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Abstract: In this research, atractylenolide Il (ATR I1) on apoptosis, cell cycle cells via ER pathway in breast cancer
(MDA-MB-231 and MCF-7) cells are assessed. The effect of ATR Il on cell proliferation was detected by MTT
assay. Additional flow cytometry, luciferase, the western blot were performed to detect the signaling pathway
cytotoxicity of ATR Il. We have also carried out autodock measurements to validate our results. Our findings showed
ATR Il could inhibit breast cancer cell growth by apoptosis mainly through G2/M-phase cell cycle arrest. Besides, the
cytotoxicity of ATTR Il on breast cancer was also correlated by the regulation of endrogen receptors and promising an
anti-inflammatory activity via inhibiting NF-KB signaling pathways. Taking together, ATR Il could be a potential anti-
cancer drug for breast cancer.

Keywords: ATR 11, apoptosis, ER/NF-KB, G2/M, autodock.

INTRODUCTION

Breast cancer is one of the most severe heterogeneous
diseases leading to millions of deaths every year (Bray et
al. 2018). Different efforts have been devoted to
overcoming this critical issue by paying particular
attention to its prevention, diagnosis, and treatment.
Breast cancer can be treated through surgery,
chemotherapy, or radiotherapy methods, which differ in
their actions (Currey et al. 2018; Ponde et al. 2018).
Nevertheless, these approaches are practical only at the
earlier stage of tumor activity. Furthermore, these
strategies present little and short-term effectiveness
because of their high toxicity, off-targeting effects, and
inefficiencies for long-term use (Quintela-Fandino et al.
2017).

Previous studies have reported that more than 80% of
breast cancers express estrogen receptors (ER). ER is
further divided into ER-alpha (ERa) and ER-beta (ERp)
as a steroid hormone receptor. Szmyd et al. reported that
ERa-positive cells had a higher number of normal breast
cancer genes than ERa-negative cell lines in an estrogen-
dependent manner (Szmyd et al. 2018). Studies also
showed that overexpression of ER-B and inhibition of
ERa could be an effective anti-tumor strategy against
breast cancer (De Luca et al. 2015; Park and Lee 2014; Qi
et al. 2005). In addition, the level of nuclear factor kappa-
B (NF-kB) is elevated in ER-human breast cancers
compared with ER* cells. Moreover, several studies have
reported a high ratio of the nuclear factor kappa-B (NF-
kB) in ER"human breast cancers compared with ER* cells.

*Corresponding author: e-mail: jiangnan678@sohu.com

The transcription factor NF-xkB is a crucial factor in
regulating immune system responses associated with
cancer. In its inactive form, NF-«xB remains in the
cytoplasm with its protein inhibitors (IxBs). External
stimuli such as tumor necrosis factor might drive the
phosphorylation of IxBa at its serine 32 or 36 part
through IxB kinase that consequently translocates NF-xB
from the cytoplasm to the nucleus. Furthermore, previous
studies reported that in prostate cancer, cell line inhibition
of ER-B induces suppression of inflammatory activity as
well as NF-xB (Ashour et al. 2018; Dondelinger et al.
2015; Xiao et al. 2019). inflammatory and antioxidant
activities because of their ability to regulate the activity of
molecular targets as well as their signaling pathways,
which are related to cell differentiation (Losada-
Echeberria et al. 2017). Among them, sesquiterpene
lactones have gained more attention due to fewer side
effects ( Samin et al. 2018). Atractylenolide 1l (ATR 1) is
a sesquiterpene derivative of the Atractylodes chinensis
plant. ATR Il was reported to have promising anti-tumor
activity, notably in gastric cancer, colorectal cancer, and
melanoma cell lines, through several signaling pathways
(Ho Lin et al. 2016; Tian and Yu 2017; Ye et al. 2011).
Furthermore, the biological efficiency of ATR 1l was
reported by scientist; Indeed ATR has been shown to
possess antioxidant, anti-inflammatory, Neuroprotective
among other (Hossen et al. 2019; Yim et al. 2018).

Despite its biological effectiveness against different
cancer cells, the molecular mechanism by which ATR I
affects benign and malignant breast cancer cells has not
been studied. Therefore, this study aimed to utilize ATR 11
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as an anti-cancer agent to cure breast cancer malignant
and benign by determining the functional mechanism of
ATR 1l against breast cancer. Therefore, we hypothesized
that ATR Il could induce apoptosis in MCF-7 and MDA-
MB 231 by regulating ER expression after stimulation of
the androgen receptor through regulating the NF-
signalling pathway.

