5(a) is a plan view from above of a cel
culture dis V] o B I O .1 surf ace,
the cells bgi) 'ﬁg{]’% ﬁ@aﬂneplggﬁoefg%gh mngg?%lmg%.th%g&fnﬁgg? ggrﬂllf(s)ég%}t]’e@ﬁiéﬁgsl ateral
notility, a " nd- | ("scratch")" test was carried out, in which a
scratchy504]B¥ﬁ%dggnﬁ§$ﬂbs made through the | ayer of cells, as shown in
Figure 5(b) which is a side sectional view of the cell culture dish. 28
During the period of 24 hours following the formati on of the scratch, the

cells noved into the gap. .
Figures 5(c) and 5(d) are schematic plan views of the cell culture dish 501 at time

5 t = zero when the width of the scratch 504 1s wy and time t = 24 hours when the

width of the scratch 504 is w4, respectively.

Transverse migration assay

This assay was used to represent the ability of cells to migrate as they
10 intra/extravasate. Figure 6 shows a schematic side sectional view of a migration

chamber 601 having a Transwell® insert 602 separating the chamber into two

sections which, for convenience, will be referred to as the upper 603 and lower

604 sections of the chamber. The insert 602 has a migration filter membrane 605

n 1ts base with 8um pores 606 extending therethrough.

15
Cells 607 were plated at a density of 2 x 10%/ml on the filter membrane 605 and
placed under a growth medium 608 containing 1% foetal bovine serum (FBS). A
chemotactic gradient was created across the filter membrane 605 by placing
growth medium 609 containing 10% FBS in the lower section 604 of the
20 chamber.

Cells were allowed to migrate across the filter membrane 605 over a period of 24

hours, cells migrating and adhering to the underside of the filter membrane 605.



Figures 5(c) and 5(d) are schematic plan views of the cell culture dish 501
at time 5t = zero when the width of the scratch 504 is wo and time t = 24
hour s whewotoe/mbgbh of the scratch 504 is w24, respect ipecelgB2oiv@m®ser se

m gration assay This assay was used to represent the ability of cells to
mgrate as they 10 intra/extravasate. Figure 6 shows a schematic side
sectional view of a mgration chanber 601 having a Transwell (r) insert 602
separating the chanber into two sections which, for convenience, will be
referred to as the upper 603 and | ower ,§04 sections of the chanber. The
insert 602 has a mgration filter nenbrane 605 in its base wth 8um pores
606 extendi ng therethrough. 15 Cells 607 were plated at a density of 2 Xx

104/ ml t i : [ 608
on M e R0 PIEL G G i

contai ning 1% toetal bovi ent was created

across the filter rane. 605. |l agi ng growt h nmedi um 609 containing 10%
FBS in the Iog\}\yéerm?g@o‘ﬁg%b‘ﬁo g‘ffp%ﬁgs‘égl?nanber. Cells were allowed to

m grate across the filter nmenbrane 605 over a period of 24 29 At the end
of each assay, non-mgrated cells were renoved fromthe upper surface of

the insert 602 with two different swabs The nunber of cells migrating to
t he under si déhegfuntlize of ndbsrmigg@ingntaghelsndarsiilgefithe insert 602 was determined

5 using crystal violet staining. Migrated cells were fixed for 15 minutes with ice-
cold methanol. Then 0.5 % crystal violet (in 25 % methanol) was added for 15
minutes. The inserts were swabbed again and then washed in water and allowed to
dry. Cells were then counted using twelve separate fields of view per insert (x200
magnification).

10
Invasion assay
This assay is an extension of the transverse migration assay described above. To
"invade", the cells need both (i) to move as in the transverse migration assay and
(i1) secrete a proteolytic enzyme to digest their surroundings. The ability of cells

15 to invade neighbouring tissues by enzyme secretion was therefore assessed by
using a layer of Matrigel™ (BD Biosciences) spread across the porous membrane
of a Transwell® insert. ‘ Matrigel™ is composed of laminin, collagen IV,
nidogen/enactin and proteoglycan - a composition comparable to basement
membrane proteins.

20
Figure 7 is a schematic side sectional view of an invasion chamber 701 having a
Transwell® insert 702 separating the chamber into upper 703 and lower 704

sections. The insert 702 has a migration filter membrane 705 in its base with 8um
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stal violet staining. Mgrated cells were fixed for 15 m nutes
| d nmethanol. Then 0.5 %crystal violet (in 25 % nethanol) was
The inserts were swabbed agai n andctriuBoowasied i n
water and allowed to dry. Cells were then counted using twel ve separate
iew per insert (x200 magnification). 10 Invasion assay This
assay is an extension of the transverse mgration assay described above.
"invade", the cells need both (i) to nove as in the transverse mgration
ii) secrete a proteolytic egéyne to digest their surroundings.
ouring tissues by enzynme secretion

was therefore assessed by using a |layer of Matrigel TM (BD Bi osci ences)
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insert 702 separating the chanber into upper 703 and | ower 704
sections. The insert 702 has a mgration filter

30
Cells 708 were plated at a density of 2 x 10" /m! onto the Matrigel™ layer 707 in

24-well plates (Becton-Dickinson) according to the manufacturers’ instructions.
50 pl Matrigel™ was seeded at a 1:7 dilution (10 mg/ml stock) onto the inserts
and left overnight. Prior to seeding with the cells the Matrigel™ was rehydrated
using medium with no additions. This medium was removed prior to seeding the

cells.

Cells were plated in a 1-5 % FBS chemotactic gradient overnight (12 hours). The
nutrient concentration in the medium 709 in the upper section 703 of the chamber
was less than the concentration of nutrient in the medium 710 in the lower section
704 to induced movement of the cells through the Matrigel™ layer 707 and
through the pores 706 to the underside of the filter membrane 705. At the end of
each assay, non-invaded/non-migrated cells were removed from the upper surface

of the insert 702 with two different swabs.

The number of cells invading to the underside of the insert 702 was determined
using crystal violet staining. Invaded cells were fixed for 15 minutes with ice-
cold methanol. Then 0.5 % crystal violet (in 25 % methanol) was added for 15
minutes. The inserts were swabbed again and then washed 1n water and allowed to

dry. Cells were then counted using twelve separate fields of view per insert (x200

nmenbrane 705 in its base

To



pores 706 extending therethrough. A layer 707 of Matrigel TMis shown
coating the filter nmenbrane 705. Cells 708 were plated at a density of 2 x
104 /M owbeotdnasdatri gel TM I ayer 707 in 5 24-wel |l pl at @6T/GB2010/001908

(Bect on-Di cki nson) according to the manufacturers' instructions. 50 til
Matrigel TM was seeded at a 1:7 dilution (10 ng/m stock) onto the inserts
and | eft overnight. Prior to seeding with the cells the Mtrigel TM was
rehydrated using mediumwith no additions. This nmedi umwas renoved prior to
seeding the cells. 10 Cells were plated;in a 1-5FBS chenotactic gradient
overnight (12 hours). The nutrient concentration in the medium 709 in the
upper section 703 of the chanber was | ess than the concentration of
nutrient in ; ' 'R # ' [ ment of
The col s tAronufef R VLS BBqiFy LEBE T B5EL han Yl ool MRHREERE™TS To
t he under si f,the filter nb e, 705 At the end of each assay,

non- i nvaded;jc %8%9]n’1nsgern§t“éa "(’:%Fltsanvdxe:o?%’ trhgr%?/eé’dn?"ﬁgrﬁsf?‘l%‘:tﬁ%per surface of the
insert 702 with two different swabs. The nunber of cells invading to the
underside of the insert 702 was determ ned 20 using crystal violet
staining. Invaded cells were fixed for 15 mnutes with ice-cold nethanol.
Then 0.5 A drelkviabiligy assay (in 25 % net hanol ) was added for 15 minutes. The
inserts were swabbed again and then washed in water and allowed to dry.

Cel | s5were tdis veaesteddd ush densityeif\vex $@'pailame if i36Imks Kallconi tesugeadlturaser t
(x200 31

dishes. After treatment with a given drug, the medium was removed and replaced
with 800 pl of growth medium and 200 ul 0.4 % trypan blue (Sigma, Dorset, UK)
and incubated for 10 minutes in the incubator. The trypan blue was removed and
the cells were washed once with 3 ml growth medium. For each treatment, cells
10 from 30 random fields of view were counted under 100x magnification. The
number of dead cells, stained blue, was counted in each field of view. The data
were expressed as percentages of living cells out of the total number of cells in

given fields of view. The percentages were averaged and differences between

control and treatment were compared from at least three independent experiments.

15
Cell growth (proliferation) assay
Cells were plated at 2 x 10* cells/ml in 24-well plates (Becton-Dickinson) and
allowed to settle overnight. The cells were then treated for the required time of
20 incubation (24 hours +), with medium changes every 24 hours. At the end of the

treatment, the medium was removed, and this was followed by the colorimetric 3-
[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) assay (Grimes

et al., 1995). Briefly, 0.1 ml MTT (5 mg/ml made up in the growth medium) and



magni fication). If the difference in the average nunber of cells invading
the two control inserts was nore than 40 % the experinment was rejected.
Cel | vi abwbi2op/mssiay 5Cel | s were seeded at a density of PET)GBROD/@edoBS/ ni
in 35 mm Fal con tissue culture dishes. After treatnent with a given drug,

t he medi um was renoved and replaced with 800 1.4.1 of growth nmedi um and 200
g 0.4 %trypan blue (Sigma, Dorset, UK) and incubated for 10 minutes in
the incubator. The trypan blue was renoved and the cells were washed once
with 3 mM growh nedium For each treatgent, cells 10 from 30 random
fields of view were counted under 100x nmagnification. The nunber of dead
cells, stained blue, was counted in each field of view. The data were
expressed _aSO.@%’ﬂfgf%\Mﬁgﬁ&ii% Was\itAE @&labiS welitin®@fhelpifte Wt HlcubAEdESr 304 cell's
in given fields of view The percentages were averaged and differences

bet ween conty ol & - fyom eas hr ee,.i ndependent
xper i ment s. Wb Bof ‘G Be oy BRPARSSt AT bR b BPUBE R 2 R
104 cells/m _in 24- | Rl ates. (.Bec - i ckinson) and allowed to settle
over ni ght . wh B @wﬂ“ﬁ ﬁ@ﬁ#lﬁ%éb@@@&ﬁ ﬁé)6|3e‘aﬁigfyéﬁ‘et Pfer g1 3

i ncubation (24 hours ;?, wi th medi um changes every 24 hours. At the end of
t he treat merglycippandnddi YmNa&s pldnid/Dd Abseriandsi & S¥Qsnm ovdsodrsermbyed he
colorinmetric 3- [4,5-dinethylthiazol-2-yl]-2,5-di phenyltetrazolium brom de
(MIT)5assay m@utesedteethealdditiohdIe glgcinebhiffer. Redultyl wdvl Talcblateg/asimemasie up in
the gromh nedium and 32 0.4 nml growth nedi um was added in each well and

the plate wasf hifg WREQDb T Qth 3f 4hd @dittedt v& Toftroll §RcIBSHMMBS rdais I enoved
fromthe chanbers and replaced with 0.5 m dinmethyl sulfoxide ( O and

0.063 nm gl ygine,Qulil.arintLich Mgl ycine and 0.1 M NaC ; pH 10.5). Absorbance
at 570 nn1maslge?erh?nég 15%5 nghutes after the addition of the glycine

buffer. Results were cal cul ated as neans of nine repeats of each of the
treatment vs. control spectrophotoneter readings fromindividual invasion

wells. Tissue culture
Tissue culture

10 Experiments were carried out on two strongly metastatic cell lines:
) human metastatic breast cancer MDA-MB-231, and
(11) rat strongly metastatic prostate cancer Mat-LyLu.
Cells were cultured using known methods (e.g. Grimes et al., 1995; Fraser et al.,
2005).
15
Normoxic and hypoxic conditions
With the exception of single cell adhesion tests, which are discussed in the
following paragraph, experiments were carried out under either;
(1) normal normoxic conditions (95 % oxygen, 5 % carbon dioxide), or
20 (ii) following 24 hours hypoxic pre-treatment (2 % O, 5 % CO3, 93 % N»)

continued during the assays.

