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Abstract

[ Objectives | To investigate the effects of quercetin extracted from flower buds of Sophora japonica cv. jinhuai on the proliferation

apoptosis and migration of human breast cancer MCF-7 cells. [ Methods] MTT assay, inverted microscope observation, hoechst33342 stai-

ning, flow cytometry (FCM) and wound healing assay were adopted to investigate the proliferation, morphological changes, apoptosis level and

cell migration ability of human breast cancer MCF-7 cells, respectively. [ Results] The morphological changes of cells in the treatment groups

included gradually decreased number, reduced volume, vague cell contour, loose intercellular connection, uneven cytoplasm distribution and

increased cell debris. With the increase of drug concentration, quercetin significantly inhibited the proliferation of human breast cancer MCF-7

cells (P <0.05). The number of apoptotic bodies increased gradually. When the concentration reached 100 pwmol/L, a large number of nucle-

ar fragments appeared, and the level of apoptosis was statistically different (P <0.05). The mobility and migration ability of cells showed a

decreasing trend, and the differences were statistically significant (P <0.05). [ Conclusions] This study can provide experimental basis for

clinical application of quercetin against breast cancer.
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1 Introduction

Breast cancer is the second most common cancer diagnosed among
women, second only to nonmelanoma skin cancer. It is the main
cause of cancer death among women all over the world"’. World-
wide, breast cancer accounts for about 30% of female cancers,
with a mortality rate of 15% , and the incidence rate has increased

rapidly in recent decades'’.

Although great progress has been
made in screening methods for early diagnosis, breast cancer is
still a global threat, and it is still the main cancer diagnosed by
women and needs effective treatment. At present, due to the high
incidence of tumor recurrence and disease progression after single
drug therapy such as surgery, radiotherapy, endocrine therapy and
chemotherapy, combined therapy has become a symbol of breast
cancer treatment” , in order to minimize or eliminate recurrence,
drug resistance and toxic effects, and ensure that patients have a
good quality of life.

According to the data, breast cancer can be divided into two
main subtypes: hormone receptor positive /ERBB2 negative,
ERBB2 positive and triple negative, and about 75% of breast
cancer patients are estrogen receptor (ER)—positive breast canc-
er®’. High levels of estrogen in the body can regulate the growth
and proliferation of breast cancer cells, suggesting that ER may
become a key target for breast cancer treatment. However, pa-

tients with ER( + ) breast cancer are more likely to show drug re-
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sistance than those with ER-negative breast cancer, which leads to
a great decrease in the efficacy of anti-estrogen therapy. There-
fore, improving the therapeutic effect of breast cancer by finding
safer and more efficient anti-estrogen drugs has become one of the
research hotspots in the field of new anti-breast cancer drug re-
search and development.

It has been found that leguminous plants are rich in phytoestro-
gens, and their molecular structures are similar to those in mam-
mals. When combined with ER receptors, they can play an anti-es-
trogen role and have a certain preventive and therapeutic effect on
estrogen-related malignant tumors such as breast cancer and ovarian

[6-
cancer

. Quercetin is one of the important phytoestrogens in dry
flower buds of Sophora japonica cv. jinhuai in northern Guangxi, a
characteristic tree species in northern Guangxirm. Quercetin is a
natural product of flavonols, which has many physiological activi-
ties, such as anti-tumor, anti-inflammatory, anti-oxidation, hypo-
glycemic, body weight-reducing, antihypertensive and antidepres-
sant"” | but the specific mechanism of action is still unclear.

In this study, breast cancer MCF-7 cells and normal breast
epithelial cells MCF-10A were used as cell models to investigate
the effects of quercetin on the proliferation rates of the two kinds of
cells; and the effects of quercetin on the morphology, apoptosis
and migration ability of MCF-7 cells were investigated by molecu-
lar biology techniques, in order to provide experimental basis for
the development of new anti-breast cancer drugs of quercetin, as
well as experimental reference for the clinical application of quer-

cetin against breast cancer.