MATERIALS AND METHODS

Cell Culture

Human Breast cancer cells MCF-7 and MDA-MB 231
and human mammary epithelial MCF 10A cultured and
maintained in a DMEM medium containing 10% fetal
bovine serum (Gibco, P.R. China). MCF-10A cells were
cultured in DMEM/F12 (1:1) media supplemented with
5% horse serum, 1% PS, 0.05% hydrocortisone, 0.1%
human insulin, 0.02% epidermal growth factor, and
0.01% cholera toxin. Cells were culture then; the cells
were incubated at 37°C in a humidified atmosphere of 5%
CO2 and allowed for the growth of 70-80% of their
confluent (Balhouse et al. 2017).

Cell proliferation assay

The cells were seeded on 96-well plates at a density of
3x104ml, with 100 L per well. After the cells adhered to
the wall, the medium was absorbed, and a drug-containing
medium with different concentrations (0, 6, 12.5, 25, 50,
100, and 200uM) of ATR 1l was added, respectively. After
72h of culture, 25L of MTT solution of 5mg/ml* was
added to each well and incubated for 4h. Then, the
supernatant was discarded, and 200L of DMSO was
added, determined at the wavelength of 490nm with an
enzyme marker absorbance value. The proliferation
inhibition rate was calculated according to formula (1).

I % = A570 (control) - A570 (treated)] / A570 (control) x
100.

Where | is the inhibition rate, and A is the absorbance at
570nm

Annexin V/PI assays for apoptosis

The apoptotic cells were investigated by annexin V/PI
followed by flow cytometric regarding the manufacture
protocol. MCF-7 and MDA-MB 231 cells (5x10°
cells/well) were cultured in 6 wells plates and treated with
different concentrations (0, 35, and 70) uM of ATR II 48h.
After, cells were washed twice with PBS and stained with
S5uL  of Annexin V-FITC (Beyotime Institute of
Biotechnology, China, #Cat. No.: C1062L) and 10uL of
P1 in 500uL binding buffer for 15min at room temperature
in the dark. Finally, the apoptotic cells were determined
by flow cytometry (Cytomics FC 500; Beckman Coulter
Inc., Miami, FL)(Nasser et al. 2017).

Determination of MCF-7 and MDA-MB 213 cells cycle
distribution

Cells were seeded in a 6-well plate with 2x10° mL™ cells.
After the cells adhered to the wall, different

concentrations (0, 35 and 70uM) of ATR II were added
to the plate for 48h. Further, the cell was collecting
centrifugal gently with PBS suspension then fixed with
70% ethanol. After war cells, adjust cell concentration of
1 x, 106 mL, 1, with PBS wash liquid before dyeing, with
10ul RNase, 37°C water bath for 30 min, then add 25 pl
staining and mixed 4°C avoid light than indicated at RT
for 30 min. Flow cytometry instrument observation
determined the cell cycle distribution (Nasser et al. 2017;
Wang et al. 2018).

Determination of ROS expression in MCF-7 and MDA-
MB 231 cells

To determine the generation of ROS production, cells
were seed in 6 wells plate, then treated with or without
5mM N-acetylcysteine (NAC) and natural inhibitor of
ROS. Afterward, cells were treated with different
concentrations of ATR Il for 48h. Finally, cells were
harvested, washed, and resuspended in PBS containing
10uM of DCFH-DA for 15 minutes. The result was
carried by flow cytometry analysis (Fengjiao et al. 2019).

Determination of Mitochondrial Membrane expression
(MMP)

Cells with final concentrations of (0, 35 and 70) uM for
48 h were collected after 48 h treatment, then resuspended
in 5001 diluted Rho 123 staining solution, centrifuged at
2000 r/min for 5min, washed twice with PBS, and
resuspended again in PBS for flow cytometry detection
(Wang et al. 2018).