In the single cell adhesion experiments, hypoxia was induced chemically by



10Experinments were carried out on two strongly netastatic cell lines: (i)
human netastatic breast cancer NMDA-MB-231, and (ii) rat strongly netastatic
prost at e wenoyosdhb- LyLu. Cells were cultured using knowoTras:bond®i1908. g.
Gimes et al., 1995; Fraser et al., 2005). 15 Nornoxic and hypoxic
conditions Wth the exception of single cell adhesion tests, which are
di scussed in the follow ng paragraph, experinents were carried out under
either; (i)normal nornoxic conditions (95 % oxygen, 5 % carbon di oxide), or
20(ii)followi ng 24 hours hypoxic pre-trngatnment (2 %02, 5 % CO2, 93 % N2)
continued during the assays. 33 application of hydrogen peroxide (1 - 500
jiM for 24 hours.

application of hydrogen peroxide (1 — 500 uM) for 24 hours.

Examples

Example 1 - Effects of chemical hypoxia on the single-cell adhesion of

MDA-MB-231 cells

5 Chemical hypoxia was induced by treating cells with different concentrations of

hydrogen peroxide for 24 hours. Single-cell adhesion was measured using the

technique described above and illustrated in Figure 4. The change in detachment

negative pressure (ADNP) was expressed as a percentage versus a control

population of untreated cells. Hypoxia reduced the cell adhesion and increasing

10 the concentration of hydrogen peroxide, i.e., increasing the degree of hypoxia, led

to greater reduction in cell adhesion as shown in Figure 8. In this figure, the

vertical axis represents the change in detachment negative pressure (ADNP),

increasing downwardly so that a higher negative value is indicative of a cell's

lower adhesion and, hence, its tendency to detachment. The horizontal axis is a

15 logarithmic scale of hydrogen peroxide concentration, increasing from left to

right.

Human breast cancer cells from the MDA-MB-231 cell line were plated in a cell
culture dish at a density of 2.5 x 10° cells/ml and left to settle for 48 hours prior to
20 measurements. The cells were subjected to hydrogen peroxide concentrations of
1uM, 10uM and 100uM and the negative pressure required to detach cells from
the bottom of the cell culture dish was measured. At each concentration of

hydrogen peroxide, measurements were taken on at least two dishes of cells for at



Exanpl es Exanple 1 - Effects of chem cal hypoxia on the single-cel

adhesi on of MDA- MB-231 cells 5Chem cal hypoxia was induced by treating

cel I s wi twodbfAmpant concentrations of hydrogen peroxi dectaB28th/domwss.

Si ngl e-cel | adhesi on was neasured using the techni que descri bed above and
illustrated in Figure 4. The change in detachnent negative pressure (ADNP)
was expressed as a percentage versus a control popul ation of untreated
cells. Hypoxia reduced the cell adhesion and increasing 10 the
concentration of hydrogen peroxide, i.g4, increasing the degree of hypoxia,
|l ed to greater reduction in cell adhesion as shown in Figure 8. In this
figure, the vertical axis represents the change in detachnment negative
pressure (ARNS) ’lobrlzl‘éfl?aq%ﬁ—rlﬂs}gow_ﬁz%ﬂe}‘in?e‘ﬂt t\x]ha@tre el PMEEe NRGAL LKP el ue s
indicative of a cell's lower adhesion and, hence, 1ts tendency to
detachnment. The horizontal axis is . a 15| oqgarithm c, scale of,hydrogen

per oxi de coﬁggﬁng??% ?dgﬁ%FggﬁPﬁ%“??gﬁ?ﬁgge“vge$?b f?¥ﬁﬁﬁaﬁa%F§5 cancer
cells fromthe NMDA-MB-231 cell line were plated in a cell culture dish at a
density of & M-104 cells/m and left to settle for 48 hours prior to 20
measurenents. The cells were subjected to hydrogen peroxi de concentrations
of 1 tiM 1 ORMand 100[tM and the negative pressure required to detach
cells fromthe bottomof the cell culture dish was neasured. At each
concent r at i dn Fidurigdhedeta poan @oi drowsrhastedlle rrpdssd vehgird @oeperexidait 4 east two
di shes of cells for at 34 least 100 cells per dish. The experinent was

repeated t hreggedntidfisn NN N AEASH SIRMenPhe M8l AFREIRA o NPRINIY SRS ESSUr €
are presented in Figure 8 as neans SEM

-9%, data point 802 shows that cells exposed to hydrogen peroxide at a
concentration of 10uM had a mean detachment negative pressure of
approximately -14%, and data point 803 shows that cells exposed to hydrogen
10 peroxide at a concentration of 100uM had a mean detachment negative pressure
of approximately -20%. Hence, increasing the concentration of hydrogen
peroxide decreased the adhesion of the cells and made them easier to detach. In
other words, increasing the severity of the hypoxic conditions led to an increase in

the detachability of the cells.

15
Example 2 - Effects of ranolazine on the single-cell adhesion of MDA-MB-
231 cells under normoxic and hypoxic conditions
Single-cell adhesion was measured using the technique described above and
illustrated in Figure 4 for human MDA-MB-231 cells exposed to different
20 concentrations of ranolazine and under normoxic and hypoxic conditions..

Ranolazine increased the substrate adhesion of cells under normoxia in a dose
dependent manner. The dose-dependent increase in the adhesion of cells was

even more marked under hypoxia - See Figure 9. In this figure, the vertical axis



5In Figure 8, the data point 801 shows that cells exposed to hydrogen
peroxi de at a concentration of 1tM had a nean detachnent negative pressure
of approxwoabelmewd% data point 802 shows that cells erppwastotomolnedr ogen
peroxi de at a concentration of 10uM had a nean detachnent negative pressure
of approximately -14% and data point 803 shows that cells exposed to

hydr ogen 10peroxi de at a concentration of 100pM had a nean detachnent
negative pressure of approximately -20% Hence, increasing the
concentration of hydrogen peroxi de decsgased the adhesion of the cells and
made them easier to detach. In other words, increasing the severity of the
hypoxi ¢ conditions led to an increase in the detachability of the cells. 15

Exanpl e 2 - (Eft&ats QAbastANH (g hdisPOn drlkesi N iRreehhl AGNES 188arRhmNDA- MB231
cell s under nornoxic and hypoxic conditions Single-cell adhesion was

reasur o0 et AL SIS TR D AR PR ¢

€ expose ent rati ons” of

ranoi azi ne angd under nom oxj ¢ and hypoxic.conditions.. nol azi ne increased
the substr atcéﬂﬁ‘a?fgé{% b= cel”l“gpﬁ'ﬁg:éf ABFHBKIS PR eécﬁﬁgg’él@ﬁeﬂlfi’eﬁfe manner .
The dose-dependent increase in the adhesion of cells was even nore marked
under hypoxipaesentedén Figyiyr 2aomeans # $EM. fi gure, the vertical axis 35
represents a neasure of the adhesion of cells. The horizontal axis is a
| ogardthm c scal e of ranol azi ne concentration, increasing fromleft to
right. Data were collected fromn = 7 independent experiments for each
condi ti on arfudrebRagSARER Lellf flohD tHeeMD AMBB3NZell FaMwe plated in cell

culture dishes at a density of 2.5 x 10 cells/ml and left to settle for 48 hours prior

t0 measurements.

10 In the normoxia experiments (curve 901), different dishes of the plated cells were
treated with ranolazine at concentrations of 0.1 uM, 0.5 uM, 1 pM, 10 pM, 20
uM and 100 uM. At the lowest concentration of 0.1 uM, ranolazine had no effect
on the adhesion of the cells. At concentrations of 0.5 uM, 1 uM, 10 uM, 20 uM
and 100 pM of Ranolazine, the adhesion increased in a dose dependent manner;

15 the amount of increase in adhesion appeared to level off at a concentration of 100

uM Ranolazine.

In the hypoxia experiments (curve 902), hypoxia was chemically induced by
treating the cells with hydrogen peroxide (50 pmol) for 24 hours. Different
20 dishes of the plated cells were treated with ranolazine at concentrations of 0.1 pM
uM, 10 uM and 100 uM Even at the lowest concentration of 0.1 uM ranolazine
the adhesion of the hypoxic cells and the adhesion increased and continued to

increase in a dose dependent manner for concentrations of Ranolazine of | uM 10



Human breast cancer cells fromthe NMDA-MB-231 cell line were plated in cel
culture dishes at a density of 2.5 x 104 cells/m and left to settle for 48
hours priwo 2/measur enents. 10l n the nornoxi a experi nerCI/dROTMB1BO1) ,
different dishes of the plated cells were treated with ranol azi ne at
concentrations of 0.2 i.tM 0.5fiM 1 1.1M 10 ttM 20 f.IMand 100 p. M

At the | owest concentration of 0.1 [tM ranol azi ne had no effect on the
adhesion of the cells. At concentrations of 0.5 [tM 1 MM 10 MM 20 p. M
and 100 I JM of Ranol azi ne, the adhesiongi ncreased in a dose dependent
manner; 15 the amount of increase in adhesion appeared to level off at a
concentration of 100 1.1M Ranol azine. In the hypoxia experinents (curve

902), hypoxiavu@s 16haM CPhd ¥mbid WTaHcBYsetih @@hédich hflRafal th3eWdl tlif iygr ogen
peroxide (50 [tnol) for 24 hours. Different 20 dishes of the plated cells

were L1 eal odbihaliB0 9380 1 RaSAPARTLIAHL WAl oDpdnl M LM dhid | M and

100 [tM Even at the I owest ‘concentration o rano e adhesi on
of the hypoxic cells and the adhesion increased and.continued to increase
'n a dose dEPEHABRRS AGRAER 1 6P VeERc Bt R A SORENRAieY azi ne of 1 [(M 10 36
il Mand 100 p. M The anpbunt of increase in adhesion appeared to |evel off at
a concentration of 100 p.M Ranol azi ne and the curves for nornoxic and
hypoxi ¢ experinments appeared to converge at around this concentration.
5Fronda conpé&pinsencopfiparihen efff thet dfeofs phmalokzinee oomdadhesiodncedlt welet s under
nornmoxi a (curve 901) and hypoxia (curve 902), the effect of ranol azi ne was

appr oxi mat el gorh@xihofcdrgr @ity edndi RypkRO v 80Dy, @h€ RIRAr 8 RGRI2inet Was hi gher
drug concentrations. 10Exanple 3 - Effects of ranolazine on the lateral
motility of JMOfsMRaBL10-fold greater in hypoxia before convergence at the higher drug

concentrations.

