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ABSTRACT

Background: Phytoestrogens are polyphenolic plant compounds which are structurally similar to the
endogenous mammalian estrogen, 17p-estradiol. Annexin A1 (ANXAT1) is an endogenous protein which
inhibits cyclo-oxygenase 2 (COX-2) and phospholipase A2, signal transduction, DNA replication, cell
transformation, and mediation of apoptosis.
Objective: This study aimed to determine the effects of selected phytoestrogens on annexin A1 (ANXA1)
expression, mode of cell death and cell cycle arrest in different human leukemic cell lines.
Methods: Cells viability were examined by MTT assay and ANXA1 quantification via Enzyme-linked
Immunosorbent Assay. Cell cycle and apoptosis were examined by flow cytometer and phagocytosis
effect was evaluated using haematoxylin-eosin staining.
Results: Coumestrol significantly (p < 0.05) reduced the total level of ANXAT1 in both K562 and U937 cells
and genistein significantly (p < 0.05) reduced it in K562, Jurkat and U937 cells, meanwhile estradiol and
daidzein induced similar reduction in U937 and Jurkat cells. Coumestrol and daidzein induced apoptosis
in K562 and Jurkat cells, while genistein and estradiol induced apoptosis in all tested cells. Coumestrol
and estradiol induced cell cycle arrest at G2/M phase in K562 and Jurkat cells with an addition of
U937 cells for estradiol. Genistein induced cell cycle arrest at S phase for both K562 and Jurkat cells.
However, daidzein induced cell cycle arrest at GO/G1 phase in K562, and G2/M phase of Jurkat cells.
Coumestrol, genistein and estradiol induced phagocytosis in all tested cells but daidzein induced signif-
icant (p < 0.05) phagocytosis in K562 and Jurkat cells only.
Conclusion: The selected phytoestrogens induced cell cycle arrest, apoptosis and phagocytosis and at the
same time they reduced ANXA1 level in the tested cells. The IC50 value of phytoestrogens was unde-
tectable at the concentrations tested, their ability to induce leukemic cells death may be related with
their ability to reduce the levels of ANXA1. These findings can be used as a new approach in cancer treat-
ment particularly in leukemia.
© 2020 Published by Elsevier B.V. on behalf of King Saud University. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Cell proliferation and cell death are processes that is essential to
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death processes such as apoptosis leads to various pathological
conditions such as cancer autoimmune diseases, and neurodegen-
erative diseases (Zaman et al. 2014; Matson & Cook 2017; Jan &

Chaudhry 2019).
Leukemia is a group of malignant hematological disease which
is mostly due to DNA mutations or chromosomal abnormalities
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hematopoietic stem cells. These abnormalities either activate
oncogenic pathways or deactivate tumor suppressor pathways
(Liuetal., 2015; Luczak et al., 2012). Generally, leukemia is divided
into either acute or chronic before further divided based on the
type of cells that undergo malignant transformation (myeloid,
myelogenous or lymphocytic). In chronic leukemia, hematopoietic
stem cells (HSCs) differentiate and eventually maturate but are not
fully functional and stay longer in the bloodstream than normal
cells. In acute leukemia, HSCs remain as immature state or undif-
ferentiated progenitor cells which resulting in blast cells to repro-
duce faster (Luczak et al., 2012). Leukemia is the cause of cancer-
related deaths in one-third of children and adolescents younger
than 15 years (Liu et al.,, 2015). Dong & Blobe 2006 stated that
transforming growth factor-p (TGF-B) were suggested to have an
early role in signalling pathway in hematologic malignancies such
as leukemia pathogenesis. Resistance towards TGF-B growth-
inhibitory and apoptotic effects allows clonal expansion in many
hematologic malignancies (Dong and Blobe, 2006). Although
hematologic malignancies like leukemia had different pathogene-
sis and treatment compared to solid tumor as they arise from cells
that are readily circulates through the body, they also share many
common alterations such as resistance towards growth-inhibitory
and differentiation factors, proliferate in the absence of exogenous
growth signals and also evade apoptosis and immunosurveillance
(Dong and Blobe, 2006). Chemotherapy, radiation, bone marrow
transplants and target-based therapies are among current treat-
ment for leukemia (Liu et al., 2015).

Annexin A1 (ANXA1) is an endogenous protein which is one of
the members of the Annexin family that bind to calcium and phos-
pholipids which has also been implicated in cell differentiation and
proliferation processes, membrane trafficking and cytoskeleton
organization (Belvedere et al., 2016; Rong et al., 2014). ANXAT1 is
either located in cytosol or membrane bound in various types of
cell (Lu et al.,, 2007). Previously known as Lipocortin 1, this
37 kDa protein was originally demonstrated to serve function in
down-regulation of inflammation depending on the presence of
calcium (Rong et al., 2014; Sheikh and Solito. 2018). Studies
showed that ANXAT1 is involved in various intra- and extracellular
events including inhibition of cyclo-oxygenase 2 (COX-2) and phos-
pholipase A2, signal transduction, DNA replication, cell transfor-
mation, and mediation of apoptosis (Sheikh and Solito, 2018;
Boudhraa et al., 2016; Ahmad et al., 2014). Recently, it has been
suggested that ANXA1 plays a role in cancer cell apoptosis (Lim
and Pervaiz, 2007). Its ability to down-regulate COX-2 activity sug-
gests that ANXA1 may be a plausible molecular target for anti-
cancer treatment (Hirata, 2014). COX-2 roles in tumorigenesis
are upregulating Bcl-2, vascular endothelial growth factor (VEGF),
matrix metalloproteinase-2 and -9, epidermal growth factor
receptors (EGFR) and extracellular signal-related kinase (ERK).
These in return causing apoptosis resistance, induced angiogenesis,
and metastases, induced tumor growth and cell invasions. Previous
studies showed that inhibition of COX-2 sensitizes cancer cells to
treatments (Goradel et al 2019). Aside from its ability to inhibit
COX-2, ANXA1 is reported to regulates multiple proteins that can
stimulate or inhibit pathways that contributes to pathogenesis of
cancers. Such proteins as TGFB/SMAD, ERK 1/2, and MMP pathway
that are essential in migration, invasion, cell growth and prolifera-
tion of cancer cells. ANXA1 is also showed to interact with NFikp
and p21"379P that are essential in apoptosis and cell cycle arrest,
therefore disrupts apoptosis and cell cycle arrest which leads to
cancer progression (Ganesan et al. 2020). Although it is commonly
dysregulated in some cancers such as esophageal and prostate can-
cer, ANXA1 was suggested to be tissue- and cell-type specific pro-
tein as it was also reported to be increased in other types of cancer
such as colorectal and pancreatic cancer (Rong et al., 2014; Guo
et al., 2013). However, there is lack of evidence on its involvement
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in leukemia. Canaider et al. (2000) demonstrated that endogenous
intracellular ANXA1 promoted apoptosis in myelomonocytic-
derived cells and macrophages (Canaider et al., 2000). It was also
shown that ANXA1 mediates the effect of histone deacetylases
(HDAC) inhibitors to inhibit three different types of human leuke-
mic cell lines U937, K562 and Jurkat cells proliferation (Petrella
et al., 2008).

