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Abstract 

Purpose: To determine the effect of esomeprazole on apoptosis of ovarian cancer cells and their 
sensitivity to paclitaxel, and the underlying mechanism. 
Methods: Human ovarian paclitaxel-resistant cancer cells were cultured in vitro, and treated with 
esomeprazole at doses of 50, 100 and 250 mol/L. Cell proliferation was determined using MTT assay. 
Paclitaxel-resistant cells were divided into control group, esomeprazole group, paclitaxel group, and 
esomeprazole + taxol group. Western blot was employed for the assay of protein levels of bcl-2, Bcl-xl, 
P-gp and V-ATPase, while BCECF-AM method was employed to determine changes in intracellular pH.  
Results: Esomeprazole significantly inhibited the proliferation of paclitaxel-resistant cells in a dose-
dependent manner. The half-maximal inhibitory concentration (IC50) value of esomeprazole + paclitaxel 
was significantly low, when compared with those of the other treatments (p < 0.05). Apoptosis was 
significantly higher in esomeprazole + paclitaxel group than in any other treatment group (p < 0.05). The 
expressions of Bcl-2 and P-gp in esomeprazole + paclitaxel group decreased significantly, relative to the 
corresponding values for other groups, while protein expression of bcl-xl was markedly increased. The 
intracellular pH value of esomeprazole + paclitaxel group was significantly lower than those for other 
treatment groups (p < 0.05).  
Conclusion: Esomeprazole improves the acidic microenvironment of epithelial ovarian cancer by 
inhibiting the expression of V-ATPase, and restores the sensitivity of ovarian cancer cells to paclitaxel 
by inhibiting their proliferation and apoptosis. This revelation may explain patients’ resistance to 
paclitaxel. 
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INTRODUCTION 
 
Ovarian cancer accounts for the highest mortality 
among gynecological tumors, second only to 
cervical cancer and uterine body cancer. 
Epithelial ovarian cancer-associated mortality is 

the highest amongst all gynecological tumors. 
The tumor, which is most common in 
postmenopausal women, does not present any 
obvious symptoms in the early stage, but shows 
abdominal distension, abdominal pain and 
wasting in the late stage [1].  
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The pathogenesis of ovarian cancer is not yet 
clear, although it is thought that it involves mostly 
genetic and endocrine factors. Due to the 
insidious onset of ovarian cancer and the lack of 
typical clinical symptoms, most of the patients 
are usually diagnosed with distant metastasis, 
and so lose the opportunity to benefit from 
surgical treatment. At present, several 
combination chemotherapy schemes are used in 
clinical practice for treating the disease. Although 
some degree of clinical efficacy has been 
achieved, resistance to chemotherapy has 
remained the key cause of low long-term survival 
of ovarian cancer patients [2]. 
 
In recent years, studies have found that all drug-
resistant cell lines have increased intracellular 
pH and lower pH outside the cell, and the acidic 
environment of the tumor cells decreases the 
ability of alkaline chemotherapy drugs to 
penetrate the cell membrane, thereby resulting in 
drug-resistant tumor cells. The hollow bubble 
type proton pump (V- ATPase) plays an 
important role in the maintenance of acidic 
microenvironment in tumors [3, 4]. Studies have 
shown that proton pump inhibitors significantly 
inhibit V-ATPase activity, promote tumor cell 
apoptosis, and enhance sensitivity of tumor cells 
to chemotherapy [5]. Esomeprazole is a popular 
non-specific V-ATPase inhibitor. The purpose of 
this study was to investigate the effect of 
inhibition of V-ATPase on the apoptosis and 
sensitivity of ovarian cancer cells to paclitaxel. 
 
EXPERIMENTAL 
 
Reagents and instruments 
 
Human ovarian cancer cell line (paclitaxel-
resistant cell line) was purchased from Shanghai 
Yanjing Biotechnology Co. Ltd. Esomeprazole 
was product of Astrazeneca Pharmaceuticals 
Ltd, while Taxol was purchased from Jiangsu 
Osaikang Pharmaceutical Co. Ltd. RPMI160, 
DMEM culture medium, and 0.25 % trypsin 
containing EDTA were purchased from Hyclone, 
USA. TRIzol was purchased from Shanghai Terui 
Biological Engineering Co. Ltd. Antibody against 
V-ATPase was obtained from Santa Cruz 
Company, United States, while BCA protein 
quantitative assay kit was purchased from 
Biyuntian Institute of Technology. 
 
Optical microscopes were products of Olympus, 
Japan. Super clean worktable was purchased 
from Beijing Semiconductor Equipment no. 1 
Plant. Gel imager was obtained from Shanghai 
Tanon Company. Instrument for RT-PCR and 
pipettes were purchased from Eppendorf, 
Germany. Low-temperature, high-speed 

centrifuge was purchased from Sigma Company. 
Enzyme marker was bought from Thermo Fisher 
Technology Co. Ltd, while Flow cytometer was 
product of Becton Dikinson, USA. 
 
