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Abstract

Background: The third most common malignancy in women is cervical carcinoma (CC). worldwide and
remains a major reason of cancer-related losses. between females. Even though the availability of conventional
therapies, their efficacy is often limited, which has encouraged the search for novel agents that selectively target
cancer cells. Recent studies suggest that bacterial biofilms may possess anticancer activity. Objective: Establish
exopolysaccharides (EPS) as promising candidates for natural, cost-effective, and biologically compatible cancer
therapies. Methods: In this study, the cytotoxic influence of extracellular polymeric substances (EPS) derived
from Pseudomonas aeruginosa biofilms was assessed on HeLa cervical cancer cells via the methyl thiazolyl
tetrazolium (MTT) test to calculate the IC,, or half-maximal inhibitory concentration. Following EPS treatment,
apoptotic markers were analyzed by real-time PCR. Results: EPS exposure led to a significant, dose-dependent
inhibition of HeLa cell proliferation matched to Vero cells (p<0.05). Furthermore, cervical cancer cells treated
with EPS exhibited a marked rise in the expression of the pro-apoptotic gene Bax and a concomitant reduction
in the expression of the anti-apoptotic gene Bcl-2 (p<0.05). Conclusion: These outcomes indicate that EPS
can induce apoptosis in HeLa cells, as reflected by the upregulation of Bax and the downregulation of Bcl-2.
This highlights the potential of EPS such as a promising candidate for the development of novel anticancer

therapies for cervical cancer.
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Introduction

Approximately 70% of cervical cancers originate from
abnormal cellular growth within the cervical epithelium,
often beginning at the transformation zone near the top of
the cervix, which makes early detection challenging.
Multiple factors are associated with a heightened threat of
growing cervical cancer, such as human papillomavirus
(HPV) sickness tobacco use, compromised immune
function, and early sexual activity, particularly involving
multiple partners [1]. Although significant progress in
surgical techniques, radiotherapy, and chemotherapy has
led to improved survival rates, and monoclonal antibody
treatments, a significant proportion of patients still face
the danger of recurrence or mortality [2]. In recent years,
bacteria-mediated malignant tumor therapy has emerged
such as a promising field of interest due to its unique
advantages [3].
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The therapeutic use of bacteria against tumors has
been investigated for more than a century [4]. As early
as 1923, William B. Coley, a pioneer bone surgeon,
reported tumor regression in sarcoma patients following
injections of heat-inactivated Streptococcus pyogenes,
laying the foundation for bacteriotherapy in oncology [5, 6].
The levels of apoptotic expression regulatory proteins,
including Bcl-2 and Bax have recently been identified
as a critical factor in the induction of apoptosis in cancer
cells [7]. Proteins belonging to the Bcl-2 family serve a
central role in governing programmed cell death and are
essential for maintaining tissue homeostasis; alterations
or mutations in these proteins are frequently associated
with tumor development [4, 5]. Modulating the cell
cycle through the regulation of Both the pro-apoptotic
and anti-apoptotic proteins within the Bcl-2 family.
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Specifically, Bcl-2 acts to suppress apoptosis, whereas
Bax promotes apoptotic signaling pathways [8].

Advances in medical biotechnology have increased
interest in bacteria-mediated cancer therapy (BMCT) as
anovel therapeutic strategy [9]. Several bacterial genera,
including Salmonella, Bifidobacterium, Clostridium, and
Streptococcus, have been extensively studied for their
potential antitumor activity. Within this context, Bacterial
biofilms are organized societies of microorganisms
that stick to surfaces and are surrounded through
a self-generated extracellular polymeric substance have
attracted significant attention [4]. Exopolysaccharides
(EPS), which constitute the major structural component of
biofilm matrices, account for approximately 50— 90% of
the total organic carbon content. While the chemical and
physical properties of EPS differ across bacterial species,
polysaccharides remain the dominant constituents [10].
Research conducted by Suresh Kumar, Mody, and Jha
2007 demonstrated that extracellular polysaccharides
(EPS) are vital components of the defense mechanisms in
algae, fungi, and bacteria [ 11]. Furthermore, bacterial EPS
extracts have been shown to exert antitumor activity by
inducing apoptosis in several cancer cell lines. Their strong
anticancer, immunomodulatory, and antioxidant properties
suggest that EPS may serve as a promising candidate
for the development of novel cancer therapeutics [10].
Considerable attention has also been directed toward
identifying apoptotic biomarkers as potential targets for
advanced cancer treatment [9].

