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Abstract

Context: Tumor acidity represents a major cause of chemoresistance. Proton pump inhibitors

Keywords
Anti-acid drugs, lansoprazole, tumor acidity

(PPIs) can neutralize tumor acidity, sensitizing cancer cells to chemotherapy.

Objective: To compare the anti-tumor efficacy of different PPIs in vitro and in vivo.

History

Materials and methods: In vitro experiments PPls anti-tumor efficacy in terms of cell proliferation

and cell death/apoptosis/necrosis evaluation were performed. In vivo PPIs efficacy experiments

were carried out using melanoma xenograft model in SCID mice.

Results: Lansoprazole showed higher anti-tumor effect when compared to the other PPIs. The
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lansoprazole effect lasted even upon drug removal from the cell culture medium and it was

independent from the lipophilicity of the PPIs formulation.

Discussion: These PPIs have shown different anti-tumoral efficacy, and the most effective at low

dose was lansoprazole.

Conclusion: The possibility to contrast tumor acidity by off-label using PPIs opens a new field of

oncology investigation.

Introduction

Solid tumors resistance to current therapies continues to be a
worldwide emergency, despite the development of new molecules
and new anti-cancer strategies' . One of the most fascinating
approaches to overcome cancer resistance to therapy is based on
the evidence that cancers during their growth form, in a sort of
evolutionary ‘‘microselection’’, a very hostile microenvironment
mostly represented by low nutrient supply, hypoxia and extracel-
lular acidity. The ground of this peculiarity of malignant cancers
is the so-called ‘“Warburg effect’’, that is the ability of cancer
cells to use sugar fermentation as a fuel for their growth in either
the presence or absence of consistent oxygen levels, thus leading
to lactate accumulation outside the cells and the consequent
acidification that is a hallmark of malignant cancers®. In fact,
tumors have a lower extracellular pH (~6.7-7.1)""° than normal
tissues (7.4), that is perniciously maintained by the activity of a
wide panel of proton exchangersm, that ultimately lead to a
reversed pH gradient between the acidic extracellular microenvir-
onment and the alkaline cytosol'. The way the acid tumor
microenvironment negatively affects therapeutic efficacy“_]3
depends on the main mechanism of drug entry within target
cells, that is based on the chemical nature of the vast majority of
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therapeutic molecules that are weak basis. These drugs, when
ending in a H+ rich compartment, are protonated in their majority
with slim chances to enter within the target cells. Moreover, the
reverted pH gradient negatively impacts the distribution, uptake
and bioavailability of weak base chemotherapeutic drugs within
tumor cells, leading to marked chemoresistance'>™'>. The
approaches proposed to overcome this very efficient mechanism
of tumor chemoresistance were based either on systemic buffer-
ing16 or on the use of specific inhibitors of proton exchangerslo.
Among the various proton exchanger’s inhibitors a class of proton
pump inhibitors (PPIs), introduced in the clinical practice in 1989,
target the gastric H+, K+-ATPase, representing a major medical
therapeutic breakthrough in the treatment of peptic ulcers and
gastroesophageal reflux disease'’. These drugs promoted a more
rapid healing of the lesions and symptom relief than other anti-
acid drugs such as H2 blockers'’. PPIs are prodrugs which are
attracted to and activated by acidic milieu and this property,
combined with their high level of instability, resulted in absence
of systemic side effects even at very high dosages'”. After the first
molecule, omeprazole, that launched the use of PPIs as kings of
peptic disease treatment, a series of new molecules were
introduced in the panel list of this class of drugs, including
lansoprazole, esomeprazole, rabeprazole and pantoprazole, with
some enantiomers as well'’. Over the past years, it has been
shown a striking similarity between the gastric H+, K+-ATPase,
and the neoplastic vacuolar H+ATPase (V-ATPase), highly
expressed by cancer cells, and the use of PPIs as anti-cancer
agents in both preclinical and clinical settings is highly supporting
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the use of this class of drugs in cancer treatment'® >, Indeed PPIs
have shown direct anti-tumor action as well as the ability to
counteract the acid tumor microenvironment, resulting in potenti-
ation of the action of chemotherapy agents as well as reinstitution
of an active immunity at the tumor site'®2°. PPIs are prodrugs
with alkaline properties. The different drugs belonging to this
family are converted in cyclic sulfenamides through a pH-
dependent mechanism. All PPIs have the same activation rate at
pH 1.0%°. Pantoprazole (pK, 3.96) and rabeprazole (pK, 4.9) are
remarkably different in terms of pK,, but gastric acidity induces
the same activation rate of the molecules. The same applies to
lansoprazole (pK, 4.01), omeprazole and esomeprazole (pK,
3.97). However, this scenario changes at tumor pH ranging
between 6.0 and 7.0, in fact, the higher the precursor’s pK, the
faster is the conversion from the inactive to the active form: the
sulfonamide®’. Beside the strictly chemical differences, PPIs
differ for some pharmaceutical properties as well, such as
bioavailability that have been quantified as 30-40% for omepra-
zole and esomeprazole, 52% for rabeprazole, 77% for pantopra-
zole and 80-90% for lansoprazole%, and their metabolism:
differently from other PPIs, rabeprazole’s metabolism is mostly
extra-hepatic®’.

