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Wang et al.: Role of Mitoxantrone in Regulating Gastric Cancer Cell Phenotypes

To investigate the role of mitoxantrone in regulating gastric cancer cell phenotypes and the underlying 
mechanism. To reveal mitoxantrone-induced effects on gastric cancer cell malignancy, AGS cells were divided 
into different groups according to various study purposes, including negative control, 5 μmol/l mitoxantrone, 
10 μmol/l mitoxantrone, 20 μmol/l mitoxantrone, anti-microRNA-negative control, anti-microRNA-211-
5p, 20 μmol/l mitoxantrone+microRNA-negative control, and 20 μmol/l mitoxantrone+microRNA-211-5p 
groups. AGS cell proliferation was detected by 3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyl tetrazolium bromide, 
while apoptotic rate was quantified via flow cytometry. Bcl-2 associated X-protein, activated caspase-3, 
phosphorylated-p65 and phosphorylated-IκBα was detected by Western blot for protein expression. 
Malondialdehyde was detected via colorimetry, nicotinamide adenine dinucleotide phosphate oxidase activity 
was detected by chemiluminescence, superoxide dismutase activity was measured via colorimetry, and 
microRNA-211-5p was quantified by reverse transcription-quantitative polymerase chain reaction. AGS cell 
proliferation, superoxide dismutase activity, as well as microRNA-211-5p expression in mitoxantrone groups 
(5, 10 and 20 μmol/l) were decreased compared with the negative control group, while the apoptotic rate, Bcl-2-
associated X-protein and activated caspase-3 protein expression, malondialdehyde content, and nicotinamide 
adenine dinucleotide phosphate oxidase activity were increased. Protein expression of phosphorylated-p65 and 
phosphorylated-IκBα (inhibitor of nuclear factor kappa B) was decreased in the 20 μmol/l mitoxantrone group. 
The microRNA-211-5p expression, cell proliferation, superoxide dismutase activity, and phosphorylated-p65 
and phosphorylated-IκBα protein expression in anti-microRNA-211-5p group were significantly decreased 
in relative to anti-microRNA-negative control group, while cell apoptosis, Bcl-2-associated X-protein and 
activated caspase-3 protein expression, malondialdehyde content, and nicotinamide adenine dinucleotide 
phosphate oxidase activity were increased. The microRNA-211-5p expression, cell proliferation, superoxide 
dismutase activity, and phosphorylated-p65 and phosphorylated-IκBα protein expression in the 20 μmol/l 
mitoxantrone+microRNA-211-5p group were higher than in 20 μmol/l mitoxantrone+microRNA-negative 
control group, while apoptotic, Bcl-2-associated X-protein and activated caspase-3 protein expression, 
malondialdehyde content, and nicotinamide adenine dinucleotide phosphate oxidase activity were lower 
than those in the 20 μmol/l mitoxantrone+microRNA-negative control group. Mitoxantrone repressed gastric 
cancer cell tumor property by downregulating the microRNA-211-5p/nuclear factor kappa B pathway.
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Gastric cancer, which usually originates from 
gastric epithelial cells, is a deadliest cancer 
worldwide[1,2]. It is often asymptomatic in its early 
stages, leading to low rates of early diagnosis 
and confusion with gastritis[3]. Current standard 
treatment protocols for gastric cancer patients include 
tumor resection, chemotherapy, radiotherapy, or a 
combination of these approaches[4]. However, due 
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to late-stage diagnosis, tumor recurrence, limited 
efficacy and side effects of chemotherapy, and 
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the occurrence of drug resistance, there remains 
a need to explore alternative strategies to improve 
overall outcomes for gastric cancer patients[5]. 
The precise mechanisms underlying gastric 
cancer development are still poorly understood. 
Proposed as an important factor produced by the 
body in response to various harmful stimulation, 
oxidative stress participates in tumor initiation 
and progression[6]. Over time, this damage can 
lead to mutations and other changes that promote 
the growth of cancer cells. Oxidative stress 
participates in cancer development through several 
pathways, including damage to the cell membrane, 
gene mutation, regulation of the immune system. 
Free radicals can bind to lipid molecules in 
the biological membrane, causing membrane 
dysfunction and promoting tumor initiation. Free 
radicals can attack Deoxyribonucleic Acid (DNA) 
molecules, leading to DNA mutations, including 
genomic instability and DNA repair defects, which 
can increase the number of mutations. Oxidative 
stress can affect the development and function 
of immune cells, potentially participating in the 
complex interactions between the immune system 
and tumors. Therefore, understanding the role of 
oxidative stress in gastric cancer development 
may provide valuable insights into developing new 
therapeutic strategies.
As reported, Mitoxantrone (MTN) inhibits the 
growth of ovarian cancer cells (COC1) and induces 
apoptosis by increasing reactive oxygen species 
levels in RH35 liver cancer cells[7,8]. However, its 
role in gastric cancer cell tumor property is still 
unclear. microRNA (miRNA), a small non-coding 
Ribonucleic Acid (RNA), has attracted widespread 
attention due to its diverse and important roles in 
regulating gene expression. miRNA acts as either 
oncogenes or tumor suppressor in gastric cancer 
development. Recent evidence has shown the 
association of miR-211-5p with poor prognosis 
of gastric cancer[9]. miR-211-5p is capable of 
inhibiting gastric cancer cell proliferation and 
metastasis, and it can be regulated by MTN[10]. 
However, whether miR-211-5p is regulated via 
MTN remains unknown.
This work mainly investigated the effects of MTN 
on AGS cell biological behaviors and explored its 
potential mechanisms involving miR-211-5p and 
the Nuclear Factor-Kappa B (NF-κB) pathway. 
The goal is to provide new insights into the 
development of gastric cancer.

