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Summary

Purpose: Phloretin is one of the important polyphenolics 
abundantly present across the plant kingdom. Studies have 
reported the anticancer effects of Phloretin against different 
human cancer cells. Nonetheless, the anticancer effects of 
Phloretin have not been explored against the human oral 
cancer cells. Therefore this study was designed to investigate 
the anticancer effects of Phloretin against the human oral 
cancer cells.

Methods: CCK-8 assay was used for the determination of 
cell viability. Annexin V/propidium iodide (PI) staining and 
flow cytometry were used for necrosis detection and cell cycle 
analysis, respectively. Wound healing assay was used for 
cell migration analysis. Western blot analysis was used for 
protein expression analysis.

Results: The results showed that Phloretin suppressed the 
proliferation rate of the human SCC-1 oral cancer cells and 
showed an IC50 of 12.5 µM. Nonetheless, Phloretin had negli-
gible effects on the proliferation rate of the EBTr normal oral 
cells. DAPI staining showed that Phloretin did not induce 

apoptosis and western blot showed that it had no apparent 
effects on the Bax and Bcl-2 expression. Nonetheless annexin 
V/PI staining showed that Phloretin caused cell death in 
SCC-1 oral cancer cells. Flow cytometric analysis showed 
that Phloretin caused increase in the reactive oxygen species 
(ROS) levels of the SCC-1 cells in a time and dose-dependent 
manner. Cell cycle analysis showed that Phloretin caused in-
crease in the percentage of the SCC-1 cells in the G0/G1 phase 
of the cell cycle leading to G0/G1 cell cycle arrest. The G0/G1 
arrest of SCC-1 cells was also associated with depletion of 
cyclin D1, CDK4 and CDK6 expression. Wound healing assay 
was also performed which showed that Phloretin suppressed 
the migration of the SCC-1 oral cancer cells, indicative of the 
anti-metastatic potential of Phloretin. 

Conclusion: Phloretin exhibits significant growth inhibi-
tory effects on the human oral cancer cells and may prove 
beneficial in oral cancer treatment.
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Introduction

 Considered as the 6th most common type of 
cancer, oral cancer causes significant mortality 
across the globe, especially in developing coun-
tries [1]. The 62% 5-year survival for oral cancer is 
still far from decent when compared to 5-year sur-
vival rates of other cancers such as breast (90%) 
and prostate cancer (99%) [2]. Therefore, in order 
to curb the incidence of oral cancer, it is important 

to develop effective treatment strategies. Plants 
are sophisticated natural chemical factories with 
the potential to synthesize a wide diversity of 
chemical scaffolds [3]. This study was designed 
to investigate the anticancer effects of Phloretin 
against the human oral cancer cells and attempted 
to explore the underlying mechanisms. Phloretin 
is a plant secondary metabolite with enormous 
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pharmacological potential [4]. This molecule has 
been reported to cause remarkable suppression of 
lung cancer cells [5]. In another study, Phloretin 
has been reported to promote apoptosis in human 
leukemia cells [6]. Phloretin has been observed to 
suppress the expression of type II glucose trans-
porter to halt the growth of liver cancer cells [7]. 
Moreover, the sensitivity of human lung cancer 
cells to cisplatin is increased by Phloretin [8]. On 
the other hand, studies have shown that Phlo-
retin exhibits low or negligible toxic effects on 
normal cells [9]. Herein, we found that Phloretin 
exhibits significant anticancer effects on the hu-
man SCC-1 oral cancer cells with limited toxicity 
on the normal EBTr cells. The anticancer effects 
were found to be mainly due to cycle arrest of 
the cancer cells which was also accompanied by 
increased expression of cyclin D1. DAPI and an-
nexin V/PI staining assays showed that Phloretin 
did not induced apoptosis in the SCC-1 oral cancer 
cells but showed that this molecule may inhibit 
the growth of oral cancer cells via ROS-mediated 
cell death. Cell migration is the first step that ena-
bles the cancer cells to move to other body parts 
and form metastasis [10]. Herein it was found that 
Phloretin suppressed the migration of oral can-
cer cells. The findings of the present study sug-
gest that Phloretin may prove a useful lead mol-
ecule and semi-synthetic chemistry approaches 
may be used to develop more potent anticancer
agents 

