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Abstract

Purpose: To determine the inhibitory effect of glycyrrhizin (GLA) on cell invasion and metastasis in
mammary carcinoma cells, and the mechanisms of actions involved.

Methods: The effect of GLA at different concentrations on proliferation of breast cancer MDA-MB-231
and BT549 cells was assayed by MTT method. Transwell assay was used to determine the effect of
GLA at different concentrations on invasiveness and metastasis of breast cancer MDA-MB-231 and
BT549 cells. The influence of LGA on expressions of microRNA-200c and miR-200c was assayed by
reverse transcriptase-polymerase chain reaction (RT-PCR).

Results: There was no statistically significant difference in cell proliferation amongst cells treated with 5
and 20 uM GLA and untreated breast cancer cells. However, the proliferation of cells treated with 40 uM
GLA was significantly reduced (p < 0.05). In the cell invasion and migration experiments, cell population
transferred to the base of Transwell chamber in the two cell lines treated with GLA was markedly
decreased, relative to cells without GLA treatment, while the number of cells decreased with increase in
GLA concentration (p < 0.05). Results from image-pro-plus analysis revealed that the population of cells
quantitatively crossing the Transwell compartment membrane decreased with increase in GLA
concentration (p < 0.05). The expression of e-cadherin was increased by GLA treatment in a
concentration-dependent manner. Moreover, GLA treatment led to significant changes in amounts of
miR-200s a, b and c, with changes in miR-200c being the most significant (p < 0.05).

Conclusion: GLA suppresses the invasiveness and metastasis of breast cancer MDA-MB-231 and
BT549 cells via upregulation of the expressions of miR-200c and e-cadherin. These findings provide a
theoretical basis for the development of new breast cancer drugs.
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INTRODUCTION women, and a major reason for female mortality

in the world. In recent years, the incidence of
Mammary carcinoma is among the most breast cancer which seriously threatens women's
frequently diagnosed malignancies among health, has been rising year by year [1].
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Malignant tumors are the major factors
responsible for death of Chinese people, due to
metastasis and invasiveness of cancer cells [2].
E-cadherin is a class of calcium-dependent
transmembrane glycoproteins that adhere to
each other among the same epithelial cells, and
participate in the formation and maintenance of
intercellular connections [3]. Studies have found
that partial and complete deletion of e-cadherin
lead to low differentiation, high aggressiveness
and poor clinical prognosis of tumors [4].
Glycyrrhizin (GLA) is a polyphenolic flavonoid
compound and a major bioactive component of
glycyrrhizin. It exerts strong anti-free radical and
anti-oxidation effects, and prevents
atherosclerosis and cell aging [5]. Recent studies
have shown that GLA has some anti-tumor
effects, but no specific mechanism has been
reported [6]. The purpose of this study was to
determine the relationship between GLA-induced
inhibition of breast cancer cell invasion and
metastasis, and up-regulation of e-cadherin
expression through miR-200c.

EXPERIMENTAL
Cell lines, reagents and equipment

Breast cancer MDA-MB-231 and BT549 cell lines
were provided by cell library of the ATCC.
Fibronectin and MEM were products of Sigma,
USA. Leibovitz's L.15 medium was purchased
from Gibco, USA. Mycoplasma free FBS was
obtained from Hangzhou Sijiging Biological
Engineering Co. Ltd, China. Crystal violet
staining solution, BSA, Western blot and IP cell
lysis solution were products of China Biyun Tian
Biological Engineering Co. Ltd. Transwell
chamber was obtained from Corning, USA, while
RT quantitative PCR reagents for miRNA were
purchased from TaKaRa.

The instruments used, and their makers (in
parenthesis) were: Cell incubator (Thermo,
USA); Ultra-clean worktable (Airtech, USA);
CKX41 inverted light microscope (Olympus,
Japan); CS-15R bench high speed cryogenic
centrifuge (Beckman, USA); small wet electrical
transfer tank (Bio-laboratories, USA); Ceres908
automatic enzyme marker (Bio-tek, USA); Model
7300 real-time fluorescent PCR instrument (ABI,
USA); DYY-6C voltage and steady current meter
(Nanjing Honglong Instrument & Equipment
Instruments); and -80°C ultra-low temperature
chamber (Revco, USA).

Cell culture

Breast cancer MDA-MB-231 cell lines were
cultured in L-15 medium containing penicillin and

streptomycin (100U/mL each), and 10 % FBS, in
a COq-free incubator at 37°C.The breast cancer
BT549 cell line was cultured in 1640 medium
under similar conditions. When the adherent cells
reached more than 80 % confluence, the cells
were digested with trypsin for 1 min. Thereafter,
the adherent cells were made into a single cell
suspension by blowing with an elbow straw, and
kept for use in subsequent experiments.