10 Example 3 - Effects of ranolazine on the lateral motility of MDA-MB-231
cells under normoxia and hypoxia
Lateral motility of the cells was measured using the technique described above

and illustrated in Figure 5.

15 Referring to Figure 10, the vertical axis represents the motility index of the
measured cells, with a reference point for normal motility being represented by
the control sample (block 1001 of the histogram) of MDA-MB-231 cells under
normoxia and without drug, normalised to 100%. Across the horizontal axis, the
set of results for experiments conducted under normoxia is plotted on the left-

20 hand side and the set of results for experiments conducted under hypoxia is
plotted on the right-hand side. For each set of results, the concentration of

ranolazine used increases from left to right.



cells under nornoxia and hypoxia Lateral notility of the cells was neasured
usi ng the techni que descri bed above and illustrated in Figure 5.

15Ref erriwg 2b/dabgure 10, the vertical axis represents the/gBaviddotgesi ndex
of the measured cells, with a reference point for normal notility being
represented by the control sanple (block 1001 of the histogram of
VMDA- MB- 231 cell's under nornoxia and wi thout drug, normalised to 100%
Across the horizontal axis, the set of results for experinments conducted
under nornoxia is plotted on the left-32 0 hand side and the set of results
for experinents conducted under hypoxia is plotted on the right-hand side.
For each set of results, the concentration of ranol azi ne used increases

fromleft tgpbghtos isde @E%ﬁbt&ﬁ?ﬂgg {&S[h{: :E!&atfoﬁfg&}hfalewﬁtﬁ&ﬂ%g)%r Migacontrol

sanpl e (w thout drug) for VB- cel l's under conditions of hypoxia. From
a conpari so f,Ql ogks 1001 d 10 it .can. be seen that 00Xl a,i ncreased
notility. SM%znﬁb?eglgs n%%ra%oélgﬂlogélolgglypéﬁﬁﬁ {I} f ml\?[fﬁ%pﬁ%ﬁogéﬁ&f ?9@ wer e
treated with different concenptrations of ranol azi ne under nornoxia, and
hypoxi a. In @‘éORBFﬁBRP§S%WﬁEwﬂﬁ§HP§}m¥ﬁ€e£5PPPD%y of the cells was
measured after treating themwth no drug (control) and ranol azi ne at
concentrations of 11.1M 1 Opi M and 100glVI. The results are shown in
Figure 10 as bl ocks 1001, 1002, 1003 and 1004, 10 respectively. Increasing
t he c®ncent ridtiman bodastr canotrazdlBefroradbie d&dDARB-23 letdl linotwere trgatedl wikle cel | s,
but only the reduction at a concentration of 100 pA4 ranol azi ne was

statistical lgfffelegnichhceattbtions 88 tablatine! thdePedanBEN] An® HBbLAENTS thd he
notility of the cells was neasured after 15 treating thémw th no dru
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respectively.. |ncreasi t caoncentration of ranol azi.ne reg ced the
| at er al nDtiWVQ§mo$”$hQ%E%&$§‘ nENRLEIC o4 neOBEMERIOBS, 06f 1 HMn ﬁ%%ﬁﬁ% t est ed
gave a statisticallg significant reduction in lateral notility of the
cell s. 100pM. The results are shown in Figure 10 as blocks 1001, 1002, 1003 and 1004,

10 respectively. Increasing the concentration of ranolazine reduced the lateral

motility of the cells, but only the reduction at a concentration of 100 pM

ranolazine was statistically significant.

Simtlarly, in the hypoxia experiments, the motility of the cells was measured after
15 treating them with no drug (control) and ranolazine at concentrations of 1uM,
10pM and 100uM. The results are shown in Figure 10 as blocks 1005, 1006,
1007 and 1008, respectively. Increasing the concentration of ranolazine reduced
the lateral motility of the cells and each concentration of ranolazine tested gave a
statistically significant reduction in lateral motility of the cells.
20
Data were collected from n = 3 independent experiments for each condition and
are presented as means = SEM. (*) indicates significance at P < 0.05; (*¥*)

indicates significance at P < 0.01.



20 Data were collected fromn = 3 independent experinents for each
condition and are presented as neans SEM (*) indicates significance at P
< 0.05; (woroizmdppmat es significance at P <0.01. 38 Exawrplrasbotodaidosct s of
ranol azi ne on the transverse migration of NMDA-MB231 cells under nornoxia
and hypoxi a Transverse mgration of the cells was nmeasured using
the techni que descri bed 5above and illustrated in Figure 6. Referring to
Figure 11, the vertical axis represents relative values for transverse
m gration of the nmeasured cells, with ggreference point for nornal
transverse mgration being represented by the control sanple (block 1101)
of MDA- MB-231 10 cells under nornoxia and without drug, normalised to 100%
Across the horizontal axis, the set of results for experinments conducted
under nornoxia is plotted on the left-hand side and the set of results for
experi ment s ﬁ%’&?‘ﬂghﬁd@ﬁé‘&%f DYRAKLiRe bR tR{; RhalnS r?é‘:&igﬁat{ohgmmi‘ﬂm«ﬁ! de. For
each set of res S, e concentratton of ranolazine used increases from
left to right.. 1@ Bl ock 1105,is‘$Ee result obtained for the control sanple
(wi t hout dr ¢ ?“’I‘%AW—’E‘\%"’C%'P YRIX¥Er conditions of hypoxia. Froma
conparison of blocks 1101 and 1105 it can be seen that hypoxia increased
transverse rigrsyerssAnigrdian rfntheraels twas dneaspredepsing theoterriguavienBed31 cel |
line were treated with

5 above and illustrated in Figure 6.

Referring to Figure 11, the vertical axis represents relative values for transverse
migration of the measured cells, with a reference point for normal transverse
migration being represented by the control sample (block 1101) of MDA-MB-231
10 cells under normoxia and without drug, normalised to 100%. Across the
honizontal axis, the set of results for experiments conducted under normoxia is
plotted on the left-hand side and the set of results for experiments conducted
under hypoxia is plotted on the right-hand side. For each set of results, the

concentration of ranolazine used increases from left to right.

15
Block 1105 is the result obtained for the control sample (without drug) for MDA -
MB-231 cells under conditions of hypoxia. From a comparison of blocks 1101
and 1105 it can be seen that hypoxia increased transverse migration.

20 Human breast cancer cells from the MDA-MB-231 cell line were treated with

different concentrations of ranolazine under normoxia, and hypoxia. In the
normoxia experiments, the migration of the cells was measured after treating them

with no drug (control) and ranolazine at concentrations of 1uM, 10uM and



different concentrations of ranol azi ne under nornoxia, and hypoxia. In the
nor noxi a experinents, the magration of the cells was neasured after

treati ng woemadsbdaono drug (control) and ranol azi ne at ecmaBIEDIMES Of
11.1M 10jaM and 39 100uM The results are shown in Figure 11 as bl ocks
1101, 1102, 1103 and 1104, respectively. Increasing the concentration of
ranol azi ne reduced the transverse mgration of the cells only slightly and
the results were not statistically significant. 5 In the hypoxia
experinments, the mgration of the cell sowas neasured after treating them
with no drug (control) and ranol azi ne at concentrations of i AM 10uM and
1001. 1M The results are shown in Figure 10 as bl ocks 1105, 1106, 1107 and

1108, respeqipM®l. YrheReaMsazd aRwalinFeaFeM hatbloes] @, 1105 M @nshdlQ ok, 1M
reduced the 10 transverse mgration of the cells in a statistically

si gni ficant ctiveNoh Azl [ 02{. 100 vt M, al so reduced the
transverse m r%tl ion o’?&t?{%glg(?%ﬁe?cg?‘g%&t%%é}?frrgeh 15% 1ol \%’/(é%d\/{r?gttrasntsh‘??esti cally
significant. . . ; Dateﬂ wer e gbgi@i ni n Lromlg = 3 independent
experi ment s PEFRUSRCAT dBRA Sl oI n 1 EE Y é“‘grt SREEE 3ETHEghsSatIsEEy ()
i ndi cates significance at P <0.05. Exanple 5 - Effects of ranol azine on the
i nvasi venes$igfi®ma- MB- 231 cel |'s under nornoxia and hypoxia (no
pre--treatnment) The invasiveness of the cells was neasured using
t he t®chni que descri bed above 20and illustrated in Figure 7. Referring to
Figure 12, the vertical axis represents relative values for invasiveness

In the hypoxia experiments, the migration of the cells was measured after treating

them with no drug (control) and ranolazine at concentrations of 1uM, 10uM and

100uM. The results are shown in Figure 10 as blocks 1105, 1106, 1107 and 1108,

respectively.  Ranolazine at concentrations of 1 uM and 10 pM reduced the

10 transverse migration of the cells in a statistically significant way; ranolazine at a

concentration of 100 pM also reduced the transverse migration of the cells, but

the reduction was not statistically significant.

Data were obtaining from n = 3 independent experiments for each condition and

15 are presented as means + SEM. (*) indicates significance at P < 0.05.

Example 5 - Effects of ranolazine on the invasiveness of MDA-MB-231 cells
under normoxia and hypoxia (no pre--treatment)
The invasiveness of the cells was measured using the technique described above

20 and illustrated in Figure 7.

Referring to Figure 12, the vertical axis represents relative values for invasiveness

of the measured cells, with a reference point for normal invasiveness being



40 represented by the control sanple (block 1201) of MDA-MB-231 cells under
nor noxi a and wi thout drug, nornalised to 100% Across the horizontal axis,
t he set oloremulsdsiof or experi ments conducted under nor mpgiTaB2810ploodosed on
the left-hand side and the set of results for experinents conducted under
hypoxia is 5plotted on the right-hand side. For each set of results, the
concentration of ranol azine used increases fromleft to right. Figure 12

al so includes results for an additional pair of controls, labelled in the
drawi ng as bl ocks 1202 and 1208. In thegge additional controls, cells were
10 exposed to the toxin tetrodotoxin (TTX) whose binding site is |ocated at
the pore opening of the VGSC. The TTX neasurenent is a positive control

confirmng tfdtseardl ByMuiehadiiR)l safbley (dck $20 ASEHHONMIBIBYdNY under
(potentiating) the netastatic cell behaviour "under investigation. It should

be noted th ~ - e ' f TTXo,US e 0 il bl ocki ng
T T by S AAOGERL SRR TSR SRR v
concentrations %estedf t he dru (ranoI%fin ) appears tg)bg nor e g@tent t han
the toxin (TGt results iog experimegs condyqied padey nofipexiajis pptied on the 1elnt r ol
sanple (w thout drug) for MDAMB-231 cells under conditions of hypoxia. From
a conpari somaed sisieotids theoget oforgselts frexperisgnts reondueied under hypssyd

i ncreased i nvasi veness. Human breast cancer cells fromthe NDA-MB-231 cel

| i ne Snver e t péateddomitlien right-hand side. For each set of results, the concentration of

ranolazine used increases from left to right.

Figure 12 also includes results for an additional pair of controls, labelled in the
drawing as blocks 1202 and 1208. In these additional controls, cells were
10 exposed to the toxin tetrodotoxin (TTX) whose binding site is located at the pore
opening of the VGSC. The TTX measurement is a positive control confirming
that sodium channel activity is indeed contributing (potentiating) the metastatic
cell behaviour under investigation. It should be noted that, at the concentrations
of TTX used here (10 pmol), blocking of the VGSC is not total. Hence,
15 particularly at the higher concentrations tested, the drug (ranolazine) appears to be

more potent than the toxin (TTX).

