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Role of ARID1A in epithelial-mesenchymal transition
in breast cancer and its effect on cell sensitivity to 5-FU
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Abstract. The loss of function mutation of AT-rich interac-
tive domain 1A (ARIDI1A) often occurs in patients with breast
cancer. It has been found that ARID1A knockout can enhance
both the migratory activity of renal carcinoma cells and
their sensitivity to therapeutic drugs by promoting epithelial-
mesenchymal transition (EMT); however, its mechanisms of
action in breast cancer remain unclear. In the present study,
immunohistochemistry and reverse transcription-quantitative
polymerase chain reaction (RT-qPCR) revealed that the
expression of ARIDIA in breast cancer tissues was signifi-
cantly lower than that in paracancerous tissues, and patients
with a low ARIDIA expression had a lower survival rate.
ARIDIA was expressed at low levels in breast cancer cells. In
addition, siRNA targeting ARID1A (siARID1A) and ARID1A
overexpression vector were transfected into MCF7 and
MDA-MB-231 cells, respectively. Proliferation assay revealed
that ARIDIA silencing increased cell viability and partially
reversed the inhibitory effects of 5-fluorouracil (5-FU) on
the MCF7 cells, while ARID1A overexpression exerted an
opposite effect on the MDA-MB-231 cells. ARIDIA silencing
promoted proliferation, migration, invasion and angiogenesis,
and partly reversed the inhibitory effects of 5-FU on cell
biological behaviors, while the overexpression of ARIDIA
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further enhanced the inhibitory effect of 5-FU on the cells.
Furthermore, ARIDIA regulated the migration and invasion
of breast cancer cells through EMT. On the whole, the find-
ings of the present study demonstrate that ARIDIA exerts an
antitumor effect on breast cancer, and its overexpression can
enhance the sensitivity of breast cancer cells to 5-FU.

Introduction

Breast cancer is a common type of cancer worldwide. Although
some progress has been made in the treatment of breast cancer,
the disease is still ranked as the second most prevalent leading
cause of cancer-related mortality among females (1-3). The
5- and 10-year survival rates of patients with metastatic breast
cancer are relatively low and no marked improvements in these
rates have been noted over past 20-30 years; approximately
10% of breast cancer cases exhibit local recurrence, which
severely affects the prognosis of patients (4). Therefore, it is of
utmost importance to identify and develop effective measures
with which to inhibit the metastasis of breast cancer cells. It
is also critical to understand the pathogenesis of breast cancer
and the expression levels of related molecules so as to develop
molecular therapies which may be used to inhibit metastasis.
In recent years, an increasing number of studies have found
that the differential expression of genes is of great significance
to the occurrence and development of diseases, which also helps
to clarify the molecular mechanisms related to diseases (5-7).
Jensen et al in 2018 indicated that tissue inhibitor of metal-
loproteinases-2 (TIMP-2) can alter the transformation of
epithelial cells to mesenchymal cells, and inhibit the growth,
invasion and metastasis of breast cancer (8). According to
the study by Raoof ef al in 2019, in non-small lung cancer,
the double blocking of EGFR and FGFR may help to prevent
and overcome the occurrence of EMT-associated acquired
drug resistance (9). In another study, growth differentiation
factor 15 (GDF15) was expected to be a novel prognostic indi-
cator for colorectal cancer, which may play a role in promoting
the metastasis of colorectal cancer by activating EMT (10).
AT-rich interactive domain 1A (ARIDIA) is located in the
chromosome 1p36 region (11), and has been found to mutate in
various types of cancer, such as ovarian cancer (12), endome-
trial cancer (13), gastric cancer (14) and pancreatic cancer (15).
In addition, ARIDIA mutations are associated with an
increased immune activity in gastrointestinal cancer (16). It
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has been reported that partial loss of ARIDIA expression
is related to unfavorable outcome of patients with breast
cancer (17). Epithelial-mesenchymal transition (EMT) plays
an important role in cancer development and progression (18).
Somsuan et al found in 2019 that ARID1A knockout promoted
EMT in cells, which was characterized by an increased
fusiform index and stromal markers, decreased epithelial
markers, and enhanced renal cell migration activity and drug
resistance (19). Wilson ef al in 2019 also indicated that the
abnormal endometrial tissue diffusion was closely related
to the increase in EMT-related gene expression induced by
ARIDIA deletion (20). Therefore, the role of ARIDIA in the
inhibition of EMT is worthy of attention. Moreover, whether
ARIDIA also plays a role in breast cancer by intervening in
the EMT process has attracted research interests. Therefore,
the present study conducted experiments to exmaine the role
of ARIDIA in breast cancer, in order to provide some basic
referential strategies for the targeted treatment of breast cancer
in clinical practice.