Western-blot analysis

The MDA-MB-231 cells were inoculated into a 6-well
plate at a density of 1x10* mL* cells per well, and the
cells were treated with (0, 35, and 70) uM of ATR 1II for
48 h. The total protein was extracted with a total protein
extraction kit and quantified with a BCA protein
concentration determination kit. Then, the western-blot
analysis was carried out by referring to the method of
(Nasser et al. 2018) with a small modification. Chemi-doc
MP was used to visualize the immune complex by
chemiluminescence detection. Proteins were quantified
using bio-RAD image analysis software, with -actin as
sample control.

Real-time gPCR analysis

After 48 h, the cells were collected, and total RNA was
extracted using the Eastep Super total RNA extraction kit.
After the RNA was prepared, the No Script Reverse
Transcription Mix kit and random primers were used (see
table 1) for reverse transcription. PCR reaction conditions
refer to gPCR Master Mix. ERP, ERa, gene expressions
were determined by ABI7500 rapid real-time PCR
system, and B-actin was used as the control. The results of
this experiment are expressed as "RQ" The results of this
experiment are expressed as "RQ."
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Gene Forward (5°-3”) Reverse(5-37)
ERp AATTCAGATAATCGACGCCAG GTGTTTCAACATTCTCCCTCCTC
ERa TAGTGGTCCATCGCCAGTTAT GGGAGCCAACACTTCACCAT
B-actin CACGATGGAGGGGCCGGACTCATC TAAAGACCTCTATGCCAACACAGT

Transient Transfection and Luciferase Report
Cells were cultured in 48 well plates for 16 h, then
transfected with NF-xB reporter (SA Biosciences) 100 ng
in the presence of Renilla Luciferase control pREP7
vector 25 ng. Afterward, cells were treated with different
concentrations of ATR Il and incubated for 24 h.

Docking system test

3D structures of ATR Il were obtained from NCBI
PubChem. The crystal structure of DR4 (PDB code:
1D5M) caspase-3 (PDB code: 1CP3) caspase 8 (PDB
code : 1F9E), p53 (PDB code: 1A1U) ER-B (PDB code:
112j), ER-a (PDB code: 1A52), TNF-a (PDB code:
1A8M), Bax (PDB code : 1F16), and Bcl-2 (PDB code:
1G5J) were obtained from the Protein Data Bank. The
ligands within the crystal structure complex were
extracted by PyMOL software (San Carlos, CA, USA).
AutoDock 4.2 version was used for the docking system
test. AutoDock Tools initialized the ligands via adding
gasteiger charges, merging non-polar hydrogen’s, and
setting rotatable bonds. The ligands were rewritten into
PDBQT format, which can be read by Autodock software.
AutoDock Tools were used to add polar hydrogen to the
whole receptor. The grid box was set to contain the whole
receptor region. The receptor output was also saved in
PDBQT format. AutoDock Vina was set with the
macromolecule held fixed and the ligands flexible.
Affinity maps for all the atom types present and an
electrostatic map and an electrostatic map were computed,
with a grid spacing of 0.375A. The structural models were
collected from the lowest-energy docking solution of each
cluster of AutoDock. Lower-binding energy indicates a
stronger binding ability (binding energy between -5 to -10
are considered to have better binding affinity). (Nasser et
al. 2020)

STATISTICAL ANALYSIS

Data were analyzed by the Statistical Pack-ages for Social
Sciences (SPSS) software version 20.0 (IBM Inc., New
York, USA). Results were expressed as mean + standard
deviation (SD). Significant differences between groups
were evaluated using Student’s t test. P-values were two-
sided and P-values < 0.05 were considered statistically
significant.

RESULTS

Cytotoxicity of ATR 11

To underline the cytotoxicity of ATR Il on the breast, we
first compare its cytotoxicity with one breast normal and
the cancer cell through the MTT assay. The cells were

treated with 0, 6, 12.5, 25, 50, 100, and 200 pM
concentrations of ATR Il. As shown in fig. 1, ATR Il was
able to inhibit the proliferation of MCF-7 considerably,
MDA-MB 231, cells, with consequently their half
minimum concentration 1Csq of, 70 and 68 uM.