Phytoestrogens are polyphenolic non-steroidal plant com-
pounds which are structurally similar to the endogenous mam-
malian estrogen, 17p-estradiol (Fig. 1). Based on their chemical
structure, they can be classified into four main groups namely iso-
flavones, coumestans, stilbenes and lignans. Although they selec-
tively modulate estrogen receptor activities, each class differently
affects the estrogen-mediated pathway (Sirotkin and Harrath,
2014; Hwang and Choi, 2015). Phytoestrogens are commonly pre-
sent in fruits, vegetables and whole grains that are commonly con-
sumed by human whether as food or medicinal use (Sirotkin and
Harrath, 2014). Isoflavones are found in abundance in legumes par-
ticularly in soybeans and soy products. Haron et al. (2009 and
2011) stated that raw ‘tempeh’, a popular soy product consumed
by the Malaysians, contained 26 + 6 mg of daidzein and
28 + 11 mg of genistein in 100 g (wet basis) (Haron et al., 2011;
2009). Konar (2013) demonstrated that coumestrol content was
high in red lentils (17.6 + 1.05 ng/kg) and kidney bean (18.5 £ 1.
45 pg/kg) (Konar, 2013). Daidzein is a major isoflavone found in
soybean that is metabolized to equol by gut microflora. Equol is
considered as the most important metabolite due to a greater affin-
ity for binding to the estrogen receptor than its precursor daidzein.
Phytoestrogens such as genistein has been reported to inhibit can-
cer cell invasion and metastasis (Sirotkin and Harrath, 2014;
Hwang and Choi, 2015). Liu et al.,, 2015 showed that genistein
could induce cell-cycle arrest and apoptosis in Jurkat cell lines
(Liu et al,, 2015).

Previous studies showed that estrogen receptors were also
expressed in leukocytes, megakaryocytes and platelets (Du et al.,
2017; Pierdominici et al., 2010). Therefore, the present study
aimed to investigate the effects of selected phytoestrogens on
ANXA1 modulation, apoptosis, cell cycle and phagocytosis in
K562, Jurkat and U937 leukemic cell lines.

2. Materials and methods
2.1. Reagents

Coumestrol (Sigma), Daidzein, Genistein, (ChromaDex), Dexam-
ethasone (CCM Duopharma, Malaysia), Estradiol (Sigma), Cyclo-
phoshamide (Endoxan, Halle, Germany), BD Pharmingen™

OH

HO'

17 B-Estradiol

Daidzein Coumestrol

Fig. 1. Chemical structure of coumestrol, daidzein, genistein and estradiol (17p-
estradiol). The chemical structures were drawn using ChemDraw Ultra 6.0.
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Annexin V-FITC (BD Bioscience, CA,USA), Propidium Iodide, PI
(Sigma, MO, USA), BD Cycletest™ Plus DNA Reagent Kit (Becton
Dickinson, CA, USA), methyl thiazolyltetrazolium (Sigma, MO,
USA), Dimethyl sulfoxide, DMSO (Merck, Darmstadt, Germany),
ANXAT1 ELISA kit (USCNK, Wuhan, China), haematoxylin (CLIN-
TECH LIMITED, GU4 7BN, UK) eosin (HISTO-LINE, Selangor,
Malaysia).

2.2. Cell lines

Acute lymphocytic leukemia (Jurkat) and acute myelogenous
leukemia (U937) cell lines were purchased from American Type
Culture Collection (ATCC, VA, USA) were cultured in RPMI 1640
(Gibco, OK, USA) supplemented with 10% fetal bovine Serum, FBS
(Gibco, OK, USA) and 1% Penicillin Streptomycin (Amresco, OH,
USA). Chronic myelogenous leukemia (K562), were cultured in
Iscove’s Modified Dulbecco’s Medium, IMDM (Gibco, OK, USA) sup-
plemented with 10% fetal bovine Serum (FBS) and 1% Penicillin
Streptomycin.

2.3. Cell viability assay

Cell viability was assessed by using protocol from Maioral et al.
2013 with minor modification. Cells were seeded at 2 x 10° cells/
mL in a 96-well plate and treated with phytoestrogens, estradiol
and dexamethasone at concentration ranging from 0 to 320 g/
mL while cyclophosphamide at concentration range of 0 -
8000 pg/mL and incubated for 24 h at 37 °C. MTT (5 mg/mL) was
added to each well in 1:10 ratio. The insoluble formazan was dis-
solved in dimethylsulfoxide (DMSO) and absorbance was read at
570 nm using a microtiter plate reader. The cell viability was deter-
mined using the following formula:

Atreatment — Ablamk

Ce]lVlabllltY(%) - Acontrol - Ablank

x 100

2.4. Quantification of ANXA1 expression

This assay was carried out according to Ahmad et al., 2014 with
modification (Ahmad et al., 2014). In final volume of 200 pL,
5 x 10° cells/mL were seeded and incubated with 40 pg/mL of
coumestrol (149.13 uM), daidzein (157.33 upM), genistein
(148.02 uM), estradiol (148.85 uM) and dexamethasone
(77.46 pM) at 37 °C for 24 h. The extracellular ANXA1 were col-
lected by centrifuging the cells at 130 x g, 27 °C for 7 min. The cell
pellet was re-suspended in 200 pL of PBS with 2 mM EDTA for
5 min at room temperature to collect the membrane-bound
ANXAT1. Cells were pelleted and the supernatant containing the
membrane-bound ANXA1 were collected. 200 uL of RIPA lysis buf-
fer containing protease inhibitor added to the cell pellet and mix-
ture were vortex for 30 s before centrifuged at 13000 x g for
15 min at 4 °C to collect the intracellular ANXA1. The quantifica-
tion of ANXA1 was performed using ELISA kit for ANXA1 according
to the manufacturer’s supplied protocol.