Materials and methods

Patient samples and patient survival rate. A total of 90 samples
of breast cancer tissues and their matched adjacent tissues were
collected from 90 patients aged between 30 and 50 years, who
were diagnosed with breast cancer at Dongzhimen Hospital,
Beijing University of Chinese Medicine from January, 2013
to January, 2014. The patients were divided into 2 groups
according to the median expression level of ARIDIA, and
their 5-year survival rates were calculated. Approval for the
study was obtained from the Dongzhimen Hospital Ethics
Committee (approval no. CH201309270). Written informed
consent was obtained from each patient. The demographics
data of the patients are presented in Table I.

Cells and cell culture. Non-cancerous breast cells MCF-10A
and breast cancer cell lines, including BT20, BT474, T-47D,
MCF7, MDA-MB-231, MDA-MB-453 were acquired from
the American Type Culture Collection (ATCC). Dulbecco's
modified Eagle's medium (DMEM) (GE Healthcare) supple-
mented with 10% FBS (Gibco; Thermo Fisher Scientific, Inc.),
100 pg/ml streptomycin and 100 U/ml penicillin was used to
culture the cells. The DMEM was maintained in a humidified
atmosphere at 37°C with 5% CO,.

Transfection, reagent treatment and grouping. ARID1 A siRNA
(siARID1A; 5'-GGAGAUUGGUGGAUUGACUTT-3') and
scrambled siRNA (siNC; 5'-UUCUCCGAACGUGUCACG
UTT-3") were purchased from Santa Cruz Biotechnology,
Inc. The pCMV6-XL4 and pCMV6-XL4-ARIDIA
(cat. no. SC303719) vectors were obtained from OriGene
Technologies, Inc., and pCMV6-XL4 was used as a nega-
tive control (NC). For transfection, the MCF7 cells were
transfected with 50 nM siNC or 50 nM siARIDIA, while
the MDA-MB-231 cells were transfected with 100 ng
pCMV6-XL4-ARIDIA or 100 ng NC. Cell transfection was
performed using Lipofectamine 2000 (Invitrogen; Thermo
Fisher Scientific, Inc.) according to the manufacturer's instruc-
tions. The cells were incubated in DMEM for 48 h at 37°C
prior to all subsequent functional investigations. Following
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transfection, the cells were treated with 5-fluorouracil (5-FU;
5,10, 20,40 and 80 ug/ml) for 24 h, which was purchased from
Harbin Pharmaceutical Group.

In order to examine the effects of 5-FU on breast cancer
cell viability and ARIDI1A expression, the groups were
set as follows: The control group (untreated cells), siNC or
NC group (cells transfected with siNC or NC), siARIDIA
or ARIDIA group (cells transfected with siARIDIA or
pCMV6-XL4-ARID1A), 5-FU + siNC or NC group (cells
transfected with siNC or NC and treated with 5, 10, 20, 40
and 80 ug/ml 5-FU), 5-FU + siARIDIA or ARIDIA group
(cells transfected with siARID1A or pCMV6-XL4-ARIDIA
and treated with 5, 10, 20, 40 and 80 pg/ml 5-FU). In order
to explore the function of ARIDIA in breast cancer cells, the
main groups in the present study were set as follows: siNC
or NC group, siARIDIA or ARIDIA group, 5-FU + siNC or
NC group (cells transfected with siNC or NC and treated with
40 ug/ml 5-FU), 5-FU + siARIDI1A or ARIDIA group (cells
transfected with siARIDI1A or pCMV6-XL4-ARIDIA and
treated with 40 pg/ml 5-FU).