ATR Il induces apoptosis in MCF-7 and MDA-MB 231
cells

To verify whether the cytotoxicity induction by ATR I
was associated with apoptosis, we performed a flow
cytometric of annexin V-FITC and Pl double-staining to
quantitatively assess the early apoptosis (B4), late
apoptosis (B2), and necrosis (B1). As shown in fig. 2A,
the (B4) values increased with the rise of the ATR I
concentration, respectively, in MCF-7 and MDA-MB 231
cells. Furthermore, a western blot was conducted to
evaluate the caspase's activity. As illustrated in fig. 2B,
ATR 1l can stimulate the activation of caspase-8, which
would lead to activate caspase-3 consequently.
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Fig. 1. Cytotoxicity of ATR Il breast normal and cancer
cells line: Cells line was treated with 0, 6, 12.5, 25, 50,
100, and 200uM of ATR II; Proliferation was assessed
after 72h, as described in materials and methods. Each bar
represents the mean + standard deviation of three
experiments*p<0.05 and **p<0.01 compared with the
control.

To further comprehend the extrinsic-apoptosis mediate by
ATR Il in MCF-7 and MDA-MB 231 cells, we simulated
the molecular binding of ATR Il to death receptors or
DR4, caspase-8, and caspase-3 by AUTO-DOCK
calculations. The result warranted that ATR Il was able to
dock to all DR4 and caspase-8/3. As shown in fig. 2C,
ATR 1l was surrounded by amino acids of DR4 with the
lowest binding energy of -7.99Kcal/mol gained (LY S207,
PHE208, ASP209, LYS212 and TYR213,). While ATRII
was surrounded by six amino acid of caspase-3 with the
lowest binding energy of -7.145Kcal/mol gained (THR77,
ASNB8O, LEUS81, ALA227, LYS224, and LEU233); finally,

Pak. J. Pharm. Sci., Vol.34, No.4, July 2021, pp.1449-1458

1451



Atractylenalide 11 induces cell cycle arrest and apoptosis in breast cancer cells through ER pathway

MDA-MB231 MCF-7
Concentration pM

¢ 33 7 0

- -

==

— =

R

- -]I)R4

Caspase-8

> - -l('—cnpmc-s

I Caspase-3

— -H — I(-«npust-}

A B
MDA-MB 231 MCF-7 - Celin
R Kart
wF y - i < - = u:a.“.m?
s 80 B Necrovh
0OpM oM o
"w » Yot
L
z
103 w 3
’ I S
"W 2 " . -9
-
» w r w o' n L "
{ r ! [ 0
w | E
{ 3§ pM { 3§ uM 0 35 70
o w . =
] ! Concentration uM
w | | w |
T M s } - Lie Cells
" ‘ w g 80 e
3 - Late mpeptonin
— - —— - > B A eerons
w 1w "W w » w 1L w t
wi T w{ T 3
8 ‘ S 40
1w 1 oM o 70 pM =
-4
w w | <
10 3" i " T L 0
._I;_—.- :—:- w Vll " » L)
Concentration p.\l
DR4 Caspase-8 Caspase-3
')
"
ol g - )
- ~
k( =~ % R 2 | S S 251

| ——

Caspase-3

Caspase-8

T 5 3 3 I
Affinity(Kcal mol™)

Fig. 2: Mechanism of induction of apoptosis by ATR Il on MCF-7 and MDA-MB 231 cells. (A) MCF-7 and MDA-
MB 231cells were subject to ATR 1II (0, 35 and 70uM) then, stained with annexin V /PI apoptosis assays through flow
cytometry; the ratios of apoptotic cells to all cells were quantified based on three independent experiments compared
with the control). (B)The cellular proteins were extracted to detect the levels of DR4, Caspase-8 and Caspase-3, as well
as beta-actin (control) by Western blotting. (C) DR4, caspase3 and caspase-8 binding sites, as well as binding energy,

were evaluated through AUTO-DOCK calculations.

we found that ATR Il was also able to dock caspase-8
protein with the lowest binding energy of -7.28 gained,
and ATR Il was surrounded by six amino acid of caspase-
8 (PHE327, LEU328, THR393, THR390, LEU329, and
PHE392). These findings verify our hypothesis that ATR
Il presents the potential to induce apoptosis through
extrinsic mitochondrial pathways.

