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Abstract

Purpose: To explore the fisetin effects on the growth, apoptosis, and migration in human breast and
cervical cancer cells, MCF-7 and Hela cells, respectively.

Methods: Cell cycle arrest was used for the determination of cell growth and sulforhodamine B (SRB)
colony formation. Gene expression was analyzed by quantitative real-time polymerase chain reaction
(qRT-PCR), while cell migration was assessed by wound healing and matrigel migration assays.
Results: The data indicate that fisetin activated breast and cervical cancer cell death, and this was
confirmed by decreased cell growth, changed cell morphology, and arrested cell cycle at G2/M phase.
During the incubation period, fisetin inhibited cancer cells at low concentration with half-maximal
concentration (ICso) values of 267.10 + 48.96, 88.42 + 1.35 and 41.03 + 8.04 pg/mL after 24, 48 and 72
h, respectively, for MCF-7 cells; and 140.97 + 22.92, 100.84 + 10.97 and 95.53 + 14.33 pg/mL,
respectively, for HeLa cells (p < 0.05). Fisetin suppressed the migration of the cancer cells by inhibiting
wound healing and suppressing cell migration to the lower chamber. Moreover, fisetin inhibited cancer
cells growth by reducing the gene expression of cyclin D1 and cyclin E.

Conclusion: Fisetin reduces cancer cell death, activates apoptosis and suppresses cancer cell
migration. Therefore, fisetin is a potential anticancer agent for the prevention and treatment of breast
and cervical cancers in humans, but further development studies are required in this regard.
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human  breast

cancer,

INTRODUCTION

Two types of cancer namely, breast and cervical
cancer, are said to be the most prevalent cancer
types affecting women worldwide. Presently,
breast cancer is associated with a higher
incidence and mortality rate among cancers that
predominantly affect females [1]. Consequently,
there have been developments in the

management  of
particularly in hormone-targeted and biological
agents-targeted therapy [2]. Nevertheless, these
therapies may only benefit certain patients, and
others may have rapid progression and high
toxicity, but the response may still be poor [3].
Novel agents/compounds are urgently required in
the development process of new strategies
against breast cancer. Additionally, cervical
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cancer is the second female cancer with high
incidence in developing countries [4] including
Thailand. The standard treatment for this cancer
include chemotherapy and surgery. Presently,
herbal medicine, natural food or traditional
agents are being used for the treatment for
various cancers to improve or replace the
standard treatment regimens that have high
toxicities. This study therefore seeks to explore
the effects of the new compounds against many
cancers cell types, with fisetin being the
compound of interest [5].

Fisetin is a natural flavonoid that is primarily
present in vegetables and fruits such as apples,
persimmon, strawberries, cucumber, and onions
[6]. It is known to possess multiple
pharmacological attributes, including
antioxidative, anti-inflammatory, anti-
angiogenesis, apoptosis, and anti-growth effects.
Fisetin has been shown to be toxic to several
cancer types such as liver [20], leukemia [21],
lung [22], breast, cervical, and prostate cancers
[23]. Fisetin inhibits their growth and stimulates
apoptosis in various cancer cells via several
mechanisms. It similarly inhibits colon cancer cell
growth through the reduction of COX-2 and Wnt-
EGFR-NF-kB [24], then stimulates caspase 3
signaling pathway in liver cancer cells [20], and
also activates caspase 3 activity and Ca2*-
dependent endonuclease in leukemic cells [11].
Previously, fisetin also induces autophagic death
in prostate cancer cells via the inhibition of
mTORC1 and mTORC2 pathways [26].
However, fisetin effects on female cancer cells
have not been well documented. Based on the
data obtained, this work investigated the
inhibitory actions of fisetin on two female cancer
cells, human MCF-7 breast and HelLa cervical
cancer cells, by determining their growth and
migration and exploring the underlying molecular
mechanisms of action.

EXPERIMENTAL

Cell lines and cell cultures

Human MCF-7 breast and cervical HeLa cancer
cells lines were obtained from the ATCC. The
two cell lines were cultured in 10 % FBS in
DMEM with streptomycin and penicillin.

Sulforhodamine B (SRB) and morphology
assay

SRB method was designed to detect cancer cell
death. The cancer cells were plated in a 96-well
plate (1x10* cells/well) and the next day, the cells
were exposed to different concentration of fisetin
(0 - 250 mM). After various incubation periods,

cell death was measured at 24 - 72 h by SRB
assay. The cancer cells were fixed, stained with
0.4% SRB dye, and solubilized. The absorbance
was examined measured at 540 nm with a
spectrophotometer. Cell morphology was
performed to detect the death of the cancer cells.
The cancer cells were cultured in culture plates
(1x10% cells/well) overnight, and then incubated
with fisetin (0 - 250 yM). After culturing another
for 24 h, morphological changes were detected in
the cancer cells and captured using inverted
microscopy (Olympus, magnification, 20x).

