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. ABSTRACT
2

Antitumor drug resistance and side effects of antitumor compounds are the most common problems
in medicine. Therefore, finding new natural compounds with antitumor activity with low side effects
could be interesting. This study was designed assay the antitumor activity of the extract from
Staphylococcus aureus, against breast cancer, The research was performed as an in vitro study. The effect
of the EPS extract on the priferation of MCF-7 cell lines was measured by MTT. Morp gical
Results of the study showed The most effective antitumor activity has been shown against MCF-7 cell
lines compdfel to Vero cell lines. The Bcel-2, Bax, p53, caspase3, and caspase9 genes' expression levels in
the MCF-7 cells were measured by qPCR, and the results indicated that treating cells with EPS extract
significantly increased the expression rate in apoptotic genes. and behavior the MCF-7 cells were driven
toward cell death. Based on the results, the bacterial EPS exhibits potential for use as a breast cancer
anticancer treatment.
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Introduction

Cancer, a neoplastic disease, an uncnntm]le@o]iﬁemtinn of cells results from abnormalities in
the cell cycle, which forms tumor tissue and cancer. Breast cancer (BC) is the most common type of
cancer and the second leadingse of cancer-related deaths among women globally [1]. As per the
Cancer Statistics 2020 report, An estimated 685,000 women died from breast corresponding to 16% or 1
in every 6 cancer deaths in women [2]. The significant advantages of bacterium-mediated cancer therapy
(BMCT) have gamered a lot of interest [3]. F@mre than a century, researchers have locm:l into using
bacteria as a possible cancer treatment [4]. In patients with bone and soft tissue sarcoma, injection of a
preparation of heat-killed Streptococcus pyogenes may cause tumor regression, according to a report
originally published by bone surgeon William B. Coley [4]. Thanks to developments in medical
technology, BMCT is getting more attention these days [5]. Numerous bacterial species have been
investigated, such as Salmonella species, Bifidobacterium, Clostridium, and Streptococcus [6].

Bacterial biofilms are intricate communities of bacteria adhered to surfaces that are kept together
by self-produced polymer matrixes known extracellular polymeric substances (EPS) mostly made of
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extracellular DNA, secreted proteins, and polysaccharides [7]. T#Ereserve adhesions and prevent
desiccation, bacteria release extracellular polymeric compounds into the environment in the form of
capsules or slime [8]. Polysaccharides are composed of water-soluble ionic or nonionic polymers [9].

The EPS exhibits effectiveness as an antioxidant, anticancer, and immune-stimulating activity
attributes hzaled to increased attention to EPS as a potential source of novel drugs for cancer, which is
regarded as one of the top ten global causes of death, Factors secreted from S. aureus biofilms might
Impairs Immune Response [10].

Studies have shown that genetic backgrounds, such as polymorphisms and gene mutations, play
an important role in canoem:velupment[l 1]. One of the apoptosis pathways is the mitochondria-
mediated pathway, which members of the Bcl-2 family of proteins control [12].

B-cell lymphoma 2 The Bel-2 family includes the antiapoptotic protein Bel-2 [13]. Depending on
how Bcl-2 interacts with other Bcl-2 family members, its function changes [14]. Solid tumors such colon,
@, stomach, ovarian, and breast malignancies express B [15]. Normal mammary tissue expresses
Bcl-2 family proteins, such as Bel-2 and Bax [11]. Bcl-2 is one of the Bel-2 family members that is
directly elevated by estrogen in breast cancer through transcriptional induction [16].Consequently, BCL2-
positive expression in breast cancer is linked to certain outcomes and might be interpreted as an indication
of estrogen receptor (ER) activation [17].

Recent studies have suggested that Bel-2 is a reliable prngatic marker, especially for hormone receptor
(HR) positive breast cancer. Also, many studies prove that Bel-2 is closely related to the occurrence and
development of breast cancer by inhibiting cell apoptosis [17]. Currently, the most frequent genetic
alteration linked to human neoplasia [githe pS3 mutation. pS3 mutations are linked to more severe disease
and a worse overall survival rate [2]. The aim of ﬂ‘mtudy was to investigate the anticancer properties
effects of bacterial EPS extract. Expression of P53, Bel-2 Bax, caspase-9 and caspase-3 genes in
reast cancer cell line (MCFE-7).