Block 1207 1s the result obtained for the control sample (without drug) for MDA-
MB-231 cells under conditions of hypoxia. From a comparison of blocks 1201

20 and 1207 it can be seen that hypoxia increased invasiveness.

Human breast cancer cells from the MDA-MB-231 cell line were treated with

different concentrations of ranolazine under normoxia, and hypoxia. In the



41 nornoxi a experinments, the invasiveness of the cells was neasured after
treating themw th no drug (control) and ranol azine at concentrations of
1011M 20pdi2000pM4and 3001. M The results are shown in Pcgweoldoamsbl ocks
1201, 1203, 1204, 1205 and 1206, respectively. Treatnment wth ranol azi ne
reduced the 5migration of the cells at concentrations of 10}tM 201..1M and
30011M but the effect of ranol azine at a concentration of 50 p. M was not
statistically significant. In the hypoxia experinments, the mgration of the
cells was neasured after treating themywith no drug (control) and

ranol azi ne at concentrations of 5pM 1011M 10 2011M 50p. M and 30011M
The results are shown in Figure 12 as blocks 1207, 1209, 1210, 1211, 1212

and 1213, T QRRGhRpHimdNEAhaBNasELds LRRR! ATNPusTREMGRY Je WEh@HALi on of
the cells at concentrations of 2011M 501.tM and 300p. M but the etfect of

ranolazine hfARRPIbIALL P0RB) FubbAn 10 GMABIARt SlaishnaLl ¥

significant. ta wer omn exberlnbnts for

each condi tign re nted as ( S i fi cance
2P <%0 05Uy Al cTREHGRIT RetHEe T P b%as SckanePe B e fact s
of ranola2|ne on the i nvasi veness of IVIDA—NB—231 cell s under nornoxia and
hypoxi a wi t H28fel 20 anfei00orespetivedy-| sTisatmank wild genolazing fedusehdheeness at
| ow concentrations of ranol azi ne under

5 migration of the cells at concentrations of 10uM, 20puM and 300uM, but the effect

of ranolazine at a concentration of 50 uM was not statistically significant.

In the hypoxia experiments, the migration of the cells was measured after treating
them with no drug (control) and ranolazine at concentrations of 5uM, 10uM,
10 20puM, 50uM and 300uM. The results are shown in Figure 12 as blocks 1207,
1209, 1210, 1211, 1212 and 1213, respectively. Treatment with ranolazine
reduced the migration of the cells at concentrations of 20pM, 50uM and 300uM,
but the effect of ranolazine at concentrations of 5 pM and 10 pM was not

statistically significant.

15
Data were collected from n = 3 independent experiments for each condition and
are presented as means + SEM. (*) indicates significance at P < 0.05; (*¥*)
indicates significance at P < 0.01.

20 Example 6 - Effects of ranolazine on the invasiveness of MDA-MB-231 cells

under normoxia and hypoxia with pre-treatment of the cells
As the reduction in invasiveness at low concentrations of ranolazine under

hypoxia was not statistically significant, a modified version of the invasiveness



hypoxi a was not statistically significant, a nodified version of the

i nvasi veness 42 assay was carried out in which the cells were pre-treated
with ranovezbmra4ban different periods in conparison to eOTIGERPONDING
control conditions (i.e., no ranolazine applied). 5Figure 13(a) and (b)
show the effect of 5 1.1M ranol azine (ran) on invasion of MA-MB-231 cells
under conditions of hypoxia in vitro. The histograns indicate the nunber of
VDA- MB- 231 cells invading following treatment with 5 uM ranol azi ne for
different periods in conparison to corpesponding control conditions (i.e.
no ranol azine applied). 10 In Figure 13(a), block 1301 represents the

i nvasi veness result obtained under control conditions (no drug) for cells

i nvadi ng OVQfssatyh@ag%argf)BHrOL{#Lma\;/iligﬂ o CElrpse“Q:ﬁeSEYef at&t wifhl LR6kLe! fr NO

pre-treatnent was use Bl ock 1302 represent e I nvasiveness result for
cells treate 4 hour

i.th 5.uMranol azine and invadji.ng over, the,. .15

duration of 1%\{"63% ay " Cnd f)?rgp?rllsé’gtl??eﬁ?r)“fsljﬁdénéfcf’ﬁ%?l SRS [iFeniSs of
cells treated %ﬁth 5 1AM ranol azi ne was not statistically significant. In
Fi gure 13(b)AnYpge%aPPI6d)-r epresents the invasi veness result obtai ned under
control conditions (no drug) for cells invading over the 24 hour duration
of the 20 assay (i.e., effectively no pre-treatnent was used). Block 1304
represents the invasiveness result for cells pre-treated with 5 1.1 M
ranol azi ne fRipuré2l3touaml @y)chbmwveadi dffecovers juteraddlabiau r(rahyroat in@RsioR of he
assay. There was a very significant reduction in the invasiveness of cells
pre-treated wAMB-UM EARAINAE &dliRhs 62hypoxia in vitro. The histograms indicate

the number of MDA-MB-231 cells invading following treatment with 5 puM

ranolazine for different periods in comparison to corresponding control conditions

(1.e. no ranolazine applied).

10

In Figure 13(a), block 1301 represents the invasiveness result obtained under

control conditions (no drug) for cells invading over the 24 hour duration of the

assay (1.e., effectively no pre-treatment was used). Block 1302 represents the

invasiveness result for cells treated with 5 uM ranolazine and invading over the

15 24 hour duration of the assay (no pre-treatment). The effect on invasiveness of

cells treated with 5 pM ranolazine was not statistically significant.

In Figure 13(b), block 1303 represents the invasiveness result obtained under
control conditions (no drug) for cells invading over the 24 hour duration of the
20 assay (i.e., effectively no pre-treatment was used). Block 1304 represents the
invasiveness result for cells pre-treated with 5 pM ranolazine for 72 hours and
invading over the 24 hour duration of the assay. There was a very significant

reduction in the invasiveness of cells pre-treated with 5 uM ranolazine for 72



43 hours. In each of Figures 13(a) and (b), the nunber of "cells

i nvadi ng" denotes the average of cell nunber counted in 24 randomly chosen
fields ofwoizenydpam two 5S5separate inserts (experinents) pCEiGBom/0b8{8) to
(e) show the effect of 25 uMranol azine (ran) on invasion of MDA-MB-231
cells under conditions of hypoxia in vitro. The histograns indicate the
nunber of NMDA-MB-231 cells invading followng treatnent wwth 25 ti M
10ranol azine for different periods in conparison to correspondi ng control
conditions (i.e. no ranolazine appliedy3 In Figure 13(c), block 1305
represents the invasiveness result obtained under control conditions (no
drug) for cells invading over the 24 hour duration of the 15 assay (i.e
effectively parre-treatment was used). Bl ock 1306 represents the

i nvasi veness result for cells treated with 25 1. 1M ranol azi ne and i nvadi ng
over the 24 hour duration of the assay (no pre-treatnent). Cells treated
with 5 uMranol azine were | ess invasive than untreated cells in a

statisti cal

I ni fi.cant 0 gure 13 bl.oc 0 esents t he
i nVasi veness%reélg 1af I!dgtﬂr&% dg&gmﬁ 4b5| the number o(fd)cells inva mg§ d7en0te

average of cell number counted in 24 randomly chosen fields of view from two

5 separate inserts (experiments).

Figure 13(c) to (e) show the effect of 25 uM ranolazine (ran) on invasion of
MDA-MB-231 cells under conditions of hypoxia in vitro. The histograms indicate
the number of MDA-MB-231 cells invading following treatment with 25 pM
10 ranolazine for different periods in comparison to corresponding control conditions

(i.e. no ranolazine applied).

In Figure 13(c), block 1305 represents the invasiveness result obtained under
control conditions (no drug) for cells invading over the 24 hour duration of the
15 assay (i.e., effectively no pre-treatment was used). Block 1306 represents the
invasiveness result for cells treated with 25 uM ranolazine and invading over the
24 hour duration of the assay (no pre-treatment). Cells treated with 5 pM

ranolazine were less invasive than untreated cells in a statistically significant way.

20 In Figure 13(d), block 1307 represents the invasiveness result obtained under
control conditions for cells maintained for 24 hours without drug and invading
over the following 24 hours prior to measurement. Block 1308 represents the

invasiveness result for cells pre-treated for 24 hours with 25 uM ranolazine and



control conditions for cells maintained for 24 hours w thout drug and

i nvadi ng over the following 24 hours prior to neasurenent. Block 1308

repr esentwot2oe/dsmmasi veness result for cells pre-treat eg¢ciraB28tb/domess with
25 p.Mranol azine and 44 invading over the follow ng 24 hours prior to
measurenent. Cells pre-treated with 25 ItN4 ranol azine for 24 hours before
commenci ng the 24 hour |ong assay were significantly |ess invasive than
untreated cells. 5In Figure 13(e), block 1309 represents the invasiveness
result obtained under control conditiopg for cells maintained for 48 hours
wi t hout drug and invading over the follow ng 24 hours prior to neasurenent.
Bl ock 1310 represents the invasiveness result for cells pre-treated for 48

hours with 2@&%&{5@@%@%%@@%4 py@dipngy w%eagln%mfem.:@\éfwgmzéeﬁ rs prior

t o measurenent. | s pre-treated 10w th 25 1.1N4 ranol azine for 48 hours

before co NGl e 24 hour | as were again, significantly |ess
i nvasi ve %‘ﬁ‘ugg ttla\}zgtr %néﬁlzgé[fel fé).r Zg%ursggérﬁovgfm? @%Wﬁﬁgﬂmblf ?Q%?S¥%y

i nvadi ng" in the.histograns.of_Fi ures 13(c) .to (e) denotes the average of
cel | nunber ¥BaEaHcARIEss BNeroYR ok HEEEd GelFds of view 1 5from two
Separate experinents. At both the concentrations tested (5 p.Mand 25 unol"
pre-treatnment of the cells

5 In Figure 13(e), block 1309 represents the invasiveness result obtained under
control conditions for cells maintained for 48 hours without drug and invading
over the following 24 hours prior to measurement. Block 1310 represents the
invasiveness result for cells pre-treated for 48 hours with 25 pM ranolazine and
invading over the following 24 hours prior to measurement. Cells pre-treated

10 with 25 pM ranolazine for 48 hours before commencing the 24 hour long assay

were again significantly less invasive than untreated cells.

As above, the number of “cells invading” in the histograms of Figures 13(c) to (e)
denotes the average of cell number counted in 24 randomly chosen fields of view

15 from two separate experiments.

At both the concentrations tested (5 pM and 25 umol,, pre-treatment of the cells
with ranolazine led to a statistically significant reduction in their invasiveness.
Such pre-treatment of the cells with the drug in an in vitro test is considered to be
20 representative of in vivo treatment, where the patient receives a continual

therapeutic dose of the drug.

