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 Phloretin flavonoid exhibits selective antiproliferative activity 
in doxorubicin-resistant gastric cancer cells by inducing 
autophagy, inhibiting cell migration and invasion, cell cycle 
arrest and targeting ERK1/2 MAP pathway
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Summary

Purpose: Studies have shown that Phloretin exerts antican-
cer effects on several types of cancer cells. Nonetheless, the 
anticancer effects of Phloretin have not been fully explored 
against the human gastric cancer cells. Therefore, this study 
was undertaken to evaluate the anticancer effects of Phlore-
tin against the human gastric cancer cells. 

Methods: Cell proliferation was evaluated by WST-1 assay 
while cell cycle analysis was carried out by flow cytometry. 
The effects on cell migration and invasion were evaluated 
by wound healing assay and transwell assays, respectively. 
Electron microscopy and western blot methods were used to 
study effects on autophagy and ERK1/2/MAPK signalling 
pathway. 

Results: The results showed that Phloretin inhibited the pro-
liferation rate of the human SNU-1 gastric cancer cells and 
showed an IC50 of 18 µM. However, Phloretin showed very 
high IC50 (80 µM) against the normal GES-1 normal gastric 
cells. Electron microscopy showed that Phloretin triggered 

autophagy in the SNU-1 gastric cancer cells which was ac-
companied by enhancement in the expression of LC3B II and 
Beclin 1. Cell cycle analysis showed that Phloretin caused 
accumulation of the SNU-1 cells in the G0/G1 phase of the 
cell cycle triggering G0/G1 cell cycle arrest. The G0/G1 arrest 
of SNU-1 cells was also associated with depletion of cyclin 
D1 and D2 expression. Wound healing and transwell as-
says showed that Phloretin suppressed the migration of the 
SNU-1 gastric cancer cells, suggestive of the anti-metastatic 
potential of this molecule. Finally, this molecule also blocked 
the ERK1/2/MAPK signalling pathway in SNU-1 cells in a 
concentration-dependent manner.

Conclusions: Phloretin may prove beneficial as a promising 
drug candidate for gastric cancer treatment provided further 
studies are carried out on it, especially toxicological studies. 
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Introduction

 Gastric cancer is one of the lethal malignan-
cies causing tremendous human mortality. Ap-
proximately 0.65 million deaths and 0.9 million 
new cases of gastric cancer were detected in 2002 
alone [1]. Gastric cancer shows geographic vari-
ation, but the developing countries have shown 
higher incidence of this disease. The 5-year sur-

vival rates have improved for gastric cancer but 
they are still less than that of other cancer types 
[2]. Lack of efficient chemotherapeutic drugs with-
out side effects imposes obstacles in gastric cancer 
treatment [3]. Therefore, there is an urgent need 
for the development of new drugs to decrease the 
incidence of gastric cancer. Plants are highly so-
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phisticated natural chemical factories and exhibit 
a remarkable potential to synthesize wide array of 
chemical entities [4]. This study was undertaken to 
examine the anticancer effects of Phloretin against 
human gastric cancer cells and also to ascertain its 
molecular mechanisms. 
 Phloretin is a plant-derived metabolite with 
enormous pharmacological potential [5]. This mol-
ecule causes significant decrease in the growth of 
lung cancer cells [6]. The growth of leukemia cells 
has also been shown to be suppressed by Phloretin 
via induction of apoptotic cell death [7]. Another 
study has shown that the proliferation of liver 
cancer cells is suppressed by Phloretin via inhibi-
tion of type II glucose transporter [8]. Addition-
ally, Phloretin has been reported to enhance the 
sensitivity of lung cancer cells to cisplatin. None-
theless, there is hardly any study that reports the 
anticancer activity of Phloretin in gastric cancer 
[9]. Cell migration and invasion is the first step that 
enables the cancer cells to move to other body parts 
and create metastasis [10]. Herein we investigated 
the effects of Phloretin on the migration and inva-
sion of gastric cancer cells. ERK1/2 MAPK signal 
transduction has been shown to exhibit therapeutic 
implications in the treatment of gastric cancer [11] 
and herein we also studied the effects of Phloretin 
on this pathway. 

Methods 

Cell proliferation assay

 The proliferation rate of the human SNU-1 gastric 
cancer cells and normal GES-1 cells was monitored by 
WST-1 assay. In brief, SNU-1 cells were cultured in 96-
well plates at the density of 2×105 cells/well and treated 
with 0 to 200 µM concentrations of Phloretin for 24 h 
at 37°C. This was followed by incubation of the cells 
with WST-1 at 37°C for 4 h. The absorbance was then 

measured at 450 nm using a victor 3 microplate reader 
to determine the proliferation.

