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enes that play a role in angiogenesis, tissue remodelling, and survival, are necessary for the

survival of tumour cells, and play a pivotal role in metastatic progression (Subarsky and Hill,
2003).

The extracellular (interstitial) pH of solid tumours is significantly more acidic than that
of normal tissues (Izumi H et al., 2003). Although the data are limited, pH measurements in
humans indicate a difference between tumour and normal tissues (Tannock and Rotin 1989).
Moreover, acidic intracellular organelles can also participate in resistance to chemotherapeutic
drugs (Altan et al., 1998; Hurwitz et al., 1997; Schindler et al., 1996; Larsen et al., 2000;
Raghunand et al., 1999; Ouar et al., 1999), thus conferring to tumour cells a cumulative overall
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Invitro, low pH reduces the uptake of weakly basic chemotherapeutic drugs and,
hence, reduces their cytotoxicity (Raghunand ef al. 1999). This phenomenon has been
postulated to contribute to a 'physiological' resistance to weakly basic drugs in vivo, and data
obtained in animal models show that bicarbonate-induced extracellular alkalinisation leads to
significant improvements in the therapeutic effectiveness of some chemotherapeutic drugs,
including doxorubicin, against human tumour cells, both in vitro and in vivo (Raghunand et al,
2003; Mahoney et al. 2003). Studies in model systems have demonstrated that tumour pH can be a

determinant of treatment response.
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t he oppRaiphfp SAHiStoRf (PPRE including omeprazole and its analogues, such as

esomeprazole, lansoprazole, pantoprazole, and rabeprazole, specifically inhibit pumps
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responsible for the active transport of H' ions from cytoplasm across the plasma membrane (to
the extracellular space) or across the vacuolar membrane (to the lumen of acidic vesicles). These

molecules are drugs currently used to treat the symptoms of peptic disease.

JP 2003277262 discloses a combination of lansoprazole and a mixture of esters for use

as an anticancer agent in the gut, wherein the esters increase the bioavailability of
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pres fseme hat theggneerous, or neoplastic, condition to be treated is a tumour, and

it is further preferred that the tumour is either metastatic, or that there is a significant chance

that the tumour is or will be metastatic, as diagnosed by a skilled physician, for example.

As noted above, it is particularly metastatic tumours that are associated with acidic
conditions, both intra- and extra-cellularly, and it has been found that, surprisingly,

omeprazole and other PPIs are able to exert a systemic effect on such tumours.

It is advantageous to be able to assess the pH of a tumour before and after
administration of the PPI, as this can assist the skilled physician in determining both the

amount and the type of PPI best suited to treat the individual patient. Such monitoring also
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omeprazole, lansoprazole, pantoprazole, and rabeprazole.

In one aspect, it is preferred to treat a cancerous condition that is not a gut cancer. In
another aspect, it is preferred not to use lansoprazole, especially where the cancerous

condition is associated with the gut.

Although tumour cells are able to survive in neutral, buffered media, we have
surprisingly found that when PPIs are used to block the pH fluctuations (lower extracellular,
lower intra-vacuolar pH and higher cytoplasmic pH) induced by vacuolar-type H'-ATPase
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It is generally preferred to pre-treat the tumour patient with another antacid, such as
calcium carbonate, or antacid drug, such as an Hp-receptor antagonist, for example ranitidine
or cimetidine, in order to inhibit acid secretion in the stomach, thereby enhancing the
concentration of PPI able to reach the tumour site, and minimising the concentration remaining

in the stomach. Thus, treatment with an antacid is effective to increase the delivery of PPI to
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another anticancer drug, such as cisplatin, is unclear, but is clearly demonstrated in the
accompanying Examples. Pretreatment yields good results, but results with no pretreatment
and only concurrent PPI treatment are comparable to the control with no PPI present. Without
being restricted by theory, it appears possible that a drug, such as cisplatin, is having the
opposite effect from the PPI, and is activating the acidifying ATPase, thereby neutralising the
effect of the PP, if the PPI has not had the opportunity to have an effect. It is also possible

that the two drugs are competing for sequestration in the acidic tumour environment, given
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preferred simply to continue the treatment.