Immunohistochemistry. A tissue microarray (TMA) slide
set containing duplicate or triplicate 0.6-mm cores from
the 90 samples of breast cancer tissues and their matched
adjacent tissues from the same surgical resection specimens
was used. The immunohistochemical staining of ARIDI1A
was performed by TMA staining as follows: The mouse
monoclonal anti-ARIDIA antibody (sc-81193; Santa Cruz
Biotechnology, Inc.) was diluted at 1/30 in blocking solution,
and the primary antibody was incubated with the samples
for overnight at 4°C. The bound antibody was detected with
2 pug/ml goat anti-mouse biotin-conjugated secondary anti-
bodies (cat. no. ab6789; 1:2,000; Abcam). Subsequently, the
epithelial cells were evaluated by 2 independent observers,
who were selected to read the slides in a blinded manner.
The staining results were observed under a light microscope
(BX53; Olympus Corporation; magnification, x200). The
staining intensity was classified as 0 (negative), 1 (weak),
2 (moderate) and 3 (strong), the scores 0 and 1 were defined as
low, and the scores 2 and 3 were defined as high.

Reverse transcription-quantitative polymerase chain reac-
tion (RT-qPCR). For RT-qPCR, 10 ug of total RNA were
extracted using TRIzol reagent (Invitrogen; Thermo Fisher
Scientific, Inc.), and cDNA was then synthesized using
oligodT and SuperScript II reverse transcriptase (Invitrogen;
Thermo Fisher Scientific, Inc.). The amplification of the
RT-qPCR reaction was conducted using a SYBR Premix Ex
Taq kit (Takara Bio, Inc.) in the 7500 Real-time PCR system
(Applied Biosystems). PCR commenced with an initial DNA
denaturation step (at 95°C for 3 min), followed by 30 cycles
(denaturation at 95°C for 30 sec, annealing at 60°C for 30 sec,
extension at 72°C for 30 sec). The result of mRNA levels were
normalized to GAPDH. PCR results were calculated using
the 2244 method (21), as previously described. The specific
primers used are presented in Table II.

Cell proliferation assay. Following transfection, the breast cancer
cells (2x10*/well) in each group were plated in 96-well plates
and incubated for 24 h at 37°C. Subsequently, 10 ul of CCK-8



INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 46: 1683-1694, 2020

1685

Table I. Association between ARID1A expression and the clinicopathological characteristics of patients with breast cancer.

ARID1A expression
Variables No. of patients Negative Positive P-value
Total 90 45 45
Age (years) 52.6+10.8 53.3+12.8 0.780
TNM stage 0.003
I 27 9 18
II 29 12 17
III 34 24 10
Grade 0.660
lor2 58 28 30
3 32 17 15
Tumor size 0.656
<cm 27 14 13
>2.<5cm 30 13 17
>5cm 33 18 15
Lymph node status 0.003
Negative 40 13 27
Positive 50 32 18
ARID1A, AT-rich interactive domain 1A.
Table II. Sequences of primers used for RT-qPCR.
Gene Forward (5'-3") Reverse (5'-3")
ARIDI1A TCTTGCCCATCTGATCCATT CCAACAAAGGAGCCACCAC
E-Cadherin TGCCCAGAAAATGAAAAAGG GTGTATGTGGCAATGCGTTC
N-Cadherin CCATCACTCGGCTTAATGGT ACCCACAATCCTGTCCACAT
Vimentin GACAATGCGTCTCTGGCACGTCTT TCCTCCGCCTCCTGCAGGTTCTT
VEGF TACCTCCACCATGCCAAGTG ATGATTCTGCCCTCCTCCTTC
Cyclin D1 GGATGCTGGAGGTCTGCGA AGAGGCCACGAACATGCAAG
Bcl-2 TTGTGGCCTTCTTTGAGTTCGGTG GGTGCCGGTTCAGGTACTCAGTCA
Bax CCTGTGCACCAAGGTGCCGGAACT CCACCCTGGTCTTGGATCCAGCCC
GAPDH TGCCAAATATGATGACATCAAGAA GGAGTGGGTGTCGCTGTTG

ARID1A, AT-rich interactive domain 1A; VEGF, vascular endothelial growth factor.

solution (Dojindo Molecular Technologies, Inc.) were added to
each well to incubate the cells for 1 h at 37°C. The absorbance at
a wavelength of 450 nm was measured using a microtiter plate
(Thermo LabSystems; Thermo Fisher Scientific, Inc.).

Cell apoptosis assay. For the analysis of cell apoptosis,
the breast cancer cells in each group were collected and
stained with 10 ul of Annexin V-fluorescein isothiocyanate
(Annexin V; Thermo Fisher Scientific, Inc.) and 5 ul of prop-
idium iodide (PI) according to the manufacturer's instructions,
and the solution was then incubated at room temperature for
15 min. The percentage of Annexin V/PI-positive cells was
quantified using a FACScan flow cytometer (BD Biosciences).