ATR Il promotes MCF-7 and MDA-MB 231 cells
apoptosis through ROS induction and the collapse of
mitochondrial membrane potential

In cancer cell lines, reactive oxygen species play a dual
role (Shrivastava et al. 2014). In non-cancerous cells,
ROS production rate remains low compared to the cancer
cells in which stimuli such as inflammation lead to an
overexpression of ROS in cells that conduct cell death by
apoptosis autophagy (Kalyanaraman et al. 2018). A
previous study reported that ATR Il owned anti-
inflammatory and anti-oxidative responses (Wang et al.
2017); therefore, we hypothesize whether it might act as a
ROS inhibitor. Herein to underline whether the apoptosis

induced by ATR Il was associated with ROS induction in
MCF-7 and MDA-MB 231 cells. Cells were treated with
0, 35 and 70uM of ATR Il for 48h followed by the
treatment with the fluorescent probes DCF-DA to detect
and assess H;O2 by flow cytometry in the presence and
absence of N-acetyl-cysteine (NAC). The outcomes
showed that the generation of intracellular H,O, improved
considerably with ATR 1l treatment (0, 35, and 70) uM.
In the meantime, NAC treatment resulted in regulating the
induction of ROS expression due to treatment with
different concentrations of ATR Il (35 and 70 pM)
correspondingly, which therefore depicted the role of ATR
Il in the generation of H,0; as illustrated in fig. 3A.

A loss in the mitochondrial transmembrane potential
(Aym) has been observed due to the disruption of these
counterbalances (Sun et al. 2016). To validate whether the
apoptosis induced by ATR Il was associated with
mitochondrial depolarization, the investigation was
conducted on MCF-7 and MDA-MB 231 cells through the
employment of Rhodamine 123 staining flow cytometry.
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Fig. 3: ATR Il induces apoptosis in MCF-7 and MDA-MB231 through overexpress oxidative stress (ROS), while
collapsing Mitochondrial Membrane Potential, (A) Relative ROS generation in cells determined by DCFH-DA

incubation and assessed via a fluorescence microplate reader.

Data points represent the means + SD, n = 3*p<0.05, and

**p<0.01 versus control cells. (B) Relative Aym generation in cells determined by Rhodamine 123 incubation and

assessed via a fluorescence microplate reader. Data points

represent the means £ SD, n = 3*p<0.05, and **p<0.01

versus control cells. (C) Relative protein expression controlling the mitochondrial membrane potential assess through
western blot compare with control beta-actin. (D)Bcl-2 and Bax binding site, as well as binding energy, was evaluated

through AUTO-DOCK calculations.

ATR Il showed to induce mitochondrial membrane
potential collapse in dose depend-manner. However, the
pre-treatment of MCF-7 and MDA-MB 231 cells with
NAC completely reverse the action of ATR |1 (fig. 3B).

As shown in fig.3C, treatment of MCF-7 and MDA-MB
231 cells by ATR Il would induce mitochondrial
membrane potential loss. This fall of mitochondrial
membrane potential was mainly caused by the capability
of ATR Il to activate tumor suppressor p53; proteins were
shown in fig. 3B. To further make sense of the previous
result, we simulated the molecular binding of ATR Il Bax
and Bcl-2 by AUTO-DOCK calculations. As shown in fig.
3D, ATR Il was able to dock to both Bcl-2 and Bax
protein structures. Indeed, ATR Il was surrounded with
eight amino acids of Bax, and the lowest binding energy
of -7.36Kcal/mol was gained (ILE80, VALS83, ASP84,
THR85, PRO88, VAL91, PHE116, and LEU120).
Likewise, four amino acids of Bcl-2 and the lowest
binding energy of -8.4Kcal/mol were gained (PHE127,
GLU128, TRP173, and TYR177) the docking structure.

ATR 11 induces apoptosis through phosphorylation of
NF-«xB signaling pathways

The transcription factor, NF-xB, is a regulator of cell
proliferation as well as cell death. Once it is activated, it

will be translocated into the nucleus to induce activation
of IxB and inhibition of IxkB (House et al. 2018). Here, we
assessed NF-«kB signaling pathways through the use of
ATR 1l treatment ultimately, whereas TNF-a receptors
would target the phosphorylation of IxB and expression of
NF-kB. Results showed a reduction in expression of IKK-
a, COX-2, NF-«xB, and TNF-a as illustrated in fig. 4A,
these findings show that ATR Il acts as an anti-
inflammatory agent and an inducer of apoptosis in MCF-7
and MDA-MB 231 cells by inhibiting inflammatory
factors.