Materials And Methods
Bacterial strain and Culture medium
The S. aureus strains were grown in Tryptic Soy Broth TSB was prepared as per the manufacturer's

iﬁstmctiﬂns and autoclaved at 121 C for 15 minutes.
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Detection of biofilm formation in Tissue Culture Plate (TCP)

antitative biofilm formation on polystyrene biofilm-forming capacity was measured by the

determination of adhesion to polystyrene microtiter plates [ 18].

Development of a mature biofilm of S. aureus

Biofilms grown for EPS extraction were prepared by inoculating a glycerol stock of strain (200x1 of S.
ms ) the (O.D 0.5 at 600 nm), in 400 mL fresh media TSB supplemented with 0.25% to 4% glucose,
in 1.5 L Fernbach flasks to provide a larger surface area for biofilm attachment. Biofilms were grown at
37 °C without shaking for 4-5 days until a thick biofilm “sludge™ was observed [20].

Extraction crude EPS




Following the establifgElient of the mature biofilm, the cell pellets were precipitated and disposed of, and
the culture broth was centrifuged at 3,500 g for 15 minutes at 4 °C. The supernatant was left overnight at
4 °C with 5% Trichloroacetic acid added to guarantee that all cells were eliminated and that no protein
content remained in the supernatant. The supernatant was then centrifuged at 3,500 g. Using 0.1 M
NaOH, the pH of the clear supernatant was brought to 7.0. After completing each supernatant to threm
volumes with 95% ethanol and letting it sit at 4 °C for the night, the precipitate (EPS) was separated by
centrifugation at 3,500 g for 20 minutes at 4 °C. It was then twice cleaned with acetone and dehydrated
using ether. dried in a desiccator at the end then weighed and stored at room temperature [21].

Structural characterization of the EPS .
12
the dried EPS samples were yzed by FTIR spectroscopy in attenuated total reflection (ATR)
mode using an FTIR spectrometer. The spectrum was recorded in transmittance mode In the range of 400
—4,000cm' [22].
Preparation of bacterial EPS Extract
bacterial EPS extract was prepared in various quantities by dissolving it in sterile RPMI. Using
the filter paper, the resultant solution was filtered twice. Following the sterilization of the solution with
0.22-micron filters, standard stock solution (640 pg/ml) was serially diluted to create concentrations of
20, 80, 160, 320, and 640 pg/ml. [20].

Biological assay

Cell Culture and Treatment .
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The study effect of bacterial EPS extracts on cell viability was assessed as percent cell viability compared
with @introl on treatment cells, which were arbitrarily assigned 100% viability. Cell lines included, Vero
cells as a model for normal cells and MCF—‘m a Human breast carcinoma cell lines model cells were
purchased from the Pasteur Institute of Iran and maintm:d in the proper conditions, the cells were
maintained and performed as deg€fibed previously in, The experiments were made up when the cells were
in the logarithmic growth phase, This experiment was performed in triplicates and the results were
obtained as mean + SD [23.24].

CytotoxgElly assay

e effect of EPS on the proliferative capacity or viability of the cells was determined #fing 3-
(4.,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide assay as previously described [23].This
periment was performed in triplicates and the results were obtained as mean = SD.,
Primers

The forward and reverse primer sequences for RT-PCR and Real-time PCR were selected according to
previously published articles, as follows. The primers with reference are shown in (table 1).