Cell culture 
 
The cells were cultured in RPMI1640 containing 
10 % fetal bovine serum at 5 % CO2 and 
saturated humidity at 37 ℃. Cells at logarithmic 
growth phase were selected for the studies. The 
cell lines were divided into control group 
maintained in culture medium only, 
esomeprazole group cultured in medium 
containing 150 mol/L esomeprazole, paclitaxel 
group cultured in a medium containing 2 mol/L 
paclitaxel, and esomeprazole + paclitaxel group, 
in which the culture medium contained 150 mol/L 
esomeprazole and 2 mol/L paclitaxel. 
 
Determination of cell proliferation 
 
The effect of each treatment on cell proliferation 
was determined using MTT assay. Cells at 
exponential growth phase (200 μL) were 
inoculated in 96-well plates at a density of 5 x 
103 cells/well. Three replicate wells were used for 
each treatment. After 24 h, 20 μL MTT solution 
was added to each well, followed by incubation in 
the dark for 4 h. Thereafter, the medium was 
replaced with DMSO (150 μL) to solubilize the 
resultant formazan crystals. After shaking for 5 - 
10 min, the absorbance of each well was read at 
490 nm. The % inhibition of proliferation was 
calculated as shown in Eq 1. 
 
CPI (%) = [1-(Absexp – Absbc) × 100]/Absnc 
………… (1) 
                      
where Absexp, Absbc and Absnc are the 
absorbance values of the experimental group, 
blank control and negative control group, 
respectively, while CPI is cell proliferation 
inhibition. The IC50 value for each treatment was 
calculated from the % inhibition. 
 
Assessment of protein expressions of Bcl-2, 
the Bcl-xl, P-gp and V-ATPase 
 
Western blot method was used for assay of 
protein expressions of Bcl-2, the Bcl-xl, P-gp.  
Total protein was extracted, and the protein was 
quantified using BCA method. The protein from 
each treatment was subjected to SDS-
polyacrylamide gel electrophoresis, followed by 
transfer of the bands to polyvinylidene 
membrane, blocking of non-specific binding, and 
incubation with primary antibodies for Bcl-2, the 
Bcl-xl, P-gp and V-ATPase. This was followed by 
incubation with secondary antibody at room 
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temperature overnight. The gene for GAPDH 
served as housekeeping gene. Quantity One 
software was used to calculate the gray values of 
each strip for analysis. 
 
Determination of changes in intracellular pH  
 
The BCECF-AM method was to measure 
changes in intracellular pH. Cells at exponential 
growth phase were seeded in 6-well plates at a 
density of 1.0 x 104 cells/well. Following the 
various treatments, the cells were washed with 
FBS, followed by washing with once with the 
culture medium without bicarbonate and FBS. 
Then, the cells were incubated with 1 μl of 
BCECF-AM for 40 min in the dark. The green 
fluorescence intensity of the cells was observed 
under an immunofluorescence microscope. 
 
Statistical analysis 
 
Results are expressed as mean ± SD. Two-
group comparisons were carried out using t-test, 
while multiple-group comparisons were done with 
repeated measurement ANOVA. Statistical 
significance was assumed at p < 0.05. All 
statistical analyses were carried out with SPSS 
21.0 software. 
 
RESULTS 
 
Effect of esomeprazole treatment on cell 
proliferation 
 
Treatment of taxol-resistant cells with 50, 100 
and 250 mol/L esomeprazole resulted in 
significant and dose-dependent inhibition of their 
proliferation, as shown in Figure 1. Further 
experiments on the sensitization effect of 
esomeprazole to chemotherapy showed that the 
IC50 of esomeprazole + paclitaxel was 
significantly lower than the IC50 associated with 
any of the other treatments (p < 0.05; Table 1). 
 

 
 
Figure 1: Effect of esomeprazole at different 
concentrations on cell proliferation 
 

Table 1: Effect of esomeprazole + taxol treatment on 
cell proliferation (n = 5) 
 
Group IC50 
Control 10.16 ± 1.68 
Esomeprazole 8.12 ± 1.45* 
Taxol 8.62 ± 1.33* 
Esomeprazole + taxol 2.12 ± 0.45*# 
*P < 0.05, vs control; #p < 0.05; vs esomeprazole 
group paclitaxel groups 
 
Effect of esomeprazole + paclitaxel combined 
treatment on apoptosis 
 
The % apoptosis in the esomeprazole + 
paclitaxel group was significantly higher than that 
in any other treatment group (p < 0.05). Western 
blot results showed that the expressions of bcl-2 
and P-gp in esomeprazole + paclitaxel group 
were markedly low, when compared to those in 
other treatments, but protein expression of Bcl-xl 
was markedly increased. These results are 
presented in Table 2 and Figure 2. 
 