Example 7 - Effects of ranolazine on the growth of MDA-MB-231 cells under



with ranolazine led to a statistically significant reduction in their

i nvasi veness. Such pre-treatnent of the cells with the drug in an in vitro
test is cwothauedot o be 20representative of in vivo treeatrreswiooseese t he
patient receives a continual therapeutic dose of the drug. 45 nornoxia and
hypoxi a The grow h of the cells was neasured using the techni que descri bed
above under the heading "Cell growmh (proliferation) assay ". 5 Referring
to Figure 14, the vertical axis represents the total cell nunber in a
plated sanple, with reference points fgg nornal growth being represented by
the control sanples (blocks 1401, 1405 and 1409) of NMDA-MB-231 cells under
nor noxi a and wi thout drug at comrencenent, after 24 hours and after 48
hours, 10 rQﬁPﬂﬁ&hﬁﬁthr PSS the horizontal axis, three sets of results
are shown for neasurements taken at commencenent, after 24 hours and after
48 hours of growth. Here, the term"growth" includes cell proliferation and
cell death and in this assay, both with and wi thout drug, there was an

overall increase in the nunber of cells over tine. For each of the three
sets of resuilegroviheofdBncelit Was mepsuiglosinesthe teghnigue dewaibpd abegsmder r om | ef t
to right. Human breast cancer cells fromthe NMDA-MB-231 cell |ine were

treat ed wi t hhelhdadergeiticllaethnpraiferenen)aksaydnol azi ne under nor noxi a.
5

Referring to Figure 14, the vertical axis represents the total cell number in a

plated sample, with reference points for normal growth being represented by the

control samples (blocks 1401, 1405 and 1409) of MDA-MB-231 cells under

normoxia and without drug at commencement, after 24 hours and after 48 hours,

10 respectively.  Across the horizontal axis, three sets of results are shown for
measurements taken at commencement, after 24 hours and after 48 hours of

growth. Here, the term "growth" includes cell proliferation and cell death and in

this assay, both with and without drug, there was an overall increase in the

number of cells over time. For each of the three sets of results, the concentration

15 of ranolazine used increases from left to right.

Human breast cancer cells from the MDA-MB-231 cell line were treated with

different concentrations of ranolazine under normoxia.

20 At commencement (0 hours), the number of cells was measured after treating
them with no drug (control) and ranolazine at concentrations of 1uM, 10uM and
100uM. The results are shown in Figure 14 as blocks 1401, 1402, 1403 at 1404,

respectively. Increasing the concentration of ranolazine had no effect upon the



20At commencenent (0 hours), the nunmber of cells was neasured after
treating themw th no drug (control) and ranol azine at concentrations of
I[tM 10Iwbi2arech4d01.t M The results are shown in Fi gur eciApsionoomks 1401,
1402, 1403 at 1404, respectively. Increasing the concentration of

ranol azi ne had no effect upon the 46 cell nunber at commencenent. After 24
hours, the nunber of cells at each concentration of ranol azi ne was counted
again. The results are shown in Figure 14 as bl ocks 1405, 1406, 1407 5 and
1408. There was no significant differepge between the nunmber of cells in
control sanple (block 1405) and the nunbers of cells in the sanples treated
wi th ranol azi ne at concentrations of Ip.M | QoM and 100pM (bl ocks 1406,

1407 and 140 ti 1QAfter a further 24 hours (48 hours in
total), the(%ﬂﬁ%§@9§ (%éﬁ%%%gT&gach concentration of ranol azi ne was counted

again. The results are shown in Figure 14 as bl ocks 1409, 1410, 1411 and
4012. There was no statistically significant difference between the nunber
of cells in control sanple (block 1409) and the nunbers of cells in the
sanpl es tread i % hRuisaths avinher af celdn el sechaeonsartraon| ef\ranebzmsMvand 100pM
(bl ocks 1410, 1411 and 4012, respectively).

counted again. The results are shown in Figure 14 as blocks 1405, 1406, 1407

5 and 1408. There was no significant difference between the number of cells in
control sample (block 1405) and the numbers of cells in the samples treated with
ranolazine at concentrations of 1pM, 10uM and 100uM (blocks 1406, 1407 and

1408, respectively).

10 After a further 24 hours (48 hours in total), the number of cells at each
concentration of ranolazine was counted again. The results are shown in Figure
14 as blocks 1409, 1410, 1411 and 4012. There was no statistically significant
difference between the number of cells in control sample (block 1409) and the
numbers of cells in the samples treated with ranolazine at concentrations of 1uM,

15 10puM and 100uM (blocks 1410, 1411 and 4012, respectively).

Similarly, in the hypoxia experiments, the motility of the cells was measured after
treating them with no drug (control) and ranolazine at concentrations of 1pM,
10pM and 100pM. The results are shown in Figure 10 as blocks 1005, 1006,
20 1007 and 1008, respectively. Increasing the concentration of ranolazine reduced
the lateral motility of the cells, with the result that each concentration of

ranolazine being statistically significant.



Simlarly, in the hypoxia experinents, the notility of the cells was
neasured after treating themw th no drug (control) and ranol azi ne at
concent r avoeoe/@ab44d pM 1 OpM and 100p. M The resul ts areTsiB2oMv/G0M0BT gur e
10 as bl ocks 1005, 1006, 20 1007 and 1008, respectively. Increasing the
concentration of ranol azine reduced the lateral notility of the cells, with
the result that each concentration of ranolazine being statistically
significant. 47 Data were collected fromn --= 3 independent experinments
for each condition and are presented as-4teans SEM The sane
concentrations of ranol azine under hypoxia also did not affect the 5growth
of the MDA-MB-231 cells (results not shown in Figure 14). Exanple 8 -
Effects of r I the via r moxi a
The vi abi | | t@agf‘@%%%“ dsﬁ%{s rrtr;ja!snﬁif3 %l%ugt:ven[))( QUL jef%rhnqc Lfgnfﬁggr&,ap ed above
under 10t he headi ng " Cel | V|a§ ty assay ". Referring to Figure 15, the
vertical axi¥®PESFEEAT eI %Wgtlve viability of cells in a plated
sanple, with a reference point for nornmal viability being represented by
the control sample (block 1501) of MDA-MB-231 cells under nornoxia and

wi t hout drug. The concentration of ranolazine wth which different sanples
of The same concentrations of ranolazine under hypoxia also did not affect the

5 growth of the MDA-MB-231 cells (resuits not shown in Figure 14).

Example 8 - Effects of ranolazine on the viability of MDA-MB-231 cells

under normoxia

The viability of the cells was measured using the technique described above under
10 the heading "Cell viability assay ".

Referring to Figure 15, the vertical axis represents the relative viability of cells in

a plated sample, with a reference point for normal viability being represented by

the control sample (block 1501) of MDA-MB-231 cells under normoxia and

without drug. The concentration of ranolazine with which different samples of
15 the cells were treated is plotted across the horizontal axis, increasing from left to

right.

Human breast cancer cells from the MDA-MB-231 cell line were treated with
different concentrations of ranolazine under normoxia. The viability of the cells
20 was measured after treating them for 48 hours with no drug (control) and
ranolazine at concentrations of 1 pM; 10 uM and 100uM. the results are shown in
Figure 15 as blocks 1501, 1502, 1503 and 1504, respectively. There was no effect

of ranolazine on cell viability.



15the cells were treated is plotted across the horizontal axis, increasing
fromleft to right. Human breast cancer cells fromthe MDA-MB-231 cell |ine
wer e treavecdowidsuadi fferent concentrations of ranol azi necurgb2o10mo1998Xi a.
The viability of the cells 20 was neasured after treating themfor 48
hours with no drug (control) and ranol azi ne at concentrations of 1 ti.M 10

ti Mand 100p. M
1503 and 1504,

the results are shown in Figure 15 as bl ocks 1501, 1502,

respectively. There was no effect of ranol azine on cel

viability.

cel |l s under

WO 2012/ 049440PCT/ GB2010/ 0Q4908 9 8 Data were collected fromn
= 3 i ndependent experinments for each condition and are presented as neans
SEM b5Exanple 9 - Effects of ranol azine on transverse mgration of Mat-LyLu

nor moxi a and hypoxi a Transverse migration of the cells was

measured using the technique descri bed above and illustrated in Figure 6.
ata wege ccﬁlected ftror}{]3 =5 5L, I epengé(nlt Séx;r)eerpmen S Por each C(?#dltlon an

loReferrlng]5

transverse

10

15

20

are presented as means + SEM.

Example 9 - Effects of ranolazine on transverse migration of Mat-LyLu cells
under normoxia and hypoxia
Transverse migration of the cells was measured using the technique described

above and illustrated in Figure 6.

Referring to Figure 16, the vertical axis represents relative values for transverse
migration of the measured cells, with a reference point for normal transverse
migration being represented by the control sample (block 1601) of Mat-LyLu
cells under normoxia and without drug, normalised to 100%. Across the
horizontal axis, the set of results for experiments conducted under normoxia is
plotted on the left-hand side and the set of results for experiments conducted
under hypoxia is plotted on the right-hand side. For each set of results, the

concentration of ranolazine used increases from left to right.

Figure 16 also includes results for an additional pair of controls, labelled in the
drawing as blocks 1602 and 1607. In these additional controls, cells were
exposed to the toxin tetrodotoxin (TTX) whose binding site is located at the pore
opening of the VGSC. The TTX measurement is a positive control confirming

that sodium channel activity is indeed contributing to (potentiating) the metastatic

val ues for



m gration of the neasured cells, with a reference point for nornal
transverse mgration being represented by the control sanple (block 1601)
of Mat - L0 208d4s44under norrnoxia and w t hout drug, nor rerics2d101980%
Across the horizontal axis, the set of results for experinments conducted
under norrnoxia is 15 plotted on the |eft-hand side and the set of results
for experinments conducted under hypoxia is plotted on the right-hand side.
For each set of results, the concentration of ranol azi ne used increases
fromleft toright. Figure 16 also inchades results for an additional pair
of controls, labelled in the 20 drawi ng as bl ocks 1602 and 1607. In these
additional controls, cells were exposed to the toxin tetrodotoxin (TTX)

whose bi ndi rgll Seh&idd dndeaineektiahtidhI eIt RRAG R BRGNS af e ¥FSGtratih®s TTX
nmeasurenent is a positive control confirmng that sodium channel activity

L qeraeed CptTHRULA0NGS (PARRH TALIAM of e "PEIR! & he. (3 CqidndBEnaYT OU!

under investigation. not e at the concentrations of TTX
used here ( rtlcularly at

bl i.ng of the VGSC.i : a
the i gher  CBNEEKEPEY ﬁ}?ﬁg&te&w&mr?tw@s&s&& e i Boiotef el A 5 be. 1o o
potent than the toxin (TTX). 5 Block 1606 is the result obtained for the
contr ol sanﬁm%epﬁfﬁh@éﬁﬂ@ﬁ&ﬁP(TBx)NhtLyLu cells under conditions of
hypoxi a. From a conpari son of blocks 1601 and 1606 it can be seen that
hypoXd a i ncreased transverse migration. 10Rat prostate cancer cells from
the Mat-LyLu cell line were treated with different concentrations of

ranol azi ne WBiGek 160 30K Pesul@PBtaimed asi the doRtrbheanidé (Withdut rfoARAts, the
mgration of the cells was neasured after treating themw th no drug

(control) angdiranral agidroaditieRNEENPortad Aeme calParibn 2PBMROPsFOGHIM  The
results are shown in Figure 16 as bl ocks 1601, 1 03, 1604 and 1605,

respect| vel ygodR LR SAR MY 1S ANEEALI ALIOD.OfyLangl azi ne reduced the

transverse mgration o concentra ranol azi ne of 201i M
and 50p. M The effect of ranol azine on transverse nlgratlon at a
concentration of 30011M was not statistically significant. 20l n the hypoxia

experinments, the mgration of the cells was nmeasured after treating
10 Rat prostate cancer cells from the Mat-LyLu cell line were treated with different

concentrations of ranolazine under normoxia, and hypoxia. In the normoxia
experiments, the migration of the cells was measured after treating them with no
drug (control) and ranolazine at concentrations of 20pM, 50uM and 300uM. The
results are shown in Figure 16 as blocks 1601, 1603, 1604 and 1605, respectively.
15 Increasing the concentration of ranolazine reduced the transverse migration of the
cells at concentrations of ranolazine of 20uM and 50uM. The effect of ranolazine
on transverse migration at a concentration of 300uM was not statistically

significant.

