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ABSTRACT

Introduction: Lactic acid bacteria, recognized as probiotics, have garnered significant Keywords:

attention as potential adjuvants in chemotherapy for various cancer types, including Cervical cancer

cervical cancer. In this study, we investigated the anti-cancer properties of two indigenous Lactobacillus acidophilus
Iranian strains, Lactobacillus acidophilus and Lactobacillus paracasei, individually and in Lactobacillus paracasei
combination, targeting human cervical cancer cell lines compared to normal control cells. Probiotics

Methods: The cytotoxic effect of Lactobacillus acidophilus and Lactobacillus paracasei
supernatants, as well as their 1:1 mixture, on CaSki and HNCF PI 52 cell lines, was evaluated
using the MTT assay. The apoptotic and anti-metastatic effects of these supernatants were
assessed by analyzing the gene expression of BAX/BCL?2 ratio, Caspase-3, and MMP2/
MMP?9 using Real-Time Reverse Transcriptase Polymerase Chain Reaction (RT-PCR).
Results: Significant cytotoxicity was observed in Ca Ski cells attributed to the low pH of the
supernatants. The increase in the BAX/BCL?2 ratio, leading to an up-regulation of Caspase-3,
indicated the induction of apoptosis (P<0.001). In addition, the expression of MMP9
significantly deceased in Ca Ski cells treated with Lactobacillus acidophilus (P<0.001) and
Lactobacillus paracasei (P<0.05), while no significant difference in MMP2 expression was
observed in all samples compared to the control groups.

Conclusion: while further validation is needed, the heightened expression of apoptotic genes
suggests a potential induction of apoptosis in cancer cells in response to Lactobacillus toxicity.
The significant down-regulation of the MMP9 gene emphasizes the need for comparative
analyses across different cervical cancer cell lines to establish the anti-metastatic potential
of these local probiotic supernatants.
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Introduction

The human body hosts a diverse array of microbial
species crucial for overall well-being. according to the
Human Microbiome Project, approximately 9% of se-
quenced bacterial species inhibit the urogenital tract
(Mirzayi et al., 2021). The balance between genital mi-
crobiota and the host immune system is pivotal, contrib-
uting to the healthy hemostasis of the urogenital system.
Disrupting this delicate equilibrium in the microbiota
can pave the way for infections, eventually leading to
cervical cancer.

Cervical cancer is the most prevalent gynecological
malignancy and is the leading cause of cancer-related
deaths in transitioning countries (Sung et al., 2021; Wen
et al., 2022). High recurrence rates, especially in stag-
es III to IVB, have amplified mortality and morbidity
rates associated with cervical cancer (Chao et al., 2021).
Common therapeutic approaches, such as radiotherapy
and chemotherapy, not only induce cytotoxicity in nor-
mal human cells but also disrupt human microbiota,
leading to various side effects for patients (Markowiak
and Slizewska 2017; Tsakmaklis et al., 2020). Thus, the
quest for alternative cancer treatments or supplementary
methods capable of mitigating therapy-induced side ef-
fects is becoming increasingly urgent.

Probiotics, live microorganisms administered in ad-
equate amounts, offer numerous health benefits and
contribute to maintaining a balanced host-microbial
relationship. Studies indicate the probiotic food supple-
mentation has demonstrated positive effects in prevent-
ing and managing gastrointestinal side effects induced
by chemotherapy and radiation (Badgeley et al., 2021).
Moreover, various studies have reported the anti-prolif-
erative and anti-cancer effects of probiotics (Aminaei et
al., 2018; Gorska et al., 2019; Isazadeh et al., 2021).

The dominance of specific bacterial species such as
Lactobacilli in the vaginal microbiota proves effective
in inhibiting the growth of other pathogenic bacteria.
These bacteria produce and release lactic acid, creating
an environment with low pH that hinders the growth of
pathogenes. Lactobacilli species, recognized as probiotic
agents, are commonly utilized for this purpose (Chee et
al., 2020). Previous studies have demonstrated that Lac-
tobacilli not only control the growth and infectious pro-
cesses of pathogens but also modulate systemic inflam-
mation, cell proliferation, and apoptosis. However, there
remains controversy in study examining the effects of

different strains of Lactobacilli on cervical cancer cells
(Kim et al., 2015; Motevaseli et al., 2016; Motevaseli
et al., 2013). In addition, there’s a lack of information
regarding the mechanism of action of probiotics through
gene expression assays (Wang et al., 2018). Therefore,
this study aimed to evaluate the potential apoptotic and
anti-metastatic effects of indigenous Iranian probiotics,
specifically Lactobacilus acidophilus (L.acidophilus)
and Lactobacilus paracasei (L.paracasei), on cervical
cancer cell line. We conducted cell cytotoxicity assays
and analyzed the expression profile of genes associated
with apoptosis and metastasis as potential markers.

Materials and Methods
Cell Culture

The Ca Ski cervical cancer cell line and HNCF-PI-52
normal cervical cell line were purchased from the Ira-
nian Biological Resource Center and Pasteur Institute
of Iran, respectively. These cell lines were cultured in
RPMI 1640 medium (Gibco), supplemented with 10%
Fetal Bovine Serum (Gibco) and 1% penicillin/strepto-
mycin (Gibco), and incubated at 37°C in an atmosphere
saturated with 5% CO,,.