Table 2: Effect of esomeprazole + paclitaxel 
combination apoptosis (n = 5) 
 
Group Apoptosis (%)
Control 5.46 ± 1.23 
Esomeprazole 8.20 ± 2.89* 
Taxol 8.15 ± 3.24* 
Esomeprazole + 
taxol group

27.86 ± 5.45*# 

*P < 0.05, vs control; #p < 0.05; vs esomeprazole and 
paclitaxel groups 
 

 
 
Figure 3: Influence of esomeprazole + taxol 
combination treatment on expressions of apoptotic 
proteins and drug-resistant proteins 
 
Effect of esomeprazole + taxol combination 
treatment on intracellular pH 
 
The intracellular pH value of esomeprazole + 
paclitaxel group was markedly low, relative to 
that of each of other groups, as shown in Table 
3. 
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Table 3: Effect of esomeprazole + taxol combined 
treatment on intracellular pH 
 
Group pH 
Control 10.41±2.01 
Esomeprazole 7.2 ±1.16* 
Taxol 7.15±1.22* 
Esomeprazole + Taxol 6.80±1.02*# 
*P < 0.05, vs control; #p < 0.05; vs esomeprazole and 
paclitaxel groups 
 
Effect of esomeprazole + taxol combination 
treatment on the expression of V-ATPase in 
cells 
 
The protein expression of V-ATPase in drug-
resistant cells was markedly higher than that in 
sensitive cells, and the combined treatment with 
esomeprazole and paclitaxel significantly 
reduced the expression of V-ATPase protein in 
cells, when compared with paclitaxel 
monotherapy group. These results are shown in 
Figure 4. 
 

 
 
Figure 4: Effect of esomeprazole + Taxol combined 
treatment on V-ATPase expression  
 
DISCUSSION 
 
Ovarian cancer is associated with the highest 
mortality of all gynecological tumors. Since the 
ovary is within the pelvic cavity, lesions are not 
easily detected timely, leading to diagnosis of 70 
% of patients at the advanced stage of the 
disease. In patients with epithelial ovarian 
cancer, extensive tumor cell reduction and 
adjuvant chemotherapy are the basic treatment 
strategies. This is so because tumors often 
metastasize widely in the pelvic cavity, especially 
small cancer foci which can hardly be seen by 
the naked eye, thereby necessitating the use of 
adjuvant chemotherapy [6,7]. At present, 
platinum-based combined chemotherapy is used 
in clinical treatment of advanced ovarian cancer.  
 
However, most patients develop drug resistance. 
The resistance of malignant tumors to anticancer 
drugs adversely affects clinical treatment efficacy 
[8]. In recent years, some scholars have 
established a close relationship between high 
acidity of the extracellular microenvironment of 

tumor cells and tumor drug resistance, with 
intracellular alkalinity and extracellular acidity, 
implying reversal of pH gradient. Alterations in 
pH gradient are effective in reversing drug 
resistance. Indeed, proton pump inhibitors, as 
antacids, achieve reversal of insensitivity to 
chemotherapy drugs by inhibiting the proton 
pump and blocking the acidification of the 
microenvironments of tumor cells [9]. 
Esomeprazole, an optical isomer of proton pump 
inhibitor, readily attains high plasma 
concentration, with high bioavailability and strong 
inhibitory capacity for acidity. In addition, it is 
associated with low resistance and minimal 
adverse reactions [10,11].  
 
One of the most-studied pH regulatory pumps in 
cells in recent years is V-ATPase. It is widely 
distributed in the cytoplasmic membrane of 
eukaryotic cells and the membrane system of cell 
vesicles, and it participates in membrane 
transport, acid secretion and other cellular 
activities [12]. Intracellular acidification induces 
cell apoptosis: V-ATPase enhances regulation of 
transmembrane pH, and its overexpression 
decreases apoptosis, and enhances the invasion 
and spread of tumor cells, as well as multi-drug 
resistance [13].  
 
Previous studies have demonstrated that the use 
of V-ATPase inhibitors suppresses the 
proliferation of tumor cells and promotes cell 
apoptosis [14]. Studies have also shown that 
proton pump inhibitors dehydrate and combine 
with V-ATPase to form irreversible covalent 
disulfide bonds, thereby inhibiting the enzyme, 
blocking acid secretion, and reversing drug 
resistance of a variety of tumor cells [15-17]. 
 
In this study, the IC50 value of esomeprazole + 
paclitaxel was significantly low, when compared 
with the other groups, and apoptosis in the 
omeprazole + Taxol group was higher than that 
of any other treatment. The expressions of Bcl-2 
and P-gp in esomeprazole + paclitaxel group 
were significantly lower than those in any other 
treatment groups; the Bcl-xl protein expression 
significantly increased, while intracellular pH was 
significantly lower than that in any of other 
treatment group. The protein expression of V-
ATPase in drug-resistant cells was markedly 
higher than that in sensitive cells, and the 
combined treatment with esomeprazole and 
paclitaxel significantly reduced the expression of 
V-ATPase protein in cells, when compared with 
paclitaxel monotherapy group. These results 
clearly suggest that esomeprazole may reverse 
tumor acidification by inhibiting the expression of 
V-ATPase. 
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CONCLUSION 
 
Esomeprazole improves the acidic 
microenvironment of epithelial ovarian carcinoma 
cells by inhibiting V-ATPase expression, and it 
restores sensitivity of ovarian cancer cells to 
paclitaxel by inhibiting their proliferation and 
apoptosis. This discovery may solve patients’ 
resistance to paclitaxel. 
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