20 In the hypoxia experiments, the migration of the cells was measured after treating
them with no drug (control) and ranolazine at concentrations of 20uM, 50uM and
300uM. The results are shown in Figure 16 as blocks 1606, 1608, 1609 and 1610,

respectively. Ranolazine at concentrations of 20puM, 50pM and 300uM each



themw th no drug (control) and ranol azi ne at concentrations of 2011M
5011M and 300pM The results are shown in Figure 16 as bl ocks 1606, 1608,
1609 and W62012/1sespecti vel y. Ranol azi ne at concentrati oreTaB2800libMos501. | M
and 30011M each 50 reduced the transverse mgration of the cells in a
statistically significant way. Data were obtained fromn > 3

i ndependent experinents for each condition and are presented as neans SEM
(*) indicates significance at P <0.05 conpared to 5control. Exanple 10 -

Ef fects of ranol azine on invasiveness gf Mat-LyLu cells under nornoxia and
hypoxi a The invasiveness of the cells was neasured using the

t echni que described above 10and illustrated in Figure 7. Referring to

Fi gure 17, r%c\é@fﬁe‘t%gv%rﬁl%rﬁmne(ﬁqﬁ@§e,llrs‘1=111 tsfaﬁﬁlc\éﬁgis'&ﬁ ifl@ht 4y asi veness of

the measured cell , a reterence point or nor I nvasi veness bei ng
represented by the control sanple (block 1701) of Mat-LyLu cells under 15
norrnoxia and w thout drug, normalised to 100% Across the horizontal axis,
the set of results for experlnents conduct ed under nornoxia js plotted on
the | eft-hardrtaigee apfainefhdrogep f 1peapsndest crperengis oreach contiarit i under
hypoxia is plotted on the right-hand side. For each set of results, the
concent r at i gwe presenagiisameans UM (i dndieatesssigmi Gpancefit P <0D.05 govnpared to

5 control.

Example 10 - Effects of ranolazine on invasiveness of Mat-LyLu cells under
normoxia and hypoxia
The invasiveness of the cells was measured using the technique described above

10 and illustrated in Figure 7.

Referring to Figure 17, the vertical axis represents relative values for invasiveness
of the measured cells, with a reference point for normal invasiveness being
represented by the control sample (block 1701) of Mat-LyLu cells under
15 normoxia and without drug, normalised to 100%. Across the horizontal axis, the
set of results for experiments conducted under normoxia is plotted on the left-
hand side and the set of results for experiments conducted under hypoxia is
plotted on the right-hand side. For each set of results, the concentration of
ranolazine used increases from left to right.
20
Figure 17 also includes results for an additional pair of controls, labelled in the
drawing as blocks 1702 and 1707. In these additional controls, cells were

exposed to the toxin tetrodotoxin (TTX) whose binding site is located at the pore



20 Figure 17 also includes results for an additional pair of controls,

| abelled in the drawi ng as bl ocks 1702 and 1707. In these additional

cont rol s,woebixsmame exposed to the toxin tetrodotoxin EETX)B20fvemesoBi ndi ng
site is located at the pore 51 opening of the VGSC. The TTX neasurenent is
a positive control confirm ng that sodi um channel activity is indeed
contributing (potentiating) the netastatic cell behavi our under
investigation. It should be noted that, at the concentrations of TTX used
here (1 nM, blocking of the VGSC is ngf total. Hence, particularly 5at the
hi gher concentrations tested, the drug (ranol azine) appears to be nore
potent than the toxin (TTX). Bl ock 1706 is the result obtained for the

control sa ﬁfgﬁgkﬁhﬂwaﬁkyghhgQﬁvgg&%&anemgg%d%ggg%(%@Hgi£&ﬁﬁ§mﬁgppear

hypoxi a. Fro onpari son of bl oc 701 an oes not
t hat hypoxi ffected the invasiveness of the cells.. | prostate cancer
cells from te% H% ﬁ?/éiuph?h@ngle?‘f 'V?tiyn‘% ! "*Fg (iopg‘tat(’flgag &?Qtfzf‘t&l{‘f@zb‘&ﬂmasmm
concentrationﬁ of ranol%zine under nornoxi a, and hypoxia. In the nornoxia
cell behaviour under investigation. It should be noted that, at the concentrations
of TTX used here (1 pM), blocking of the VGSC is not total. Hence, particularly

5 at the higher concentrations tested, the drug (ranolazine) appears to be more

potent than the toxin (TTX).

Block 1706 1s the result obtained for the control sample (without drug) for Mat-
LyLu cells under conditions of hypoxia. From a comparison of blocks 1701 and

10 1706, 1t does not appear that hypoxia affected the invasiveness of the cells. |

Rat prostate cancer cells from the Mat-LyLu cell line were treated with different
concentrations of ranolazine under normoxia, and hypoxia. In the normoxia
experiments, the invasiveness of the cells was measured after treating them with
15 no drug (control) and ranolazine at concentrations of 20uM, 50uM and 300uM.
The results are shown in Figure 17 as blocks 1701, 1703, 1704 and 1705,
respectively. Treatment with ranolazine reduced the migration of the cells in a

statistically significant way at each of the tested concentrations of ranolazine.

20 In the hypoxia experiments, the migration of the cells was measured after treating
them with no drug (control) and ranolazine at concentrations of 20uM, 50uM and
300uM. The results are shown in Figure 17 as blocks 1706, 1708, 17091710,

respectively. Treatment with ranolazine reduced the migration of the cells in a



experinments, the invasiveness of the cells was neasured after treating them
with 15 no drug (control) and ranol azine at concentrations of 20nM 50RM
and 300nMvothe/mesal ts are shown in Figure 17 as bl ocksptT&B201W/089081704
and 1705, respectively. Treatnment with ranol azi ne reduced the mgration of
the cells in a statistically significant way at each of the tested
concentrations of ranol azine. 20In the hypoxia experinents, the mgration
of the cells was neasured after treating themw th no drug (control) and
ranol azi ne at concentrations of 20nM 5@nM and 300nM The results are shown
in Figure 17 as bl ocks 1706, 1708, 17091710, respectively. Treatnent with
ranol azi ne reduced the mgration of the cells in a 52 statistically

significant yaxclyaaeinQh bagaf &Rh e HABR&NdnREdRonolf faAflaliag! ne. Data
wer e obtained fromn? 3 i ndependent experinents for each condition and are

presented as neans SEM (*) indicates significance at P <0.05 conpared to
5nornoxia control; (*) indicates significance at P < 0.05 conpared to both

nor noxi a and. hypoxi a contr.ol . ) : .
CI) X F\)vere gbtame from n > 3 independent experiments for each condition and

are presented as means + SEM. (*) indicates significance at P < 0.05 compared to
5 normoxia control; (¥*) indicates significance at P < 0.05 compared to both

normoxia and hypoxia control.

Example 11 - Effects of ranolazine on growth of Mat-LyLu cells
The growth of the cells was measured using the technique described above under

10 the heading "Cell growth (proliferation) assay ".

Referring to Figure 18, the vertical axis represents the total cell number in a
plated sample, with a reference point for normal growth being represented by the
control sample (blocks 1801) of Mat-LyLu cells under normoxia and without drug
15 normalised to 100%. Across the horizontal axis, the set of results for experiments
conducted under normoxia is plotted on the left-hand side and the search of
results for experiments conducted under hypoxia is plotted on the right-hand side.
For each set of results, the concentration of ranolazine used increases from left to
right. Note that the term "growth" includes cell proliferation and cell death.
20
Rack prostate cancer cells from the Mat-LyLu cell line were treated with different
concentrations of ranolazine under normoxia, and hypoxia. In the normoxia

experiments, the number of cells was measured after treating them for 24 hours



Exanple 11 - Effects of ranol azine on growh of Mat-LyLu cells The
gromh of the cells was neasured using the techni que described above under
10t he heawlongi2ii@edsb growth (proliferation) assay ". RefecriGrrotomokiogure 18,
the vertical axis represents the total cell nunber in a plated sanple, with
a reference point for normal growth being represented by the control sanple
(bl ocks 1801) of Mat-LyLu cells under nornoxia and without drug 1 5
normal i sed to 100% Across the horizontal axis, the set of results for
experinments conducted under norrnoxia §s plotted on the | eft-hand side and
the search of results for experinments conducted under hypoxia is plotted on
the right-hand side. For each set of results, the concentration of

ranol azi ne yg@dnd HEHE SRSl ) & kdfolaAR ki ebHcentatoRs tdradodNne 50, evinndgr owt h”
includes cell proliferation and cell death. 20 Rack prostate cancer cells

fromthe Mgy, @YM“ T€lbsul e AR o ‘P{gl}vﬁy %@ﬁ@?‘z? Wb t% Ecl&' Ishe! Bith, FORCSIIsRL! ons of

ranol azi ne un nonnOX|a an e noran|a experinent’s, the
nunber of cel F ge ﬁ ter t&eatln m. f or 4 hour 53 with no
drug (cont ré‘fsj’e%{hvﬁ Y %T’%Siﬁ‘%é QA ONShH %‘h‘%“rél azé?e “PMfeSB 1AMRhd
30011M The results are shown in Figure 18 as bl ocks 1801, 1802, 1803 and

1804, respeétaivqally signdicankiifigt emthedwmbenet ellson of ranol azi ne did not

result in any statistically significant effect on the nunber of cells.
5

Similarly, in the hypoxia experiments, the number of cells was measured after
treating them for 24 hours with no drug (control) and ranolazine at concentrations
of 20uM, 50uM and 300uM. The results are shown in Figure 18 as blocks 1805,
1806, 1807 and 1808, respectively. Increasing the concentration of ranolazine did
10 not result in any statistically significant effect on the number of cells at
concentrations of ranolazine of 20 pM and 50pM. At a concentration of

ranolazine of 300uM, there was a reduction in the number of cells.

In summary, growth of Mat-LyLu cells was unchanged in all conditions tested
15 except with 300 pM ranolazine under hypoxia Data were collected from n = 3
independent experiments for each condition and are preseﬁted as means * SEM.
(*) indicates significance at P < 0.05 compared to both normoxia and hypoxia

control, while (x) indicates no statistical difference.

20 Example 12 - Effects of ranolazine on viability of Mat-LyLu cells
Cells were treated with different concentrations of ranolazine at {20 pM], [50
uM] and [300 uM} for 24 hours under normoxic or hypoxic (2 % O2) conditions.