The PPI may be administered continuously over the course of the treatment with the
other drug, but it is preferred to administer it as part of a regimen, where a treatment with the
PP1 is given for a period of between, say, 6 and 24 hours before the other drug, followed by
administration of the other drug, with the cycle being repeated as appropriate to the drug to

which the tumour would otherwise be resistant. Where this would normally be administered



the second or further anticancer drug, which may be a

wosztofi‘ﬂ(gﬁgég cancer treatnent. This treatnent WIJ(H[LPIP[)OSIOOZZSO
e one, or a series, of treatnents, or

conti nuous treatnent, such as by cat heter or a

transdermal patch, over the previous day or so, by any

sui tabl e means, such as oral,9systenic or |ocal

a £y i.all
T Bl o, e ot ERhiy Rl Snd2bpRaRR S o so.
abﬁms@ﬁdeﬂhdrugt he effect of the PPl is still present
when the other anticancer drug is adm nistered,

i nsof aExaﬁme& Bfotl%i idfligS, aBAIMdt WARKBENstdnSe %'%'ovéi&oxﬁee@yﬁtﬂs include:
partially nproni sed at the tine of subseqlgent

t thege Whsrt Nﬂ)ﬂq%p@earﬁ 19 be related frostflyx pwap profeins. ipeludiags vinka alkaloids,
| 4888 ViRMaRinOVihdREind, '@%ok@lﬁn@fan@vﬁﬂ&ix{&ntaﬂm sudhfbl?,'pQélttzQ{el and
in the manufacture of a medicanent for th e j oint
t desgtenel anthsacyslinesrroel e doxemshigin famorubigine epirubicimand idarubicin;
p r n
pAtinEh: S BB, FRE AR Bl Perdo b RAGRE Bl &
petopdsisial a@;ﬂltgxllmméﬁ;eqamdathdqms, sutteastdprtedan,tand iringtecirgsn38; heavy
S i any: .0f A

¢ HesL S b 38h shostrts, dpd R bR v iR ERHA i
cmmlioﬂmxaw tn'ﬁmrexqme ramsmbrme,l ionitirtily aad meiphskan;and drosowherh DR

Jdggpgfgatus %ug Eg e@}%c?d W rttle{z{g{c Xdlgtcém%en ng’lil)'xgm Vudmsgof»‘r?]l @uo(g?uracll (5-fu)
nardecisptagiasi ons pr| or to admnistration of the joint
therapy, the first being at |east one day prior to

t her apgywilpgethppleeh@H @{er,)(w}fllgltllneq”ﬁq ﬂ%k’ses%ﬂ&eﬁ@ér aB@SiWe Glerlused as
and 12 hours prior the joint therapy.

ppast of@deinttherapy it lg@egpblggbtgtredgge ﬁ@g resisagge @@nother anticancer drug
aﬁ?ﬂf\gﬁﬂsételg%rg a' &lgfnjn %r%aﬁgéri Eﬂt ?ﬁ glg}% %Jrﬂg}letltﬁvggxtxt}r{ ﬁder pﬁect can only be
pefdfeaeftbl y at I east two or nore hours, in order to

al | ow the maxi mum effect of the PPL The treatment need

not nehas S dlgmatve ﬁﬁd’o‘,t,it}iblmel;&nt inveatorspravidesdhe &8 of 4 PPI in the
has begen goun%ﬁt hat e PPl effects on tu Dur acidity

| BIERargfigp o me reBfmepeRf2 CatssEats SAfHR resfstant toone or

t iﬁb@&ntukdap\remrdmga&l Pﬂtleﬁtmaﬁhgralseffestlﬁamls df dhsg to which the
gengr ally _preferred sinp to continue the_treatnent.