Cell cycle analysis

 The SNU-1 cells treated with 0.25% trypsin were 
centrifuged at 1000 r/min for 5 min in Dulbecco’s Modi-
fied Eagles’Medium (DMEM, Invitrogen Life Technolo-
gies, Mass, USA). The cells were washed with phos-
phate-buffered saline (PBS), then the supernatant was 
discarded and the cells were collected simultaneously. 
They were washed twice with ice-cold PBS, and fixed 
in 80% ethanol at 4°C overnight. After washing three 
times with PBS, the cells were suspended in 0.1 mg/ml 
Annexin V/Propidium Iodide (PI) at 37°C for half an hour 
in the dark. Cell cycle was detected by flow cytometry 
and expressed as the percentage of cells in each phase 
of the cell cycle.

Electron microscopy

 The induction of autophagy in Phloretin-treated 
gastric cancer cells was assessed by electron microscopy. 
In brief, the gastric cancer SNU-1 cells were treated with 
0, 9, 18 and 36 µM Phloretin for 24 h. The cells were 
collected by trypsinization and washed with PBS, which 
was followed by fixation in glutaraldehyde (2%) in phos-
phate buffer (0.1 M). The cells were then post-fixed in 
osmium tetroxide (1%). This was followed by the treat-
ment of the cells with ethanol and embedding in resin. 
Thin sections were then cut with an ultramicrotome and 
subjected to electron microscopy.

Western blot analysis

 The SNU-1 were then lysed in lysis buffer contain-
ing the protease inhibitor. Around 45 µg of proteins 
from each sample were subjected to separation on 10% 
SDS-PAGE and which was followed by transferring to 
polyvinylidene difluoride (PVDF) membrane. Next, 
fat-free milk was used to block the membrane at room 
temperature for 1 h. Thereafter, the membranes were 
treated with primary antibodies at 4°C overnight. Subse-
quently, the membranes were incubated with secondary 
antibodies. Finally, the signal was detected by Odyssey 

Figure 1. Effect of Phloretin on the viability of A: SNU-1 gastric cancer and B: normal GES-1 cells. The experiments 
were performed in triplicate and expressed as mean ± SD (*p<0.05).
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Infrared Imaging System. Actin was used as control for 
normalisation.

Wound-healing assay

 After treatment of the SNU-1 cells with Phloretin, 
DMEM was removed and the cells were washed with 
PBS. A sterile pipette tip was employed to scratch a 
wound in each well and the cells were washed again and 
a picture was taken. The plates were cultured at 24 h and 
a picture was taken again under an inverted microscope 
(Leica, Germany).

Cell invasion assay

 The effects of Phloretin on the invasion ability of 
SNU-1 cells were determined by transwell chambers as-
say with Matrigel. Around 200 ml of cell culture were 
placed onto the upper chambers and only DMEM was 
placed in the lower chambers. After 24 h of incubation, 
the cells were removed from the upper chamber and 
the cells that invaded via the chambers were fixed with 
methyl alcohol and subsequently stained with crystal 
violet. Inverted microscope was used to count the num-
ber of invaded cells at 200× magnification. 

Statistics

 The experiments were done in triplicate. The val-
ues presented are mean of three repeats ± SD. *p<0.05, 
**p<0.01 and **p<0.001 were considered statistically 
significant. Student’s t-test using GraphPad prism 7 
software was employed for statistical analyses.

Results

Phloretin inhibits the growth of gastric cancer cells

 The WST-1 assay was used to ascertain the 
effects of Phloretin on the growth of the SNU-1 
gastric cancer and GES-1 normal gastric cells. Phlo-
retin caused a significant depletion in the prolifera-
tion rate of the SNU-1 cells. The effects of Phloretin 
on the proliferation rate of the SNU-1 cells were 
concentration-dependent and IC50 of 9 µM was re-
ported for Phloretin against the SNU-1cells (Figure 
1A). Interestingly, the effects of Phloretin on the 
normal GES-1 normal gastric cells were less and 
an IC50 of 80 µM was reported for Phloretin against 
these normal cells (Figure 1A). 

Autophagy-inducing effects of Phloretin on the gastric 
cancer cells

 Next, electron microscopic analysis of the 
Phloretin-treated SNU-1 cells was performed. It 
was observed that Phloretin caused development 
of autophagic vesicles or autophagosomes in the 
SNU-1 cells which are the hallmarks of autophagy 
(Figure 2). Moreover, Phloretin also caused in-

Figure 2. TEM analysis showing induction of autophagy 
in SNU-1 cells at indicated concentrations of Phloretin 
(Arrows depict autophagosomes). The experiments were 
performed in triplicate.

Figure 3. Effect of Phloretin on the autophagy-related pro-
teins as depicted by western blot analysis. The experiments 
were performed in triplicate. 

Figure 4. Flow cytometry showing Phloretin induces G0/
G1 cell cycle arrest in SNU-1 gastric cancer cells. The ex-
periments were performed in triplicate. 
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crease in the protein levels of Beclin-1, indicative 
of autophagy. Nonetheless, no apparent effects 
were observed on the LC3B-I expression (Figure 3). 