2.5. Apoptosis studies

Cells at concentration of 1 x 10° cells per well were treated
with 20 and 40 pg/mL of coumestrol (74.57 uM and 149.13 uM),
daidzein (78.67 uM and 157.33 pM), genistein (74 pM and
148.02 uM), and estradiol (74.43 pM and 148.85 uM). The treat-
ment concentration was unable to be raised higher due to the
insolubility of the phytestrogens and estradiol in aqueous solution
at higher concentration. Cyclophosphamide as a positive control
was used at concentration of 8000 pg/mL (28.66 mM) in this assay
as at concentration lower than 28.66 mM, no significant growth
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inhibition was observed. After incubation for 24 h at 37 °C, the cells
were washed with cold phosphate-buffered saline (PBS) and re-
suspended in Annexin V Binding buffer. Annexin V FITC dye and
propidium iodide (PI) were added to the cells according to the
manufacturer’s protocol and analyzed with flow cytometer (BD
FacsCanto II, CA, USA).

2.6. Analysis of cell cycle

In this assay, 1 x 10° cells were treated with coumestrol
(149.13 pM), daidzein (157.33 puM), genistein (148.02 pM) and
estradiol (148.85 uM), where significant apoptosis of tested cell
lines was observed for almost all phytoestrogens against the tested
leukemic cell lines. While the positive control, cyclophosphamide
was tested at concentration of 28.66 mM as significant apoptosis
induction in all cell lines following cyclophosphamide treatment
was only observed at this concentration. Cell cycle profiles were
evaluated by staining DNA with PI using BD Cycletest™ Plus DNA
Reagent Kit according to the manufacturer’s protocol. Samples
were analyzed with a flowcytometer (BD FacsCanto II, CA, USA)
and ModFit LT (ModFit LT, ME, USA) cell cycle analysis software.

2.7. Phagocytosis assay

The phagocytosis study was carried out by following the
method in Fernandez-Boyanapalli et al. 2010 with modification.
In this assay, 1 x 106 cells were treated with concentration coume-
strol (149.13 uM), daidzein (157.33 uM), genistein (148.02 pM),
and estradiol (148.85 puM), while the positive control, cyclophos-
phamide was tested at concentration of 28.66 mM. After 24 h incu-
bation, cells were co-cultured with macrophage for 1 h at 37 °C.
Unbound or cells that is not engulfed by the macrophage were
washed with ice cold PBS. The cells were fixed with methanol for
20 min prior to washing with tap water. The cells were stained
with haematoxylin-eosin method. In each well, 200 macrophages
were calculated at random sites under inverted microscope at
1000x magnification. The percentage of phagocytosis =
(Jmacrophage with target cells/200] x 100) and phagocytic
index = (percentage of phagocytosis x [average of target cells
bound and engulfed/200]) were calculated.

2.8. Statistical analysis

Data were statistically analyzed and presented as mean + S.E.M.
from three independent experiments. Data were analyzed by One
Way ANOVA followed by Bonferroni’s post-test using GraphPad
Prism 5 software (CA, USA). Differences were considered signifi-
cant if p < 0.05.

3. Results
3.1. Cell viability assay

The MTT assay was carried out for each compound on selected
human leukemic cell lines at the concentration range of 0-320 ng/
mL (Fig. 2). Coumestrol showed a dose-dependent effect on each
cell type tested, however, in U937 cells, no significant inhibition
on cells viability was observed. In K562 and Jurkat cells, coume-
strol showed a significant growth inhibition p < 0.001 and
p < 0.05 respectively at concentration 20 pg/mL and p < 0.001 start-
ing from concentration 40 pg/mL onwards. Furthermore, daidzein
caused significant growth inhibition (p < 0.05) starting from con-
centration 40 pg/mL onwards only in Jurkat cells. However, genis-
tein only caused significant growth inhibition (p < 0.05) on U937
cells at 320 pg/mL, and on Jurkat cells (p < 0.01) starting from
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Fig. 2. MTT analysis of cell viability on K562, Jurkat and U937 cells treated with phytoestrogens, estradiol and dexamethasone at concentration range of 0-320 pg/mL and

with cyclophosphamide at concentration range of 0 - 8000 ug/mL for 24 h at 37 °C.

160 pg/mL. Moreover, genistein showed more potent effect on
K562 cells as significant inhibition (p < 0.001) was observed from
concentration 40 pg/mL onwards. Estradiol showed a dose-
dependent effect on U937 cells with significant inhibition
p < 0.01 was observed starting from 80 pg/mL onward. Significant
growth inhibition (p < 0.01) by estradiol in Jurkat cells was
observed only at concentration of 320 pg/mL. Cyclophosphamide
was tested at different range of concentration due to different cell
sensitivity range to the drug. Cyclophosphamide as anticancer drug
was unable to induce significant growth inhibition on all three cell
lines at concentration lower than 8000 ug/mL (28.66 mM) and only
induced significant growth inhibition (p < 0.001) on U937 and Jur-
kat cells, while p < 0.05 in K562 cells at 8000 ug/mL. Even though
significant inhibition was observed in the cell lines treated with
the phytoestrogens, the IC50 value of phytoestrogens was unable
to be determined at concentration of 320 pg/mL. This is due to
the compound property that is insoluble in aqueous solution at
high concentration. Therefore, this finding showed that phytoe-
strogens did not have a cytotoxic effect on leukemic cells at the
concentrations tested. Meanwhile the ICsy values of cyclophos-
phamide was 8213 pg/mL (29.43 mM) for K562 cells, 8844 pg/mL
(31.69 mM) for Jurkat cells and 6453 pg/mL (23.12 mM) for
U937 cells.

3.2. Quantification of ANXA1 expression

Quantification of ANXA1 protein was performed at treatment
with coumestrol (149.13 pM), daidzein (157.33 uM), genistein
(148.02 uM), estradiol (148.85 uM) and dexamethasone
(77.46 uM). Sheikh & Solito et al. 2018 stated that ANXA1 is a pro-
tein that is regulated by glucocorticoid. Thus, Dexamethasone was
used in this assay as positive control. In this assay, we quantified
extracellular, membrane bound and intracellular ANXA1 after
treatment with phytoestrogens, estradiol and dexamethasone
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and calculated the total concentration of ANXAT1 in each leukemic
cell lines (Fig. 3).