Table (1) shows forward and reverse primer sequences

GAPDH F5-"TGAAGGTCGGTGTGAACGGATTTGGTC-3 [25]
R 5-CATGTAGGCCATGAGGTCCACCAC-3'

Bel-2 F 5-ATCTTCTCCTTCCAGCCTGA-3' [26]
'TGCAG CTGACTGGACATCTC3'

Bax F 5-CTGCAGAGGATGATTGCTGA-3'R [26]
S'GAGGAAGTCCAGTGTCCAGC-3'




Caspase 9 F 5'-CGAACTAACAGGCAAGCAG C-3' [27]
R 5'-ACCTCACCAAATCCTCCAGAAC-3'

Caspase 3 F 5-TGGTTCATCCAGTCGCTTTG-3 [27]
R §'-TGGTTCATCCAGTCGCTTTG-3
p53 F 5-GGCTCTGACTGTACC ACCATCCA-3' [28]

R 5-GGCACAAACACGCAC CTCAAAG-3'

RNA Extraction and cDNA Synthesis

. RNA extraction and cDNA synthesis was performed as described previously [29].
48
Real-time PCR

Real-time PCR was carried out, table (2.2) contains a list of all primer genes. g‘ne expression was
calculated by using the relative standard curve method of quantification and reported as a fold change in
gene expression [30].

Morplﬂogical characterization of cell death By Acridine Orange-Ethidium bromide AO/EB

Dissolve 1 pg of orange acridine and 1 pg of ethidium bromide with 10 mL of PBS, making the
prepared concentration 1% . The dye is prepared under dark conditions and at room temperature. Next, the
stain cover slid [31].

Statistical Analysis

The data were expressed as mean values + standard deviation of fgimean (SD). The difference
between control and treated groups was analyzed by One-way ANOVA. A value of P < 0.05 was
considered statistically significant.

Result

Study of microbial biofilms by tissue Culture Plate (TCP)

The TCP showed positive resultsa'ith high significant differences (p< 0.05). The average OD of S.
aureus w0.310389 +0. 015 and the average OD of negative control was 0.092167+ 0.023. (
figurel) (figure 2), (table 2) (table 3).

Table (2) Shows the OD of control samples (A), and (B, C, D) shows the OD of S. aureus in micro
ELISA

0.06 0.12 0.112 0.097 0.108 0.056

* (0D of uninuculﬁd medium as (negative control)
22
*0OD above that OD considered positive if its OD was twice that of the negative control strain.




Figure (1) Screening of biofilm producers by TCP method: high and non-slime producers
differentiated with crystal violet staining in 96 well tissue culture plate

EPS of bioflim description

After four days of incubation at 37 °C, Bacteria S. aureus displayed a heavy growth on the TSB agar
medium and produced opaque, off-white colonies with mucoid texture (figure2).The bacteria S. aureus
cultured in the stationary phase of development under ideal conditions provided the crude EPS, which were
then extracted and purified in accordance with the instructions in (Materials and methods). The figure (3)
shows the amounts of the EPS produced by bacteria .

Figure (2) shows heavy growth of biofilm after Figure (3) shows the EPS after Extraction steps
culture bacteria four days from biofilm

Characterization of EPS extract

The EPS's FTIR spectrophotometer (table 3) revealed numerous peaks corresponding to the main
functional groups of the EPS. The bands between 4000 and 3500 cm-1 were identified as the O-H
residue's stretching vibratm in the EPS. The stretching vibration of the lipid (Ch, CH2, CH3) appears at
the bands at 2800—-3000 cm-1. The stretching vibration of the carboxyl group and C=0 a[.mu" in the
bands at 1500-1800 cm-1. The EPS's 1500-1800 cm-1 bands identified the proteins from the C=0, N-H,
and C—N (amidel, amidell) fefidues. The sulfate active group SO4 is represented at 1800-1000 cm-1, and
900-125 cm-1 indicated to Polysaccharides, nucleic acids C-O, C-O-C, N-H (amide III) residue in the
EPS (figure 4).




Table (3) Assignments of principal infrared vibgtional signals of the (4000-400 cm-1) region of the
ART/FT-IR spectrum of the S. aureus EPS OF biofilm

Windows of IR spectra Principal EPS Main functional groups inbiomolecules
corresponding to EPS signals
4000-3500 cm’ alcoholic group O-H
00—3000 cm’ lipids CH,CH2,CH3
1500-1800 cm™ Proteins C=0, N-H ,C-N (amidel, amidell)
1800-10@] cm’’ sulfate S04
900-125 cm’’ Polysaccharides, nucleic acids C-0.,C-O-C.N-H (amide III)
g
S - CH3
§ N-H (
£ CH2
e 504
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c
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Figure (4) The major functional groups of the EPS that identified using FTIR spectrophotometer Wave
number ( cm') IR Spectrum of EPS from . aureus EPS of biofilm.