1opp Isfestant ahehA 6% P@G‘eeb'ﬁ?lf PRI AFAprss QEFrugfar a cancerous
C&YAHRIBN, Ahd hdiRinistRRN T fHe PP fsHinfel QuchQls iSKave bV EffecPdH thé heidic

is preferred to administer it as part of a reginen,
whisFesnyranmenk ofghe tumpyrivhen develppf the gthglr apélﬁmp%ndnag haue fggped

Oquﬁlf?énW? & permft Yhe FPI & Yhve Such 3K ?ﬁ‘ecl? e@%ﬁ tHe G CdRek ogx‘hH& anticancer

followed by admi nistration the other drug, w't
t ¢ragseifay @nwnwgﬂ tocadlowtteaipatient apyseensratabatvecs adméllwmsxso that

t RrESe hRghatTRAE ey BhF il SEbRGed F By HRRE & Tha
PPPI/ sRPRHAS 102 B deﬁrcd effect after 2 or 3 days is also of assistance, so that a patient
may readily take the appropriate amount of PPI on the day before the next course of anticancer
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Thus, in this context, “sub-effective” indicates that the level of drug is not sufficient to
prevent the MDR-reducing effect of the PPI at the time of administration, or at a subsequent
stage when sufficient PPI is systemically effective. Preferably, the level of drug to which the
condition is resistant should be allowed to drop to negligible levels for at least a short period,
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Tamoxifen has a high level of systemic toxicity, while the PPI’s have been established
to be non-toxic, even in overdosage regimens. Thus, in accordance with the present invention,
PPI’s may either be used as an alternative drug to tamoxifen, or combined with tamoxifen in

the prevention of cancer relapses.

Likewise, other forms of hereditary cancer treated on a prophylactic basis are also

susceptible to such treatment. An example is colonic polyposis, and other conditions which
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condition. More preferably, where the second drug is administered as part of an ongoing
regimen, said second drug should be at a concentration below that deemed to be effective for
the condition. Thus, it is preferred that the second drug not be administered by patch or, if it

is, then the patch should be removed to allow levels of drug to drop below the effective.

It will be appreciated that such regimens may be followed in continuing therapy to

prevent recurrence of a condition, as well as to treat the condition, and may also be employed
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Figure 3: Effects of omeprazole on cisplatin resistance

The Figure shows three (A,B,C) representative dose response curves obtained treating
human melanoma cells with three logarithmic dilution (as indicated on X-axes) of cisplatin alone
(CTR line) or after a 24 hrs pre-treatment with omeprazole (OM line). As a control (DMSO line)
cells were treated with cisplatin plus DMSO, being DMSO the medium in which omeprazole was
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Figure 6: In vivo effects of omeprazole on tumour growth in the human/SCID mouse

model

SCID mice were engrafted with a melanoma cell line via s.c. injection into the right flank.
At the tumour appearance, mice were left untreated (CTR line) or were treated with omeprazole (1
single gavage treatment at day 1, heavy, down arrow) and cisplatin (1 single i.p. treatment at day 2,
lighter, up arrow) OM-CPL line or cisplatin alone (CPL line). Graphs represent tumour growth
expressed as mg weight (see Materials and Methods) as a function of time. Results clearly showed
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EXAMPLE 1
IN VITRO EXPERIMENTS WITH OMEPRAZOLE

MATERIALS AND METHODS

In vitro Experiments

Drugs: Omeprazole (Astra-Zeneca), esomeprazole (Astra-Zeneca), pantoprazole

(Sigma Tau), lansoprazole (Pharmacia, Sweden) and rabeprazole (Janssen) sodium salts were
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Live/Dead Viability/Cytotoxicity Assay ®. This assay (Molecular Probes, OR,
USA) provides a two colour fluorescence cell viability assay that is based on the
simultaneous determination of live and dead cells with two probes (Calcein AM and
Ethidium homodimer 1) that measure two recognised parameters of cell viability -
intracellular esterase activity and plasma membrane integrity. Live cells were distinguished
by the presence of ubiquitous intracellular esterase activity, determined by the enzymatic
conversion of the virtually non-fluorescent cell permeant Calcein AM to the intensely
fluorescent calcein (ex/em 495nm/515nm), which is retained in the cell. Conversely,

Ethidium homodimer 1 (EthD-1) enters damaged membranes and undergoes a 40-fold
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resulting bivariate frequency distribution showed the clear separation between the green
fluorescent (530 nm) live cell population and the red fluorescent (585 nm) dead-cell

population (Whenever present).

Statistical analysis: Statistical comparisons were carried out using Student’s s-test for

unpaired two-tailed comparisons. A p value of less than 0.05 was considered significant.