The concentration of extracellular ANXA1 in K562 cells trea-
ted with daidzein (1.26 + 0.04 ng/mL, p < 0.05) and genistein
(1.15 £ 0.06 ng/mL, p < 0.01) showed a significant decrease com-
pared to negative control (2.46 * 0.07 ng/mL). Likewise, the
membrane bound ANXAT1 of cells treated by coumestrol 0.69 * 0.
03 ng/mL, genistein 0.76 * 0.03 ng/mL and estradiol 0.76 = 0.1
4 ng/mL showed a significantly lower with p < 0.05 for the three
compounds, compared to negative control (1.22 + 0.04 ng/mL).
Intracellular ANXA1 of K562 cells treated with coumestrol (3.3
9 + 0.21 ng/mL, p < 0.05), genistein 3.18 + 0.05 ng/mL and dex-
amethasone 2.81 + 0.06 ng/mL with p < 0.01 for both com-
pounds, were significantly lower compared to negative control
(4.47 £ 0.11 ng/mL). Total ANXA1 in the K562 cells treated by
coumestrol (5.60 + 0.19 ng/mL) and genistein (5.10 + 0.03 ng/
mL) was significantly lower with p < 0.001 for both compounds,
compared to the negative control (8.15 + 0.04 ng/mL). A signifi-
cant reduction in total ANXA1 (p < 0.05) was also observed in
dexamethasone (6.84 + 0.11 ng/mL) treated K562 cells compared
to its negative control. The extracellular ANXA1 in Jurkat cells
treated by daidzein (0.45 + 0.00 ng/mL) and genistein (0.48 + 0.
03 ng/mL) was significantly lower with p < 0.05 for both com-
pounds compared to negative control (0.94 + 0.15 ng/mL). How-
ever, there was no significant modulation on membrane bound
ANXA1 in Jurkat cells treated with phytoestrogens, estradiol
and dexamethasone. Only coumestrol showed a significant
reduction (p < 0.05) of the intracellular ANXA1 in Jurkat cells
(1.69 £ 0.11 ng/mL) compared to the negative control (2.84 + 0.
31 ng/mL). The total ANXA1 was significantly (p < 0.01, for both
compounds) reduced in Jurkat cells treated by daidzein (2.86 + 0.
06 ng/mL), genistein (2.90 + 0.08 ng/mL) and dexamethasone, 3.
42 + 0.07 ng/mL (p < 0.05) compared to negative control (4.37
+ 0.25 ng/mL).
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Fig. 3. ANXA1 concentrations in K562, Jurkat and U937 cells after 24 h treatment with coumestrol (149.13 uM), daidzein (157.33 puM), genistein (148.02 uM), estradiol
(148.85 uM) and dexamethasone (77.46 pM). * p < 0.05, ** p < 0.01, *** p < 0.001 compare to negative control. # p < 0.05, ## p < 0.01, ### p < 0.001 compare to positive

control (dexamethasone).

In U937 cells treated with phytoestrogens, estradiol and dex-
amethasone, the extracellular and membrane bound ANXAT1 levels
were not significantly modulated. Contrary a significant decrease
of intracellular ANXA1 concentration was observed in U937 cells
treated with coumestrol (1.74 + 0.11 ng/mL) and genistein (1.75 +
0.10 ng/mL) with p < 0.05 for both compounds, and with p < 0.001
for dexamethasone (1.37 + 0.07 ng/mL) compared to negative con-
trol (2.41 + 0.16 ng/mL). In comparison to positive control in U937
cells, dexamethasone decreased intracellular ANXA1 level stronger
than daidzein (2.74 + 0.03 ng/mL) with p < 0.001 and p < 0.01 for
estradiol (2.08 + 0.14 ng/mL) was observed. The total ANXA1 was
significantly lower compared to the negative control (3.34 + 0.11
ng/mL) in U937 cells treated by coumestrol, 2.70 + 0.14 ng/mL
(p < 0.01), genistein, 2.57 + 0.03 ng/mL (p < 0.001), estradiol, 2.8
8 + 0.07 ng/mL (p < 0.05) and dexamethasone, 2.17 = 0.03 ng/mL
(p < 0.001). This finding demonstrated that genistein decreased
significantly the total ANXA1 concentration in all cell lines tested,
meanwhile, coumestrol decreased in K562 and U937 cell lines and
daidzein decreased only in Jurkat cell.
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3.3. Effect of phytoestrogens on apoptosis induction in K562, Jurkat
and U937 cell lines

This assay was carried out using flowcytometric analysis by
dual staining of the cell lines with Annexin V-FITC and PI to deter-
mine the percentage of apoptotic and necrotic cells. The cell lines
were treated with two concentrations of coumestrol (74.57 uM
and 149.13 uM), genistein (74 uM and 148.02 uM), daidzein
(78.67 uM and 157.33 uM), and estradiol (74.43 uM and
148.85 uM) (Fig. 4A and 4B). For positive control cyclophos-
phamide, the tested concentration was 28.66 mM as this drug
showed no growth inhibition at concentration lower than
28.66 mM.

Concentration 74.57 uM of coumestrol induced apoptosis in the
Jurkat cells (10.27 + 0.50%) significantly with p < 0.001, meanwhile
at concentration 149.13 pM, it induced apoptosis in both K562 cell
(21.47 £ 1.14%, p < 0.01) and Jurkat cells (12.73 £ 0.29%, p < 0.001)
compared to its negative control. The same time coumestrol
caused slightly necrosis to the Jurkat cells (9.23 + 2.43%) with
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p < 0.01, ### p < 0.001 significant difference when compared with the positive control.

p < 0.05. The daidzein at concentration 78.67 uM induced apoptosis
at the Jurkat cells (10.30 £ 0.62%, p < 0.001) and at concentration of
157.33 uM, it induced apoptosis significantly in the K562 cells (21.
37 +2.45%, p <0.01) and Jurkat cells (9.30 £ 0.36%, p < 0.05), mean-
while it caused necrosis at the Jurkat cells (9.67 + 0.34%, p < 0.01)
compared to negative control. The genistein induced apoptosis sig-
nificantly at all cell lines tested as the K562 cells (25.80 + 2.28%,
p < 0.01), the Jurkat cells (9.63 + 0.35%, p < 0.01) and U937 cells
(17.27 £1.31%, p < 0.001) at concentration of 74 pM and at concen-
tration of 148.02 uM, genistein also induced apoptosis significantly
at all cell lines tested, for the K562 cell (29.43 + 3.70%), the Jurkat
cells (14.40 + 1.83%) and for the U937 cells (27.37 *+ 3.62%) with
p < 0.001 for the three cell lines compared to their negative con-
trols. More than that genistein did not cause necrosis to all cell
lines tested. Estradiol as endogenous hormone induced apoptosis
significantly with p < 0.001 in all cell lines tested at both concen-
trations except for the K562 and Jurkat cells with p < 0.01 at con-
centration of 148.85 uM compared to their negative controls. This
hormone also caused necrosis significantly in the Jurkat cells (6.8
0 + 0.80%) with p < 0.05 at concentration 148.85 uM. The positive
control cyclophosphamide induces apoptosis significantly higher
for all cell lines tested (p < 0.01 to p < 0.001, 44.70 + 1.19%) com-
pared to the negative control, coumestrol, daidzein, genistein and
estradiol, meanwhile it also caused necrosis in the U937 cell line
even though it was insignificant.