The results obtained are shown in Figure 19. There was no effect of ranolazine on



5 Simlarly, in the hypoxia experinents, the nunber of cells was neasured
after treating themfor 24 hours with no drug (control) and ranol azi ne at
concent r avoeoe/@b4480[ t M 50[t M and 3001la. M The resul t sprersRhova1do8 Fi gure
18 as bl ocks 1805, 1806, 1807 and 1808, respectively. Increasing the
concentration of ranolazine did 10 not result in any statistically
significant effect on the nunber of cells at concentrations of ranol azi ne
of 20 1 _tMand 501.tM At a concentration of ranol azine of 3001.tM there
was a reduction in the nunber of cellsggln sunmary, growth of Mat-LyLu
cells was unchanged in all conditions tested 15 except with 300 }tM
ranol azi ne under hypoxia Data were collected fromn = 3 i ndependent

experiments c&?.’if%ﬁﬁﬁﬁ?ré‘g‘am&% iogggg%gtram M{ﬁ%@%?ﬁqs 86 wiBRBSthe SEM g@;‘e)

i ndi cates significance at conpar to both nornoxia and hypoxi a
control, whil ndi cates no statistic%ktdiffereggggﬁngxaane 12 -
- I

s X
Ef fects of ranol azime or viabii's tcfng’fuol%'t yal_uwecE%I‘fO *Were tr3eat ed
with different concentrations of gano,azine at [20 pM, [50 [t and [ 300
tiM for 24'HMEREMDHIOENMGPSAPRAcE cORIIHYHIAG 2re presoptedys e ﬁ'\?/‘%ﬂ’s'. The
results obtained are shown in Figure 19. There was no effect of ranol azi ne
on 54 cell viability regardless of concentration and regardl ess of whet her
the cells were under nornoxic or hypoxic conditions. Data were collected
fromm = 3 ildepdatidnEffexpaifinianéle onothedae halanowilidyi JrMBAIVEB-23pkeeltent ed as
means d SEM 5Exanple 13 - Effects of riluzole on the lateral notility of
MDA- MB- 231 G@llkSnormoxia and hypoxia

Lateral motility of the cells was measured using the technique described above

and 1illustrated in Figure 5. Referring to Figure 20, block 2001 of the histogram

shows the motility index for the control sample of MDA-MB-231 cells under

10 normoxia and without drug, normalised to 100%. Block 2005 is the
corresponding control sample (without drug) for MDA-MB-231 cells under

conditions of hypoxia. From a comparison of blocks 2001 and 2005 it can be

scen that hypoxia increased motility significantly.

15 Cells were treated with different concentrations of riluzole ([1uM], [10pM],and
[100puM]) under normoxia, and hypoxia. Increasing the concentration of riluzole
reduced the lateral motility of the cells; the effect was greater under hypoxia.
Data were collected from n = 5 independent experiments for each condition and
are presented as means £ SEM. (*) indicates significance at P < Q.05; (¥*)

20 indicates significance at P <0.01.

Example 14 - Effects of riluzole on the transverse migration of MDA-MB-231

cells under normoxia and hypoxia



under nornoxi a and hypoxia Lateral notility of the cells was neasured using
the techni que descri bed above and illustrated in Figure 5. Referring to

Fi gure 20wokbreoieef001 of the hi stogram shows the notili pgTiGgEIeN/dogost he
control sanple of NMDA-MB-231 cells under 10 nornoxia and w thout drug,
normal i sed to 100% Bl ock 2005 is the correspondi ng control sanple (w thout
drug) for MDA-MB-231 cells under conditions of hypoxia. Froma conparison
of bl ocks 2001 and 2005 it can be seen that hypoxia increased notility
significantly. 15Cells were treated with different concentrations of
riluzole ([111M,, [1011M, and [100p. M) under norrnoxia, and hypoxi a.

I ncreasing the concentration of riluzole reduced the lateral notility of

the cel|'s: e SLLEGHsRDNQSERL Lol NIR mENRRNT Gind Rt RS, OLLAGLED from

= 5 i ndependent exper s for each condition and are presented as neans

SEM (*) indjcat i gni fi P 0.05; .(*'"'! Oi,ndj cat
si gni 1£ i Z:ahgélbg?e ?e"‘sd<gll.“g%te‘#iﬁgﬁﬁéeaé‘4ﬂeéﬁl%?‘% F l(ﬁ’rer??tpi%#kg?f arteﬁrséas‘fq’%msver se

m gration of NDA-MB-231 cells under nornoxia and hypoxia 55 Transverse

nmi gration ofth¢ REPeR{oNOf {ErnsYRsssmrEatiQnsphigred dox errientiplesaie pf MHaAabove and
illustrated in Figure 6. Referring to Figure 21, block 2101 represents the
proportion d¥1Bt23dnelle rsdenngmatiioand beitroue drigy morhalisedrior Kl0% arfplbek of

VMDAMB- 231 cel | s under nornoxia and wi thout drug, normalised to 100% Bl ock
5 2105 is ti0sey hespaBsionding@dhfrol sasepid [ eithout Ry tfordvipd -MB23VdAHB- 231
cells under conditions of hypoxia. Froma conparison of blocks 2101 and

2105, it ap%aereéoﬁdh?&nsram%})ﬁai D%ﬁﬁﬁ%%mtpraﬂgb%vs{] 5RcKY 9Y@t b 2ed, it he

i ncrease was not statistically significant for the nunber of test runs

conpl et ed. appeared that hypoxia increased transverse migration but the increase was not

statistically significant for the number of test runs completed.

10 Cells were treated with different concentrations of riluzole ([1pM]}, [10uM],and
[100puM]) under normoxia, and hypoxia. Under normoxia, treatment with riluzole
reduced the transverse migration of the cells in a statistically significant way at
concentrations of 1uM and 100uM. Under hypoxia, increasing the concentration
of riluzole reduced the transverse migration in a statistically significant way. Data

15 were obtaining from n = 3 independent experiments for each condition and are

presented as means = SEM. (*) indicates significance at P < 0.05.

Example 15 - Effects of riluzole on the invasiveness of MDA-MB-231 cells
under normoxia and hypoxia (no pre--treatment)

20 The invasiveness of the cells was measured using the technique described above
and illustrated in Figure 7. Results are shown in Figure 22. Riluzole at a
concentration of 5 puM significantly inhibited invasiveness even without pre--

treatment. The number of “cells invading” denotes the average of cell number



10Cells were treated with different concentrations of riluzole ([1pM,
[10p. M, and [100nM ) under nornoxia, and hypoxia. Under nornoxia, treatnent
with ril weol2e1ymduoed the transverse mgration of the ceklrssB20102001908
statistically significant way at concentrations of |Ip.Mand 100pM Under
hypoxi a, increasing the concentration of riluzole reduced the transverse
mgration in a statistically significant way. Data 15were obtaining fromn
= 3 i ndependent experinents for each condition and are presented as neans
SEM (*) indicates significance at P <QQ05. Exanple 15 - Effects of
riluzole on the invasiveness of MDA-MB-231 cells under nornoxia and hypoxia
(no pre--treatnent) 20The invasiveness of the cells was neasured using the

techni que degghidaed, akovs dRgy 1y i Rd oF i EL IHES T ylates shown in
Figure 22. ﬁ?ﬁhzole at a cgngéﬁépgﬁfgﬁcgfog fﬁ&l sﬁbﬁ??ﬁ%@n??yl&% P bi t ed
I nvasi veness, even mﬁghout pre-- treatnent. The nunber of "cells invading"

denotes the %ﬁ%?gﬁ%“sf cell nunber 56 counted in 24 randomy chosen fields

of viewfromtwo separate inserts (experinments). Exanple 16 -
Effects of riluzole on the invasiveness of MDA-MB-231 cells

Example 16 - Effects of riluzole on the invasiveness of MDA-MB-231 cells
5 under normoxia and hypoxia (72 hours pre--treatment)
The invasiveness of the cells was measured using the same technique as described
above for Example 6 with the cells being pre-treated for 72 hours with riluzole at
a concentration of 5 pM. Results are shown in Figure 23. Cells pre-treated with
riluzole for 72 hours at a concentration of 5 uM also showed significantly
10 inhibited invasiveness. As above, the number of “cells invading” denotes the
average of cell number counted in 24 randomly chosen fields of view from two

separate inserts.

Example 18 - Effects of riluzole on the growth of MDA-MB-231 cells under
15 normoxia and hypoxia

Cells were treated with different concentrations of riluzole at [1 pM), [10 uM]

and [100 uM] for 48 hours. The results obtained are shown in Figure 24. Riluzole

at a concentration of 100 uM reduced the proliferation of the cells in a statistically

significant way at 24 hours and after 48 hours. Data were collected from n = 3
20 independent experiments for each condition and are presented as means + SEM.

(*) indicates significant level at P < 0.05.

Example 19 - Effects of riluzole on the viability of MDA-MB-231 cells under



5under nornoxia and hypoxia (72 hours pre--treatnent) The invasiveness of
the cells was neasured using the sane techni que as descri bed above for
Exanpl e 6woibir/dshocel | s being pre-treated for 72 hourspeirtdB2widwzose at a
concentration of 5 j.tM Results are shown in Figure 23. Cells pre-treated
with riluzole for 72 hours at a concentration of 5 |la.Malso showed
significantly 10 inhibited invasiveness. As above, the nunber of "cells

i nvadi ng" denotes the average of cell nunber counted in 24 randonly chosen
fields of view fromtwo separate inserts. Exanple 18 - Effects of
riluzole on the gromh of MDA-MB-231 cells under 15nornoxia and hypoxi a
Cells were treated with different concentrations of riluzole at [1 jaM,

[10 p. M and,drddQjalankMyddiia 48 hours. The results obtained are shown in
Figure 24. Riluzole at a concentration of 100 j AMreduced the proliferation

of the cell s-in tatjstically significant .at 24 ur n frer 48

hour s. Dataqa%¥é%%§f%%% éﬁﬁ%PS%?%“%”E&?%@Q%%%%eHﬁ”%éﬁ%n?ﬁQﬁL3‘ﬁdﬁ" ach

condition and ent ed as_peans hﬂmé*) i ndi ¢ i
SINGRPAE

SE t i fi t | I
at P <0.05. 299 THBRLIGr ey BRFaVePEnGL s PRRIREIBNS B0 RIF@IEnt

concentrations of riluzole at [1 A%, [10 AM and [100 AM for 48 hours.
The resul t s aispadentaticnseofsiomd and HjguMedezBeas@d thaxgll eviahtlityorld@mtweat i ons of
10 AM and 100 AM decreased the cell viability. Data were

5 collected from n = 3 independent experiments for each condition and are

presented as means = SEM. (*) indicates significant level at P < 0.05.

The same concentrations of ranolazine under hypoxia also did not affect the
growth of the MDA-MB-231 cells (results not shown in Figure 25).

10
Example 20 - Effects of riluzole on Matrigel™ invasion of Mat-LyLu cells
under normoxia and hypoxia (no pre--treatment)
The invasiveness of the cells was measured using the technique described above
and illustrated in Figure 7. Referring to Figure 26, block 2601 shows the invasion

15 index for the control sample of Mat-LyLu cells under normoxia and without drug,
normalised to 100%. Block 2604 is the corresponding control sample (without
drug) for Mat-LyLu cells under conditions of hypoxia. From a comparison of
blocks 2601 and 2604 it can be seen that hypoxia increased invasion in a
statistically significant way.

20
Riluzole at a concentration of 1 puM significantly inhibited invasiveness under
normoxia and hypoxia even without pre--treatment. Data were obtained from n >

3 independent experiments for each condition and are presented as means + SEM.