Methods 

Cell counting kit-8 (CCK-8) assay

 The SCC-1 and HTRET-OME cells were seeded in 96-
well plates at a density of 4×103/well. After incubation 
for 24 h, 10μl CCK-8 (Dojindo Laboratories, Kumamoto, 
Japan) were added to the culture plates, and the plates 
were incubated for 2h at 37°C in humidified 95% air and 
5% CO2. The absorbance was measured at 450 nm using 
a microplate reader (Bio-Rad, Hercules, CA, USA).

DAPI staining assay

 The SCC-1 cells (0.6×106) were cultured in 6-well 
plates and treated with Phloretin at concentrations of 0, 
7.5, 15 and 30 μM for 24h at 37°C. Subsequently, 25 μl of 
cell culture were put onto glass slides and stained with 
DAPI. The slides were then cover-slipped and examined 
under fluorescence microscope. 

Annexin V/PI staining assay

 ApoScan kit was used to determine the apoptotic 
SCC-1 cell percentage. In brief, Phloretin-treated SCC-
1 cells (5×105 cells per well) were incubated for 24 h. 
This was followed by staining of these cells with an-
nexin V-FITC or PI. The percentage of apoptotic SCC-1 
cells at each concentration was then determined by flow 
cytometry.

Cell cycle analysis

 The SCC-1 cells treated with 0.25% trypsin were 
centrifuged at 1000 r/min for 5 min to remove the Dul-
becco’s Modified Eagle’s Medium (DMEM). The cells 
were washed with phosphate buffered saline (PBS), then 

Figure 1. A: Chemical structure of Phloretin. Effect of Phloretin on the viability of (B) SCC-1 oral cancer cells and
(C) hTRET-OME normal cells. The experiments were carried out in triplicate and shown as mean ± SD (*p<0.05).
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the supernatant was discarded and the cells were col-
lected 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 sus-
pended in 0.1 mg/ml PI at 37°C for 30 min in the dark. 
Cell cycle was detected by flow cytometry and expressed 
as the percentage of cells in each phase of the cell cycle.

Wound healing assay

 In brief, SCC-1 cells were cultured in 6-well plates 
for 24 h. Then, after making a scratch line on the cells 
using a 200 μl sterile pipette tip, the plates were incu-
bated at 37°C in 5% CO2. Wound healing was observed 
at 0 and 24 h using an inverted microscope.

Western blot analysis

 The SCC-1 cells were then lysed in lysis buffer con-
taining protease inhibitor. Around 45 μg of proteins 
from each sample were subjected to separation on 10% 
SDS-PAGE, followed by transferring the proteins to poly-
vinylidene difluoride (PVDF) membrane. Next, fat-free 
milk was used to block the membrane at room tempera-

ture for 1 h. Thereafter, the membranes were treated 
with primary antibodies at 4°C overnight. Subsequently, 
the membranes were incubated with secondary antibod-
ies. Finally, the protein signal was detected by Odyssey 
Infrared Imaging System. Actin was used as control for 
normalisation.

Statistics

 The experiments were performed in triplicate and 
the values are the mean of the 3 repeat experiments ± SD. 
Significant differences were graded as *p<0.05, **p<0.01 
and ***p<0.001. Student’s t-test using GraphPad prism 7 
software was employed for statistical analyses.