Phloretin causes G0/G1 arrest of gastric cancer cells

 The SNU-1 gastric cancer cells were treated 
with various concentrations of Phloretin and the 
distribution of SNU-1cells at each phase of the cell 
cycle was determined by flow cytometry. The re-
sults showed that the G0/G1 phase cells increased 
remarkably upon Phloretin treatment. The percent-
age of G0/G1 phase cells were 35.54, 37.60, 42.79 
and 65.89% at 0, 9, 18 and 36 µM concentrations of 
Phloretin respectively, suggestive of G0/G1 arrest 
of the SNU-1 cells (Figure 4). Western blot analy-
sis was also performed to examine the effects of 
Phloretin on cell cycle-related proteins. The results 
showed that Phloretin inhibited the expression of 
cyclin D1 and D2. However, no significant effects 
were observed on the expression of cyclin D3 and 
E (Figure 5).

Phloretin inhibits the migration and invasion of the 
gastric cancer cells

 The effects of Phloretin were also examined 
on the invasion and migration of the SNU-1 gas-
tric cancer cells by transwell and wound healing 
assay. The results showed that Phloretin caused 
remarkable decrease in the invasion of the SNU-1 
gastric cancer cells in a concentration-dependent 
manner (Figure 6). Moreover, wound healing assay 
showed that the migration of the SNU-1 cells was 
also decreased as evidenced from the wound width 
(Figure 7).

Phloretin blocks the ERK1/2/MAPK signalling pathway 

 The effects of Phloretin were also investigated 
on the ERK1/2 /MAPK signalling pathway at 0, 9, 
18 and 36 µM. The results showed that Phloretin 
caused dose-dependent inhibition of the ERK1/2 
and MAPK p38 phosphorylation. Nonetheless, the 
total ERK1/2 and MAPK p38 remained almost con-
stant (Figure 8). 

Figure 5. Effect of Phloretin on the cell cycle-related pro-
teins as depicted by western blot analysis. The Figure shows 
that Phloretin suppresses cyclin D1 and cyclin D2 dose-
dependently without any effect on cyclin D3 and cyclin E. 
The experiments were performed in triplicate.

Figure 6. Effect of Phloretin on the invasion of the SNU-1 
cells as depicted by transwell assay. The Figure shows that 
Phloretin inhibits the invasion of SNU-1 cells. The experi-
ments were performed in triplicate. 

Figure 7. Wound healing assay showing that Phloretin in-
hibits the migration of SNU-1 cells. The experiments were 
performed in triplicate. 

Figure 8. Western blot analysis showing the effect of Phlo-
retin on the ERK1/2/MAPK signalling pathway in SNU-1 
cells. The Figure shows that Phloretin blocks the phospho-
rylation of p38 and ERK 1/2 dose-dependently. The experi-
ments were performed in triplicate.
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Discussion

 Although there have been recent improve-
ments in the overall survival of gastric cancer 
patients, gastric cancer still causes enormous 
mortality worldwide [12]. For instance, half of the 
cancer cases detected in East Asian countries are 
gastric cancers [13]. Herein, we investigated the 
anticancer effects of Phloretin on human gastric 
cancer cells and the results showed that this mol-
ecule suppresses the proliferation rate of the hu-
man gastric cancer cells. However, the anticancer 
effects of Phloretin were significantly lower against 
the normal cells, suggesting that Phloretin selec-
tively targets cancer cells. These results are well 
supported by previous studies wherein Phloretin 
has been shown to inhibit the growth of colon can-
cer cells [14]. Similarly, in another study, Phloretin 
was found to suppress the proliferation of breast 
cancer cells via induction of apoptosis [15]. Against 
this background, we sought to unveil the molecular 
mechanisms responsible for the anticancer effects 
of this molecule. Consistently, electron microscopic 
analysis of the Phloretin-treated SNU-1 cells was 
performed and the results showed that this mol-
ecule caused growth inhibition of the SNU-1 cells 
via induction of autophagy which was also accom-
panied with upregulation of LC3B II and Beclin-1 
expression. These observations confirm previous 
investigations wherein molecules of plant-origin 
have been reported to cause autophagy in cancer 
cells, for example, Resveratrol has been reported to 
induce autophagy in colon cancer cells [16]. More-
over, Phloretin has been previously reported to 
trigger cell cycle arrest of glioblastoma cells [17], 

while our study found that Phloretin caused arrest 
of cancer cells in G0/G1 phase of the cell cycle, 
which was concomitant with decrease in Cyclin D1 
and D2. This molecule has been reported to inhibit 
the metastasis of the human breast cancer cells 
[18]. Therefore, we also examined the anti-meta-
static potential of Phloretin on the SNU-1 gastric 
cancer cells and found that this molecule inhibited 
the migration and invasion of gastric cancer cells, 
indicative of the potential of Phloretin as antican-
cer agent. ERK1/2 MAPK signal transduction has 
been shown to exhibit therapeutic implications [12] 
in the treatment of gastric cancer and herein we 
also found that Phloretin blocks this pathway in 
the human gastric cancer cells.

Conclusion

 The results of the current study revealed that 
Phloretin inhibited the growth of human gastric 
cancer cells via induction of autophagy and cell 
cycle arrest. Phloretin also inhibited the migration 
and invasion of human gastric cancer cells, indica-
tive of the potential of Phloretin as a lead molecule 
for gastric cancer treatment.
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