Cell viability
When both cells were treated with varying concentrations of EPS extract, the viability and survival
rates of the cells decreased considerably in a dose-dependent manner.

Cell viability of impact of S. aureus EPS on Vero cell line

Statistically significant differencdifin the viability of the Vero cell lines' dose-dependent manner were
observed in cells treated with EPS .The highest rate of viability Vero cell was at a concentration of 20 pg
/ ml and the lowest rate of viability was at a concentration of 640 pg/ml. was at different time treatment
exposures (24 48.72 h ), and there was remarkable inhibition in cell viability represented by a marked
inhibitory effect on the cell population also there were no significant differences between viability time-
dependent manner, figura A B), table (4), figure (6).

Table (4)shows cell viability of Vero cells as determined by MTT, after treatment with different
concentration of EPS for three times exposure

Concentrations pg/ml Viability percentage % | Viability percentage % | Viability percentage %
Vero 24 Vero 48 Vero 72




0 100+.00 100+.00 100+.00

20 00.95+0.68 90.63+0.56 89.63+0.67
80 86.83+8 .44 83.98+8.54 70.99+ 8.34
160 79.75+£11.80 59.30+£10.54 59.30+£9.57
320 76.33+ 18.81 43.86+1745 43.87+16.32
640 43.75+0. 46 42.95+0.98 42.95+0.45

Values are mean + SD (n-3)
* Represents a significant difference in comparison between treated groups and control (p<0.05)

Cell viability of impact of EPS on MCF-7 cell lines
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%Iistically significant differences in the viability of the %CF—’I cell lines dose{]&ndem
manner were observed in cells treated with EPS. The highest rate of viability in MCF-7 cells was at a
concentration of 20 pg / ml and the lowest rate of viability at a concentration of 6émgfml. at different
time exposure (24 48.72 h) The IC50 value for Vero was 441.5078ug/ml ,392.8385 pg/ml ,and 323.6588
pe/ml respectively and there was remark:m inhibition in cell viability represented by a marked
inhibitory effect on the cell population Also there were no significant differences between the treatments
based on time 48 and 72 h, but there was a clear difference between them and time 24h. figure (6), table
(5) , and there was remarkable inhibition in cell viability represented by a marked inhibitory effect on
the cell population also there were no significant differences between viability time-dependent manner,
figure (figure 3.9 A B), and Compare effect of EPS biofilm on viability between MCF-7 in and Vero cell
(figure 3,10,11,11)

Table (5) shows viability percentage of MCF-7cell lines

Concentrations pg/ml viability percentage % viability percentage % viability percentage %
MCF-7 24h MCF-7 48h MCF-7 72h

0 100+.00* 100+.00 100+.00

20 84.30+£3.561* 89.827+3.651 90.95+2 651

80 61.63+8.97* 75.23+7.88 7858+ 8.44

160 55.86+£5.97* 66.89+5.94 62.70+4 97

320 3945+ 9.81* 54.46+7.43 57914+8.99

640 20.31+1.320* 22.06+1.222 19.48+1.244

Assess the half maximal inhibitory concentration (ICs ) of EPS

The half maximal inhibitory concentration values were calculated by using the MS Excel curve

represent

Vero and MCF-7 cell lines was on 24 h. The IC50 value of Vero cell lines was

n (Table 6), and the most active dose of EPS that inhibits growth and proliferation of the
479.0123 pg/ml,

4547238 g/ml ,and 428.9419ug/ml respectively. While The IC50 of MCF-7 cell lines value was
297.4519 pg/ml, 365.8311 ug/ml and 365.8311ug/ml respectively. Also, there was significant difference
in ICsg between the time of exposure figure (6).