Results

Phloretin decreases the growth of oral cancer cells

 The CCK8 assay was used to demonstrate the 
effects of Phloretin on the growth of the SCC-1 oral 
cancer and HTRET-OME normal cells. Phloretin 
caused a significant reduction in the proliferation 
rate of the SCC-1 cells. The effects of Phloretin 
on the proliferation rate of the SCC-1 cells were 
concentration-dependent and the IC50 was 12.5μM 
(Figure 1A). Interestingly, the effects of Phloretin 
on the normal HTRET-OME cells were less and an 
IC50 of>100 μM was reported for Phloretin against 
these normal cells (Figure 1A). Microscopic analy-
sis was also carried out to see the effects of Phlo-
retin on the morphology of SCC-1 cells, which 
showed that Phloretin caused remarkable changes 

Figure 2. DAPI staining showing the effect of Phloretin 
on the nuclear morphology of SCC-1 oral cancer cells. The 
figure reveals that Phloretin did not induce apoptosis in 
SCC-1 cells. The experiments were performed in triplicate. 

Figure 3. Western blot showing that Phloretin does not 
affect the expression of Bax and Bcl-2 at indicated concen-
trations. The experiments were performed in triplicate.

Figure 4. Annexin V/PI staining showing Phloretin-in-
duced cell death in the SCC-1 oral cancer cells. The experi-
ments were performed in triplicate. 
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in the morphology of the SCC-1 cells which in-
cluded rounding, membrane blebbing and shrink-
age (Figure 1B)

Phloretin triggers ROS-mediated cell death in oral can-
cer cells

 To determine the underlying mechanism for 
the growth inhibitory effects of Phloretin, the SCC-
1 cells were treated with different doses of this 
molecule and then stained with DAPI. The results 
of DAPI showed that Phloretin did not induce apo-

ptosis in SCC-1 cells (Figure 2). Next, western blot 
analysis was performed to investigate the effects of 
Phloretin on Bax and Bcl-2 expression. The results 
showed that this molecule did not cause any ap-
parent changes on the expression of Bax and Bcl-2 
(Figure 3). Nonetheless, the annexin V/PI staining 
showed that Phloretin caused necrosis in the SCC-1 
oral cancer cells and the percentage of the necrot-
ic cells increased with increase in the concentra-
tion of Phloretin. The percentages of the necrotic 
SCC-1 cells were 3.7, 30.5, 67.9, and 82.9% at 0, 
6.12, 12.5 and 25 μM concentrations of Phloretin 
(Figure 4). Also, the results showed that Phloretin 
caused increase in the ROS levels in SCC-1 cells in 
a dose-dependent manner. The percentage of ROS 
was 100, 134, 168 and 199% at 3.7, 30.5, 67.9, and 
82.9% at 0, 6.12, 12.5 and 25 μM concentrations 
of Phloretin (Figure 5A). The ROS production in 
SCC-1 cells was also increased time-dependently. 
The ROS levels were 100, 126, 158 and 195% at 0, 
12, 24 and 48 h time intervals (Figure 5B). 

Figure 5. Effect of Phloretin on ROS at A different con-
centrations and B different time points. The experiments 
were performed in triplicate and expressed as mean ± SD 
(*p<0.05).

Figure 6. Effect of Phloretin on cell cycle phase distri-
bution of the SCC-1 cells at indicated concentrations. The 
experiments were performed in triplicate and expressed as 
mean ± SD (*p<0.05), **p<0.01, ***p<0.001).

Figure 7. Western blot analysis showing the effect of dif-
ferent concentrations of Phloretin on the expression of cell 
cycle related proteins. The Figure shows that the expression 
of CDK4, CDK6 and Cyclin D1 decreased upon Phloretin 
treatment. The experiments were performed in triplicate. 