Our finding showed a variation of phytoestrogens ability in
inducing apoptosis, where genistein is strongest and followed by
coumestrol then daidzein, more than that genistein did not cause
necrosis in all cell lines tested. The cell lines response to the
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phytoestrogens also varied as all the cell lines tested were sensitive
to genistein while the Jurkat cells was sensitive to coumestrol. The
K562 cells showed higher sensitivity to genistein and the same
sensitivity to coumestrol and daidzein. However, the U937 showed
high sensitivity against genistein but resistant to coumestrol and
daidzein. K562 cells showed higher sensitivity to genistein and
same sensitivity to coumestrol and daidzein.

3.4. Cell cycle arrest induction in K562, Jurkat and U937 cell lines.

Cell cycle is a mechanism that is responsible for duplicating
eukaryotic cells, when irreparable damage occur in the DNA, will
cause arrest in this process that leads to apoptosis initiation. To
determine the effects of phytoestrogens and estradiol on the tested
cell lines, flowcytometric analysis based on propidium iodide
stained nucleic cells was performed. In the current study, we deter-
mined the effects coumestrol (149.13 uM), daidzein (157.33 uM),
genistein (148.02 uM), and estradiol (148.85 uM) treatment on cell
cycle arrest on the K562, Jurkat and U937 cell lines (Fig. 5).

Coumestrol caused significant cycle arrest (p < 0.001) at G2/M
phase on the K562 (34.58 + 2.25%) and Jurkat (41.73 £ 2.76%) cells,
and significant reduction (p < 0.01) on S phase (33.85 + 3.95%) and
(39.67 £ 2.10%, p < 0.01) respectively compared to their negative
control (G2/M: 15.44 + 0.17%; S: 53.07 + 0.75%). The U937 cells
showed that coumestrol significantly increased (p < 0.001) the per-
centage of cells in both S 72.21 + 1.64% and G2/M 25.41 + 2.94%
phases while reducing cells in the GO/G1 phase 2.39 + 1.32%
(p < 0.001) compared to their negative control (GO/G1: 42.49 + 0.
64%; S: 56.77 £ 1.28%; G2/M: 14.94 + 0.59%). Interestingly daidzein
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Fig. 5. Analysis of cell cycle in leukemic cells after 24 h treatment with coumestrol (149.13 uM), daidzein (157.33 uM), genistein (148.02 uM), and estradiol (148.85 uM). The
cells were harvested and stained with propidium iodide before quantified using flowcytometry. (A) Representative flow histogram depicting cell cycle distribution of
leukemic cells following an exposure to media (negative control), phytoestrogen, estradiol and cyclophsophamide (positive control). (B) Histogram analysis of cell cycle

distribution of leukemic cells following an exposure to media, phytoestrogen, estradiol and cyclophsophamide.

*p<0.05 " p<0.01, " p <0.001 significant difference when

compared with the negative control. # p < 0.05, ## p < 0.01, ### p < 0.001 significant difference when compared with the positive control.

induced significant cycle arrest at GO/G1 phase (53.06 + 2.18%,
p < 0.001) in the K562 cells with significant reduction in S phase
p <0.001 (31.68 + 0.23%), while in the Jurkat cells it caused signif-
icant increase G2/M phase (23.10 = 1.35%, p < 0.05) with reduction
in S phase (38.24 £ 3.33%, p < 0.01) compared to the negative con-
trols. Treatment of K562 and Jurkat cells with genistein showed the
cycle arrest at S phase, 68.82 + 3.08% (p < 0.05) and (74.39 + 2.35%,
p < 0.01) respectively and accompanied by reduction at GO/G1
phase, 18.31 £ 1.63% (p < 0.05) and (14.22 £ 3.09%, p < 0.01) respec-
tively compared to their negative control. Meanwhile genistein
showed no significant effect on the cell cycle of the U937 cells.
Estradiol caused cycle arrest on K562 and U937 cells at G2/M phase
(37.24 £ 2.71%, p < 0.001) and (49.99 + 1.12%, p < 0.001) respec-
tively and reduce GO/G1 phase (15.03 * 2.74%, p < 0.01) and (14.
29 £ 1.84%, p < 0.001) respectively compared to their negative con-
trol. In Jurkat cells, estradiol induced significant cycle arrest at G2/
M phase (47.98 + 4.14%, p < 0.001) and compensated by significant
reduction at S phase (42.52 + 2.45%, p < 0.05) and at GO/G1 phase
(9.50 £ 2.01%, p < 0.001) compared to negative control (G2/M: 10.
66 + 0.34%; S: 57.37 + 1.59%; GO/G1: 31.96 * 1.26%). The
Cyclophosphamide showed significant increase in cells percentage
of K652 cells in G2/M phase (29.36 + 0.43%, p < 0.01) compared to
its negative control, although no significant reduction in both GO/
G1 (24.12 + 1.93%) and S (46.52 + 1.50%) phases. Furthermore,
the Cyclophosphamide showed no effect to cycle arrest on the Jur-
kat and U937 cells.

This finding showed that coumestrol and estradiol significantly
arrested the cell cycle at G2/M phase of the three cell lines tested,
meanwhile daidzein arrested at G2/M for Jurkat cells and at GO/G1
for the K562 cells. Moreover, genistein arrested at S phase for the
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Jurkat and K652 cells and in active for U937 cells. Contrary the
cyclophosphamide showed the effect slightly only in K562 cells,
this finding showed that its anti-cancer effect may not through cell
cycle arrest.

3.5. Phagocytosis analysis

Phagocytosis is the final process of programmed cell death to
prevent occurrence of secondary necrosis that can leads to inflam-
mation and autoimmunity (Poon et al., 2014; Arandjelovic and
Ravichandran, 2015). In this study, cells were stained with
haematoxylin-eosin to differentiate the apoptotic cells, macro-
phages and phagocytosed cells and percentage of phagocytosis
along with phagocytic index was calculated (Fig. 6).