2 Materials and methods
2.1 Materials

2.1.1 Materials and reagents. Quercetin, extracted from flower



Jing LI et al. Effects of Quercetin Extracted from Flower Buds of Sophora japonica cv. jinhuai on Proliferation and Apoptosis of Human Breast Cancer MCF-7 Cells 47

buds of Sophora japonica cv. jinhuai in northern Guangxi by alkali
extraction and acid precipitation, and then purified by silica gel
column chromatography and determined by HPLC to have a quer-
cetin content of 96.7% ; fetal bovine serum (FBS) (batch No. :
11011-8611), purchased from Hangzhou Sijiqing Co., Lid. ;
DMEM ( batch No. ; 12800-017 ), PBS powder ( batch No.
10010023 ), RPMI-1640 medium ( batch No. : 12633-012) and
trypsin powder ( batch No. ;15400054 ), all purchased from Ghi-
co, USA; MTT dry powder (batch No. ;IM0280) and mixed solu-
tion of streptomycin (100 x ) (‘batch No. ; P1400), purchased
from Beijing Solarbio Science & Technology Co. , Ltd. ; fluores-
cent dye Hoeehst33342 (batch No. ;23491-52-3), DMSO (batch
No. : A11605 ), APS ( batch number A02053 ) and TEMED
(batch No. ; A12843), purchased from AMRESCO, USA; An-
nexin V apoptosis kit ( batch No. : V13242), purchased from
eBioscience; human breast cancer cell line MCF-7 and human
normal mammary epithelial cell MCF-10A, purchased from Cell
Resource Center of Shanghai Institutes for Biological Sciences,
Chinese Academy of Sciences.

2.1.2 Instruments. Inverted fluorescence microscope, OLYM-
PUS IX51, Japan; MLDEL 680 microplate reader, BIO-RAD,
USA; flow cytometry, BD, USA; CO, incubator, pipettes, frozen
high-speed centrifuge and ultra-low temperature refrigerator, all
from Thermo Fisher, USA; high performance liquid chromatograph
E2695, Waters, USA.

2.2 Experimental methods

2.2.1 Detection of effects of quercetin on proliferation rates of
MCF-7 and MCF-10A cells. The effects of quercetin on the prolif-
eration of MCF-7 and MCF-10A cells were detected by MTT as-
say. The cells were grown in RPMI 1640 complete medium contai-
ning 10% fetal bovine serum and 1% streptomycin, and cultured
in a cell incubator with 5% CO, at 37 C for 2 =3 d. After the
cells reached the logarithmic growth stage, cell suspensions
(2.5 x10* cells/mL) were prepared after digestion. Next, 200 L
was added into each well of a 96-well plate. The cells were divid-
ed into a blank group, a normal control group, and treatment
groups (20, 50, and 100 wmol/L quercetin). Each group was set
with three parallel wells, and the cells were tested at each of fol-
lowing three time points; 24, 48, and 72 h. At 4 h before the de-
tection point, 20 pL of 5 mg/mL MTT solution was added to each
well, and after incubating at 37 °C for 4 h, the absorbance (0D)
value was measured at the wavelength of 570 nm using a micro-
plate reader. The inhibition rate (GI) of cell proliferation was
calculated; GI (% ) =1 - OD value of experimental group/OD
value of control group.

2.2.2 Observation of effects of quercetin on morphological chan-
ges of MCF-7 cells. MCF-7 cells in the logarithmic growth stage
were digested, and the cell suspension was adjusted to 5 x 107
cells/mL. Next, the cells were inoculated to 6-well plates. When
the fusion degree was about 60% , the culture medium was re-
placed with new medium containing 0, 25, 50 and 100 pmol/L

quercetin, respectively, and culture was continued for 24 h. Fi-

nally, the MCF-7 cells were observed for morphological changes
under an inverted microscope.