Drug treatment

The medium was replaced with fresh one when
the cells became adherent to the wall for 24 h.
Then, GLA was added at doses of 5, 10, and 40
MM. Untreated cells served as control. The
culture medium was shaken horizontally, and the
treatment was carried out for 2 days. The culture
medium was changed once every 2 days, and
marked according to the added concentration.

Lymphocyte proliferation assay

Breast cancer MDA-MB-231 and BT549 cell lines
were maintained in L-15 medium and 1640
medium, respectively, for 4 days. The two cell
lines were inoculated into 96-well plates and
cultured at 37 °C in a COz-free incubator. Two
days after inoculation and culture in a 96-well
plate, 1ml MEM medium was transferred to a 1.5
mL centrifuge tube, and the required treatment
drugs and transfection reagent were added. After
the old medium was sucked out, medium
containing drugs was added, and incubation was
carried out at 37 °C in a CO2-free incubator. After
treatment for 24 and 48h, diluted MTS fresh
MEM medium was added to the 96-well plate
(200 pL/well), followed by addition of MTS (10
pL/ well) and incubation at 37 °C for 4 h. Finally,
the absorbance of each well was read at 490 nm
in an automatic enzyme label analyzer, and the
corresponding cell number was calculated from a
standard curve for each cell line. Six parallel cells
were set for each treatment group.

Cell migration assay

A 24-well plate and Matrigel invasion chamber
were prepared. The cell lines were digested with
trypsin and centrifuged. Then, the cells were
taken up in serum-free and double-antibody
medium, at a cell density of 1 x 105 cells/ml.
Matrigel was put in a 24-well plate, with 1 x
10%ml cell suspension in each well. The lower
chamber contained 600 uL 10 % FBS as culture
medium. After incubation for 12 h, the chamber
was removed and placed in a new 24-well plate
in a super-clean table.
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Then, the medium was drained slowly, and cells
were PBS-rinsed, drained as much as possible,
and air-dried. In the transfer chamber, 500 L of
methanol was added to 24-well plate. This was
followed with washing twice with PBS. Cells that
did not pass through the chamber were wiped
with a cotton swab, washed with PBS, and air-
dried. Then, 500 pL of crystal violet was put into
the well plate, after which it was PBS-rinsed two
times. Then, the chamber was placed in a slide
and photographed with a microscope.

Determination of cell invasion

A 24-well plate and Matrigel invasion chamber
was prepared. The chamber was placed on
super clean table. The original solution of
Matrigel was diluted with serum-free and double
antibody-free medium in a volume ratio of 1:8,
and 100 pL was added to the chamber, which
was dried in a cell incubator for 2 h. After
digesting the cells with trypsin, the digest was
centrifuged, and the cells (1x10° cells/mL) were
put in serum-free and double antibody-free
medium.

Matrigel were placed in a 24-well plate, with cell
suspension (1 x 10%mL) in each chamber. The
lower chamber culture medium was 600uL of 10
% FBS. Then, the cells were incubated for 12 h.
Thereafter, the chamber was placed in a new 24-
well plate on a super-clean table, and the
medium was drained slowly. The cells were PBS-
rinsed two times, drained as much as possible,
and air-dried. In the transfer chamber, the cells
were fixed with methanol (500 pL) for 25 min.
This was followed with washing twice with PBS.
Cells that did not pass through the chamber were
wiped off with a cotton swab, washed with PBS,
and air-dried. Then, 500 yL of crystal violet was
put in the well plate in the invasion chamber for
25 min, after which it was PBS-rinsed two times.
Then, the chamber was placed in a slide and
photographed with a microscope.

Real time Polymerase Chain Reaction (PCR)

Trizol (1 mL) was added to each petri dish, and
the mixture was repeatedly pumped, blown and
mixed until the cells were fully lysed. The lysate
was taken up in a 1.5-mL tube with 200 pL of
chloroform. The mixture was shaken vigorously
for 30 sec to mix well. Then, it was centrifuged in
a desktop centrifuge for 20 min. Then, 500uL of
the supernatant was mixed with an equivalent
volume of isopropanol, and the mixture was
centrifuged using the desktop centrifuge for 15
min. The supernatant was rinsed twice with 75 %
alcohol, and centrifuged again for 2 min. The
alcohol was evaporated off, followed by addition

of 50 uL of DEPC-H20 freezing at -20°C prior to
use. Subsequently, Real Time PCR reaction was
carried out. After the reaction, the amplification
curve and fusion curve of Real Time PCR
reaction were confirmed, and the standard curve
was prepared for PCR quantification.