Figure 8. Effect of Phloretin at IC50 on the migration of the 
SCC-1 oral cancer cells as depicted by wound healing assay. 
The results revealed that Phloretin inhibited considerably 
the migration of SCC-1 oral cancer cells. The experiments 
were performed in triplicate.
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Phloretin causes G0/G1 arrest of oral cancer cells

 The SCC-1 oral cancer cells were treated with 
various concentrations of Phloretin and their dis-
tribution at each phase of the cell cycle was de-
termined by flow cytometry. The results showed 
that the G0/G1 phase cells increased remarkably 
upon Phloretin treatment. The percentage of G0/
G1 phase cells were 8.7, 53.7, 59.8 and 69% at 0, 
6.12, 12.5 and 25 μM concentrations of Phloretin 
respectively, suggestive of G0/G1 arrest of the SCC-
1 cells (Figure 6). Western blot analysis was also 
performed to examine the effects of Phloretin on 
cell cycle related proteins, which showed that Phlo-
retin inhibited the expression of cyclin D1, CDk4 
and CD6 concentration-dependently (Figure 7).

Phloretin inhibits the migration of the oral cancer cells

 The effects of Phloretin were also examined 
on the migration of the SCC-1 oral cancer cells by 
wound healing assay. The results showed that this 
molecule caused remarkable decrease in the mi-
gration of the SCC-1 oral cancer cells as evidenced 
from the wound width (Figure 8). 

Discussion

 Natural products have provided humankind 
with diverse and novel chemical scaffolds that have 
been utilised for the treatment of human diseases 
such as cancer [11]. Oral cancer is one of the fatal 
malignancies responsible for remarkable morbid-
ity and mortality [12]. Herein we investigated the 
anticancer effects of Phloretin on human oral can-
cer cells. The results showed that Phloretin sup-
presses the proliferation rate of human oral cancer 
cells. However, the anticancer effects of Phloretin 
were remarkably lower against the normal oral 
cells, suggesting that Phloretin selectively targets 
cancer cells. These observations are in agreement 
with previous investigations wherein Phloretin 
has been reported to suppress the growth of co-
lon cancer cells [13]. In another study Phloretin 
was found to inhibit the growth of breast cancer 
cells via induction of apoptosis [14]. Keeping this 
in view, we sought to investigate whether Phloretin 
also inhibits the oral cancer growth via induction 

of apoptosis. Consistently, DAPI staining was per-
formed which showed that Phloretin did not induce 
apoptosis in the human oral cancer cells and also 
did not cause any alteration in the Bax/Bcl-2 ratio. 
Nonetheless, annexin V/PI staining showed that 
Phloretin caused necrosis of the SCC-1 oral cancer 
cells in a dose-dependent manner. These observa-
tions are in concordance with previous investiga-
tions wherein molecules of plant origin have been 
reported to cause cell death, for example, Caffeic 
acid n-butyl ester has been reported to induce ne-
crosis in human lung cancer cells and hesperidin 
has been shown to induce necrosis in human skin 
cancer cells [15,16]. Moreover, ROS has been shown 
to play an important role in death of cancer cells 
[17]. Herein, we also examined the ROS levels in 
the Phloretin-treated oral cancer cells. The results 
showed that this molecule caused increase in the 
ROS levels in a concentration and dose-dependent 
manner. Phloretin has also been shown to cause 
cell cycle arrest of gastric cancer cells [18]. Hence, 
we also examined the effects of Phloretin on the 
cell cycle in human oral cancer cells. What it was 
found was that Phloretin caused arrest of cancer 
cells in G0/G1 phase of the cell cycle which was 
concomitant with increase in Cyclin D1, CDK4 and 
CDK6. This molecule has been reported to inhibit 
the metastasis of human breast cancer cells [19]. 
Therefore, we also examined the antimetastatic po-
tential of Phloretin on the SCC-1 oral cancer cells 
and found that it inhibited the migration of the oral 
cancer cells, indicative of the potential of Phloretin 
as anticancer agent

Conclusion

 The findings of the present study showed that 
Phloretin suppressed the proliferation rate of the 
human oral cancer cells via induction of cell cycle 
arrest and cell death. Phloretin also suppressed the 
migration of the human oral cancer cells sugges-
tive of potential of Phloretin as the lead molecule 
for oral cancer treatment.
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