The Bcel-2 gene family shows a pivotal role in
controlling apoptotic pathways. As reported by Kunac et
al. [12], function to inhibit programmed cell death, whereas
others, including Bax, promote apoptotic signaling.
As tumor progression advances, a decline in anti-apoptotic
Bcl-2 protein expression is often observed, supporting the
concept that early downregulation of these proteins allows
survival of cells harboring otherwise lethal mutations. With
further oncogenic stimulation, tumor cells may develop
additional mechanisms to evade apoptosis [13]. At certain
stages of tumor progression, the loss of Bcl-2 function
may confer a proliferative advantage to malignant cells.
Previous investigations have presented that Bcl-2 displays
a role in suppressing cell division [8]. Consequently,
its expression tends to be elevated in low-grade or
early-stage cancers, which are typically characterized by
reduced apoptotic activity, but declines in aggressive or
advanced tumors where apoptosis is more pronounced
[14]. The connection between apoptotic mechanisms
particularly the mitochondrial release of cytochrome
C and therapeutic strategies targeting programmed
cell death has been extensively investigated [14]. This
regulatory pathway is largely governed by the interplay
between anti-apoptotic proteins from the Bcl-2 family and
pro-apoptotic proteins like Bax [8].

The aim of study to investigating bacterial
exopolysaccharides (EPS) as an anticancer agent aims
to develop safer and more effective alternatives to
conventional chemotherapy, reducing side effects and
overcoming drug resistance. Ultimately, the target is to
establish EPS as promising candidates for natural, cost-
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effective, and biologically compatible cancer therapies.

Materials and Methods

Bacterial strain and Culture medium

Pseudomonas aeruginosa ATCC® 27853 for this
study, the strain was cultured either on tryptic soy agar
(TSA) (Himedia,India) plates or in tryptic soy broth
(TSB) at 37 °C. Media were prepared following the
manufacturer’s instructions.

Detection of biofilm formation

Microtiter plate test (Quantitative biofilm formation)

Biofilm development was assessed through a microtiter
plate adherence assay.. Each well of the 96-well plate
received 200 pl of tryptic soy broth. Overnight-grown
stationary-phase bacterial cells were diluted at a ratio
of 1:100 in new medium before being administered to
the wells. The plates were incubated for twenty-four
hours at 37°C. Subsequent incubation, wells were gently
washed by deionized water to remove non-adherent
cells and air-dried under laminar flow for 30 minutes.
The adhering biofilms were stained for 30 minutes using a
0.1% crystal violet solution (200 pl/well) (Thomas Baker,
India). Excess stain was removed, and the bound dye was
solubilized with 300 pl of 70% ethanol) (Thomas Baker,
India). The solution obtained was moved into a clean
plate for absorbance measurement at 590 nm to determine
biofilm biomass [15].

Congo Red Agar Method

As an alternative qualitative method, biofilm-producing
bacteria were grown on Congo red agar (CRA)
(Himedia,India). The CRA medium was formulated from
BHI broth with the addition of 5% sucrose and Congo
red. Bacterial colonies forming on this medium were
examined for characteristic black or dark red coloration
and morphology, indicative of biofilm formation [16].

Development of a Mature Biofilm of Pseudomonas
aeruginosa

For the purification of EPS, biofilms were established
by transferring 20 mL of anvernight Pseudomonas
aeruginosa culture (OD600=0.5) into 400 mL of tryptic
soy broth (TSB) freshly prepared and enriched with
(0.25-4) % glucose. The cultures were grown in 1.5 L
Fernbach flasks, which provided an extensive surface area
to promote biofilm adherence. Incubation was carried out
at 37 °Cunder static conditions for 4-5 days, allowing the
formation of a thick biofilm matrix [17].

Extraction of Crude Exopolysaccharides (EPS)
Biofilm-matured cultures were centrifuged for 15
minutes at 4 °C and 3,500 g to extract the cell pellets.
Any leftover cells and proteins were eliminated after
the supernatant was treated with 5% trichloroacetic acid
(Thomas Baker, India) and left at 4°C for the entire night.
A second centrifugation at 3,500 g was followed by the
addition of three liters of 95% ethanol (Thomas Baker,
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India), 0.1 M NaOH (Thomas Baker, India) to bring the
supernatant’s pH down to 7.0, and an overnight incubation
at4 °C to achieve EPS precipitation. After recovering the
precipitate (3.500 g, 20 min, 4 °C) by centrifugation, two
acetone (Thomas Baker, India) washes, ether dehydration,
desiccator drying, weighing, and room temperature
storage were performed [18].