Table(6) Shows comparison of IC50 of YVero and MCF-7 Cell Lines at three time

cell line

IC50 pg/ml




Exposure time — 24

Exposure time — 48 Exposure time — 72

Vero

479.0123+.784%

454.7238+1% 428 9419+1%

MCF7

2974519 =1*

365.8311+1* 365.2941+1*

Values are mean + SD (n-3) * Represents a significant difference in comparison between treated groups
and control (p<0.05)

600

500

400 -
300
200 A
100 -
0 -

B

24 h

IC50 IC50
48 h 72h

M Vero

m MCF-7

Figure (6) Shows the comparison of IC50 of Vero and MCF-7 Cell Lines at 24,48,72 h

Morphological characterization of cell death by AQ/EB for treated cells with EPS

The morphological feature of cell death was also emphasized using fluorescent stain, both MCE-7
and Vero cells were treated with IC50 of EPS. MCF-7 living cells were green with uniform color , early
during the initiation of apoptosis, the cells stain green with bright green dots in the nucleus, due to the
chromatin condensation and nucleus fragmentation as fig.(7 B,D) shows when compared to unt d
control cells it was showed that there was normal morphology and appeared as green uniformly as shown
in fig (7A). In the late stage of cell death, the cells stain dense -yellow-green as shown in fig.(7B).
However, the Vero cell was treated with the same protocol, and the cells stained green with bright green
or yellow-green dotes as shown in fig (7B .D). In contrast, the untreated control group appears as a green
uniformly formed as shown in Fig (7A,C).

Figure (7) Picture shows treated MCF-7 cells stained with AOIEB.&rly apoptotic cells are shown as
bright green chromatin that is highly condensed (A10X). Late apoptotic cells have bright orange
chromatin that is highly condensed or fragmented (B 40X)).




Figure (8) Picture shows treated Vero cells stained with AQ/EB. Early apoptotic cells are shown as bright
green chromatin that is highly condensed (A10X)). Late apoptotic cells have bright orange chromatin that
is highly condensed or fragmented (B40X)

Biochemical Analysis of Cell Death by real time PCR

The current study focused on analyzing the genes related to the mitochondrial apoptotic pathway of
cellular death following treatment with an IC50 dose of bacterial EPS extract for 48 hours (table 7).

Table (7) shows expression of genes both Vero and LNCaP after treatment with EPS

Treatment with
EPS

Group cell line | P53 BAX Bel-2 Caspase-9 Caspase-3
expression expression expression expression expression

Vero 1.47+.01% 1.23+.01% 1.05+.01% 234+ 01% 1.47+.01%*

Treatment with

EPS

MCF-7 1.71+.01 1.45+01 0.64+01 3.6+01 1.47+01

Values are mean + SD (n-3) * Represents a significant difference in comparison between treated groups
and control (p<0.05)

Induction of Apoptotic in treated MCF-7 by activation P53 gene

According to the results, P53 expression was higher after receiving EPS treatment than its level in the
corresponding controls in MCF-7 cell lines. In comparison, Vero's cell lines showed a little increase after
the impact of EPS on cell lines (Fig 9).




m P53fold change
CONTROL

m P53fold change
EPS -SA

VERO MCF-7

Figure (9) shows graph of relative expression of P53 in Vero and MCF-7 cell treated and untreated with
EPS compare to control group.

3.9.2 Induction of Apoptotic in treated MCF-7 by activation of gax and Bel-2 genes

Treated human breast cancer cells MCFE-7 with EPS re d in a reduction of Bel-2 expression with
an increase in Bax expression . According to the results, the expression BAX gene in both cell lines
relative to the corresponding controls' level expression was shown to have tli§¥l greatest EPS effect on the
Vero and MCF-7 that were treated. (Figure 10)B¥ hile the result found thatﬂe expression of the Bel-2
gene showed a signific ecrease (P < 0.05) mn cancer cell lines MCF-7 compared to its level in the
corresponding controls, On the other hand not show any significant decrease in the Vero cell line (Fig
11).

