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Protein pump inhibitors esomeprazole and
pantoprazole increase the chemosensitivity of
Cml cells against imatinib
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SUMMARY

Obijective: Proton pump inhibitors (PPIs) largely used drug to treat gastroesophageal disease such as gastric ulcers.
Moreover, in recent years, several studies suggest that PPIs have important anti-cancer effect in monotherapy and or
combination with chemotherapy.

The aim of this study was to investigate whether esomeprazole and pantoprazole exhibit anti-cancer effect alone or
could enhance chemosensitivity of CML cell line K562 to imatinib.

Method: Human chronic myeloid leukemia (CML) cells were cultured and treated with different concentrations of
esomeprazole, pantoprazole, and imatinib alone. Also these cells exposed to imatinib + esomeprazole and imatinib +
pantoprazole combinations, respectively and incubated 24 h. The antiproliferative activities of the (PPIs) alone or in
combination of imatinib was evaluated using the XTT colorimetric assay.

Results: According to experimental data, neither PPIs showed any cytotoxicity on the K562 cell line at all
concentrations except at 500 and 1000 pM. However, when combined with imatinib separately, they were found to have
significant anti-cancer effects on K562 cells when compared to cell lines treated with imatinib alone (p<0.05).
Conclusions: Taken together, the inhibition of V-ATPase via esomeprazole and pantoprazole might enhance the
chemosensitivity of imatinib in CML cells. However, further studies are needed to be able to utilize PPIs in CML.
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INTRODUCTION

Today, cancer is a major health issue in the world
and is the second-leading cause of death in the US
after cardiovascular diseases'. Chronic myeloid
leukemia (CML) is a hematopoietic disorder that
is characterized by the presence of BCR-ABL
fusion oncogene which encodes the BCR-ABL
fusion protein and this protein possess tyrosine
kinase activity, leading to leukemogenesis” °. It is
recognized that targeting of BCR-ABL with
strong inhibitors such as imatinib, nilotinib and
dasatinib is an effective strategy for CML therapy
and most patients well respond to the treatment.
However, depending on BCR-ABL Kkinase
mutations the resistance of tumours to anticancer
drug imatinib, which causes poor prognosis, may
develop some patients especially advanced cases
during treatment®. Therefore, novel therapeutic
strategies for CML treatment are urgently needed
to overcome chemoresistance.

One of the new strategies is to increase the
effectiveness of chemotherapeutic drugs by
inhibiting vacuolar adenosine triphosphatases (V-
ATPases), which regulates the lysosomal pH, in
cancer cells. It is known that tumor cells show an
alkaline intracellular pH and an acidic
extracellular pH. Unfortunately, this low pH in
cancer cells is closely related to the development
of drug resistance® ®. Increased H+ ions outside of
cancer cells may cause protonation and
neutralization of chemotherapeutic drugs, which
reduces the uptake of drugs into the cell. This
acidic microenvironment also causes high levels
of proton pump expression of cancer cells’.
Existing data suggest that proton pumps,
especially V-ATPases are involved in metastasis,
invasion and multidrug-resistance in various
cancer types including prostate cancer, pancreatic
cancer, breast cancer, hepatocellular carcinoma,
and oral squamous cell carcinoma®. Several
reports have also been demonstrated that
inhibition of V-ATPases by using various PPls
affect cancer cells homeostasis and as a result
inhibit cancer cell proliferation, enhance
cytotoxicity of chemotherapeutics and induce
autophagy®™*. Therefore, combined use of PPIs
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with chemotherapeutic agents has been gaining
increasing attention in the cancer treatment.

Based on the above information, in the present
stuly we aimed to investigate whether
esomeprazole and pantoprazole could enhance
chemosensitivity of CML cell K562 to imatinib.
To the best of our knowledge, this is the first
study to investigated the effects of esomeprazole
and pantoprazole alone and combine with imatinib
on K562 cell lines.

MATERIAL AND METHODS
In-vitro cytotoxicity assay
Cell culture

The cytotoxicity of the
esomeprazole/pantoprazole alone and combine
with imatinib was tested against human chronic
myelogenous leukemia, K562 cell line (Manassas,
VA, USA).The cells were cultured in RPMI-1640
(Gibco Thermo Fisher Scientific) containing 10%
FBS, 1% L-glutamine, 100 IU/mL penicillin and
10 mg/mL streptomycin (Gibco Thermo Fisher
Scientific) in 25 cm? polystyrene flasks and
maintained in a humidified atmosphere with 5%
CO, at 37 °C. Growth and morphology were
monitored and the cells were passaged when they
had reached almost 85% confluence.