Cell cycle assay. For the analysis of the cell cycle, the breast
cancer cells were collected, and further fixed using 70%
ice-cold ethanol at 4°C for 1 h. The cells were then washed
once with PBS. Subsequently, the breast cancer cells were
incubated with RNase (0.5 mg/ml) in PBS for 1 h at 37°C,
followed by incubation with PI for 30 min at 25°C in the dark.
The cell cycle was analyzed by FACS (BD Biosciences) at
488 nm.

Western blot (WB) analysis. The breast cancer cells were lysed
with ice-cold lysis buffer and the protein concentration was
calculated with a BCA Protein Assay kit (Pierce; Thermo Fisher
Scientific, Inc.). Equal amounts of protein were separated by
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10% SDS-PAGE and transferred onto a polyvinylidene fluoride
(PVDF) membrane. The membrane was then blocked using 5%
non-fat milk for 1 h and incubated with the following primary
antibodies overnight at 4°C: ARIDIA (1:2,000, 242 kDa,
ab242377), E-cadherin (1:10,000, 97 kDa, ab40772), N-cadherin
(1:1,000, 130 kDa, ab18203), Vimentin (1:1,000, 54 kDa,
ab92547), vascular endothelial growth factor (VEGF; 5-10 pg/ml,
21 kDa, abl316), cyclin D1 (1:10,000, 34 kDa, ab134175), Bcl-2
(1:2,000, 26 kDa, ab59348), Bax (1:2,000, 21 kDa, ab32503)
(all from Abcam). The secondary goat anti-mouse IgG H&L
(HRP) (1:2,000, ab205719) and goat anti-rabbit IgG H&L (HRP)
(1:2,000, ab205718) antibodies (both from Abcam) were then
used to incubate the membrane for 1 h at room temperature.
Image-Pro Plus 6.0 software (Media Cybernetics, Inc.) was
used to analyze protein expression. GAPDH (1:10,000, 36 kDa,
abl181602; Abcam) was used as an internal control.

Wound healing migration assay. For the determination of cell
migration, the breast cancer cells (1x10°/well) were inoculated
to 24-well plates with DMEM. An equally wide single scratch
was made using 10 pl pipette tip from the top to the bottom of
the culture plates when the cells of each group grew to reach
70% confluence. The debris was removed with PBS and added
serum-free DMEM. Images of the cells were captured imme-
diately after the scratch defect was made and at 24 h following
incubation at 37°C by using a light microscope (magnifica-
tion, x100; Nikon Corporation).

Cell invasion assay. Transwell chambers were used to assess
cell invasion. For cell invasion assay, the cells (3x10°/ml)
were cultured in serum-free medium. The cells were then
added to the upper chamber precoated with Matrigel matrix
(BD Biosciences), and medium containing 10% FBS was
added to the lower chamber. Following incubation for 24 h
at 37°C, cells remaining on the surface of the upper chamber
were removed with a cotton swab. The invading cells were
fixed with 4% paraformaldehyde for 15 min at room tempera-
ture, and then stained with 0.1% crystal violet solution for
20 min at room temperature. Images were obtained under a
light microscope (magnification, x100; Nikon Corporation)
and the number of migrated cells was calculated using ImageJ
software 1.8.0 (National Institutes of Health).

Tube formation assay. The breast cancer cell culture medium
was changed to serum-free DMEM medium for 48 h, and the
medium was then collected, centrifuged (1,000 x g, 10 min,
4°C) and filtered to obtain tumor-conditioned medium.
Subsequently, 50 ul of ice-cold BD Matrigel matrix (BD
Biosciences) was added to a 24-well plate and incubated for
30 min at 37°C. HUVECs (cat. no. PCS-100-010; ATCC) in
100 pl of conditioned medium were then added to the wells.
Following incubation at 37°C for 4 h, the wells were examined
using an Olympus CKX41 microscope (Olympus Corporation).
Images were then captured with an Olympus DP20-5 digital
camera (Olympus Corporation) and the capillary tubes in the
images were counted using ImagelJ software 1.8.0 (National
Institutes of Health).