Western blotting analysis

The cell culture medium was discarded, washed
twice with 5mL normal saline, and the petri dish
was placed on ice. The lysis buffer was
prepared, and different volumes of lysis buffer
were added according to the cell density in each
culture dish. Cells were directly scraped with a
cell scraper and transferred into a 1.5mL
centrifuge tube for 30 min in an ice bath. The
cells were centrifuged for 30 min, and the
supernatant was stored at -20°C after packing.
The BCA method was used to determine the
protein concentration. Then, the proteins were
subjected to SDS-PAGE, followed by transfer to
polyvinylidene membrane transfer, blocking, and
incubation with  primary and secondary
antibodies. The relative protein expressions were
determined using enhanced chemiluminescence
kit.

Statistical analysis

The SPSS 20.0 software was used for statistical
analysis of data. Measurement data are
presented as mean = SD. Comparison between
two groups was done with t-test. Count data
were expressed in %), and were statistically
analyzed using X? test. Statistical significance
was assumed at p < 0.05.

RESULTS

Impact of different GLA treatments on cell
proliferative capacity

As shown in Table 1, there were no statistically
significant differences in proliferation amongst
cells exposed to 5 yM and 20 uM GLA, and
untreated control (p > 0.05). However, GLA at a
dose of 40 uM significantly decreased
proliferation of breast cancer cells.

Effect of different GLA treatments on breast
cancer cell invasion and metastasis

In the cell invasion and migration experiments,
the population of cells transferred to the base of
the Transwell chamber in the two cell lines
treated with GLA was markedly decreased,
relative to cells without GLA treatment, and the
number of cells decreased with increase in GLA
concentration.
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Table 1: Effect of different GLA treatments on proliferative potential of mammary cancer cells

GLA concentration MDA-MB-231 Cell BT549 Cell

(uM) 24h 48h 24h 48h

0 108.46 £ 20.48 108.41 £ 23.71 111.78 £ 23.46 112.85 £ 23.85
5 107.26 £ 18.23 105.33 £ 12.46 110.08 £ 16.49 110.51 £ 13.20
10 101.56 £ 9.41 100.26 + 9.46 108.51 £ 10.33 109.79 £ 10.31
20 98.46 + 9.46 98.33 + 8.46 106.23 £ 9.47 105.49 £ 9.51
40 68.26 + 13.852bcd 60.49 + 8.213bcd 68.12 + 5.4630d 61.23 + 5.49abcd

aP < 0.05, vs untreated cells; ’p < 0.05, vs 5 yM GLA dose; °p < 0.05, vs 10 uM GLA dose; % < 0.05, vs 20 uM
GLA dose

Results from image-pro-plus analysis showed
that the number of cells quantitatively crossing
the Transwell compartment membrane
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Figure 3: Effect of different GLA treatments on the
invasion of MDA-MB-231 cells. A: Image of control
cells; B: Image of cells exposed to 5 yM GLA; C:
Image of cells exposed to 10 uM GLA; D: Image of
cells exposed to 20 uM GLA.
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Figure 4: Effect of different GLA treatments on the
invasion of BT549 cells. A: Image of untreated BT549
cells; B: Image of BT549 cells exposed to 5 yM GLA;
C: Image of BT549 cells treated with 10y M GLA; D:
Image of BT549 cells treated with 20 yM GLA

Effect of different GLA treatments on breast
cancer cell adhesion proteins

Figure 2: Effect of different GLA treatments on the

migration of BT549 cells. A: Image of untreated BT549  As shown in Figure 5, treatment with GLA
cells; B: Image of BT549 cells exposed to 5 M GLA;  increased  e-cadherin expression in  a
C: Image of BT549 cells treated with 10y M GLA; D: . :

Image of BT549 cells treated with 20 uM GLA concentration-based fashion.

Table 2: Effect of different GLA treatments on invasiveness and metastasis of mammary carcinoma cells (mean
+ SD)

. MDA-MB-231 Cells BT549 Cells
GLA concentration - - - - - -
Migration Invasion Migration Invasion
0 132.16+ 30.46 75.16 £ 26.13 152.41+£35.21 119.84 £16.52
5uM 70.16 = 15.40? 62.38 £ 12.242 84.26 + 20.38?2 68.25 £ 19.742
10puM 42.13 + 8.23% 38.47 £ 6.422° 35.16+ 10.02% 30.16 £ 5.16%
20uM 35.16 + 6.123b¢ 30.26+ 6.75%¢ 21.33 + 8.168%¢ 16.43 + 5.182¢

ap < 0.05, vs untreated cells; °p < 0.05, vs 5 yM GLA; °p < 0.05, vs 10 uM GLA
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Figure 5: Effect of different GLA treatments on e-
cadherin expression in MDA-MB-231 cells and BT549
cells

Effect of different GLA treatments on
expression of miR-200c

Treatment with GLA caused significant
alterations in expressions of miR-200a, miR-
200b and miR-200c, with miR-200c showing the
most significant change (p < 0.05; Table 3).