MATERIALS AND METHODS

Materials:

Gastric cancer cells AGS (Shanghai Yaji); MTN 
(National Institutes for Food and Drug Control); 
anti-miR-NC, miR-211-5p inhibitor and mimic 
(Shanghai GenePharm); 3-(4,5-Dimethylthiazol-
2-yl)-2,5 Diphenyl Tetrazolium Bromide (MTT) 
(American Sigma); Bicinchoninic Acid (BCA) 
protein assay kit and Nicotinamide Adenine 
Dinucleotide Phosphate (NADPH) oxidase 
activity quantitative detection kit (Shanghai 
Chengong); Malondialdehyde (MDA) and 
Superoxide Dismutase (SOD) analysis kits 
(Shanghai Beyotime), phosphorylated (p)-p65 
antibody, β-actin antibody, Bcl-2-Associated 
X-Protein (BAX) antibody, cleaved caspase-3 
antibody, (American Abcam); p-IκBα antibody 
(American Cell Signaling Technology); cell 
apoptosis detection kit (American BioVision); 
complementary DNA (cDNA) synthesis kit 
(Beijing TianGen); and SYBR Green Mix kit 
(Takara, Japan).

Cell culture and passaging:

Gastric cancer cells AGS were cultured in Roswell 
Park Memorial Institute (RPMI)-1640 medium 
containing 10 % fetal bovine serum at 37° with 
5 % Carbon dioxide (CO2), with 1:2 ratio for 
passaging.

Experimental groups and treatment:

This study contained 8 groups, including NC, 
5 μmol/l MTN, 10 μmol/l MTN, 20 μmol/l 
MTN, anti-miR-NC, anti-miR-211-5p, 20 μmol/l 
MTN+miR-NC, and 20 μmol/l MTN+miR-
211-5p groups. MTN was diluted in the culture 
medium and subjected to 48 h incubation. During 
transfection, 6-well plates were seeded with AGS 
cells, which were transfected with oligonucleotides 
according to the Lipofectamine 2000 protocol 
when reaching approximately 70 % confluence. 
Cells were collected and then exposed to 20 μmol/l 
MTN for 48 h after cell transfection. Subsequent 
experiments were performed according to the 
above grouping.