To provide further evidence of ATR Il role in NF-xB
regulation, we conduct transient Transfection and
Luciferase tests in MCF-7 and MDA-MB 231 cells. We
found that ATR 11 significantly inhibits NF-xB expression
in MCF-7 and MDA-MB 231 cells (fig. 4B).
Furthermore, the role of ATR 11 in the phosphorylation of
inflammatory factors was examined through the
molecular binding simulations of ATR Il by NF-kB and
TNF-0 by AUTO-DOCK calculation. Results warranted
that ATR Il was able to dock on both NF-kB and TNF-a
protein structures. ATR Il was surrounded with four
amino acids of TNF-a, with the lowest binding energy of -
8,76Kcal/mol was gained (LEU26, TRP28, ASN46, and
ALA134). While ATR 1l was surrounded by four amino
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Fig. 4: ATR Il induces MCF-7 and MDA-MB 231 cells apoptosis through the regulation of NF-kB/ER pathways. (A)
Cells were treated with or without ATR II (0, 35, and 70 uM) for 48 h. The cellular proteins were extracted to detect
the levels of NF-xB, IKK-a, COX-2, and beta-actin (control) by Western blotting. (B) MCF-7 and MDA-MB 231 cells
were transiently transfected NF-xB luciferase reporter plasmid. Cells were treated with ATR II (0, 35, and 70 uM) for
24h and then harvested for luciferase assays. (C) MCF-7cells were treated with or without ATR |1 (0, 35, and 70 uM)
for 48h. The cellular proteins were extracted to detect the levels of ERa and ERP as well as beta-actin (control) by

Western blotting. (D) Real-time RT-PCR was used to

quantify the ERa and ERp mRNA levels in MCF-7 cells

following 48 h treatment of ATR Il (0, 35 and 70 uM). A fold decrease of gene expression was calculated by dividing
the normalized gene expression activity by untreated control. The data shown are representative of three independent
experiments with the similar results. *p<0.05; and **p<0.01 compared with the control. (E and F)TNF-a, NF-KB, ER-
a and ER-f binding sites and binding energy, were evaluated through AUTO-DOCK calculations.

acids of NF-kB protein, the lowest binding energy of -
7.72Kcal/mol was gained (TYR473, VAL474, THR475,
and GLN601) in the docking structure (fig. 4E).

ATR Il induce ER-g Up-regulation and ERa Down-
regulation in MCF-7 cells line

Different from ERa, ER-f is somewhat uncertain in the
resistance of breast cancer. In consideration of the
discrepancy, this study was planned to analyze the
expression and function of ERa and ER-p on MCF-7 (ER-
positive) and MDA-MB231 (ER-negative) via western
blot. As shown in fig. 4C, ER-B expression was
significantly up-regulated, whereas ERa is shown to be
down-regulated in a dose-dependent manner in MCF-
cells. In contrast, there was no ER expression in MDA-
231 cells (fig. 4C). RT-PCR further testified the findings
mentioned above (fig. 4D).

To further understand the effects of ATR I|lI-mediated
breast cancer cell death on ER, we simulated the

molecular binding of ATR Il by ERa and ER-B through
AUTO-DOCK calculations. As shown in fig. 4F, ATR Il
was able to dock on both ERa and ER-B protein
structures. ATR Il was surrounded by six amino acids of
ERa with the lowest binding energy of -8.48Kcal/mol
gained (GLU354, LEU387, ARG394, MET388, LEU391,
and PHEA404). While ATR Il was surrounded by eight
amino acids of ER-B protein with the lowest binding
energy of -8.84Kcal/mol was gained (LEU301, ALA302,
LEU298, ARG346, LEU339, MET340, LEU343, and
PHE356), in docking structure (fig. 4F).

ATR Il induces G2/M phase cell cycle arrest in MCF-7
and MDA-MB 231 cells

Similar to apoptosis, cell death might occur by cell cycle
arrest. To test whether the cytotoxicity of ATR Il can
influence cell cycle arrest, flow cytometry was conducted
to evaluate particular disruptions induced by ATR II in the
distribution of cell cycle of MCF-7 and MDA-MB 231
(fig. 5A). The G2/M phases increased in MCF-7 and
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Fig. 5: ATR Il induces MCF-7 and MDA-MB 231 cells cycle arrest at G2/M phase arrest) MCF-7 and MDA-MB
231cells were subject to ATR II (0,35 and 70uM) then, stained with annexin PI cell cycle assays trough flow
cytometry, The ratios of a different phase of the cycle were quantified based on three independent experiments
(*p<0.05; and **p<0.01 compared with the control). (B) MCF-7 and MDA-MB 231 Cells were treated with ATR 11 (0,
35, and 70 uM) for 48h. The cellular proteins were extracted to detect the levels of p21, Cyclin A, CDK1, as well as
beta-actin (control) by Western blotting. (C) Cyclin and CDK1 binding site, as well as binding energy, was evaluated

through AUTO-DOCK calculations.