Statistical analysis. The experimental data are expressed as
the means + standard deviation and analyzed using SPSS 20.0
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software (SPSS, Inc.). The data in presented in Table I were
analyzed using the Chi-squared test and rank sum test.
The Student t-test was used to analyze differences between
2 groups, and one-way ANOVA was used to analyze differ-
ences between >2 groups followed by the Bonferroni test. The
Kaplan-Meier method with the log rank test was adopted to
compare the survival rates in the 2 groups. P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

ARIDIA exhibits a low expression in breast cancer. In order
to examine the expression of ARIDIA in breast cancer, its
expression in breast cancer tissues (n=3) and their matched
adjacent tissues (n=3) was analyzed by immunohistochemistry,
and the results revealed that ARID1A exhibited a lower expres-
sion in the cancer tissues than in the adjacent tissues (Fig. 1A).
Moreover, the staining intensity in adjacent tissue no. 1 was
higher than that in adjacent tissue no. 2, but lower than that in
adjacent tissue no. 3; among the 3 cancer tissues, the staining
intensity in cancer tissue no. 1 was lowest and that in cancer
tissue no. 3 was the highest (Fig. 1A). RT-qPCR was then
performed to examine the mRNA expression of ARIDIA in
these tissues, and the results obtained were similar to those
obtained by immunohistochemistry (Fig. 1B). Subsequently,
the levels of ARIDIA in MCF-10A and breast cancer cell
lines, including BT20, BT474, T-47D, MCF7, MDA-MB-231,
MDA-MB-453, were compared and the results indicated that
ARIDIA was expressed at low levels in the breast cancer cell
lines compared with the normal MCF-10A cells (Fig. 1C).
Among the 6 breast cancer cell lines, the expression level of
ARIDIA was the highest in the MCF7 cells and the lowest in the
MDA-MB-231 cells. Thus, these 2 cells were selected for use in
further experiments. The data on the 5-year survival rate of the
breast cancer cases were then acquired, and the results revealed
that the overall survival rate of the breast cancer patients with
a higher expression of ARIDIA was higher than those with a
lower expression of ARIDIA (Fig. 1D). In addition, as shown
in Table I, ARIDIA expression was closely related to the TNM
stage and the lymph node status of the patients.

Silencing of ARIDIA partially reverses the inhibitory effect of
5-FU at various concentrations on cell viability. The MCF7
and MDA-MB-231 cells were selected to further conduct
in vitro cell experiments. After verifying the successful trans-
fection efficiency of the cells (MCF7 cells transfected with
ARIDIA siRNA and MDA-MB-231 cells transfected with
ARIDIA overexpression vector; Fig. 2A-F), it was found that
with the increase in the 5-FU concentration (5, 10, 20, 40 and
80 pg/ml), the inhibitory effects of 5-FU on cell viability were
enhanced; however, the silencing of ARIDI1A partially reversed
the inhibitory effects of 5-FU, whereas the overexpression
of ARIDIA further promoted the inhibitory effects of 5-FU
(Fig. 2G and H). RT-qPCR was then performed to examine the
effect of 5-FU on ARIDIA expression. It was found that 5-FU
increased the mRNA level of ARIDIA, and with the increase
in the 5-FU concentration, the promoting effect of 5-FU was
enhanced. However, transfection with ARID1A siRNA or
pCMV6-XL4-ARIDIA reversed or promoted the effects of
5-FU, respectively (Fig. 21 and J).
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Figure 1. Association of ARID1A expression and breast cancer. (A) Detection of ARIDIA expression in breast cancer tissues (n=3) and their matched adjacent
tissues (n=3) by immunohistochemistry. The tissue sections are numbered from 1-3. (B) Measurement of the mRNA expression of ARIDIA in tissues by RT-qPCR.
(C) Detection of the mRNA expression of ARID1A in MCF-10A,BT20,BT474, T-47D, MCF7, MDA-MB-231 and MDA-MB-453 cells by RT-qPCR. (D) Statistical
analysis of the relationship between the overall 5-year survival rate and the ARID1A expression level; the overall survival rate was calculated by Kaplan-Meier
survival analysis and compared using the log-rank test. Data were obtained from 3 representative experiments and are presented as the means + standard deviation.
The experiment was repeated 3 times (n=3). “P<0.001 vs. adjacent tissue or MCF-10A cells. ARID1A, AT-rich interactive domain 1A.