2 14
12 T
15 = m BAX fold 1 - m BCL2 fold
change change
1. CONTROL 08 1 CONTROL
06 -
H BAX fold 04 - mBCL2 fold
0.5 1 change EPS- : change EPS-
SA 0.2 1 SA
0 - 0 -
VERO MCEF-7 VERO MCF-7
Figure (10) shows graph of BAX relative Figure (11) shows graph 5 relative expression
expression in Vero and MCEFE-7 cell treated or of Bcl-2 in Vero and MCEF-7 cell treated and
untreated with EPS compare to control group. untreated with EPS compare to control group.

Ratio of Bax and Bcl-2 genes

@e results demonstrated that in comparison to the control grounhe 48-hour Bax/Bcl-2 ratio for MCF-7
cells increased considerably at IC50. The table that displays the relative expression changes of the Bax
and Bcl-2 genes in the two groups that were treated and controlled is in Figure (12).
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1 - W BAX
mBCL2
0.5 -
0 -

VERO MCF-7

Figure (12) shows graph of ratio of Bax and Bel-2 in Vero and MCF-7 cell treated and untreated with

EPS compare to control group.

Induction of Apoptotic in treated MCF-7 by activation Caspase-3, Caspase-9 genes

The present study shnws@ ression of caspase-3 significantly increased after being treated with
the prepared EPS in human breast cancer cells MCE-7 cell lines compared to the control sarale and
normal cells (Vero) (Figure 13). Also, treatment leads to [5le activation of the gene Caspase-9 expression
in MCF-7 cancer cells treated with EPS at an IC50 dose compared to the control sample and normal cells

. (Figure 14).

6 5
5 4 .
'[ W CASPASE3 W CASPASES
4 fold change 3 fold change
3 CONTROL CONTROL
2 T B CASPASE3 2 W CASPASES
i fold change 1 4 fold change
EPS -SA EPS -SA
0 - o
VERO MCF-7 VERO MCF-7
Figure (13) shows graph of relative expression Figure (14) shows graph of relative expression
of Caspase-3 in mef-7and Vero cell treated and of Caspase-9 in mcf-7and Vero cell treated and
untreated with EPS. untreated with EPS.
Discussion

One of the main causes of the entirely successful in eliminating cancer cells [32]. One of the most
promising research directions is using specific types of microorganisms. Because of their many special
qualities, they are now seen as a potentially effective platform for cancer therapy [33].

The current investigation aimed to evaluate the cytotoxic effects and antioxidant potential of the

extracellular polymer (EPS) biofilm generated by Staphylococcus aﬁl

s bacterial strains on MCF-7

cancer cells, and Vero as normal cells. The investigation found that cells treated with EPS experienced a
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concentration-dependent decrease in cell viability. And study shows that in cells treated with IC50 values
of EPS, the MCF-7 cell lines were shown to be more sensitive to EPS than VERO cell lines and were the
most tolerant, this finding demonstrated, the EPS promises regarding potential anti-cancer properties.
32

Nami et al. (2018) observed nearly the same thing:E..lactis IW35 secretions had no harmful effects
on healthy cells, with 95% of the cells developing normally. Following this context Gasco, Shami, and
Crook 2002 fund the EPS containing antioxidant efficacy by reestablishing cell redox homeostasis,
which prevented the growth of new cells and the development of cancer.. According to earlier research
(Abdelnasser et al., 2017), Bacillus megaterium's EPS exhibited the highest level of cytotoxicity
against HepG2 cells. This significant cytotoxicity was caused by the uronic and sulfuric acids
included in the EPS structure. These compounds have cytotoxic and antibacterial properties,
making them valuable for usage in biotechnological and medicinal applications. One of these
materials is thought to be EPS (Hussain et al., 2017).

Additionally, EPS from Bacillus was isolated by Vidhyalakshmi and Vallinachiyar (2013), who
found that it was cytotoxic against MCF-7 but not against normal cells. While the majority of EPSs have
a relatively constant basic carbohydrate structure, the quantit their substituent groups can vary,
altering their activity and characteristics (Wang et al., 2016). In order to investigate the impact of the
polymer linkage and substituent functional groups on the biological activity of the polymers, it is usually
performed an FTIR to study the EPS extract. in the study of FTIR analysis Wang et al., 2016 findings
demonstrated that sulfur was present in the aforementioned EPSs as a substituent functional group.