Characterization of EPS

The dried EPS Attenuated total reflection Fourier-
transform infrared (FTIR-ATR) (Shimadzu,Japan)
spectroscopy was used to analyze the samples. Spectra
were recorded in transmittance mode over the range of
(400-4,000) cm™ [18, 19].

Preparation of EPS Extract for Treatment

To prepare EPS solutions for biological assays, the
dried biofilm extract was dissolved in sterile DMSO
(Thomas Baker, India), filtered twice through filter paper,
and sterilized using a 0.22um membrane filter. Serial
dilutions were subsequently conducted using a 640 pg/
ml stock solution to obtain the desired experimental
concentrations.

In Vitro Experimental Cell Culture and Treatment
Procedures

The effect of bacterial EPS extracts on cell survival
was examined using Vero cells, a normal cell type, and
HeLa cells, which are used to study human cervical
cancer. The Iranian Pasteur Institute supplied them.
Following standard culture procedures, the cells were
grown at 37 °C in a humidified environment with 5%
CO2 in RPMI-1640 medium supplemented with 10%
fetal bovine serum (FBS) (Fisher Scientific (Austria)
GmbH), 100 U/ml penicillin, and 100 pg/ml streptomycin
(Fisher Scientific (Austria) GmbH). The investigations
were conducted on cells that were in the logarithmic
phase of growth. All investigations were conducted using
cells in the logarithmic growth phase, in accordance with
previously published protocols [20].

Assay for Cell Viability
The MTT test was used to measure cell growth,
according to previously published methods [21].

Primer Preparation for RT-PCR

Lyophilized primers were reconstituted in 300 pl of
Enzyme-free water to generate a working reserve solution
with a final concentration of 100 pmol /ul, following the
manufacturer’s instructions (Microgen, South Korea).
A working stock of primers adjusted to 10 pmol/ul, 90 ul
of nuclease-free water (Fisher Scientific (Austria) GmbH),
and 10 pl of stock were combined to create the solution,
which was then stored at -20 °C. Sense and antisense
primer sequences for RT-PCR were selected based on
previously published studies. Table 1 provides a summary
of the sequences used in this study.

RNA Extraction and cDNA Synthesis
As described previously in reference [24], RNA
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isolation and subsequent cDNA synthesis were carried out.

Quantitative polymerase chain reaction

Polymerase chain reaction (PCR) (BioRad USA)
amplification was carried out in real time. Table 2
lists all of the primer genes that were utilized in the
PCR amplification of GAPDH, which was done as a
housekeeping gene, utilizing forward and reverse primers.
The expression was determined through quantification
by gene expression was quantified shown as fold change
and calculated using The relative standard curve approach
[25].

Statistical Analysis

To examine the differences between data from the
treatment and control groups, a one-way ANOVA was
employed. (p<0.05) was used to determine statistical
significance, and all data were displayed as mean +SD.

Results

Significant biofilm formation was detected using the
TCP assay. Results were deemed (p<0.05) is considered
statistically significant. The mean optical density (OD)
was used for analysis of Pseudomonas aeruginosa
(Positive Control B) was 0.3168, whereas the uninoculated
medium (Negative Control A) exhibited a mean OD of
0.0912 (Figure 1).

N (Negative), P (Positive) By Congo Red Agar (CRA)
technique

An overnight culture of Pseudomonas aeruginosa
was used to inoculate a pleat of Congo red agar (CRA).
After being incubated for 24 to 48 hours at 37 °C, colonies
showing a black, dry, crystalline morphology after (24-48)
hours of incubation at 37 °C were considered positive for
biofilm formation, while negative results did not display
this characteristic. Each experiment was conducted in
triplicate (Figure 2).