Silencing of ARIDIA suppresses the effects of 5-FU on cells,
whereas the overexpression of ARIDIA exerts an oppo-
site effect. The concentration of 40 yg/ml 5-FU was then
used to treat the cells transfected with ARIDIA siRNA or
pCMV6-XL4-ARIDIA. First, the apoptotic rate of the cells
was calculated by flow cytometry. It was found that 5-FU
promoted cell apoptosis; however, the silencing of ARIDIA
partially reversed this effect, whereas transfection with
pCMV6-XL4-ARIDIA enhanced the effects of 5-FU (Fig. 3A
and B). Similar results were obtained with cell cycle analysis:
5-FU exerted an inhibitory effect on the cell cycle at the GO
phase, and the silencing of ARIDIA partially reversed this
effect. However, the overexpression of ARIDIA promoted the
effects of 5-FU on the cell cycle (Fig. 3C and D).

A scratch test was also conducted to examine the migra-
tion rate of the cells. In this experiment, it was found that the
migration distance in the siARID1A group at 24 h was greater
than that in the siNC group, and the migration distance in
the siNC + 5-FU group was less than that in the siNC group;

siARIDI1A partially reversed the effect of 5-FU on cell migra-
tion, whereas the overexpression of ARIDIA promoted the
effect of 5-FU on cell migration (Fig. 4A and B). In addition,
Transwell assay was conducted to detect the invasion rate of
the cells. It was found that the silencing of ARID1A promoted
cell invasion, whereas 5-FU exerted an opposite effect. The
silencing of ARIDIA partially reversed the effect of 5-FU
on cell invasion, whereas ARIDIA overexpression exerted an
opposite effect to ARIDIA silencing (Fig. 4C and D). Tube
formation assay was performed to detect the angiogenesis
formation rate of the cells, and the results indicated that cells
transfected with ARIDIA siRNA exhibited a strong tube
formation ability, whereas 5-FU inhibited this ability, and
ARIDIA overexpression enhanced the effect of 5-FU (Fig. 4E
and F).

Silencing of ARIDIA promotes the expression of EMT-related
proteins, whereas the overexpression of ARIDIA exerts
an opposite effect. From the results of WB analysis and
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Figure 2. Effects of function of ARIDIA on the viability of breast cancer cells treated with 5-FU. (A and B) MCF7 cells were transfected with siARIDIA
and cultured for 48 h, and the transfection efficiency of siARIDIA was detected by WB analysis. (C) The mRNA expression of ARID1A in MCF7 cells was
detected by RT-qPCR after the cells were transfected with siARIDIA. (D and E) MDA-MB-231 cells were transfected with ARID1A overexpression vector
and cultured for 48 h, and the transfection efficiency of ARID1A was detected by WB analysis. (F) The mRNA expression of ARIDIA in MDA-MB-231 cells
was detected by RT-qPCR after the cells were transfected with ARID1A overexpression vector. (G) The effect of ARIDIA silencing on the viability of MCF-7
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RT-qPCR, it was revealed that the cells transfected with  protein and mRNA, and a higher expression of N-cadherin
ARIDIA siRNA exhibited a lower expression of E-cadherin  and Vimentin protein and mRNA. 5-FU increased E-cadherin



INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 46: 1683-1694, 2020

1689

A ; . . MCF7
siARID1A sINC+5-FU sIARID1A+5-FU
10¢ 10y %
0.03% 1.48% 2 -~
10° 103, g %0 T
— | © AR
o 10° 2402 10 |I o 20 L
o
10’ 10" ] § 10
100 19853 10° 7 100 BREY -
10° 10" 102 10° 10° 10° 10' 10° 10° 10° 10° 10' 107 10° 10° 100 10' 10° 10° 10° 0 o < o
Annexin V Annexin V Annexin V Annexin V 2 = T 7
> g 2 &%
T 2 &
% <
B MDA-MB-231
NC ARID1A 40 Al
oz 10" oo 1.41%) 9 - L
10° @ 30
— @
o1p? w 20 -+
w
;) 10' =i 2 10
2 i3 i i 3 ’ 5]
10 N 5:mJ w 1443%) 50 [7795% 10017 g
10 10‘ 102 10° 10* ' 10° 10' 102 10° 10*  10° 10' 102 10° 10* 10° 10' 10 10° 10° 0 o
Annexin V Annexin V Annexin V Annexin V g = E <L
Q 4 pb
o rF
< g2z
MCF7  wm siNC
C siNC siARID1A siNC+5-FU siARID1A+5-FU 100 = siARID1A
I f ] SINC+5-FU
ol § | 8 78 Tar  =mSARIDIASFU
(=2 { 1 —_—
E;r 3 £8| 5§ g &0
] 1 1 i =1
8—5 '?; 5] ugf S 40 i AR
1 | 1 *w F1]
ol — T ol 1 Sl S [
0 100 200 300 0 100 200 300 0 100 200 300 0 100 200 300
PE-A (=107 PE-A (=109 PE-A (x10%) PE-A (x10%)
MDA-MB-231
D = NC
g, NC ARID1A ) NC+5-FU . ARID1A+5-FU 100 - ARIDIA
m § [=)| 80 MNC+5-FU
_gl =3 3| F == ARID1A+5-FU
R £ = | £ 5 60
3g! 58 53 3 £
-8-‘; 8= °g 5 40
i ' | © 20
ol —— PR [ SE— [=3 [~} E—
0 100 200 300 0 100 200 300 0 100 200 200 0 100 200 300
PE-A (x10%) PE-A (109 PE-A (x10%) PE-A (<107 0