RESULTS
Omeprazole is cytotoxic for tumour cells in vitro

The aim of the first of the experiments was to establish whether inhibition of VH"
ATPases through treatment with omeprazole and the other PPIs would be cytotoxic for tumour

cells. The cytotoxic effect of omeprazole was tested on 24 human melanoma, 2 human colon
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Animals: CB.17 SCID/SCID female mice (Harlan, Italy) were used at 4-5 weeks of

age and were kept under specific pathogen-free conditions. SCID mice were housed in

microisolator cages, and all food, water and bedding were autoclaved prior to use.

Tumour cells: Human tumour cells (melanoma, colon adenocarcinoma) obtained from
both primary lesions were cultured in RPMI 1640 supplemented with 10% FCS, in humidified 5%
CO» and 95% air atmosphere.
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that tunmour cells are susceptible to onmeprazole, we

uede! éX?EE’rrFH’F%Sﬁ‘Et%q by CB.17 scid/scid mice engrafted by subcutaneous (s.c.) injection
with human melanoma cells. This model has proven useful to test in vivo the efficacy of various
anti-tumour therapies 5gainst human tumours, using either local or systemic treatment strategies
(Lozupone et al., 2000, 2003, 2004 in press). Mice engrafted with human tumour cells were
treated with omeprazole by gavage. The effects of the treatments were measured in terms of
tumour growth at different time points. The results showed that repeated omeprazole treatments
markedly reduced tumour growth (Figure 2). The results obtained treating mice with omeprazole
analogues are fully comparable to that shown with omeprazole (not shown). Notably, histological
examination of the human tumours after the experiments were stopped showed that, in the tumours

from the omeprazole-treated mice, the tumour mass was occupied by a huge necrotic area that
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The MDR variant (CEM-VBL100) of CCRF-CEM (CEM) cells were obtained by
exposing the parental drug-sensitive human T-lymphoblastoma cell line to increasing sublethal
concentrations of vinblastine sulphate (VBL) up to 100 ng/mL (Eli Lilly, Paris, France). All the
cells used in this study were cultured in RPMI 1640 medium enriched with 10% foetal bovine
serum and antibiotics (basic medium, BM) in a humidified 5% CO, and 95% air atmosphere.

The MDR variant (MCF7/DX) of MCF7 was obtained by exposing the parental drug-
sensitive human T-lymphoblastoma cell line to increasing sublethal concentrations of
doxorubicin (DX) up to 200 ng/mL (Pharmacia & Upjohn, Italy).

Dose response curves: Tumour cells growing in suspension were plated at 1.5x10°
/ml, in 24 wells cell culture plate (Costar). Tumour cells growing in adherence were plated at
3x10* cells/well in 24 wells cell culture plate. Each drug was tested for cytotoxicity on each

cell type using 3 to 5 logarithmic dilutions, as shown in the Figures. Each dilution was tested



Mee treatnment: Oreprazole (Astra-Zeneca, ltaly) and

zole (Sigma Tau) were adm nistered at
wopﬁgéf@%é/ kg by gavage as previously descri be&"?‘&@’?g Rl

and Smth, 2001), as a suspension in PBS1X
Lansopr azol e (Phar maci a, Sweden(gil and rabeprazol e
(Janssen) were administered at2th dose of 25 ng/ kg by
%8!? &, BSk arteei\élcoc sI deSﬁrl bed (Watson and Smth,

2% 4 sus PBS1X. O her: unless
ot her wi se speC|f| ed ot her paraneters are as set_out
in Ex&Mpereunless ghspruse spegified, pbermagametereare as gsf out in Example 1, above.
Onreprazol e on hunman tunours grow h as assessed in vivo
in SCID mce engrafted with human tunour cells. The
in vitro experinments of Exanple 1 showed a
RESULDh$f orward cytotoxic effect of oneprazole on
human t unour ceI | I'ines under slightly acidic