Our group has been involved in multiple in vitro and in vivo
preclinical investigations on PPIs anti-tumor activity, as well as
their confirmation through clinical trials in both domestic animals
and human patientslg_zs. However, one major concern, as above
mentioned, is the choice of the most suitable among the PPIs for
the treatment of cancer patients, since, despite the PPIs belonging
to the same class of generic drugs, they have different chemical
features. In order to provide new and fruitful information for the
use of the most appropriate PPI for cancer patient’s treatment but
also to newly create a modeling for the generation of new anti-
cancer drugs, this study compares both in vitro and in vivo
different anti-cancer PPIs in terms of anti-tumor effect.

Methods
Chemicals and reagents

PPIs were purchased as following: omeprazole and esomeprazole
from Astra Zeneca (Molndal, Sweden); lansoprazole, rabeprazole
and pantoprazole by Sigma-Aldrich (Milan, Italy). All PPIs,
excepting lansoprazole dissolved at 20mM in DMSO, were
resuspended at 20 mM in physiologic solution in the absence of
direct light and reconstituted immediately prior its use. RPMI
1640 cell-culture medium (BE12-702F), antibiotics (DE17-603E),
phosphate-buffered saline (PBS) (BE17-512F), trypsin/EDTA
(BE17-171E) and fetal bovine serum (DE14-701F) were obtained
from Lonza (Milan, Italy), 0.9% sodium chloride saline solution
(Baxter s.p.a., Pisa, Italy). Trypan blue was bought from Alexis
Biochemicals (Florence, Italy) and Annexin V-FITC Apoptosis
detection kit from Enzo Life Sciences (Lause, Switzerland);
4-nitrophenyl phosphate disodium salt hexahydrate tablets for
proliferation assay from Sigma.

Cell lines

Metastatic melanoma Me30966 (supplied by Istituto Nazionale
per lo Studio e la Cura dei Tumori, Milan, Italy), SaOS2
osteosarcoma and U87 glioblastoma cell lines (all purchased from
ATCC, Manassas, VA) were maintained in RPMI-1640 medium
supplemented with 10% fetal calf serum and antibiotics, at 37 °C
in humidified 5% CO,. Experiments were performed in
unbuffered (without sodium bicarbonate). All cell lines were
negative for mycoplasma contamination, as routinely tested by
modified nested polymerase chain reaction (VenorGeM Kit,
Minerva biolabs, Berlin, Germany).

J Enzyme Inhib Med Chem, Early Online: 1-8

Cell lines pH medium and measurement

(1) Acid cell culture medium (pH6.0) was obtained by the
addition of 1M HCI solution.