G0 S

G2/M

Figure 3. Effects of ARIDIA on the apoptosis and cell cycle of breast cancer cells treated with 5-FU. (A and B) The apoptosis of MCF7 and MDA-MB-231 cells
following transfection with siARIDIA or pCMV6-XL4-ARIDIA and treatment with 40 pg/ml 5-FU for 48 h was detected by flow cytometry. (C and D) The
cell cycle of MCF7 and MDA-MB-231 cells following transfection with siARID1A or pPCMV6-XL4-ARIDIA and treatment with 40 pg/ml 5-FU was detected
by flow cytometry. Data were obtained from 3 representative experiments and are presented as the means + standard deviation. The experiment was repeated
3 times (n=3). “P<0.001 vs. siNC or NC; #P<0.001 vs. siARID1A or ARIDIA; "P<0.05,"P<0.001 vs. siNC + 5-FU or NC + 5-FU. ARIDI1A, AT-rich interactive
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expression and decreased the expression of N-cadherin and
Vimentin, whereas the silencing of ARIDI1A partially reversed
the effects of 5-FU (Fig. 5A-C). On the contrary, the cells
transfected with pCMV6-XL4-ARIDIA exhibited a higher
expression of E-cadherin protein and mRNA, and a lower
expression of N-cadherin and Vimentin protein and mRNA,
and pCMV6-XL4-ARIDIA promoted the effects of 5-FU
(Fig. 5D-F).

Silencing of ARIDIA suppresses the effects of 5-FU on the cell
cycle, apoptosis and the expression of angiogenesis-related
proteins and mRNAs, whereas the overexpression of ARIDIA
exerts an opposite effect. From the results of WB analysis
and RT-qPCR, it was revealed that the expression levels of
ARIDIA and Bax were decreased, while those of VEGF,
cyclin D1 and Bcl-2 were increased in the siARIDIA group;
opposite results were observed in the siNC + 5-FU group,

while the silencing of ARIDI1A partially reversed the effects
of 5-FU (Fig. 6A-C). On the contrary, the expression levels
of ARIDIA and Bax were increased, while those of VEGEF,
cyclin D1 and Bcl-2 were decreased in the ARIDIA over-
expression group; similar results were observed in the NC
+ 5-FU group, and ARIDIA overexpression promoted the
effects of 5-FU (Fig. 6D-F).

Discussion

EMT is a process through which epithelial cells are trans-
formed into mesenchymal cells, characterized by the loss
of E-cadherin and the increase in vimentin expression, and
this process has been found to be involved in the metastasis
of several types of cancer (22-24). The results of the present
study suggested that the upregulation of ARIDIA expres-
sion enhanced the sensitivity of breast cancer cells to 5-FU,
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inhibited cell growth, migration and EMT, and promoted cell
apoptosis.

5-FU has been widely used as a first-line drug in human
cancer chemotherapy. It can target thymidylate synthetase
to play an anticancer role by blocking DNA synthesis
and interfering in RNA processing. However, the clinical
efficacy of 5-FU varies greatly due to chemotherapeutic
resistance (25,26). The study by Sagara et al in 2016 indicated
that 5-FU was a good choice for patients with triple-negative
breast cancer with distant metastasis (27). However, drug
resistance is an issue worthy of attention in treatment, which
was believed to be related to the overexpression of drug efflux
transporters or some enzymes or EMT (27). Some researchers
have demonstrated that the downregulation of ADAMI12-L
was helpful in reducing the resistance of breast cancer cells
to 5-FU, which was related to the regulation of PI3K/Akt
signaling, thus proving that the regulation of ADAMI12-L level
may have a positive effect on chemotherapy for breast cancer
patients in clinical practice (28). Another study reported that
the activation of FOXO3a can restore the sensitivity of breast
cancer cells to 5-FU (29).