Because of its qualities, the EPS has drawn more and more interest as a possible source of novel
cancer medications. including its efficacy as an antioxidant, anti-cancer, and immune stimulation agent
(Mancuso-Nichols et al., 2005). In clinical applications, serious side effects and multidrug resistance have
demonstrated the limitations of recent therapeutic techniques . For instance, it has been discovered that
polysaccharides produced from MD-b1 exhibit noteworthy therapeutic activity against the endophytic
bacteria Bacillus amyloliquefaciens which causes :mlach cancers (Chen et al., 2013). The anti-
proliferation impact of Lactobacillus casei 01 EPS on human colon cancer cells, HT-29, rises with
dosage, from 5 to 100ug ml-1. In tmatologica] tumor T-cell lines, high sulfated EPS B100S specifically
induced significant apoptosis (Liu et al., 2011; Ruiz-Ruiz et al., 2010).

Priyanka et al. (2016) report that a sulfate functional group (2.68%) and 7.08% uronic acid-
tainjng sugars are present in the EPS (650 mg 1-1). Because it can bind to the tumor-secreted
epidermal growth factor (EGF) and block the Akt K pathway, this makes it a prospective treatment
for brain cancers. This agrees with the finding by Liu et al. (2014) thamjonically charged EPS can
prevent EGF receptor phosphorylation. The EPS (300g ml-1) showed cytotoxicity against US7MG glioma
cells and an IC50 value (234.04 g ml-1) using the MTT test. .

67

From a morphological perspective, apoptosis is characterized as a form of regulated cell death, and it is a
crucial cellular route for medical professionals researching and amaging cancer (Wong, 2011). AO/EB
fluorescent staining is used to study the morphological changes in Vero and MCF-7 cells as well as the
identification of apoptotic signals throughout a 48-hour period at an IC50 concentration of EPS.

cording to morphological analyses, EPS treated cells exhibited an increase in apoptotic cells when
compared to the control group. suggesting that apoptosis may have contributed to the development of the
inhibitory action in treated cells. EPS has caused considerable cell detachment from the surface culture,
cell shrinkage, band the development of apoptotic bodies in tested cell lines. According to [11] the
majority of the contents of the cell are condensed, located on one side of the cell, have bigger cytoplasm,
and seem granular. Since their connections weaken, attached cells have a tendency to appear rounder,
while loose cells become loose (2017). Condensed nuclei and apoptotic fragments are typical apoptotic
features seen in treated cells treated for 72 hours against cancer, according to a study by [11].
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Typically, cancer cells develop auto-survival strategies and become resistant to programmed cell
death. As a result, apoptosis is a mechanism used by many anticancer drugs to kill tumor cells, making it
a desirable target [34]. The current study focused on analyzing the genes related to the mitochondrial
apoptotic pathway following treatment with IC50 does of EPS, evaluating the “in vitro™ apoptosis-
induced.

According to the current findings, P53 expression increased significantly in response to the
treated MCF-7 displayed the highest expression, followed by treated Vero cells. Thus, these findings
suggested that EPS enhanced p53 to limit breast cancer cell death. The reason may be due to the p53
plays a controlling gene linked to apoptosis [31,42], and also seems to have a direct effect
mitochondria, potentially encouraging the convergence of extrinsic and intrinsic pathways. It can interact
with members of the Bcl2 family to cause apoptosis and mitochondrial outer membrane permeabilization
[37.40].