MTT assay:

AGS cells were collected from each group and 
seeded into 6-well plates. Then, the culture plates 
were placed in incubators. After 48 h, MTT 
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was added to the 6-well plates according to the 
guidebook, and the reaction was allowed to proceed 
for 4 h. The produced crystals were dissolved 
in 150 μl of Dimethyl Sulfoxide (DMSO). An 
enzyme-labeled microplate was applied to analyze 
samples.

Flow cytometry:

AGS cells from each group (2×105) were seeded 
in 24-well plates, which were subsequently 
transferred to an incubator. The cells were stained 
with cell apoptosis detection kit in the dark for 15 
min following incubation of 48 h. Apoptosis rate 
was analyzed using a FACScan flow cytometer.

Western blot:

AGS cells from each group were lysed in protein 
extraction lysis buffer. After detecting sample 
concentration through a BCA protein assay. Protein 
samples were separated and then blocked. After 
taking them from incubator boxes, the membranes 
were incubated with primary antibodies against 
BAX (1:1000), cleaved caspase-3 (1:1000), p-p65 
(1:2000), p-IκBα (1:1000), and β-actin (1:1000). 
Subsequently, protein bands were visualized using 
an ECL detection reagent. Band intensities were 
quantified using Image Lab software.

Colorimetric assay:

AGS cells from each group (1×106) were collected. 
As per guidebook provided with the MDA detection 
kit and SOD detection kit, MDA content and SOD 
activity in cell culture supernatant were analyzed, 
respectively.

Chemiluminescence assay:

AGS cells from each group (1×106) were collected 
after digestion using trypsin solution. NADPH 

oxidase activity in AGS cells was quantified 
using the Chemiluminescence assay with NADPH 
oxidase activity detection kit.

Reverse Transcription-quantitative Polymerase 
Chain Reaction (RT-qPCR):

Cell samples were digested using trypsin solution 
and then exposed to Trizol reagent. cDNA was 
synthesized utilizing the cDNA synthesis kit. After 
measuring their concentration, cDNA samples were 
diluted using double distilled Water (ddH2O) for 
quantitative analysis using the SYBR Green Mix 
kit on an Applied Biosystems ABI 7500 instrument 
with specific primers for miR-211-5p, (forward 
5'-CGCTTCCCTTTGTCATCCT-3' and reverse 
5'-TATGGTTTTTGACTGTGTGAT-3') and U6 
snRNA, (forward 5'-CTCGCTTCGGCAGCACA-3' 
and reverse 5'-ACGCTCTCACGAATTTGCGT-3'). 
miR-211-5p expression was calculated using the 
2-ΔΔCt method.

Statistical analysis:

Data are presented as mean±standard deviation. 
Statistical analysis was performed using Statistical 
Package for the Social Sciences (SPSS) 22.0 
software. One-way analysis of variance, t-test and 
Student-Newman-Keuls (SNK) q-test was used 
for comparisons. p<0.05 indicated statistically 
significant.

RESULTS AND DISCUSSION

TAGS cell proliferation was decreased, apoptosis 
rate was increased, and BAX and cleaved caspase-3 
protein levels were elevated in the MTN treatment 
groups when compared to the Negative Control 
(NC) group (Table 1 and fig. 1). MTN treatment 
increased MDA content and NADPH oxidase 
activity and decreased SOD activity (Table 2).

Group A value Apoptotic rate (%) BAX Cleaved caspase-3

NC 1.086±0.10 7.16±0.61 0.32±0.03 0.43±0.03

5 μmol/l MTN 0.821±0.07* 13.46±1.02* 0.56±0.04* 0.610.05*

10 μmol/l MTN 0.601±0.05* 19.76±1.61* 0.71±0.06* 0.78±0.06*

20 μmol/l MTN 0.517±0.05* 25.01±2.14* 0.83±0.07* 0.91±0.08*

F 117.148 250.831 158.073 116.664

p 0.000 0.000 0.000 0.000

Note: Compared with NC, *p<0.05

TABLE 1: EFFECTS OF MITOXANTRONE ON AGS CELL PROLIFERATION AND APOPTOSIS (x̄±s, n=9)
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Fig. 1: Effects of mitoxantrone on AGS cell apoptosis, (A): Apoptosis was detected by flow cytometry and (B): BAX and cleaved 
caspase-3 protein expression analysis