MDA-MB 231 cells and decreased GO/G1 and S phases.
Such results suggested that both MCF-7 and MDA-MB-
231 cells cause cell cycle arrest in G2/M phases. A recent
study [31] had reported that cell cycle arrest in MCF-7
and MBA-MD 231 cells occurs in the G2/M process; this
arrest was regulated by the CDK1/Cyclin A complex and
its downstream objective p21. Therefore, western blot
tests were performed on the levels of p53, p21, Cyclin A,
and Cdk1 protein expressions. Cyclin A and CDK1 were
down-regulated by ATR Il, and p21 and p53 expressions
were up-regulated accordingly (fig. 5B). To verify that
ATR 1l triggered G2/M arrest through inhibition of the
CyclinA / Cdkl complex, we simulated the molecular
binding of ATR Il, by CyclinAl and Cdkl by AUTO-
DOCK calculations. ATR Il was able to bind to both
CyclinAl and Cdkl protein structures. ATR Il was
surrounded by four Cdk1 amino acids, which received the
lowest binding power of -8,32Kcal/mol (LEU220,
LEU268, IE268, and TYR270).

Likewise, four amino acids of CyclinAl (PHE58, SER46,
VAL35, and PHE39) surrounded ATR Il with the lowest
binding energy of -7.094Kcal/mol gained (fig. 5C).

DISCUSSION

A previous study reported that ATR Il could be a novel
chemopreventive agent in breast cancer; however, their
study was limited to using human mammary epithelial
MCF 10A cell line (Wang et al., 2017). In this study, ATR
Il was used to observe the signal transduction of NF-xB
and the inhibitory effect of estrogen receptors (ERS) in
breast cancer cells. The rationale for targeting the NF-xB
ER pathway as a therapeutic target is that decreased levels
of activated NF-xB have been observed in many human
breast tumors. Likewise, compare to our previous studies
(Wang et al., 2018). It can be clarified from these results
that ATR stimulated the maximum cytotoxicity against
human breast malignant and benign cancer cells with
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Fig. 6: Hypothetical mechanism of cytotoxicity mediated by ATR Il on Breast cancer cells: ATR induces apoptosis by
activated death receptor DR4, which results in the apoptosis of breast cancer through extrinsic pathways. Moreover,
ATR 1l also induces oxidative stress, which might induce mitochondrial membrane collapse and promote in MCF-7
and MDA-MB 231 cells apoptosis and cell cycle arrest G2/M phase. On the other hand, ATR also might induce Breast
cancer cell apoptosis by inhibiting inflammatory factors such as TNF-a, Cox2, and NF-KB that result in the inhibition
of ER-a with over expression of ER-B, consequently drives the cells to their death by apoptosis.

lower drug concentrations. In contrast, ATR Il does not
have a significant effect on the normal breast cell line.

The interactive correlation between estrogen and ER-a
has been found to help in breast cancer therapy (van
Duursen et al. 2013). In contrast, although in vivo studies
insist that ER-f could prohibit cell proliferation and cell
cycle arrest based on its cancer suppression attributes, the
relationship between estrogen and ER-B remains
uncertain. Therefore, this study predicts ER-B expression
in breast cancer cells, according to the ATR Il-induced
anti-proliferation activity. For ER-positive cells (MCF-7),
it is feasible to add ATR 1II to improve ERp concentration.
Alternatively, ERB expression in ER-negative MDA-231
cells will never be increased. Thus, it can be concluded
that ATR II could trigger ERf expression and prohibit cell
proliferation. It undoubtedly affirms the relationship
between phytoestrogen and ERP in breast cancer cells.