According to our findings, treated MCF-7 that expressed the Bax and Bel-2 genes had
significantly higher (P < 0.05) when compared to untreated cells. As a result, malignant cells undergo
apoptosis. However, there was ndifliscernible difference between the Vero cell lines that were treated and
those that weren't. B se of an increase in the Bax expression ratio on Bcl-2 genes, cancer cells
increased celffleath. The ratio of Bax to Bel2 determines if a cell lives or dies. Certain substances have
the ability to ¢ ang@e Bax/Bcl-2 ratio, which destroys cancer cells [35]. A study shown the anticancer
potential have been change the Bax/Bcl-2 ratio in the AGS cell li and induce the death of malignant
cells. Certain compounds foun plants have the ability to raise the Bax/Bcl-2 ratio and kill cancer cells
[44]. Many cancer treatment-induced apoptosis is mediated by the activation of tumor protein
pS53, Bax, and subsequent activation of caspases [35,36].

According to a study by [41], the mitochondrial pathway is involved in EPS-induced apoptosis via up-
regulation of Bax and p53 mRNAeressinn and down-regulation of Bcl-2 mRNA expression. These
findings give new information on the potential use of EPS as an anticancer drug in the treatment of human
colorectal cancer.

1
In the current investigation, a significant (P < 0.05) rise in the gpressicm of the Bax and Bcl-2 gene at 48
hours of treated MCF-7 cell lines with EPS in contrast to cells t ad not received the EPS extract
treatment . Consequently, Cancerous cells die as a result of this. However, there was no significant
difference between the treated and untreated Vero cell lines.
Cytochrome C is released from the mitochondria and raises the Bax/Bcl-2 explefion ratio [13.43]. As a
result, caspase activation proteins are produced, which can either be apoptosis eftectors (caspases 3, 6.
and 7) or initiators (caspases 8,9, and 10). When caspases are activated, an apoptosome arises. Initiator
caspases activate effector caspases, which cause apoptosis by proteolyzing hundreds of proteins [45].

The current study disco@ a significant increase in Caspase-9 and Caspase-3 when comparing the
treated MCF-7 cell line to the control (untreated cells). These findings imply that EPS may have
therapeutic potential in reducing breast tumor progression. However, there was no discernible change
between the treated Vero cell lines.

A . component ﬁjreast cancer therapy is the stimulation of breast cancer cell apoptosis, which leads
to i death of breast cancer cells [47]. In apoptotic processes, the activation of the caspases family,
particularly caspase-3, is essential. Furthermore, absent caspase-3 in approximately 75% of breast cancer
tissues. r‘efm‘e highly advised to create a new therapeutic approach and elucidate the process of
treating breast cancer via the caspase-3 independent pathway. The effectiveness of therapeutic techniques
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(1]

(2]

(3]

(4]

[3]

[6]

(7]

(8]

[9]

to effectively suppress cancer cell proliferation mostly d ds on their capacity to induce tumor cell
death. The primary mediators of apoptosis activation are effector caspases, which include caspase-3, -6,
and -7 [46].

gaspase—fi is the apoptotic initiator protease of the intrinsic or mitochondrial apoptotic pathway, which is
triggered at multi-protein activation platforms. Its activation is likely to involve homo-dimerization of the
monomeric zymogens. In order to maintain significant catalytic activity, it attaches itself to the
apoptosome. According to a different study [35].treating MCF-7 breast cancer cells with the NSAID
FR122047 (FR) causes a caspase linear cascade to be activated. They discovered that caspase-9 inhibition
may erratically increase cell death [48].

While it is commonly understood that caspase activity is necessary for apoptotic cell death and that
certain caspase inhibitors may block this process, new research indicates that caspase inhibitors can also
stimulate necrotic cell death and even improve stress-induced apoptosis [49] [14], and [15]. It is still
necessary to conduct a thorough examination of caspase functions that goes beyond the conclusions of
earlier research [49].

Conclusion

Staphylococcus aureus EPS extract has IC50 values on canome]]s, the EPS extract shows a
promising effect on cancer cells for use as an anticancer. the extract-induced apoptosis is mediated by the
activation of tumor proteins p53, Bax, Bel2, and Cﬁs%ses, and induction of the MCF-7, these anticancer
properties are proved by gPCR for apoptotic genes. eresting outcomes of our study have revealed
the possibility of the EPS induction program cell death that led to the cell death of MCF-7.
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