— J | hy " \"':J
Figure 1. Using crystal violet staining in a 96-well tissue
culture plate, high and non-slime biofilm producers
were identified throughout the TCP technique screening
process

positive

negative control

Figure 2. Congo Red Agar method show positive of
biofilm of P. aeruginosa (Black colonies)

Asian Pacific Journal of Cancer Biology* Vol 11° Issue 1 51



apjcb.waocp.com

Iman A. Bachay, et al: The Effect of EPS of Biofilm on Expression of Bax and Bcl-2 Genes in Human Cervical

Table 1. Summarizes the Sequences of the Forward and Reverse Primers are Provided in the Study

Oligo Name Primer seq. (5-3) Reference
GAPDH F 5'-'"TGAAGGTCGGTGTGAACGGATTTGGTC-3 [22]
R 5'-CATGTAGGCCATGAGGTCCACCAC-3'
Bcl-2 F 5'-ATCTTCTCCTTCCAGCCTGA-3’ [23]
R 5'TGCAGCTGACTGGACATCTC3’
Bax F5'-CTGCAGAGGATGATTGCTGA-3'R 5’GAGGAAGTCCAGTGTCCAGC-3' [23]

Table 2. Show the Vero Cell lines' viability with a Dose-dependent

Concentrations (pg/ml)

Viability percentage % Vero 24h

0
20
80
160
320
640

100+.00
84.302+0.68
61.387+8.44
55.865+11.80
39.454+ 18.81
20.311%0. 46

The EPS of biofilm description

Pseudomonas aeruginosa can develop biofilms on the
base of culture flasks. Following a four day incubation
period at 37 °C, substantial bacterial growth was observed
on TSB agar (Himedia, India), with colonies appearing
opaque, off-white and exhibiting a mucoid texture.
The crude extracellular polymeric substance (EPS) was
obtained from P. aeruginosa grown to the stationary phase
under optimal conditions and was subsequently separated
and refined.as described in the section on Materials and
Methods.

Analysis of the EPS extract

FTIR spectroscopy analysis of the EPS revealed
several characteristic peaks corresponding to its main
functional groups (Figure 3). A broad band between
(4000-3500) cm™' was attributed to O—H stretching
vibrations. Bands observed at (2800-3000) cm' indicated
lipid residues (CH, CH, CH ) as well as contributions from
protein amide groups (C=0, N-H, C-N, corresponding
to amide I and II). The sulfate functional group (SO)
was detected in the (1800—1000) cm™ region, while
polysaccharides and nucleic acids, including C-O,
C—0O-C, and N-H (amide III) groups, were identified in
the (900-125) cm™ range. Overall, FTIR spectroscopy
confirmed the EPS contained various functional groups,
including a sulfur containing moiety (Figure 3).

Treatment with varying concentrations of EPS extract
led to a marked increase in apoptotic cells, accompanied
by a significant, dose-dependent reduction in overall cell
viability and survival rates. The viability of Vero cells was
influenced by exposure to EPS derived from P. aeruginosa
biofilms with increasing dose. Cells treated with the
lowest concentration (20 pg/ml) exhibited the highest
viability, whereas the highest concentration (640 pg/ml)
resulted in the greatest reduction in cell viability. Overall,
EPS treatment produced a significant inhibitory effect
on Vero cell proliferation (Table 2). No significant
time-dependent differences in viability were observed,

as summarized in (Table 2).

Notably significant changes were detected in the
viability of HeLa cells following treatment with EPS,
showing a clear dose-dependent response (Table 3).
After 24 hours of exposure, the highest cell viability
was recorded at the lowest concentration (20 pg/ml),
whereas the lowest viability occurred at 640 ug/ml. EPS
treatment produced a pronounced inhibitory effect on the
HeLa cell population (Table 3). and marked differences
in cell viability were evident across the various treatment
concentrations at the 24 hour time point.

The EPS concentrations Required to inhibit both
the growth and proliferation of Vero and HeLa cell
lines were determined based on IC, values derived
from dose-response curves using MS Excel. The IC;
for Vero cells was 297.72 ug/ml, while HeLa cells
displayed a lower IC, of 148.39 pg/ml, indicating greater
susceptibility to EPS treatment. Notable differences in
IC,, values between the two cell lines were also observed
(Table 4).

Vero and HeLa cells were exposed to IC,, doses
for 24 hours in order to assess the effect of EPS on
gene expression, with a particular focus on the BAX
and Bcl-2 genes (Figure 4). To create first- strand
cDNA, total RNA was taken out of the treated cells and
reverse-transcribed. To determine the relative levels of
gene expression, quantitative PCR (qPCR) was carried

404V
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000 4000

Figure 3. FTIR Spectroscopy was Used to Identify the
Main Functional Groups of EPS. Wave number (cm™) IR
Spectrum of EPS from P. aeruginosa biofilm
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Table 3. Show the HeLa Cell lines' viability with a Dose-dependent

Concentrations EPS (pg/ml)

Viability percentage % HeLa 24h

0
20
80
160
320
640

100+.00
57.065+0.68
39.72+8.44
28.57+11.80
24.777+ 18.81
23.33+0. 46

All data of result given as mean values + SD (n=3) indicate a statistically significant difference (p<0.05) between groups subjected to treatment and

those under control conditions.