(2) Unbuffered cell culture medium was obtained by the removal
of sodium bicarbonate allowing the cells to generate their
own pH.

(3) Cell culture pH7.4 was obtained following the manufac-
turers’ instructions.

The pH of all cell culture supernatants were estimated by the
use of a pH 123 Microprocessor pH Meter (Hanna Instruments,

Milan, Italy).

Cell death assay

Tumor cells were plated at 3—4 x 10° cells/ well in 12-well plates in
1ml of buffered RPMI medium. After 24h, the medium was
replaced with unbuffered medium. After other 24 h, necessary for
cell medium adjustment, cells were treated with doses 50, 75, 100,
150 and 300uM of PPIs for 48h. After treatment, cells were
collected by pooling cells from the medium (i.e. dead cells) and
adherent (live) cells obtained by trypsinization. Cells were washed
and resuspended in PBS with 0.4% trypan blue 1:1 (vol/vol)
dilution or incubated with AnnexinV-FITC/Propidium Iodide for
apoptosis detection (Enzo Life Sciences) as reported in the
manufacturer’s instruction. Then, cells were analyzed by Flow
citometry on a Becton Dickinson FACScalibur using CellQuestPro
software (Becton Dickinson System, Milan, Italy). For each sample
the total events were acquired in 60 s. All experiments were run
in triplicate wells and repeated at least twice.

Cell proliferation assay

Melanoma cells were plated at 1 x 10* cells/ well in 96-well
plates in buffered RPMI medium. After 24 hours, the medium was
replaced with fresh, unbuffered RPMI medium and cells were
treated with doses of 50, 75, 100, and 150 uM of PPIs for 48 h as
per cell death analysis. After treatment, cell proliferation was
determined using 4-nitrophenyl phosphate disodium salt hexahy-
drate tablets (Sigma) and the response was evaluated by the
405nm absorbance measured by a spectrophotometer ELx800
(Bio-Tek Instruments, Inc., Colmar Cedex, France). All experi-
ments were run in triplicate wells and repeated at least twice.

In vivo experiments with PPls

CB.17 SCID/SCID female mice aged 4-5 weeks (Harlan, Milan,
Italy) were kept under specific pathogen free conditions and fed
ad libitum. The mice were housed in pathogen-free conditions.
Mice were injected subcutaneously in the right flank with
1.0 x 10° human melanoma Me30966 cells in 0.2ml of saline
solution (Baxter s.p.a.). Mice were divided into four experimental
groups of five mice each. Once tumors became evident, PPIs were
administered, four times per week, by intraperitoneal injection.
Specifically, omeprazole and esomeprazole were resuspended in
0.2ml saline solution, while lansoprazole in 5% DMSO saline
solution at the dose of 12.5mg/kg. Mice in the control group
received 0.2 ml of 5% DMSO saline solution. Tumor growth was
estimated two times per week with caliper by the following
formula: tumor weight (mg) = length (mm) x width? (mm)/230. In
this experiment, morbidity was considered as end-point according
to standard clinical criteria including oversized tumor (>1.0 cm),
weight loss (>20%), rough hair coat and general illness*'. All
mice were killed by cervical dislocation at the end of the
experiments, within 2 months after the injection of the human
tumor cells (following the guidelines of the Istituto Superiore di
Sanita/Italian National Institute of Health). The animals used in
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Figure 1. (A) Cytotoxic effect of rabeprazole (A) 100 - ORABE OPANTO OOME DOESO BLANSO
(RABE), pantoprazole (PANTO), omeprazole
(OME), esomeprazole (ESO) and lansopra- 90 - * !
zole (LANSO) against Me30966 human 'I'
melanoma metastatic cells in unbuffered 80 1
conditions, at different drug dosages and after
48 h of treatment. (B) Apoptosis evaluation of 70
Me30966 human melanoma metastatic cells *x
in unbuffered conditions treated with rabe- '% *
prazole, pantoprazole, omeprazole, esome- E 60 -
prazole and lansoprazole at different drug =
dosages and after 48 h of treatment. Columns, S 50
mean percentages of cell death of three ® *
independent experiments run in triplicate; S 40
bars indicate SD. *Indicates p <0.001. 2
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our experimentation were included in the research protocol
““‘Comparison in vivo on efficacy of different PPIs in cancer
therapy; evaluation of their impact cytotoxic in combination with
chemotherapy drugs, and qualitative/quantitative analysis of
human tumor exosomes’’ that was approved by the experts from
Service for Biotechnology and Animal Welfare and authorized by
the Italian Ministry of Health with the Decree nu DM 255/2012-B
of 22/10/2012.