Cell viability assay

Cell viability was evaluated using the XTT (2,3-
bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H-

tetrazolium-5-carboxanilide) assay  (Roche
Diagnostic, Germany) against the K562 cells.
PPIs and imatinib were dissolved in RPMI-1640
and stock solutions were prepared. Then these
stocks were diluted in RPMI-1640 and various
concentrations were prepared prior to treatment.
The K562 cells were seeded in 96-well plates at a
density of 1 x 10* cells per well in 100 pl
colorless RPMI-1640 medium and the cells were
treated with the PPIs alone (ranging from 1 to
1000 uM) or combined with imatinib at 1 uM
(this concentration is the IC50 value determined
for imatinib in this study) concentrations and
incubated for 24 h. At the end of the incubation



period, for cytotoxicity, 50 uL XTT labeling
mixture were added to each well and then the
plates were incubated at 37°C for four h. Finally,
the absorbance of XTT-formazan was measured
using a microplate (ELISA) reader at 450 nm
against the control. All experiments were
performed in three independent experiments and
the cell viability was expressed in % related to
control (100% of viability).

Statistical Analyses

Statistical analysis was carried out using
GraphPad Prism 7 version and all data are
expressed as mean = SEM. Groups were
compared statistically using general linear models
of analysis of variance (ANOVA) followed by
Tukey test. P values less than or equal to 0.05
were considered to be statistically significant.

RESULTS AND DISCUSSION
Inhibition of Cell Proliferation

In the present study, XTT cell proliferation assay
was performed to assess antiproliferative effects
of the PPIs alone and combined with imatinib on
K562 cells for 24 h. At first, to determine the
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cytotoxicity of PPIs alone, exponentially growing
cells were treated with increasing concentrations
of esomeprazole and pantoprazole and incubated
for 24 h. Then, to determine the ICs, value of
imatinib  on K562 cells, imatinib was
administrated on K562 cells at various
concentrations and incubated for 24 h (Figure 1).
This 1Cs, value of imatinib was also used in
combination  with  PPIs.  According to
experimental results, neither esomeprazole and
pantoprazole exhibited any cytotoxicity on the
K562 cell line except at 500 and 1000 uM
(Figure 2). Moreover, we were interested if
esomeprazole and pantoprazole might affect the
sensitivity of K562 cells towards frequently used
antineoplastic drug imatinib. We hence treated
K562 cells with esomeprazole + imatinib or
pantoprazole + imatinib combinations respectively
at the 1Cs, concentrations. As presented in Figure
3, an important loss of viability was observed in
both combinations especially at 50, 100, 250, 500
and 1000 uM concentrations at 24 h. This results
suggested that when compared with imatinib
treatment alone, esomeprazole and pantoprazole
pretreatment  significantly ~ enhanced  the
cytotoxicity of imatinib in K562 cells.
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Figure 1. Antiproliferative activity of imatinib on K562 cells. Data are expressed as mean+=SEM in three
experiments and the differences are identified as * from control p < 0.05.
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Proton Pump Inhibitors
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Figure 2. The effects of pantoprazole and esomeprazole on viability of K562 cells. The cells were treated

with different concentrations of pantoprazole and esomeprazole ranged between 1 and 1000 uM and the
cytotoxicity was determined by XTT assay. The differences are *p < 0.05 compared with control cells.
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Figure 3. The effects of different concentrations of pantoprazole/esomeprazole and imatinib (I pM)
combination on viability of K562 cells. The differences are *p < 0.05 compared with pantoprazole or

esomeprazole alone.



In the literature, anti-cancer effects of various
PPIs are currently being evaluated for treatment of
various tumors such as pancreatic cancer,
melanoma, and colon cancers>*?. Furthermore, to
the best of our knowledge, no studies have been
conducted on the investigation of the effects of
PPIs on K562 cells. In a recent study, it has been
reported that esomeprazole enhanced the
cytotoxicity of paclitaxel in various cervical
cancer cells HeLa and INT407%. In a different
study, Lindner et al. reported that the
esomeprazole significantly inhibited tumor cell
survival and increased the cytotoxic effect of
cisplatin and 5-FU in esophageal cancer cells®. A
similar in vitro study demonstrated that the PPI
pantoprazole enhances the chemosensitivity of
CRC, HT29 and RKO cells to fluorouracil (5-
FU)’. Similar results were reported for the
esomeprazole and pantoprazole in our study.

CONCLUSION

In conclusion, inhibition of the V-ATPase by
using PPIs (esomeprazole and pantoprazole)
enhanced the chemosensitivity of K562 cells to
imatinib. Our findings suggest that esomeprazole
and pantoprazole may be useful as a
chemosensitizer in the treatment of patients with
chronic myeloid leukemia. However, the large
prospective clinical studies are needed.
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