2.2.3 Observation of effects of quercetin on apoptosis morpholo-
gy of MCF-7 cells by Hoechst33342 staining. For MCF-7 cells in
the logarithmic growth stage, the cell suspension was adjusted to
4 x10° cells/mL and inoculated into 6-well plates. The experi-
mental groups and drug concentrations were set according to Sec-
tion 2.2.1. After 24 h of drug action, all cells including suspen-
ding cells and those adhering to the wall in each plate were col-
lected, and Hoechst33342 dye solution (1 mL/well) prepared ac-
cording to the instructions of the reagent was added to the cells,
which were then incubated at a constant temperature of 37 °C in
the dark for 20 min. After removing the Hoechst33342 dye solu-
tion, the apoptosis morphology was observed under an inverted flu-
orescent microscope.

2.2.4 Detection of effects of quercetin on apoptosis level of
MCF-7 cells by flow cytometry. MCF-7 cells in the logarithmic
growth stage were cultured in 6-well plates. When the fusion de-
gree was about 60% , 2 mL of DMEM medium containing 0, 25,
50 and 100 pmol/L quercetin were given, respectively. After cul-
turing for 24 h, the supernatant and the washing liquid after wash-
ing the cells with 3 mL of ice 1 x PBS solution were all transferred
to a centrifuge tube. After digesting and re-suspending the cells,
the cells were collected according to the instructions of AnnexinV
FITC kit, dyed in the dark for 1 h at room temperature, and fil-
tered by a 300-mesh sieve. Finally, the apoptosis rate was ana-
lyzed on a computer within 30 min.

2.2.5
MCF-7 cells. After drug administration, the cells in each group
were incubated at 37 °C for 48 h. Next, the cells were fixed with
4% paraformaldehyde for 15 min, and dyed with 1% crystal violet

Detection of effects of quercetin on apoptosis level of

for 15 min. Subsequently, the chambers were cleaned with phos-
phate buffer, and the cells in the chambers were wiped off with
cotton swabs. After fully air-drying, five visual fields were ran-
domly selected under a microscope, and the number of transmem-
brane cells was analyzed by Image J software, and the cell inva-
sion rate was calculated; Cell invasion rate (% ) = Number of
transmembrane cells in the model group or the administration
group/Number of transmembrane cells in the control group x
100% .

2.2.6 Detection of effects of quercetin on migration of MCF-7
cells. The effects of quercetin on cell migration were detected by a
cell scratch assay. Cells in the logarithmic growth stage were di-
gested, and the cell suspension was adjusted to 5 x 10° cells/mL.
Next, the cells were inoculated to 6-well plates, and the experi-
mental drug concentrations were set according to the results in sec-
tion Section 2.2.1. When the cells completely covered the 6-well
plates, a straight scratch was made vertically in the 6-well plates
with a 100 L gun head, and then, the floating cells were washed
with 1 x PBS solution. The cells of the three groups were photo-
graphed and recorded in the same position under an inverted mi-

croscope at 0 and 24 h after drug administration in the administra-
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tion groups, and the scratch width was measured to calculate cell
migration rate: Cell migration rate (% ) = (1 — Scratch width at
measurement/Initial scratch width) x100%.

3 Results and analysis

3.1 Effects of quercetin on proliferation of breast cancer
cells MCF-7 and breast epithelial cells MCF-10A  Compared
with the blank control group, with the concentration of quercetin
increasing, the proliferation inhibition rates of MCF-7 cells in dif-
ferent drug groups gradually increased, and the differences were
statistically significant (P <0.01). The proliferation inhibition

rates of MCF-7 cells in various groups showed a trend of changing
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with time (P <0.01), and gradually increased with the extension
of drug intervention time. The inhibition rate of cell proliferation
increased with the increase of drug concentration and the extension
of drug action time, that is, there was an interactive effect be-
tween drug groups and action time. As for MCF-10A, with the
concentration of quercetin increasing, the inhibition rates of cell
proliferation in various groups did not increase significantly, and
when the quercetin concentration reached 100 pmol/L, the inhibi-
tion rate was as high as (24.81 +1.51)% , indicating that quer-
cetin had little effect on the proliferation of normal breast epitheli-

al cells MCF-10A. The results are shown in Fig. 1.
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NOTE Compared with the blank control group, *P <0.01; comparing any two concentration groups, *“ P <0.05.
Fig.1 Effects of quercetin on the proliferation of MCF-7 and MCF-10A cells (% , x +s, n=3)