R Granl 5"“‘?@??@“@‘&”{“? bl Rplny " ) e
syst et élﬁ}%‘"%entﬁréiof%‘{s‘vae BN 5818 i R U D Gap LY Fs g TPases

hyroaglmmﬂemewus m@s;;rezo)e andjtigcithed mplswomb réVeft8 mhultRingi tediBance of
has proven efuI to test in vivo

tﬁ%@m @v@&%ﬂwmﬁc engak HRRBTTICR Pk dasegdisitoythe presence

hof 6k ik E6LpS in itd ﬁio[h@ul@ iviab lecle® frtkst ME adtivity 60nfe razole as a revertant
treat ment strate (Lozupone et at, 2000

bsisdBugs yesi e @W%@e& Wihed bfﬁyrpawwqﬁlaf@mwve@m cisplatin
Vi@sf‘ﬁant hinRak &ls Wsplhy RIEER AR HYYn PBW B tra- -Eglﬁxlﬁ'fpi-ﬁ Gbgether with

of the treatnents were neasure in terns of t unmour
i GRbaRces expressiqayal yacuplaparofnsipmg geres éMprakami & ab9AR) The effect of

td?x%ra&&@%ﬁ‘l’:&ﬂl g qéelsf,@ﬁ?&&% onBHaREh Yo gfaﬂérug%olon-

t unour grovvt results obtal ne
thusan pdpgosaraieome an 2mpmmr ecll lmaadesiyingSroan prirhary llegions, and

S 6, SR, TS 000 6 AR s

tcalirtines sreahdve'r A dnse msnmsa cmaretfs' cisplatin wasmbpmdd bhtoeating cells with three

t

Ig%Ethn}uﬂdll‘l{]ons o rﬂo H alon or ntE) Bre%egg%?a/fz oglel%aégle i‘ger rgfqlté showed

dhat(i)tonsepraifle é’lGﬁ):Edhd) iﬂt&ﬁﬁlbl?@i'y GRIAGOE AP ADMe cdlB tewaed] nder these

acc ntedf rthetu ur siz hovvn. uggest i

RREH e (B R e R amePrate ol el Ay GRagiy tinced

tsbstlpttthﬁy tocHisplutih i £10the Mumi}ﬁndzlﬁhdﬁia\&lli tesred T'I'}Fcleipenments performed
surenents. I%XAI\/PIEE 3 INVIT DRUGS AND l:’

on e other tumour cell Tines and using the other PPIs gave comparable rcsults (data not

shown).

Omeprazole enhanced susceptibility of human tumour cells to 5-fluorouracil

The possibility that PPIs act on the physiological barriers raised by tumour cells to
resist to any attack, altering intra- and/or extra-cellular pH, was next investigated. In this
experiment, we attempted to verify that this mechanism was effective also in reverting tumour
resistance to chemotherapeutic drugs, other than the weak bases. Applying the same
experimental design described before, we tested the efficacy of omeprazole on reverting

primary tumour cells resistance to 5-fluorouracil (5-FU). This drug is a derivative of uracil and
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sensitivity was restored pretreating cells with omeprazole. Comparable results were obtained

by using the other PPIs (not shown), as well as performing the same experiments on the MCF7-
DX cell line, obtained by selection of MCF7 parental human breast cancer cell line (not shown).
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stopping the experiments showed that, in the tumours from the omeprazole/cisplatin-treated
mice, the tumour mass was occupied by a huge necrotic area that mostly accounted for the
tumour size (not shown), suggesting that the cytotoxic effect was greater than that quantified by

the in vivo tumour size measurements.
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8. Use according to any of claims 5 to 7, wherein the antacid is calcium carbonate.

9. Use according to any of claims 5 to 7, wherein the antacid is an H,-receptor

antagonist.

10.  Use of a proton pump inhibitor in the manufacture of a medicament for ingestion
for combination therapy or prophylaxis of a cancerous condition other than a gastric
cancerous condition, wherein the proton pump inhibitor is administered prior to at least one

further drug indicated against said condition.

11. Use according to claim 10, wherein administration of the proton pump inhibitor is
sufficiently prior to the administration of the further drug as to reduce the acidity associated

with the site of the said condition.
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condi ti on.
omeprazole, lansoprazole, pantoprazole, esomeprazole, rabeprazole, and mixtures

thereof.

19. Use according to any of claims 10 to 18, further comprising an antacid.

20. Use according to any preceding claim, wherein the proton pump inhibitor is
omeprazole.
21. Use according to any preceding claim, wherein the medicament is for the

treatment of the condition.