Group MDA (μmol/g) SOD (U/mg) NADPH oxidase activity

NC 19.86±1.53 16.13±1.22 0.94±0.09

5 μmol/l MTN 25.93±1.72* 13.01±1.05* 1.68±0.12*

10 μmol/l MTN 31.25±2.73* 8.35±0.73* 2.28±0.18*

20 μmol/l MTN 39.16±3.24* 5.86±0.43* 3.17±0.25*

F 103.868 231.004 273.125

p 0.000 0.000 0.000

Note: Compared with NC, *p<0.05

TABLE 2: EFFECTS OF MITOXANTRONE ON MDA CONTENT, SOD ACTIVITY AND NADPH OXIDASE 
ACTIVITY IN AGS CELLS (x̄±s, n=9)

p-p65 and p-IκBα protein levels were decreased by 
0.42 and 0.41, respectively, in the 20 μmol/l MTN 
group compared to the NC group. Compared to the 
20 μmol/l MTN+miR-NC group, p-p65 and p-IκBα 
protein levels were increased by 0.44 and 0.41, 
respectively, in the 20 μmol/l MTN+miR-211-5p 
group (Table 6 and fig. 4).

Research has shown that MTN can weaken the 
proliferative activity of cancer cells[7-11] and induce 
COC1 and RH35 cell apoptosis via enhancing 
activated caspase-3 and BAX protein expression. 
These studies confirm the inhibitory effect of 
MTN on tumor cell malignancy as well as its anti-
cancer potential. The present work investigated the 
therapeutic effect of MTN on gastric cancer and 
found that MTN inhibited AGS cell proliferation 
and induced cell apoptosis. Oxidative stress refers 

miR-211-5p expression in AGS cells was reduced 
by 0.17, 0.39, and 0.57 after MTN treatment (5, 10, 
and 20 μmol/l) (Table 3). miR-211-5p expression, 
cell proliferation and SOD activity were lower in 
the anti-miR-211-5p group, while apoptosis rate, 
BAX, cleaved caspase-3 protein levels, MDA 
content and NADPH oxidase activity were higher 
compared to the anti-miR-NC group (Table 4 and 
fig. 2).

miR-211-5p expression, cell proliferation and SOD 
activity were higher in the 20 μmol/l MTN+miR-
211-5p group than in the 20 μmol/l MTN+miR-
NC group, while apoptosis rate, BAX, cleaved 
caspase-3 protein expression levels, MDA content, 
and NADPH oxidase activity were lower compared 
to the 20 μmol/l MTN+miR-NC group (Table 5 
and fig. 3).
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common oxidative indicator that can reflect the 
degree of peroxidation[14]. NADPH oxidase is 
a multi-component complex that catalyzes the 
reaction from molecular oxygen to superoxide and 
hydrogen peroxide[15]. We discovered MTN could 
promote oxidative stress in AGS cells, manifested 
as a decrease in SOD activity, an increase in 
MDA content, and an increase in NADPH oxidase 
activity. Therefore, MTN could inhibit AGS cell 
proliferation, promote oxidative stress, and induce 
cell apoptosis.

to a state where oxidation reactions outnumber 
antioxidant reactions, leading to an imbalance 
between oxidation and antioxidation that can cause 
increased secretion of inflammatory cytokines, 
promote cell senescence, and lead to diseases. This is 
a characteristic of tumor cells that can be throughout 
the entire process of tumor development[12]. SOD 
can catalyze the disproportionation of hydrogen 
peroxide and oxygen. Therefore, the expression 
and activation of SOD have a significant impact 
on cellular oxidative reactions[13]. MDA is a 

Group miR-211-5p

NC 1.00±0.10

5 μmol/l MTN 0.83±0.08*

10 μmol/l MTN 0.61±0.05*

20 μmol/l MTN 0.43±0.02*

F 116.067

p 0.000

Note: Compared with NC, *p<0.05

TABLE 3: EFFECTS OF MITOXANTRONE ON miR-211-5p EXPRESSION (x̄±s, n=9)