5collected fromn = 3 independent experinments for each condition and are
presented as neans SEM (*) indicates significant |evel at P <0.05. The
sane concwotoebdsens of ranol azi ne under hypoxi a al so di eécmaiB2afoiecdost he
growm h of the MDA-MB-231 cells (results not shown in Figure 25). 10 Exanple
20 - Effects of riluzole on Matrigel Tminvasion of Mit-LyLu cells under

nor noxi a and hypoxia (no pre--treatnent) The invasiveness of the cells was
measured using the techni que descri bed above and illustrated in Figure 7.
Referring to Figure 26, block 2601 shows the invasion 1 5 index for the
control sanple of Mat-LyLu cells under nornoxia and w thout drug,
normal i sed to 100% Bl ock 2604 is the correspondi ng control sanple (w thout

drug) for MetyihyichteS Sibhisicaidan PcOnds tb@psre@to dynpeki a. From a conparison of
bl ocks 2601 and 2604 it can be seen that hypoxia increased invasion in a

statistically significant way. 20 Riluzole at a concentration of 1 AM
significantly inhibited invasiveness under nornoxia and hypoxia even

exper i ment & S an” ENSER e eifviis O B B RELILE Btns T SEM
Cells were treated with different concentrations of riluzole at [3 uM], [5 pM],
5 [10 uM] and [30 pM] for 24 hours under normoxic or hypoxic (2% O,)
conditions. The results obtained are shown in Figure 27. Riluzole decreased cell
proliferation dose dependently under both normoxia and hypoxia; the effect was
greater under hypoxia. Data were collected from n = 3 independent experiments
for each condition and are presented as means = SEM. (*) indicates significance

10 at P < 0.05 compared to control; (x) indicates no statistical difference.

Example 22 - Effects of riluzole on viability of Mat-LyLu cells

Cells were treated with different concentrations of riluzole at [ 10 pM], [30 uM],

and [100 uM] for 24 h under normoxic or hypoxic (2% O,) conditions. The
15 results are shown in Figure 28. There was no effect of riluzole (10 — 100 uM) on

cell viability. Data were collected from n = 3 independent experiments for each

condition and are presented as means + SEM.

Although the invention has been described mainly in relation to ranolazine and
20 riluzole, other substances having the effect of reducing the persistent VGSC
current without eliminating the transient current may be used, for example

valporate, flecainide, lidocaine, mexiletine or F15845.



58 (*) indicates significance at P <0.05 conpared to control. Exanple 21 -
Effects of riluzole on gromh of Mat-LyLu cells Cells were treated with

di ff erentwoananb4sati ons of riluzole at [3 FM, [5 FM, peT{cKofoldo1wrd [ 30
p.M for 24 hours under nornoxic or hypoxie (2% 02) conditions. The results
obtained are shown in Figure 27. Riluzole decreased cell proliferation dose
dependent |y under both nornoxia and hypoxi a; the effect was greater under
hypoxi a. Data were collected fromn = 3 independent experinments for each
condition and are presented as neans §EM (*) indicates significance 10at
P <0.05 conpared to control; (x) indicates no statistical difference.
Exanple 22 - Effects of riluzole on viability of Mat-LyLu cells Cells were

treated withpudiEf thﬁdughQHé"ﬁl@Qﬁtf(ﬁ‘lt}iaQ'B§erp(ﬁes&iiﬂédzlﬁ$iﬁlz}ﬁﬁ rélatdh GMreast 2 FM , and
[100 FM for 24 h under nornoxic or hypoxic (2% 02) conditions. The 15

results are .0 Figu . re, wa effect of .ril I 10 - 100
e on-cel | Rranr B B8 BofiRanta L ERRRe SRl oS Bt
experinments for egch ondi.tion and are presented as nmeans SEM Although
t he inventi@ﬁwﬂég'HEH%”B@@%ribed mainly in relation to ranol azi ne and 20
riluzole, other substances having the effect of reducing the persistent
VGSC cur r entRefRIeREAS el i i nat i ng the transient current may be used, for

exanpl e val porate, flecainide, |idocaine, mexiletine or F15845.
5 Fraser SP, Diss JKJ, Chioni A-M, Mycielska ME, Pan H, Yamaci R, Pani F, Siwy Z,
Krasowska M, Grzywna Z, Brackenbury WJ, Theodorou D, Koyutiirk M, Kaya H, Battaloglu
E, De Bella MT, Slade MJ, Tolhurst R, Palmieri C, Jiang J, Latchman DS, Coombes RC &
Djamgoz MBA (2005). Voltage-gated sodium channel expression and potentiation of human
breast cancer metastasis. Clin Cancer Res. 11: 5381-5389.

10
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Djamgoz MBA (1995). Differential expression of voltage-activated Na' currents in two
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15
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59 Further, although the invention has been described mainly in relation to
breast and prostate cancer, it is applicable to all netastatic cancers

whi ch expwesinvabisage gat ed sodi um channel s. Ref er ences peFrGaero/®RosDi ss
JKJ, Chioni A-M Mcielska ME, Pan H, Yarmaci R, Pani F, Siwy Z, Krasowska
M G zywna Z, Brackenbury W, Theodorou D, Koyuturk M Kaya H, Battal oglu
E, De Bella MI, Slade MJ, Tolhurst R, Palmeri C, Jiang J, Latchman DS,
Coonbes RC & Dj angoz MBA (2005). Vol tage-gated sodi um channel expression
and potentiation of human breast canceggnetastasis. Cin Cancer Res.
11:5381-5389. 10 Gines JA Fraser SP, Stephens GJ, Downing JEG Lani ado
ME, Foster CS, Abel PD & Djangoz MBA (1995). Differential expression of

vol t age- act igpapdSNa+ currents in two prostatic tunour cell |ines:
contribution to invasiveness in vitro. FEBS Letters 369: 290-294. Pal ner
CP, Mycielska ME, Burcu H Gsman K, Collins T, Beckerman R, Perrett R,
Johnson H, Aydar E & Djangoz MBA (2008). Single cell adhesion neasuring
apparatus (SCAMA): application to cancer cell lines of different netastatic
potential and Fonpkgwegirededusingc BRNMEYCniRsr BiEsEHS BehavBupphy YGSC 37:
359-368. 60 CLAIMS: 1. Ranol azine for reducing or preventing netastatic
behavi our i rexytds@Gngxaroessi ng cancer. 5

2. Ranolazine according to claim 1, wherein the cancer is breast cancer.

3. Ranolazine according to claim 1, wherein the cancer is prostate cancer.

10 4. Riluzole for reducing or preventing metastatic behaviour in VGSC expressing

cancer without directly killing the cancer cells.

5. Riluzole according to claim 4, wherein the cancer is breast cancer.

15 6. Riluzole according to claim 4, wherein the cancer is prostate cancer.

7. A substance for reducing or preventing metastatic behaviour in VGSC
expressing cancer by the effect of at least reducing the persistent part of the
voltage gated sodium channel current without eliminating the transient part.

20

8. A substance according to claim 7, having said effect in breast cancer.



2. Ranol azi ne according to claim 1, wherein the cancer is breast cancer.

3. Ranol azi ne according to claim1, wherein the cancer is prostate cancer.
104. Ri | wwol2e1diap4aneduci ng or preventing netastati c behaermb2oiomouesC
expressing cancer without directly killing the cancer cells. 5. Riluzole
according to claim4, wherein the cancer is breast cancer. 156. Riluzole
according to claim4, wherein the cancer is prostate cancer. 7. A substance
for reducing or preventing netastatic behaviour in VGSC expressing cancer
by the effect of at |east reducing thegpersistent part of the voltage gated
sodi um channel current without elimnating the transient part. 20 61 9. A
subst ance according to claim7, having said effect in prostate cancer. 10.

A subst ance oack eiitghiange becoediag o dainB7, MHavihg shilviffegt Srestat tagder Wi t hout
kKilling the cells. 5

10. A substance according to claim 7, 8 or 9, having said effect without killing

the cells.

11. A substance according to any of claims 7 to 10, having said effect without

substantially affecting proliferation.

12. Ranolazine according to any of claims | to 3, in a dosage level corresponding

10 to the range 1 pmol to 10 pmol.

13. Riluzole according to any of claims 4 to 6, in a dosage level corresponding to

the range 1 pmol of 10 pmol.

15 14. A method of reducing or preventing metastatic behaviour in VGSC

expressing cancer comprising administering ranolazine.

15. A method according to claim 14, wherein the cancer is breast cancer.

20 16. A method according to claim 14, wherein the cancer is prostate cancer.

17. A method of reducing or preventing metastatic behaviour in VGSC



11. A substance according to any of clains 7 to 10, having said effect

W t hout substantially affecting proliferation. 12. Ranol azi ne
accor di ngvoeoemwoah clainms 1 to 3, in a dosage |evel corcesgseotioowoiOto the
range 1 Knot to 10 lima 13. Riluzole according to any of clains 4 to 6, in
a dosage |l evel corresponding to the range 1 p.nol of 10 prnol. 1514. A

nmet hod of reducing or preventing netastatic behaviour in VGSC expressing
cancer conprising adm nistering ranolazine. 15. A nethod according to claim
14, wherein the cancer is breast cancegy 2 016. A nethod according to claim
14, wherein the cancer is prostate cancer. 17. A nethod of reducing or
preventing netastatic behaviour in VGSC 62 expressing cancer, conprising
admi ni st er i R@prekding Chrizet cotipribingi ddathisterik IHlizdg WitBo@adiRly &allihg the

18. A nethod according to claim17, wherein the cancer is %reast cancer. 5
19. A nmethod acearei ng to claim 17, wherein the cancer is prostate cancer.

18. A method according to claim 17, wherein the cancer is breast cancer.

5

19. A method according to claim 17, wherein the cancer is prostate cancer.
20. A method of reducing or preventing metastatic behaviour in VGSC
expressing cancer by administering a drug having the effect of at least reducing

10 the persistent part of the voltage gated sodium channel current without
eliminating the transient part.
21. A method according to claim 20, wherein the cancer is breast cancer.

15 22. A method according to claim 20, wherein the cancer is prostate cancer.
23. A method according to claim 20, 21 or 22, carried out without killing the
cells.

20 24. A method according to any of claims 20 to 23, carried out without

substantially affecting proliferation.



20. A nethod of reducing or preventing netastatic behaviour in VGSC
expressing cancer by admnistering a drug having the effect of at |east
reduci ng iOtbe/q@ensi stent part of the voltage gated sodipemasrarwmehoogur r ent
wi thout elimnating the transient part. 21. A nethod according to
claim 20, wherein the cancer is breast cancer. 1522. A method according to
claim 20, wherein the cancer is prostate cancer. 23. A nethod according to
claim?20, 21 or 22, carried out without killing the cells. 2024. A nethod
according to any of clainms 20 to 23, cgsried out without substantially
affecting proliferation. 63 25. The nethod according to any of claimthis
13 to 16, wherein the ranolazine is admnistered in a dosage |evel

correspondi nNg. thetii@hdsdaugerdingdmtinytod clén PRIV 3 to 16, wherein 26 rafoFaRinB o¢l
according to any of claim17 to 19, wherein the riluzole is 5adm nistered

in a dosage a'dﬁﬁﬁkm&%ﬁﬁ%%?a%@ilé\%l E&Téspgn&ﬁé]%qhé‘ra%ggll p%ol]tg 10 r;Txmo'l.

26. A method according to any of claim 17 to 19, wherein the riluzole is

5 administered in a dosage level corresponding to the range 1 pmol of 10 pmol.