Colony formation assay

Colony formation was made to detect the ability
of cancer cell to form colonies. The two cancer
cell lines were cultured in culture plates (500
cells/well) overnight at 37°C and then incubated
with fisetin (0 - 250 uM) for 24 h. Next, the cells
were cultured further for another 15 days with
complete DMEM medium, and then the cell
colonies were fixed and stained with 0.5% crystal
violet.

Cell cycle distribution assay

Cell cycle distributions were performed to detect
the MCF-7 and HelLa cancer cell proliferation.
The cancer cells were cultured into a culture
plate (2.5x10% cells/well) overnight and then
exposed to different concentrations of fisetin (0 -
250 mM) for 24 h. Subsequently, the cells were
fixed, and 1000 uL PI solution (Cat No. 550825,
BD Biosciences, CA, USA) was added to the cell
pellet at 4°C for 30 min in the dark. The
percentage of cell cycle distributions was
measured by flow cytometer (BD Biosciences,
CA, USA) using BD Accuri C6 Plus software, and
the fluorescent signals were displayed as
histograms.

Wound healing assay

The wound healing method was used to explore
the capability of the two cancer cells to migrate.
The cells were cultured in 24-well plates (2.5x10°
cells/well), and were allowed to reach ~80%
confluence, and then a wound was made on
them using 0.2 mL pipette tips, and exposed to
different concentrations of fisetin (0 - 250 mM) for
48 h. The wound was photographed at 0 and 48
h to examine the wound by measuring the
denuded area.

Matrigel migration assay
Cell migratory abilities were evaluated using

Transwell assay. The cancer cells (2x10* cells/ml
in 0% FBS DMEM) were plated in the upper
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chamber with fisetin (0 - 250 mM), and in the
lower chamber, 10% FBS medium was added
and then incubated for 24 h at 37°C. Afterwards,
the migrated-cells were then fixed and stained
with 0.5% crystal violet. The migrated cells were
photographed, measured and counted with
inverted microscope (CKX53, Olympus
Corporation, 20x magnification).

Gene expression assay

gRT-PCR was designed to examine cyclin D1
and cyclin E mRNA expression. Cancer cells
were plated in cultured plate (2.5x10° cells/well)
overnight and then exposed to fisetin (0 - 250
mM) for 24 h. Following treatment, the cells were
lysed, and total RNA was extracted and
converted to cDNA. The 20 mL of reaction
medium was composed of PCR mixture and
primers. The primer sequences are shown in
Table 1. The mRNA levels were calculated using
the 222Cd9 analysis, and standardized to the
internal reference genes.

Table 1: Primer sequences for cyclin D1, cyclin E, and
beta-actin

Gene Primer
sequence
Cyclin Forward 5'
D1 GCTGCGAAGTGGAAACCAT
c3
Reverse 5'CCTCCTTCTGCACACATT
TGAA3Z'
Cyclin Forward 5'ACTCAACGTGCAAGCCTC
E G3'
Reverse 5'GCTCAAGAAAGTGCTGAT
ccc 3y
Beta- Forward 5'GTGACGTTGACATCCGTA
actin AAGA-3'
Reverse 5 -GCCGGACTCATCGTACT
CC-3'

Statistical analysis

The differences between un-treated and treated
groups were determined by Student’s t-test.
Results are presented as the mean + SEM and
statistical analysis was operated using GraphPad
Prism 5.0 (GraphPad Software, Inc). P < 0.05
was taken as statistically significant.

RESULTS

Effect of fisetin on cell morphology and cell
death

The inverted microscope was used to examine
MCF-7 and Hela cancer cell morphology
alteration after exposure to fisetin for 24 h. From
the results, fisetin inhibited cell viability in a
concentration-dependent manner in the two

cancer cell lines (Figure 1 A and C). When the
cells were exposed to various concentrations of
fisetin, they indicated morphology changes as
well as apoptotic features such as apoptotic body
formation, cellular shrinkage, oval or irregular
shape, and condensed cytoplasm.
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Figure 1: Effect of fisetin on cell morphology and cell
death in MCF-7 and HelLa. (A and C) Morphology of
the cancer cells were investigated after treating with
fisetin for 24 h wunder inverted phase contrast
microscopy (magnification, x20). (B and D) The cancer
cell death was examined by SRB assay after exposing
the two cancer cell lines to fisetin for 24, 48 and 72 h
respectively. *P < 0.05