3.2 Effects of quercetin on cell morphology of breast cancer
cells MCF-7 MCF-7 cells were treated with different concentra-
tions of quercetin (25, 50 and 100 pmol/L) for 24 h, and photo-
graphed by an inverted microscope. The results showed that the
cells in the blank control group grew densely and irregularly polyg-
onal, with good growth state, full cell size, clear contour, dense
intercellular connection and uniform cytoplasm distribution, while
in the experimental groups, with the concentration of quercetin in-
creasing, the cell morphology gradually changed. At low concen-
tration (25 pmol/L), the cell density decreased to some extent,
the cell contour was blurred, some cells were abnormal in morphol-
ogy, and the intercellular connection became loose. When the drug
concentration was 50 pmol/L, the number of adherent cells de-
creased significantly, and the cell morphology changed obviously,
resulting in shrinkage, rounding and shedding. When the concen-
tration of quercetin was 100 wmol/L, the number of adherent cells
was greatly reduced, local "vacuolation" and irregular bending oc-
curred, the cell volume was significantly reduced, and some cells
even showed cytolytic changes (Fig.2). The results showed that
the effect of quercetin on the morphological changes of MCF-7 cells
was concentration-dependent.

3.3 Effects of quercetin on nuclear morphology of breast
cancer cells MCF-7

was observed in MCF-7 cells, and the nuclei showed regular mor-

In the blank group, almost no apoptotic cell

phology, with large and complete nucleolus and uniform chromatin
distribution. With the concentration of quercetin increasing, the

nuclear morphology gradually changed, and the phenomenon of ap-
optosis became more and more obvious. The volume of apoptotic
nuclei was reduced, the chromatin distribution was uneven, and
even cell nucleus cracking occurred. In the low-concentration drug
group (25 pwmol/L) , the apoptosis of MCF-7 cells was not signifi-
cant, and the nuclear structure was basically intact. In the 50
pmol/L drug group, some nuclei changed morphologically, with the
chromatin beginning to distribute unevenly, and some nuclei were
deformed. When the drug concentration was 100 pmol/L, a large
amount of shrunk nuclei could be observed under a light microscope,
with highly concentrated chromatin and deepened staining, and the
nuclei moved to the edge and cracked into fragments (Fig.3).

3.4 Effects of quercetin on apoptosis level of breast cancer
cells MCF-7  The results showed that the proportion of living
cells gradually decreased, and the number of apoptotic and necrot-
ic cells gradually increased with the increase of quercetin concen-
tration. When the concentration of quercetin was 100 wmol/L, the
apoptosis rate was the highest. Compared with the blank control
group, the differences in apoptosis rate were statistically significant
among various drug groups (P <0.01). The results are shown in
Fig.4. Meaning of FCM scatter diagram; In each cell distribution
diagram composed of four quadrants, the lower left quadrant repre-
sents living cells, the lower right quadrant represents early apop-
totic cells, the upper right quadrant represents late apoptotic and
necrotic cells, and the upper left quadrant represents cells me-
chanically damaged during the sampling process.



Jing LI et al. Effects of Quercetin Extracted from Flower Buds of Sophora japonica cv. jinhuai on Proliferation and Apoptosis of Human Breast Cancer MCF-7 Cells

NOTE A. Blank control group; B. 25 pmol/L quercetin group; C. 50 pwmol/L quercetin group; D. 100 pwmol/L quercetin group.