In the present study, the role of ARIDIA in 5-FU-treated
breast cancer cells was investigated. It was found that the
expression of ARIDIA was lower in the human cancer tissues
than in the normal tissues, and it was also expressed at low
levels in breast cancer cell lines. Furthermore, patients with
a higher level of ARIDIA exhibited a longer survival time,
which is consistent with the antitumor effects of ARIDIA
observed in colon cancer. Mathur et al in 2017 found that the
loss of ARIDI1A led to invasive colon adenocarcinoma in mice,
and through the detection of some genes, it was found that

the regulation of enhancer-mediated gene was probably one of
the mechanisms through which ARIDIA exerts its anticancer
effects on colon cancer (30). Furthermore, Sasaki et al in 2019
found that the change in ARIDIA can be used as a charac-
teristic of the dual plate malformation type of small cell lung
cancer, and also a diagnostic immunohistochemical marker in
this disease (31).

Based on previous studies and the present experimental
results, the role of ARIDIA in the sensitivity to anticancer
drugs was further explored. Consistent with findings from
previous research that 5-FU inhibits cancer growth (32-34),
the results of the present study revealed that 5-FU inhibited
the activity of breast cancer cells, by promoting the apoptosis
and blocking the cell cycle in the G1 phase. The upregulation
of the expression of ARIDIA enhanced the effects of 5-FU
on the cells. In addition, it was found that 5-FU inhibited the
migration, invasion and tube formation of the cells, and the
upregulation of ARIDI1A expression enhanced the effects
of 5-FU on the cells, while the downregulation of ARID1A
expression exerted an opposite effect to 5-FU. These data
suggest that ARIDIA plays a role in enhancing the sensitivity
of breast cancer cells to 5-FU. Furthermore, the possible
mechanisms involved were investigated, and it was found that
5-FU promoted the expression of E-cadherin and inhibited
the expression of N-cadherin and Vimentin, whereas the
silencing of ARIDI1A exerted an opposite effect. Cadherin is
an important factor in regulating homeostasis. It can transfer
adhesion signals into a network of signal effectors and tran-
scription programs, thus regulating cell functions (35). The
decreased expression of E-cadherin is a sign of EMT (36). The
high expression of N-cadherin is positively associated with
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EMT (37). Vimentin is an intermediate silk protein expressed  expression level is related to changes in the cytoskeleton
in stromal cells and some ectodermal cells. Its abnormal  protein structure, and it has the ability to promote cuboidal
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epithelial cells to transform into fusiform fibroid cells, and
enhance their migratory ability. Therefore, the functions of
vimentin are mainly known as maintaining the morphology
of cells and organelles, signal transduction, transplantation
immunity and apoptosis (38). In the present study, it was found
that the upregulation of the expression of ARIDIA enhanced
the sensitivity of breast cancer cells to 5-FU, thus leading
to the inhibition of cell migration and proliferation, which
is related to the regulation of the EMT process. Apart from
these factors, genes that are related to proliferation, migration,
invasion and tube formation, such as VEGF, cyclin D1, Bcl-2
and Bax, were also influenced by 5-FU and the effect of 5-FU
on these genes were partially reversed by ARIDIA silencing.

On the whole, the loss-of-function mutation of ARIDIA
often occurs in breast cancer patients. The present study
demonstrated that the upregulation of the expression of
ARIDIA can enhance the sensitivity of breast cancer cells to
5-FU, inhibit cell growth, migration and EMT, and promote
cell apoptosis. However, there are also some limitations to the
present study; for example, in the future, animal models are
required to further verify the effects of ARIDIA on breast
cancer models to 5-FU, and further experiments and test
indicators are required to clarify the mechanisms of action of
ARIDI1A.

In conclusion, the present study demonstrates that ARID1A
plays an anticancer role in breast cancer and enhances the
sensitivity of breast cancer cells to 5-FU. These findings may
provide a novel treatment strategy for breast cancer.
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