Group miR-211-5p A value Apoptotic 
rate (%) BAX Cleaved 

caspase-3
MDA 

(μmol/g) SOD (U/mg)
NADPH 
oxidase 
activity

Anti-miR-NC 1.00±0.09 1.091±0.09 7.20±0.58 0.33±0.03 0.45±0.04 19.73±1.61 16.03±1.31 0.96±0.10

Anti-miR-
211-5p 0.47±0.03* 0.534±0.05* 21.04±1.73* 0.76±0.07* 0.91±0.08* 37.15±2.43* 7.02±0.61* 2.38±0.17*

F 16.76 16.23 22.755 16.939 15.429 17.928 18.705 21.599

p 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Note: Compared with anti-miR-NC, *p<0.05

TABLE 4: ANTI-miR-211-5p INHIBITED THE PROLIFERATION AND PROMOTED OXIDATIVE STRESS AND 
APOPTOSIS OF AGS CELLS (x̄±s, n=9)

Fig. 2: Anti-miR-211-5p promoted apoptosis and expression of AGS cells. (A): Apoptosis analysis by flow cytometry and (B): BAX 
and cleaved caspase-3 protein expression analysis
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Group miR-211-5p A values Apoptotic 
rate (%) BAX Cleaved 

caspase-3
MDA 

(μmol/g) SOD (U/mg)
NADPH 
oxidase 
activity

20 μmol/l 
MTN+miR-NC 1.00±0.10 0.520±0.05 25.10±2.07 0.85±0.07 0.93±0.07 39.25±3.17 5.81±0.41 3.14±0.24

20 μmol/l 
MTN+miR-
211-5p

1.92±0.15* 0.943±0.08* 9.13±0.73* 0.41±0.03* 0.45±0.04* 15.73±1.25* 15.34±1.19* 1.17±0.10*

t 15.310 13.451 21.827 17.332 17.861 20.707 22.715 22.731

p 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Note: Compared with 20 μmol/l MTN+miR-NC, *p<0.05

TABLE 5: miR-211-5p REDUCED THE EFFECTS OF MITOXANTRONE ON PROLIFERATION, APOPTOSIS 
AND OXIDATIVE STRESS OF AGS CELLS (x̄±s, n=9)

Fig. 3: miR-211-5p could reduce the effects of mitoxantrone on apoptosis of AGS cells, (A): Apoptosis analysis by flow cytometry 
and (B): BAX and cleaved caspase-3 protein expression analysis

Fig. 4: Effects of MTN and miR-211-5p on p-p65 and p-IκBα protein expression

Group p-p65 p-IκBα

NC 0.82±0.07 0.73±0.06

20 μmol/l MTN 0.40±0.03* 0.32±0.03*

20 μmol/l MTN+miR-NC 0.41±0.04 0.34±0.03

20 μmol/l MTN+miR-211-5p 0.85±0.08# 0.75±0.06#

F 161.217 224.667

p 0.000 0.000

Note: Compared with NC, *p<0.05 and compared with 20 μmol/l MTN, #p<0.05

TABLE 6: EFFECTS OF MTN AND miR-211-5p ON p-p65 AND p-IΚBα PROTEIN EXPRESSION (x̄±s, n=9)
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could be attenuated by miR-211-5p. The evidence 
indicates that inhibitory effects of MTN on AGS 
cell proliferation as well as promoting effects on 
oxidative stress, and apoptosis involved the miR-
211-5p/NF-κB pathway.

In summary, this study found that MTN could 
attenuate AGS cell proliferation, induce oxidative 
stress, and promote apoptosis by inhibiting the 
miR-211-5p/NF-κB pathway. However, we only 
discuss the effects and mechanisms of MTN in 
an in vitro model, which has certain limitations. 
Nevertheless, this research provides a foundation 
for gastric cancer therapy using MTN and offers 
new potential drug targets for personalized 
medicine.
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