Fig.2 Morphological changes of human breast cancer cells MCF-7 in various groups

NOTE A. Blank control group; B. 25 pmol/L quercetin group; C. 50 wmol/L quercetin group; D. 100 pwmol/L quercetin group. The arrows indicate

"apoptotic bodies" .
Fig.3 Effects of quercetin on nuclear apoptosis morphology of human breast cancer MCF-7
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Fig.4 Effects of quercetin on apoptosis level of human breast cancer MCF-7 cells
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Fig.5 Effects of quercetin on migration of human breast cancer MCF-7 cells
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3.5 Effects of quercetin on migration ability of breast cancer
MCEF-7 cells
healing degree of cell scratches gradually weakened. At 24 h,

With the concentration of quercetin increasing, the

MCF-7 cells migrated significantly in the scratched area of the
blank control group, while the cell healing rates in the scratched
areas of the drug treatment groups showed a decreasing trend with
the increase of concentration, showing statistical significance (P <
0.05). The results are shown in Fig.5 and Table 1.

Table 1  Effects of quercetin on wound healing rate of MCF-7 cells
(x%s, n=3)

Quercetin Cell spacing Cell spacing Healing
wmol/L at 0 h//cm at 24 h//cm rate // %

0 0.79 £0.003 0.190 £0.032 75.97 £0.225 "

25 0.93 £0.027 0.55 £0.012 40.94 £1.290""
50 0.85+0.018 0.635 +£0.019 25.18 £1.270*"
100 1.06 +£0.021 0.934 +£0.045 11.74 £2.550**

NOTE Compared with the blank control group, *P <0.05; comparing any

two concentration groups, P <0.05.

4 Discussion
Studies have shown that natural products and their derivatives have
their unique advantages in the field of cancer prevention and treat-
ment , and plant active components, especially phytoestrogens, can
inhibit growth and induce apoptosis in breast cancer'”’. Clinical
studies have found that cyclophosphamide alone is not effective in
the treatment of advanced bladder cancer, and cyclophosphamide
itself is very toxic, resulting in many adverse reactions to normal
tissues and poor patient tolerance. When combined with quercetin,
it was found that its toxic effect was minimized and the fatigue be-
havior of patients could be improved. The combination of the two
drugs has synergistic effect, which can exert stronger chemotherapy
efficacy while reducing the side effects of chemotherapy drugs'"’
Quercetin, as an important component of phytoestrogens, is
endowed with lipophilicity by its molecular structure, and the mol-
ecules can cross the cell membrane and enter cells to mediate vari-
ous signal pathways related to the growth, apoptosis and metastasis
of tumor cells. Quercetin can induce cell cycle arrest of tumor
cells in the S phase, and affect DNA replication, so that the cells
cannot enter next cell cycle, thus inhibiting tumor cell proliferation
in a time-concentration dependent manner'. This inhibitory
effect of quercetin is most sensitive to tumor cells in the prolifera-
tive phase, and the important way of its anticancer effect is to in-

[2-B] " (Ouercetin can also block the cell eycle in

duce apoptosis
the G, phase, interfere with DNA replication, and down-regulate
the level of Cyclin D1 related to cell cycle, thus prolonging G,
phase ™'

The results showed that quercetin could inhibit the prolifera-
tion and induce apoptosis of MCF-7 cells in a concentration- and
time-dependent manner, and the cell morphology and apoptosis

morphology changed. After quercetin acted on MCF-7 cells for

24 h, a series of changes occurred in cell morphology. With the
concentration of quercetin increasing, the number of MCF-7 cells
gradually decreased, the cell contour became blurred, and the
phenomena of volume shrinkage, rounding, shedding and even cy-
tolytic changes occurred. The nuclear volume of apoptotic cells was
reduced, and the chromatin was unevenly distributed, and a large
number of apoptotic bodies could be seen. The apoptosis phenome-
non was concentration-dependent at the same time. Meanwhile,
the results showed that quercetin had little effect on the prolifera-
tion of normal breast epithelial cells, indicating that quercetin has
little toxicity to normal cells and high safety. The scratch healing
experiment showed that the healing ability of MCF-7 cells gradually
decreased with the concentration of quercetin increasing, which in-
dicated that quercetin could inhibit the migration ability of MCF-7
cells. To sum up, quercetin could inhibit the proliferation of breast
cancer cells MCF-7, induce apoptosis and inhibit their migration
ability, which can provide a new idea for improving the efficacy

and tolerance of clinical chemotherapy drugs.
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