In K562 cells, significant percentage of phagocytosis (p < 0.001)
was observed in cells treated with coumestrol (41.17 = 1.30%),
daidzein (44.33 + 2.35%), estradiol (41.50 + 1.53%), and genistein
(35.17 £ 1.30%, p < 0.01) compared to negative control (21.33 + 1.
86%) and these results showed comparable to the positive control,
cyclophosphamide (42.00 £ 1.53%). While in Jurkat cells, the treat-
ment with coumestrol showed the percentage of phagocytosis sig-
nificant increase of 39.83 + 0.73% (p < 0.01), and daidzein (54.
83 + 3.88%), genistein (44.67 + 1.17%) and estradiol 48.17 £ 2.13%
(p < 0.001 for the three compounds) compared to the negative con-
trol (26.50 * 0.76%), with only daidzein showing significantly
higher in percentage (p < 0.01) compared to the positive control
(39.00 + 0.76%). In U937 cells, the percentage of phagocytosis
caused by coumestrol (38.17 + 0.88%), genistein (32.83 + 1.48%)
and estradiol (52.00 + 1.53%) showed significant higher with
p < 0.001 for the three compounds compared to negative control
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Fig. 6. Phagocytosis analysis of leukemic cell after 24 h treatment with coumestrol (149.13 uM), daidzein (157.33 uM), genistein (148.02 uM), and estradiol (148.85 uM). Cells
that are bound and engulfed by the macrophages (red arrow) were counted to calculate the % of phagocytosis and phagocytosis index (PI). (A) % of phagocytosis and (B)
phagocytic index (PI) of K562, Jurkat and U937 cells after 24 h treatment with phytoestrogens and estradiol 40 ug/mL. (C) Uptake of K562, Jurkat and U937 cells following a
24 h exposure to media (negative control), treated with phytoestrogen (representative) and cyclophsophamide (positive control) by macrophages stained with hematoxylin-
eosin (magnification 100x). * p < 0.05, ** p < 0.01, *** p < 0.001 compare to negative control. # p < 0.05, ## p < 0.01, ### p < 0.001 compare to positive control.

(25.33 = 1.74%). Estradiol showed comparable phagocytosis induc-
tion with the positive control (56.00 + 1.32%).

In the K562 cells, phagocytic index (PI) of coumestrol (32.34 + 2.
81, p < 0.01), estradiol (29.41 + 7.86 (p < 0.05) and daidzein (41.6
8 + 4.12, p < 0.001) showed significant increase compared to the
negative control (6.34 + 0.77), moreover it was a comparable effect
to the positive control (35.13 + 1.82). In Jurkat cells, coumestrol
(28.86 £ 1.77) and, genistein (31.57 + 3.62) with p < 0.01 for both
compounds and estradiol (38.02 + 3.22, p < 0.001) induced signif-
icantly higher PI compared to the negative control (7.00 + 0.60)
with no significant difference observed when compared with the
positive control (31.42 + 2.39). Meanwhile, increase in the PI
induced by daidzein, 69.69 = 4.97 (p < 0.001) was significantly
higher compared to both negative and positive controls. Signifi-
cantly higher PI was observed in U937 cells treated with coume-
strol (25.34 = 1.02, p < 0.01), genistein (38.82 + 2.51) and
estradiol 45.48 + 1.83 with p < 0.001 for both compounds com-
pared to the negative control (9.79 + 0.49) while significantly lower
(p < 0.001) compared to the positive control (70.25 + 3.86). This
finding showed that all the compounds tested increased the
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phagocytosis process in the three cell lines except for daidzein in
the U937 cells.

3.6. Relationship of ANXA1 modulation with cell death induced by
phytoestrogens

3.6.1. Coumestrol

In K562 cells treated with coumestrol at 149.13 pM, significant
reduction in membrane bound, intracellular and total ANXA1 were
observed at the same time significant increase in apoptosis was
also observed along with significant increase in percent of phago-
cytosis and phagocytosis index. Cell cycle arrest at G2/M phase was
also observed. These results suggested that may reduction of mem-
brane bound, intracellular and total ANXA1 in K562 cells treated
with coumestrol led to cell cycle arrest at G2/M phase, thus signif-
icantly increased apoptosis along with phagocytosis of this cells.
While in Jurkat cells, coumestrol reduced intracellular ANXA1 sig-
nificantly while causing significant increase of apoptosis, phagocy-
tosis and inducing cell cycle arrest at G2/M phase. Taken together,
these results showed that coumestrol exerts its effect in inhibiting
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Jurkat cells by reducing intracellular ANXA1 which led to cell cycle
arrest and thus triggering apoptosis and phagocytosis of this cells.
Coumestrol significantly reduced intracellular and total ANXA1 in
U937 cells. However, this did not trigger cell cycle arrest which
led to no significant apoptosis. In U937 cells, although coumestrol
caused no significant apoptosis, significant phagocytosis was
observed. Collectively, these results suggest that coumestrol effects
on ANXAT1 of U937 cells was not related to U937 cells’ cell cycle
and apoptosis.

3.6.2. Daidzein

Daidzein at 157.33 uM significantly reduced extracellular
ANXAT1 of K562 cells. Significant increase of apoptosis and phago-
cytosis with cell cycle arrest at GO/G1 were also observed. This sug-
gest that cell cycle arrest by daidzein caused significant apoptosis
in K562 cells which led to increase in phagocytosis of this cells.
This effect might be related to the reduction of extracellular
ANXAT1 in these cells by daidzein treatment. In Jurkat cells, daid-
zein caused significant reduction of both extracellular and total
ANXAL1. Based in the observed results, these reductions led to cell
cycle arrest of Jurkat cells at G2/M phase. This then triggered sig-
nificant apoptosis and thus significant increase in Jurkat cell
phagocytosis. Unlike in K562 and Jurkat cells, daidzein did not
exerts any significant effects on U937 cells.