Statistical analysis

Differences between treatment groups, both in vitro and in vivo,
were analyzed by one way ANOVA and Bonferroni r-test.
Data are expressed as mean+SD and p values reported are
two-sided. p Values<0.05 were considered as statistically
significant. Statistical analysis was performed with Sigmastat
3.0 software (San Jose, CA).

PPI [uM]

Results
Experiments in human tumor cell lines

The background of PPIs teaches that differences in term of pK,
between the various molecules are impossible to be established at
the gastric pH (pH 1.0), while it is much more evident at pH close
to the values measured in human tumors>”'*117, Thus, the
purpose of this first set of experiments was to evaluate the dose
ranging of five PPIs (omeprazole, esomeprazole, lansoprazole,
pantoprazole and rabeprazole). The efficacy of these drugs was
tested at different Me30966 human melanoma cell culture pH
conditions™: pH 7.4 (equivalent to a condition of mild metabolic
or respiratory alkalosis), pH 6.0 (highly acidic condition, superior
to the values observed in tumors) and unbuffered pH spontan-
eously shifting in our experimental in vitro model from 7.4 to
6.7+ 0.2 (in vitro condition simulating the spontaneous acidifi-
cation occurring within tumors). In all the experimental
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Figure 2. (A) Cytotoxic effect of omeprazole,
esomeprazole and lansoprazole against
Sa0S2 osteosarcoma, (B) U87 glioblastoma
in unbuffered conditions, at different drug
dosages and after 48 h of treatment. Columns,
mean percentages of cell death of three
independent experiments run in triplicate;
bars indicate SD. *Indicates p <0.05.
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conditions, lansoprazole showed the highest anti-tumor effect (i.e.
anti-tumor cell cytotoxicity) and this property was more evident
in unbuffered conditions (not shown), and the vast majority of the
experiments was run in this condition (mean+SD of dose-
response experiments performed in human metastatic melanoma
cell line are shown in Figure 1). While all the PPI showed a full
cytotoxicity at the highest concentration, only omeprazole,
esomeprazole and lansoprazole showed a significant effect even
at dosages lower than 100 pM, as compared to both pantoprazole
and rabeprazole (p <0.001). However, lansoprazole was the only
one showing marked -cytotoxicity at 50uM concentration
(»<0.001) (Figure 1A). To investigate the possible mechanisms
underlying PPI-mediated cell death, we performed experiments
aimed at evaluating whether PPI-mediated anti-cancer action was
mostly exerted through either an apoptosis mediated mechanism
or through the induction of necrosis. The results showed that
lansoprazole at the lowest effective dose (i.e. 50 uM) induced its
effect mostly through the induction of apoptosis (p<0.001)
(Figure 1B). Thus, we performed a series of experiments aimed at
verifying the eventual tumor specific activity of PPI, comparing
the results obtained with the most effective PPIs (omeprazole,
esomeprazole and lansoprazole), in the melanoma cell line
with those observed in human tumor cell lines derived from
either osteosarcoma or glioblastoma, consistently with the
ubiquitous effect that PPI have shown in clinical trials, at

50 75
PPI [uM]