WVERD

W HELA

Bclz

BAX

Figure 4. Demonstrate the Relative Expression of BAX
and Bcl2 Ratio in Vero and HeLa

out using the SYBR Green master mix and the cDNA
templates and gene specific primers. The AACT technique
(»<0.05) was used to calculate relative expression after
normalizing the data against the GAPDH housekeeping
gene. Three duplicates of each experiment were conducted
to ensure repeatability. The results indicated that EPS
treatment increased BAX gene expression in both Vero
and HeLa cells compared to their respective controls
(Figure 4). The effect was more pronounced in HelLa
cells, demonstrating a stronger response to EPS treatment
relative to Vero cells. The findings demonstrated that EPS
treatment significantly reduced Bcl-2 gene expression in
HeLa cells Relative onto the corresponding group under
control (p<0.05). By comparison, Vero cells exhibited
a comparatively smaller decrease in Bcl-2 expression
following EPS exposure (Figure 4).

Discussion

The present findings highlight the pivotal role of
bacterial exopolysaccharides (EPS) in modulating
apoptotic signaling in human cervical cancer cells.
EPS, as the major structural component of microbial
biofilms, constitutes up to 90% of the total organic carbon
within the matrix, where polysaccharides dominate
its composition [11]. Beyond their ecological role in
microbial defense, accumulating evidence supports
their therapeutic relevance, particularly as anticancer
agents [18]. The findings of our study indicate that
EPS induces apoptosis in HeLa cells, with this effect
being mediated by altering the balance of Bcl-2 family
proteins, with significant Bax upregulation accompanied
via downregulating Bcl-2.caused the Bax/Bcl-2 ratio

to rise, a well-established hallmark of mitochondrial
pathway activation. This observation suggests that EPS
can trigger intrinsic apoptosis and thereby suppress tumor
cell sustained existence.

These results are consistent with research reporting
the cytotoxic potential of EPS derived from bacterial
sources. For example, Exposure to EPS has been reported
to inhibit proliferation and trigger apoptosis in HepG2
cells, while maintaining selectivity toward malignant
phenotypes under optimized conditions [19]. Similarly
Nami et al., found that EPS secreted by E. lactis IW5
preserved the viability of nearly 95% of normal cells [26],
reinforcing the notion that EPS selectively targets cancer
cells while sparing healthy counterparts. Such selectivity
is of significant therapeutic importance, as it reduces
the likelihood of off-target toxicity a major limitation of
conventional chemotherapies.

Taken together, these findings position bacterial EPS
as a promising bioactive compound for cancer treatment.
By modulating apoptotic regulators such as Bax and
Bcl-2, EPS may act as a natural apoptosis inducer [27],
offering a potential strategy for the creation of anticancer
treatments that are both safe and efficient. Further studies
are warranted to delineate the signaling pathways involved
and to evaluate the effectiveness of EPS in in vivo cancer
models.

Also these findings are consistent with prior research
demonstrating that natural compounds, especially
microbial-derived metabolites, can influence apoptotic
signaling and suppress tumor progression [3]. The observed
regulatory effect of EPS on apoptosis-related genes
underscores its relevance as a therapeutic candidate.
Importantly, the bioactivity of EPS is closely linked to
its chemical composition. Studies have reported that
EPS enriched with sugars, uronic acids, and sulfate
groups can exhibit strong anticancer activity [27, 28].
Anionic EPS, carrying phosphate, uronic acid, and sulfate
residues, have been shown to interact with tumor-secreted
epidermal growth factor (EGF) and inhibit EGF receptor
phosphorylation, thereby disrupting proliferative signaling