To explore fisetin effects on the death of the
cancer cells. Fisetin inhibited the viability of the
two cancer cells in a concentrated and time-
dependent manner (Figure 1 B and D). In
addition, it was discovered that cell death could
be significantly increased with an incubation
period starting at 24 h at 5 to 250 mM for MCF-7
cells, and 25 to 250 mM for HelLa cells. The ICso
values of MCF-7 cells was 267.10 + 48.96, 88.42
+ 1.35, 41.03 + 8.04 mM for 24, 48, and 72 h,
respectively. Furthermore, ICso values of Hela
cells were 140.97 + 22.92, 100.84 + 10.97, 95.53
+ 14.33 mM for 24, 48, and 72 h respectively
(Table 2). Fisetin suppressed the proliferation of
both breast and cervical cancer cell lines, and
the ICso were the same; however, MCF-7 cells
may be more sensitive with fisetin than Hela
cells at 48 and 72 h incubation periods.

Effect of fisetin on cell cycle progression and
colony formation

To confirm the effect of fisetin on cell

proliferation, the cell cycle progression and
colony formation were determined. The effect of
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fisetin on cell cycle profile was measured using
flow cytometric analysis. For the MCF-7 cells, the
percentage of cells in GO/G1 phase increased
especially at 100 mM of fisetin (Fig. 2A), and
decreased at 250 mM. For the Hela cells, the
percentage of cells in G2/M phase increased at
100 mM; however, it was not statistically
significant when compared with the un-treated
cells (Fig. 2B). With a fisetin dosage of 250 mM,
G0/G1 phase reduced the height of the
histogram when compared with the control
group.

Table 2: ICs0 and Emax of fisetin on breast and
cervical cancer cells

Subsequently, a colony formation method was
used to analyze the proliferative viability (Figure
3 A and B) of the two cancer cell lines. Fisetin
suppressed the colony formation ability and
significance at the dose of 50, 100, 250 mM after
incubating for 24 h and cultured further for 15
days to form the colonies.
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Figure 2: Effect of fisetin on cell cycle arrest in cancer
cells. (A and B) Cell cycle arrest was determined after
the two cancer cell lines were to be exposed with
fisetin for 24 h and then analyzed by flow cytometry

Figure 3: Effect of fisetin on colony formation in
cancer cells. (A and B) The colony formation of the
cancer cell lines were examined after exposure to
fisetin for 24 h and then cultured for a further 15 days.
*P <0.05

Cell migration

The role of fisetin on cell migration was also
explored using wound healing and matrigel
migration method. The wound healing results
indicate that fisetin inhibited cell migration after
exposure to nfisetin at 48 h in MCF-7, and at 24
h in HelLa cells; furthermore, the inhibition was
significant at doses of 50, 100, 250 mM for both
cancer cells (p < 0.05, Figure 4 A and B).

A: MCF-7

@
S

Control 0 h

Control 48 h
==

2
S

@
)

*

Relative closure
of the scratch (%)

o

° & &

Concentration (M)

Caontrol 0 h Contral 24 h

~ 150

Relative closure
of the scratch (%)
g B

5

S O
Concentration (,:M)

Figure 4: The fisetin effects on migration. (A and B).
The two cancer cells were treated with fisetin for 48 h
(MCF-7 cells) and 24 h (HelLa cells), and the denuded
area was measured to calculate the migration assay.
*P < 0.05
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The migration ability was suppressed after
observation using the Transwell assay, which is
similar to the wound healing method (Fig. 5 A
and B), and the number of migrating cells were
significantly decreased, and displayed the
highest activity at 50 - 250 mM in both cancer
cells.
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Figure 5: The effects of fisetin on migration in cancer
cells. (A and B). The migration assay was examined
by matrigel migration assay after treatment with fisetin
for24 h

Effect of
proliferation

fisetin on gene-related cell

To examine the fisetin effects on gene-related
cell proliferation expression, gRT-PCR assay
was used. Fisetin, at 250 mM, caused reduction
of cyclin D1 mRNA expression in both cancer cell
lines. Interestingly, fisetin suppressed cyclin E on
HeLa cells and showed a slight effect in MCF-7
cells; (Figure 6 A and B). Hence, fisetin inhibited
cell proliferation by decreasing gene-related cell
proliferation, cyclin D1 and cyline E in human
breast and cervical cancer cells.
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Figure 6: The effects of fisetin on cyclin D1 and cyclin
E gene expression levels. (A and B). The two cancer
cells were exposed with 250 mM fisetin for 24 h and
then measured the cyclin D1 and cyclin E mRNA
expression by RT-PCR. *P < 0.05