100 150

least as chemosensitizers®'*>**, In the other tested cell lines,
we observed a significant tumor response already at 75uM
concentration of lanzoprazole (p<0.05) (Figure 2)792%3  One
of the critical technical problem envisioned in the clinical therapy
of cancer is that most drugs must be highly hydrophilic in order to
be parenterally administered, while the tumor cell membrane is
extremely rich in lipids, thus resulting in slow drug cross-
membrane flow***. To verify if a major mechanism underlying
the increased efficacy of lansoprazole might be its lipophilicity,
potentially responsible for an increased drug uptake, as it is for
several conventional chemotherapy agentsS*”, we compared its
action with that of the liposoluble form of omeprazole, being,
together with lansoprazole, the only PPI available in a liposoluble
form. Intriguingly, lansoprazole showed again a higher cytotoxic
activity as compared to omeprazole, at all the used concentra-
tions, while the liposoluble form of omeprazole appeared to be
slightly, but not significantly, more effective that the saline form
at 75 and 100puM concentrations. However, lansoprazole anti-
tumor action was again significantly higher than both saline and
liposoluble omeprazole formulations (p<0.05) (Figure 3). This
set of results strongly suggested that lipophilicity did not represent
at least the major mechanism underlying lansoprazole anti-tumor
effect, mostly supported by the experimental evidence that
lansoprazole showed always an increased efficacy when com-
pared to both saline and lipophilic formulations of omeprazole.
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Figure 3. Cytotoxic (A) and proliferative (A) 90 - OOME OOMElipo OLANSO *
(B) effects of omeprazole, esomeprazole and _
lansoprazole against human Me30966 mel- 80 1
anoma metastatic cells treated in unbuffered
conditions for 48 h and at different drug *
dosages. Columns, mean percentages of cell 70 1
death of three independent experiments run * _I_
in triplicate; bars indicate SD. *Indicates 3 60 4
p<0.05. r —[— _I_'—I—
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Interestingly, we have shown that lansoprazole was the most
active a concentration, 50 uM, where none of the other PPIs have
demonstrated to be effective, in terms of both inhibition of
proliferation and cell death induction. Of great interest, time
course experiments have shown that lansoprazole effects lasted
even after drug withdrawal. In fact, the results of this set of
experiments showed that lansoprazole discontinuation after 48
hours of treatment did not allow a quick recovery of cell survival
and turn over for the following 96 h (Figure 4). This is consistent
with our clinical observations in domestic animals and humans,
where PPIs retain their effectiveness even with a pulse
administration®'?%%4,

Experiments in human xenografts

On the basis of the experiments performed in vitro human tumor
cell lines, we wanted to obtain a clear proof of concept in in vivo
experiments performed in the human tumor xenografts set up in
our institute’®. The goal was to have a clear evidence that
lansoprazole will be able to control human tumor growth better

50 75 100 150
PPl [uM]

than the other PPI in a systemic administration regimen. On the
basis of the in vitro data we thus compared the effect of
lansoprazole administered i.p. to human melanoma xenografts on
tumor growth to the effect of omeprazole and esomeprazole;
proven to have the highest in vitro efficacy at the lowest doses
compared to the other tested PPI and the mostly adopted by our
group in clinical studies in humans and domestic animals®'*>*,
All the investigated PPIs were well tolerated even at the highest
dose selected (12.5mg/kg), as analyzed by water and food
consumption and body weight preservation. In terms of efficacy,
all the PPIs showed significant tumor growth delay compared to
the untreated controls; however, in omeprazole this effect was
somewhat delayed compared to esomeprazole and lansoprazole.
Remarkably, lansoprazole again showed to induce a statistically
significant tumor growth inhibition as compared to the other PPIs,
in terms of both an early onset and the level of a constant tumor
growth inhibition until the end of the in vivo experiment (p <0.05)
(Figure 5). These data were clear in supporting the use of
lansoprazole in the treatment of cancer patients.
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Figure 4. Cytotoxic (A) effects of lansopra- (A) 100 |, OLANSO 48h DOLANSO 48h + 96h
zole against human Me30966 melanoma
metastatic cells treated in unbuffered condi- 90 4
tions, at different drug dosages, for 48 h (dark —F—
columns) and for 48 h of treatment and 96 h 80 4
of recovery in absence of drug (gray col- —I—
umns). Columns, mean percentages of cell 70 4
death of three independent experiments run 1
in triplicate; bars indicate SD and prolifera- = 60 1
tive (B) proliferative effects lansoprazole ry I
against human Me30966 melanoma meta- E 50 4
static cells treated in unbuffered conditions, E
at different drug dosages, for 48 h (diamond E 40 4 —3—
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Discussion