Table 3: Effect of different GLA treatments on the
expression of miR-200c in breast cancer cells (mean *
SD)

Ind MDA-MB-231 Cell BT549 Cell
naex

Control GLA Control GLA
miR- 1.00 £ 1.56 1.00 £ 1.86
200a 0.00 0.262 0.00 0.122
miR- 1.00 £ 1.03 £ 1.00 £ 209+
200b 0.00 0.132 0.00 0.162
miR- 1.00 £ 216 1.00 £ 3.28 +
200c 0.00 0.312 0.00 0.412
3P < 0.05, vs control
DISCUSSION
Mammary carcinoma is among the most

frequently diagnosed malignancies in women,
and it has attracted extensive attention from
medical scholars due to its increasing incidence.
It has been found that in situ breast cancer is not
fatal: it can be cured through surgical resection in
combination with chemotherapy and radiotherapy
[7]. However, 30 - 40 % of patients still have
tumor metastasis and invasion, especially in
lung, liver and bone. Metastasis is the main
reason behind failure in breast cancer therapy.
Metastasis increases the resistance of tumors to
treatment measures, thereby affecting prognosis
of patients, and constituting serious threat to life
[8].

Glycyrrhizin (GLA) is one of the main flavonoids
in glycyrrhiza. It has antioxidant and anti-
inflammatory properties, as well as lipid-
regulatory and blood glucose control effects [9].
Recent studies have found that high
concentrations  of licorice inhibited the
proliferation of breast cancer cells. It has been
reported that licorice root extract inhibited
invasion, metastasis and angiogenesis in MDA-

MB-23| human breast cancer cells and in A549
human non-small cell lung cancer cells by
blocking the FAK/Rho signaling pathway [10].
Glycyrrhizin (GLA) has a wide range of biological
effects, including significant mitigation of free
radical-induced damage to LDL, DNA and cell
membranes [11]. In addition, GLA inhibits
osteoclast production, exerts antifungal and anti-
inflammatory effects, reverses fatigue, reduces
blood sugar, and decreases obesity and
hyperlipidemia [12].

In this study, there were no statistically significant
differences in proliferation amongst cancer cells
treated with 5 uM and 20 uM GLA, and untreated
cells. However, GLA at a dose of 40 uM
markedly reduced proliferation of breast cancer
cells. In the cell invasion and migration
experiments, the population of cells transferred
to the Transwell chamber base in the two cell
lines treated with GLA was markedly reduced,
relative to cells without GLA treatment, and the
number of cells decreased with increase in GLA

concentration. Results from image-pro-plus
analysis revealed that the number of cells
quantitatively crossing the Transwell
compartment membrane decreased  with

increase in GLA concentration. These results
suggest that GLA inhibited the migratory and
invasive potential of the two cell lines.

Epithelial-mesenchymal transformation is the
process involved in the transformation of
epithelial cells into cells with mesenchymal
phenotypes via specific procedures. These
procedures cause the epithelial cells to lose
epithelial phenotypic characteristics such as cell
polarity and connection with the basement
membrane, resulting in mesenchymal phenotypic
attributes like high migratory, invasive, anti-
apoptotic, and extracellular matrix-degradative
capacities [13]. The adhesion amongst epithelial
cells is due to e-cadherin which is needed for
epithelial-mesenchymal transformation [14]. The
expression level of e-cadherin mMRNA is
influenced by miRNA. In particular, the bmiR-200
family members are crucial for regulation of e-
cadherin expression [15,16].

In this study, GLA increased e-cadherin
expression in a concentration-based fashion.
Moreover, GLA treatment led to significant
changes in the expressions of miR-200-a, miR-
200-b and miR-200-c, with changes in miR-200c
being the most significant. This indicates that the
inhibitory effect of GLA on the migration and
invasion of the cells might be related to the
increase in e-cadherin expression through
upregulation of the expression of miR-200c.
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CONCLUSION

This study demonstrates that exposure of breast
cancer MDA-MB-231 and BT549 cells to GLA
upregulates the expressions of miR-200c and e-
cadherin, thereby suppressing the invasive and
metastatic potentials of breast cancer cells.
Thus, the findings provide a theoretical basis for
the development of new breast cancer drugs.
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