Previous studies showed that ATR Il retains antioxidant
properties (Hoang le et al. 2016; Sumino et al. 2015). To
elucidate whether ATR Il can stimulate apoptosis of
human breast cancer cells, flow cytometry for ROS was
performed to evaluate the generation of hydrogen
peroxide in MCF-7 and MDA-MB 231 cells. Our study
showed that ATR Il could produce H,O,, which can be
reversed in NAC's presence. However, studies have
already proven that the generation of ROS is interrelated
with improved cell apoptosis. These results confirmed the

antioxidant property of ATR Il against human breast
cancer MCF-7 and MDA-MB 231 cells.

Moreover, ROS was reported to promote and de-regulate
mitochondrial membrane depolarization (Zareba and
Palka 2016). Besides, targeting mitochondria was a novel
approach for cancer therapy because of its involvement in
stimulating apoptosis. In this regard, mitochondrial-
mediated apoptosis can be highly regulated by
counterbalancing the expressions of pro-apoptotic as well
as anti-apoptotic proteins in the Bcl-2 proteins.

Nuclear factor NF-kB plays an essential role in
developing  breast cancer cell sensitivity to
chemotherapeutics and radiotherapy. Besides, NF-xB
plays a significant role in the inflammatory-mediated
action of cell death by apoptosis. For instance, the human
breast cancer cell line MCF-7 could not grow if inhibition
of the NF-xB pathway (Kung et al. 2014; Thabet and
Moustafa 2017). NF-kB remains in the cytoplasm in an
inactive form through the regulation of IKK. The
phosphorylation of IKK by TNF-o induces ubiquitination
and degradation of IxkB, which results in the translocation
of NF-xB to the nucleus and subsequently initiates cell
death (lvanov et al. 2011). Our studies observed that ATR
Il inhibited the inflammatory factors COX-2, TNF-a, and
NF-kB. We thus propose that ATR II treatment may result
in the inhibition of NF-xB in MCF-7 and MDA-MB 231
cells as well, independent of their ER expression, which
might be due to the phosphorylation of COX-2.
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The cell cycle is the anatomical and physiological unit of
life. The cell is the unit of the biological community for
multicellular organisms. From that place, cell fulfills all
the characteristics of living things, namely, functional
organization, metabolism, homeostasis, growth and
development, reproduction, passing on  genetic
information, responding to environmental changes, and
ability to adapt through evolution. Cell cycle regulation
plays a crucial role in cell death. Every phase of the cell
cycle is regulated by cyclin's interaction and their relevant
cyclin depend-kinases (CDK), which guaranteed one step
to another. For instance, CDK1 could bind to cyclin-A
G2/M transition (Jin et al. 2015; Liu et al. 2016). The
CDK/cyclin complex activity is negatively regulated to
induce cell cycle arrest by a p53-dependent or p53-
independent pathway. In the p53-dependent pathway, the
DNA-induced CDK inhibitor p21 increases in DNA-
damaged cells with cell cycle arrest. Then non-repaired
cells may be eliminated by apoptosis via inducing Bax
and repressing Bcl-2 activity (Jin et al. 2015). Our data
show that ATR Il-induced MCF-7 and MDA-MB 231 cell
accumulation in the G2/M phase. These results suggest
that ATR Il-mediated cell cycle arrest is followed by
apoptosis. Western blot analysis showed that ATR 1l
increased the expression of p53 and p21, a CDK inhibitor,
which led to G2/M arrest. These results suggested that
ATR ll-mediated G2/M arrest occurs by inhibiting the
CDK1/cyclinA complex via p53-dependent p21 induction.

CONCLUSION

Our findings highlight (fig. 6) the mitochondrial anti-
proliferative role and pro-apoptotic role of ATR 1l in
breast cancer cells. ATR 1l was found to trigger oxidative
stress, inducing mitochondrial membrane collapse and
promoting apoptosis in MCF-7 and MDA-MB 231 cells.
In contrast, ATR Il drives the activation of DR4 and
promotes extrinsic apoptosis signaling. Furthermore, ATR
II-mediated apoptosis in breast cancer cells is mainly
mediated by inhibiting the inflammatory factor that leads
to the estrogen receptor regulation. Simultaneously, ATR
Il causes breast cancer cell proliferation arrest at G2/M by
inhibiting the CDK1/CyclinA  complex and
overexpression of the p53/p21complex.
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