The unraveling of the tumor acid metabolism riddle is providing
researchers with new insights on chemoresistance and is unmask-
ing novel targets to be hit by new drugs or unconventional use of
already clinically available molecules®'*''%25 Our current
research showed that lansoprazole has great anti-tumor activity
both in terms of cytotoxicity and inhibition of cell proliferation.
This action is exerted at concentrations much lower than those of
the other PPIs that, in order to approximate its efficacy, need to be
used at higher concentrations. We had these results in unbuffered
condition, allowing a spontaneous acidification of the tumor cell
milieu and thus mimicking the tumor microenvironmental acid-
ification, thus further supporting the importance of this study for
clinical applications of PPI as anti-neoplastics. The ionization
constant cannot explain by itself the observed differences in terms
of anti-tumor activity among the different PPI molecules. In fact,
accordingly to this chemical property alone, the most effective
molecule should be rabeprazole, while our data clearly show that
lansoprazole is the most effective against tumors both in vitro
and in vivo. The lipophilicity of lansoprazole could represent an

hypothesis, but the results of our study showed that lansoprazole
was more cytotoxic than omeprazole in either saline or
liposoluble formulations. However, there was some difference
between the two omeprazole formulations, suggesting that
perhaps lipophilicity may have a role, while not a major role, in
the lansoprazole anti-tumor activity. This is consistent with
experimental and clinical data showing that hydrophilic agents,
while handier from the point of view of systemic administration,
at the same time suffer a decreased uptake by cancer cells that are
highly mutated and frequently show deletion of many transmem-
brane proteins that act as carriers and potentially as stabil-
izers**?3. Other factors might help to explain the existing
differences between lansoprazole and the other PPIs, such as
the n-octanol-water partition coefficient commonly expressed as
log P. This parameter is an index of a substance hydrophilic/
hydrophobic affinity. In particular, lansoprazole has a log P of 1.9,
while for the other PPIs log P is between 0.5 and 0.6. A drug’s
distribution coefficient strongly affects how easily the drug can
reach its intended target in the body, how strong an effect it will
have once it reaches its target, and how long it will remain in the
body in an active form®. log P is one criterion used in medicinal
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Figure 5. In vivo effects of omeprazole 1200 -
(OME), esomeprazole (ESO) and lansopra-
zole (LANSO) in SCID mice xenografted
with human Me30966 melanoma cells. Saline 1000 4
corresponds to the group of control mice.
Mice were divided into four experimental
groups of five mice each. Once tumors —_
became evident, PPIs were administered ‘E 800 4
(12.5 mg/kg), four times per week, by E
intraperitoneal injection. Bars indicate SD, &
p<0.05. -E 600 -
6
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chemistry to assess the drug likeness of a given molecule®’. In the
context of pharmacodynamics, the hydrophobic effect is the major
driving force for the binding of drugs to their receptor targets41’42.
Another variable that surely might explain the higher efficacy of
lansoprazole is the different affinity of PPIs toward V-ATPase. In
fact, the possibility to use lansoprazole at lower doses due to its
higher chemical performance makes clinical protocols much
easier to be implemented: the drug will be attracted by the tumor
acidity and there, it will be activated exerting its anti-cancer
actions®'**?*, This will be performed through tumor cell
apoptosis that could uncover tumor antigens to the immune
system, thus further improving the patient’s purging of tumor
burden®’. Moreover, the fact that this efficacy is maintained even
after drug removal, as shown by the in vitro experiments, will
allow clinicians to continue a pulse administration involving a
loading phase followed by a maintenance, that is much better
tolerated by patient521’22’24. The problem of drug tolerance is
acutely perceived in cancer patients treated with systemic
buffering using over saturated sodium bicarbonate solutions that
frequently result unpalatable thus causing decreased consumption
and reduced efficacy'®. This aspect of buffering therapy, while
new and more pleasant buffers are developed, makes PPIs the
current first choice in tumor alkalization®'%16,