Table 4. Comparison of the IC,, values for Vero and
HeLa cell lines at 24 h

Cell line IC,, (ug/ml)
Vero 297.7248+.784*
HeLa 148.3851+1*
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cascades [29]. This is corroborated by the finding that EPS
at 300 pg/ml caused cytotoxicity in U§7MG glioblastoma
cells, with an IC, of 234.04 ug/ml. while EPS derived
from Bacillus species selectively targeted the breast
cancer cell line, which is not very harmful to healthy
cells [11, 29]. Further evidence supports the selective
anticancer properties of EPS from probiotic bacteria [6, 9].
For instance, polysaccharide extracts of Lactobacillus
acidophilus (LA- EPS-20079 [30, 31] inhibited colon
cancer cell proliferation by approximately 87.27% and
induced cell death at nearly 80.65%. Notably, a purified
pentasaccharide demonstrated a high selectivity index
of 51.3 for cancer cells, underscoring the potent and
tumor-specific action of this bacterial metabolite [32].
Such findings reinforce the therapeutic promise of EPS as
natural anticancer agents capable of targeting malignant
cells while sparing normal tissues. Together, our results,
in line with prior studies, suggest that bacterial EPS
can act as effective modulators of cancer cell survival
by promoting apoptosis and suppressing oncogenic
pathways [33]. The observed ability to regulate important
genes linked to cell death (Bax and Bcl-2), and impede
development factor signaling, supports their role as
novel bioactive compounds. These findings not only
broaden the understanding of EPS as microbial defense
molecules but also highlight their translational potential
in oncology. However, further mechanistic studies and
in vivo validation are essential to establish their efficacy,
safety, and potential clinical application. A crucial
checkpoint in the control of apoptosis is provided by
proteins belonging to the Bcl-2 family [13], mediating
the balance between cell survival and programmed cell
death. A high Bax/Bcl-2 ratio is particularly critical, as
the promotion of cytochrome c release brought on by
MOMP starts the caspase activation cascade. Ultimately
leading to cell death. In the current investigation, therapy
of HeLa cells with ICso concentrations of EPS extract
for 24 hours significantly upregulated Bax expression
while suppressing Bcl-2 expression, thereby elevating.
The percentage of Bax to Bcel-2 shifts the balance toward
apoptosis. In contrast, minimal alterations in the expression
of Bcl-2 and Bax were observed in non-cancerous Vero
cells, indicating a degree of selectivity for malignant cells.

These findings are consistent with earlier studies
reporting that microbial-derived EPS triggers apoptosis
through the mitochondrial pathway, mediated by Bax
upregulation and Bel-2 downregulation [34]. The ability of
EPS to differentially modulate these apoptotic regulators
suggests its potential utility as a targeted anticancer
agent [35]. Notably, expression levels of Bax and Bcl-2
are considered important prognostic markers in cervical
cancer, with Bcl-2 expression providing independent
prognostic information on disease progression [7, 36].
Since altering this ratio is a known method for boosting
apoptosis in cancer treatment, the observed rise in
the Bax/Bcl-2 ratio after EPS treatment in HeLa cells
further emphasizes the therapeutic importance of this
route [35, 37]. Beyond its role in apoptosis induction,
EPS has been widely studied for its antimicrobial and
anti-biofilm activities [38]. The present findings extend
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its biological significance, highlighting its anticancer
potential. Importantly, the selective impact on cancer cells,
coupled with limited effects on normal cells, supports the
feasibility of developing EPS as a therapeutic agent with
reduced cytotoxic side effects compared to conventional
chemotherapeutics.

Nevertheless, several limitations remain, the current
study was confined to in vitro analyses, and additional
investigations are required to elucidate the precise
molecular mechanisms underlying EPS-mediated
apoptosis. In vivo validation using relevant animal
models will be essential to confirm its efficacy and
safety. Furthermore, exploring the potential of EPS in
combination with standard chemotherapeutic agents may
provide synergistic benefits, enhancing treatment efficacy
and potentially overcoming drug resistance in cervical
cancer. In summary, the present study demonstrates that
EPS extract induces HeLa cell death through altering the
Bax/Bcl-2 signaling pathway, thereby highlighting its
therapeutic promise as a novel anticancer strategy. These
findings contribute to the growing evidence supporting
microbial EPS as a valuable bioactive compound,
warranting further investigation for its integration into
future cancer treatment regimens.

In conclusion, the findings emphasize how important
the Bax and Bcl-2 genes are in triggering apoptosis after
EPS extract administration. The decrease of Bel-2 and the
observed increase in Bax levels imply that EPS causes cell
death via the apoptotic pathway. These results show that
EPS has the potential to be a novel therapeutic method
and provide opportunities for further research on its use as
a therapeutic intervention for cervical cancer in humans.
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