3.6.3. Genistein

K562 cells treated with 148.02 uM of genistein showed signifi-
cant reduction in extracellular, membrane bound, intracellular and
total ANXA1. Cell cycle arrest at S phase, followed by significant
increase in apoptosis and thus significant phagocytosis was also
observed. Taken together, these results suggested that genistein
inhibited K562 cells by significantly reduced ANXA1 which trig-
gered cell cycle arrest and led to apoptosis and phagocytosis.
Genistein significantly reduced extracellular and total ANXA1 of
Jurkat cells and triggered cell cycle arrest at S phase then led to
apoptosis and thus caused significant increase in phagocytosis.
While in U937 cells, intracellular and total ANXA1 was signifi-
cantly reduced by genistein and it also induced significant apopto-
sis and phagocytosis on U937 cells treated with genistein was also
observed. These results suggested that significant reduction of
ANXAT1 by genistein in U937 cells directly triggered apoptosis of
this cells without causing cell cycle arrest.

4. Discussion

Apoptosis is a programmed cell death that is a mechanism
which removed the excessively damaged or potentially harmful
cells which is vital in maintaining cellular and tissues homeostasis,
fully functional capacity of the immune system and normal organs
(Fraser et al., 2009; Skommer et al., 2010). Apoptosis can be trig-
gered via two pathways; the extrinsic pathway which involved
activation of the death receptors and the intrinsic pathway which
is also known as the mitochondrial-mediated pathway (Tang et al.,
2013; Jasamai et al., 2016). This study demonstrated that coume-
strol and daidzein induced apoptosis in the K562 and Jurkat cells,
while genistein induced apoptosis in K562, Jurkat and U937. This
is in line with previous studies that stated phytoestrogens could
inhibit various cancer cells (Sirotkin and Harrath, 2014; Hwang
and Choi, 2015). Many studies reported that these three phytoe-
strogens mediated its apoptosis effect via the mitochondrial-
mediated (intrinsic) pathway (Zafar et al.,, 2017; Jin et al., 2010).
Coumestrol (Zafar et al., 2017; Jin et al., 2010), daidzein (Jin
et al,, 2010) and genistein (Li et al., 2010) were shown to up-
regulates the production of reactive oxygen species (ROS).
Increased in ROS leads to the loss of the mitochondrial membrane
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permeability which caused released of cytochrome c and induced
apoptosis (Zafar et al,, 2017; Lim et al.,, 2017). Coumestrol also
may induce apoptosis by inhibiting casein kinase II (CKII), which
play roles in cell viability and survival, apoptosis suppression,
RNA synthesis and cell transformation (Lee et al., 2013; Liu et al.,
2013). Liu et al 2013 showed that coumestrol inhibition of CKII that
leads to inhibition of Akt/Pkb pathways that is involved in anti-
apoptotic pathways and suppression of caspase activity (Liu
et al, 2013). Bcl-2 is an anti-apoptotic protein that is highly
expressed in cancer cells and maintains the integrity of the mito-
chondria. Coumestrol, daidzein and genistein previously have been
shown to down-regulate Bcl-2 expression in human hepatoma,
hepatic and breast cancer cells (Jin et al.,, 2010; Li et al., 2012;
Park et al., 2013). Down-regulation of Bcl-2 led to loss of mitochon-
drial integrity and released of cytochrome c into the cytosol. This
initiated the caspase cascade apoptosis induction (Skommer
et al., 2010). Previous studies also showed that treatment of human
hepatoma, prostate and hepatic cancer cells with coumestrol, daid-
zein and genistein up-regulate the caspase-3, —9 and —7 which
marks the intrinsic apoptosis pathways (Lee et al., 2013; Li et al,,
2010; Park et al., 2013). Like genistein, estradiol also caused signif-
icant apoptosis in K562, Jurkat and U937 cells. Previous study sta-
ted that estradiol at pharmacological dose inhibited proliferation of
murine leukemia cells. Sex steroid such as estrogens and proges-
terone has been shown to exert cytostatic/cytotoxic effects on leu-
kemia cells. Mossuz et al. (1998) demonstrated that U937 cells’
proliferation was inhibited by treatment with estradiol and testos-
terone (Mossuz et al., 1998). Apart from mediating its effect by
binding to estrogens receptors, leukemia cell also expressed lower
affinity receptors called type-2 estrogens binding sites (type-2
EBS), where estrogens have been shown to exert reversible cell
proliferation inhibitions by binding to the type-2 EBS (Mossuz
et al., 1998; Blagosklonny and Neckers, 1994). Do et al. (2002) sta-
ted that the estrogens apoptotic induction properties were attrib-
uted mainly by the Fas/FasL death receptor pathway (Do et al.,
2002). Ligation of the Fas receptors induce cleavage of pro-
caspase 8 into caspase 8 and triggered apoptosis (Do et al,
2002). This results showed that the Jurkat cell was the only cell line
which could be induced necrosis by coumestrol, daidzein and
estradiol, this finding was in line with study of Azmi et al. (2018)
that showed the Jurkat cells was the most sensitive to natural com-
pounds in Camellia sinensis extract with the necrosis value (18.9
3+0.96%, p < 0.001) was significantly higher than negative control
(Azmi et al., 2018).