The in vitro and in vivo superior efficacy of lansoprazole in the
treatment of melanoma is of particular importance, since this
histotype is a poor responder to conventional chemotherapy and
lansoprazole, beside acting as an anti-tumor agent per se, might
act as a chemosensitizer as well***°. The anti-proliferative
activity of PPIs in osteosarcoma did not come as a surprise, in
consideration of the results obtained by our and other groups**°.
Again, lansoprazole showed high tumoricidal activity starting at
low doses, evidencing a particular efficacy for the chondroblastic
osteosarcoma subtype that is well known to thrive in a highly
hypoxic and acidic environment that frequently results in
resistance to limb-sparing neoadjuvant chemotherapyzz. Finally,
PPIs and especially lansoprazole showed, for the first time,
efficacy against glioblastoma cell culture, a well-known chemo-
therapy refractory tumor. This information, if substantiated by
further investigations, could open a new therapeutic avenue
for the treatment of these almost always fatal neoplasms®’*.
The possibility of a direct anti-tumor action of PPIs and especially
lansoprazole on refractory histotypes is a source of hope for both
clinicians and cancer patients, in view of their lack of serious side

Days

effects that hamper the use of standard chemotherapy agents.
Furthermore, the action of PPIs as chemosensitizers could allow a
dose reduction (as opposite to drug escalation, that is the current
clinical orientation) making multidrug protocols much better
tolerated and appealing to cancer patients®. It therefore foresee-
able that in a near future new drugs will be devised combining
PPI with standard chemotherapy agents to act as a chemical
delivery system and to neutralize the counter gradient condition
that hampers most chemotherapy protocols&m’25 . Lastly, the
results of this study strongly support the use of lansoprazole for
the set up of new anti-tumor drugs, also in combination with other
inhibitors of proton pump or ion exchangers proven to be very
effective against cancer*®°.

Conclusions

All the PPIs have shown different degrees of anti-tumor efficacy.
Omeprazole, esomeprazole and lansoprazole evidenced an early
and significant effectiveness since the lowest dosages against
different tumor histotypes. Among them lansoprazole revealed the
highest efficacy both in vitro and in vivo studies, maintaining its
in vitro efficacy over time even upon withdrawal confirming the
validity of pulse administration in clinical conditions.

Having identified the cross mechanism that allows the neutral-
ization of gastric H+, K+-ATPase, and the neoplastic vacuolar
H+ATPase (V-ATPase) by the same agents and the fact that most
PPIs are over the counter drugs has been a true serendipity.

Medical investigators have been hoping for such a break-
through over the past decades and the fact that a drug for the
treatment of peptic ulcers has been the key to such a revolution,
makes this event almost anti-climactic.... Nevertheless, the
recent results of our preclinical and clinical investigations
reported a high percentage of responders among our cancer
patients, sometimes in individuals affected by rapidly growing and
chemotherapy non-responsive histotypes or, among the refractory
tumors, particularly resistant subpopulationszl’22’24.

The apparent banality of these discoveries opens a new avenue
of easily transferable approaches from bench side to clinics for the
first time in the history of oncology and must be aggressively and
enthusiastically pursued to speed up the clinical transition.
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