DISCUSSION

Flavonoid compounds are broadly studied in
traditional medicine, especially fisetin. Previous
studies found that fisetin suppressed the human
breast cancer cell proliferation by activating
apoptosis and autophagy [7], and inhibited the
cervical cancer cells growth via the activation of
ERK1/2 and caspase 3/8 levels [8]. However,
fisetin in vitro studies which compare the cell
proliferation and migration attributes of the breast
and cervical cancer cells are still unclear. This
study indicates that fisetin suppressed the cancer
cell growth and migration of the human breast
cancer MCF-7 cells, similar to cervical cancer
HelLa cells with high activity. Fisetin decreased
gene-related cell proliferation and cyclin D1 gene
expression levels in both cancer cells. However,
cyclin E was suppressed only in HeLa cells. The
results also showed that fisetin suppressed
breast and cervical cancer cells growth and
migration by inhibiting cyclin D1 gene expression
levels.

Based on the present study, it was determined
that fisetin had the same effect on cell growth
and migration in breast and cervical cell lines.
Next, the effect of fisetin on the two cancer cell
types was discovered. ICso values in this work
were at similar levels on MCF-7 and Hela cells,
similar to the other cancer cells such as in the
prostate [9], bladder [10], liver [11] and colon
[12], and it had a more sensitive effect on cancer
cells than normal cells [8]. Fisetin also showed
good anti-cancer effects, and showed the less
adverse effects on the normal cells. Conversely,
on cancer cells, fisetin had more efficacy and
broad-spectrum ability to defeat them using a
different mechanism which imposes less harm on
normal cells.

From the data obtained, we can see that fisetin
inhibited cancer cell proliferation and induced the
death of cancer cells by utilizing several
mechanisms. It induces mitochondrial
dysfunction by generating ROS levels, leading to
gastric cancer cell apoptosis [13]. In addition,
fisetin stimulated the mTOR repressor via the
suppression of Akt and stimulation of AMPK,
leading to proliferative suppression [12].
Moreover, fisetin inhibited protein-controlled cell
growth by reducing the CDK-2 and CDK-4 that
activated cyclin E and D1 reduction in colon
cancer cells [14]. Following cell cycle arrest, it
inhibited the cell cycle distribution from the G1
phase to S phase at 8 h, and G2/M phase arrest
after a 24 h incubation period [14]. In line with
our data, MCF-7 cells stopped the cell cycle at
G0/G1 phase after incubating with 100 mM
fisetin for 24 h, whereas HelLa cells were also
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arrested at G2/M phase. Fisetin suppressed
prostate cancer cells in the G1 phase that was
related to decreasing the cyclin D1, D2 and E
protein levels [15]. It could be concluded that
fisetin had more potent effects on many cancer
cell types including breast and cervical cancer.

The detailed relationship between fisetin and
migration lacked detailed information. Our results
indicated that fisetin inhibited two cancer cells
with low concentration. From the previous data,
fisetin decreased the cancer cell migration by
inhibiting PAK4 pathways in human oral
squamous cell carcinoma [16], and suppressed
migration of cervical cancer cells by reducing
uPA level via the attenuation of both the NF-kB
and p38 signaling pathway [17]. With regards to
human breast cancer cells, results indicated that
fisetin decreased ftriple-negative breast cancer
metastasis by inhibiting the PTEN/Akt/GSK3f
pathway [18]. In combination with its anti-cancer
effects, fisetin augmented the anti-invasive and
anti-metastatic  potential of sorafenib in
melanoma thru the decrease in N-cadherin,
vimentin, fibronectin, MMP-2 and MMP-9 levels
[19]. It can therefore be concluded that fisetin
attenuated the cancer cell migration of several
cancer cell types, breast and cervical cancer
included.

CONCLUSION

The study is the first report to show preliminary
data on the comparative effects of fisetin on
breast and cervical cancer cell types. The
findings show that fisetin has similar inhibitory
effects on breast and cervical cancer cell
proliferation and migration. It inhibits cell growth
and stops cancer cell progression at GO0/G1
phase in breast cancer, and G2/M phase in
cervical cancer cell. Furthermore, it suppresses
cancer cell migration both in wound healing and
matrigel migration assays. Thus, the mechanism
of action involves the reduction of gene-related
cell proliferation, including cyclin D1 and cyclin E.
Fisetin is useful for the prevention and treatment
of breast and cervical cancer.
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