Cell cycle progression is tightly regulated by positive and nega-
tive cell cycle regulating factors such as the cyclin and cyclin-
dependent kinase (CDKs), also cyclin-dependent kinase inhibitor
(CKIs) (Lim et al, 2017; Zheng et al., 2017; Casagrande and
Darbon, 2001). Assembling of CDK4 and CDK 6 with cyclin D1
and CDK2 with cyclin E allow the progression of the G1 phase,
while CDK2-cyclin A controls the S phase and CDK1 assemble with
cyclin A and B regulates G2/M phase progression (Casagrande and
Darbon, 2001; Choi and Kim, 2008). In the current study, cycle
arrest at G2/M phase was observed in coumestrol treated K562
and Jurkat cells, and estradiol treated K562, Jurkat and U937 cells,
and daidzein treated Jurkat cells. The effect of estradiol arresting
the cycle at the G2/M is in concurrent with study by Mossus
et al 1998 that stated estradiol arrest U937 cells at the G2/M phase.
Although previous studies showed that coumestrol induced cycle
arrest in breast cancer cells at the G1/S phase (Zafar et al., 2017),
current study showed that coumestrol induced cycle arrest on
G2/M phase of the K562 and Jurkat cells. The mechanism of which
coumestrol induces this effect on these cells has yet to be eluci-
dated. However, cycle arrest at G2/M phase is suggested to be
caused by down-regulation of CDK 1 and cyclin B expressions
which controls the G2/M phase (Pietenpol and Stewart, 2002;
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Shapiro and Harper, 1999). Estrogens and flavonoids that ligate to
type-2 EBS were able inhibit CDK1 which mediated the G2/M pro-
gression (Mossuz et al., 1998). p53 also played roles in G2/M arrest
by inducing both 14-3-3c and p21W3f/CP! that maintained the
G2/M arrest by preventing the activation of cdc2 (Pietenpol and
Stewart, 2002; Shapiro and Harper, 1999). In the current study,
we also demonstrated that daidzein induced cell cycle arrest in
K562 cells at GO/G1 phase. This result is concurrent with previous
studies that showed daidzein caused cell cycle arrest at the GO/G1
phase in human melanoma cells (Casagrande and Darbon, 2001),
choriocarcinoma cells (Zheng et al., 2017) and bladder cancer cells
(He et al., 2016). Daidzein also induced GO/G1 arrest in the colon
cancer, cervical cancer, hepatic and gastric carcinoma (Zheng
et al., 2017). Daidzein treatment increased the expression of p21,
a cyclin dependent kinase inhibitor which were correlated with
inhibition of CDK 4 and CDK2 which are essential in regulating
the GO/G1 phase. Daidzein also down-regulated the cyclin D1, c-
myc and proliferation nuclear antigen (PCNA) which plays roles
in the progression of GO/G1 phase (Zheng et al., 2017;
Casagrande and Darbon, 2001). In the current study, unlike in
K562 cells, daidzein induced apoptosis in Jurkat cells while causing
cell cycle arrest at G2/M phase. This was in line with finding of Han
et al. (2015) showed daizein causes G2/M arrest on hepatocellular
BEL-7402 cell lines (Han et al., 2015). Study by Guo et al. (2004)
also showed that, daidzein could cause cell cycle arrest at either
GO/G1 or G2/M phase (Guo et al., 2004). We also demonstrated
that genistein induced cell cycle arrest at S phase in K562 and Jur-
kat cells. Traganos et al. (1992) stated that genistein inhibition of
tyrosine phosphorylation during the late stage of S phase may slow
or block the transition of the cells from S phase to G2/M phase
(Traganos et al., 1992). Previous study by Li et al. (2010) demon-
strated that genistein at low concentration (5-10 pg/mL) induced
cell cycle arrest at G2/M phase, while increasing the dose to much
higher concentration led to perturbation of the cell cycle at the S
phase (Li et al., 2010). S phase progression is regulated by cyclin
A, CDK2 and E2F-DP heterodimeric complex. Failure to inactivate
the E2F-DP-1 will result in persistence activity of the E2F-1 which
leads to delay or block in the S phase. Inhibition of cycin A-CDK2
complexes also leads to S phase arrest. Cell cycle arrest in S phase
leads to induction of apoptosis (Pucci et al., 2000; Shapiro and
Harper, 1999).

Dead cells are rapidly removed in order to eliminate possibility
of development of secondary necrosis and leakage of cellular con-
tent via phagocytosis (Poon et al., 2014; Arandjelovic and
Ravichandran, 2015). In the current study, coumestrol, genistein
and estradiol induced significant phagocytosis of K562, Jurkat
and U937 cells, while daidzein in K562 and Jurkat cells only. Except
for coumestrol in U937 cells, these results are in line with the
results of the apoptosis induction assay by these compounds. Dead
cells produce various ‘find me’ and ‘eat me’ signal that attract the
phagocytes (Poon et al.,, 2014; Arandjelovic and Ravichandran,
2015). Phosphatidylserine (PtdSer) is the most common ‘eat me’
signal by the apoptotic and necrotic cells (Poon et al., 2014;
Arandjelovic and Ravichandran, 2015). PtdSer is externalised on
the membrane of the cells and trigger the phagocytic uptake
(Poon et al., 2014). Apart from PtdSer, complement component
C1q, collectin mannonse binding lectin (MBL), released of fractalk-
ine, lysophosphotidylcholine (LPC) and spingosine-1-phosphate
(S1P) also stimulate and direct the monocytes and macrophages
to the target cells (Poon et al, 2014; Arandjelovic and
Ravichandran, 2015).

ANXAT1 concentration in the leukaemic cell as K562, Jurkat and
U937 cells were significantly higher compared to the ANXAT1 level
in peripheral blood mononuclear cells (2.57 + 0.13 ng/mL) (Sabran
et al., 2019). That study was in line with the current results that
found the ANXA1 concentrations in the negative control were
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higher than PBMC and demonstrated that treatment of these cell
lines with phytoestrogens and estradiol significantly reduced the
ANXAT1 concentrations. The reduction of the ANXA1 in genistein
and estradiol treated K562, Jurkat and U937 cells was accompanied
by increased in cell cycle arrest, apoptosis and phagocyctosis of
these cells. This can also be observed in daidzein treated Jurkat
cells and coumestrol treated K562 cells. High expression of ANXA1
in RAW macrophages leads to constitutive activation of the ERK,
which is responsible for cells proliferation and survival (Iseki
et al., 2009). Up-regulation of ANXAT1 inhibited apoptosis in human
leukemic cells induced by the tumor necrosis factor and protects
leukemic blast from immune mediated killing (Wu et al., 2000).
In the current study, the tested cell lines treated with dexametha-
sone showed significant reduction in the total ANXAT1 levels. This
was in concurrent with study by D’ Acquisto et al. (2000) that
showed dexamethasone inhibit ANXA1 protein and mRNA expres-
sion in CD4 + cells in a time-dependent manner (D’Acquisto et al.,
2008). Kamal et al. (2001) also stated that ANXA1 induction by glu-
cocorticoid could be depending on specific cell type and systems
(Kamal et al., 2001). Therefore, there is possibility that the reduc-
tion in ANXAT1 in these cells by the phytoestrogens and estradiol
enhanced the cell cycle arrest and apoptosis induction of the cells
and thus increased the percentage of the phagocytosis. Considering
the IC50 value of phytoestrogens are undetectable at the concen-
trations tested, their ability to induce leukemic cells death may
be related with their ability to reduce the levels of ANXAT.

5. Conclusions

The selected phytoestrogens induced cell cycle arrest, apoptosis
and phagocytosis and at the same time reduced ANXA1 level in the
tested cells. The leukemic cells showed the variation in sensitivity
to different phytoestrogens. Since the phytoestrogens did not
demonstrate cytotoxic effect which was shown by their IC50 val-
ues were undetectable at the concentrations tested, their ability
to induce leukemic cells death may be related with their ability
to reduce the levels of ANXA1. This finding can be used as a new
approach in cancer treatment particularly in leukemia.

6. Data availability
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this published article and supplement data (Fig. S1).
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