Lactobacillus supernatant preparation

The strains L.acidophilus (IB-RCM-10785) and L.pa-
racasei (IB-RCM-10784) were generously provided
to this project by TAKGENE-company. Cultivation of
these bacteria was carried out in De Man Rogosa Sharpe
(MRS) broth (pH=6.5, Merck, Germany) at 37°C for 24
hours under micro-aerophilic conditions. Subsequently,
bacterial cultures (2x108 c.f.u./ml), having undergone
overnight incubation, were centrifuged at 7000 rpm
for 7 minutes. The resulting Lactobacilli supernatants
(LS) were then filtered using a 0.2 um membrane filter
to eliminate residual bacteria and debris (Nouri et al.,
2016).

Since Lactobacilli species generate lactic acid during
growth, their culture media become acidic. consequent-
ly, the supernatant is expected to exhibit acidity. This
acidic environment alone can induce cell lethality. To
discriminate between the low pH cytotoxic effect of the
supernatant and other components, MRL medium-MRS
medium supplemented with lactic acid was considered
as a control. Three kinds of MRL with three different pH
levels were prepared: the first with a pH of 5.1, akin to
the pH of L.acidophilus supernatant (LAS); the second
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TABLE 1: Primer pair sequences which were used in RT-Real time PCR reaction.

Gene name Primer Sequence Product size (base pairs)
MMP2-F AACCAGCTGGCCTAGTGATG 154
MMP2-R CTTGGGGCAGCCATAGAAGG
MMPYI-F CCTGGGCAGATTCCAAACCT
MMPI-R GTACACGCGAGTGAAGGTGA 172

Caspase-3-F CGGCGCTCTGGTTTTCGTTA 120

Caspase-3-R CAGAGTCCATTGATTCGCTTCC

BAX-F TCATGGGCTGGACATTGGAC

BAX-R GAGACAGGGACATCAGTCGC ta
BCL2-F CTTTGAGTTCGGTGGGGTCA

BCL2-R GGGCCGTACAGTTCCACAAA 1oz
ACTB-F TGGAACGGTGAAGGTGACAG
ACTB-R AACAACGCATCTCATATTTGGAA 129

with a pH of 4.8, similar to L.paracasei s supernatant’s
(LPS) pH; and the third with a pH of 4.9, corresponding
to the pH of a 1:1 mixture of LAS and LPS supernatants.
The current study was approved by ethical committee
of Tehran Science and Research Branch, Islamic Azad
University (IRIAU.SRB.REC.1401.170).

MTT assay

MTT assay kit (Sigma, St. Louis, MO) was used to
measure the inhibitory effect of LAS, LPS, and a 1:1
mixture on the proliferation of Ca Ski cells. A total of
10* cells were seeded in each well containing RPMI me-
dium, 10 % FBS, and 1% penicillin/streptomycin. After
24 hours, the cells were treated with lactobacilli culture
supernatants, MRS broth, and MRL acidic controls at
concentrations of 5%, 10%, 20%, 30%, and 40% (v/v),
each in triplicate. additionally, each plate underwent rep-
lication in two separate experiments. Plates were incu-
bated for 24, 48, and 72 hours at 37°C in an atmosphere
of 5% (v/v) CO,. Cell viability was measured using an
ELISA reader (Anthons2020, version 1.8.3, UK), and
analysis was performed using the following equation:
%Cell viability=Absorbance of sample-Absorbance of blank/
Absorbance of control-Absorbance of blank x 100

RNA Extraction and cDNA Synthesis

The Ca Ski and HNCF PI 52 cell lines were treated
with IC50 concentrations of each supernatant in separate
6 well-plates for 24 hours. Subsequently, total RNA was
extracted from both the treated and untreated cell lines
using the Roche High Pure RNA Isolation Kit following
the manufacturer’s instructions. RNA quality and quan-

tity were assessed using NanoDrop and electrophoresis
on 0.8 % agarose gel. The isolated total RNA was then
reverse transcribed into cDNA utilizing the Thermo Sci-
entific Revert Aid Reverse Transcriptase kit according
to the manufacturer’s protocol.

Real-time RT-PCR

Specific primer sequences for six genes, including
BAX, BCL2, Caspase-3, MMP2, and MMP9 were de-
signed and checked using the NCBI Primer-BLAST sys-
tem (Table 1). Real-time reverse transcription PCR (Re-
al-time RT-PCR) reactions were performed on a Bio-rad
system (CFX Connect Real-Time PCR machine). Each
polymerization reaction contained 5 ng of cDNA, 5 pi-
comoles/pL of both forward and reverse primers, and
2X SYBR Premix Ex Taq II (Takara, Japan), adjusted to
a final volume of 20 uL using ddH,O. The thermal cy-
cling conditions included an initial denaturation at 95°C
for 5 minutes followed by 40 cycles at 95°C for 20 sec-
onds and 60 °C for 40 seconds. All reactions were car-
ried out in duplicate, and negative controls were includ-
ed in each reaction and for each primer set to identify
any potential DNA contamination in reagents. Relative
expression levels were determined via the comparative
cycle threshold method, normalized to the expression of
the ACTB gene. Relative quantification was calculated
using the 224 method.

Statistical analysis

Graph Pad Prism V7.04 software was used for all sta-
tistical analyses in the present study. The half-maximal
inhibitory concentration (IC50) was calculated through
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FIGURE 1. Cell viability percentage of Ca Ski cells treated with different concentrations of supernatant of A: L.acidophilus, B: L.paracasei

and C: mixture of L.paracasei and L.acidophilus.

non-linear regression. Normality distribution and vari-
ance homogeneity were examined across different anal-
ysis groups using the Shapiro-Wilk test and Brown-For-
sythe test, respectively.

To compare results between groups, either a standard
one-way or two-way ANOVA test was implicated based
on the dimensions of the data. Tukey’s Honestly-Signif-
icant-Difference (TukeyHSD) Test was utilized to dis-
cern differences between specific groups. P<0.05 was
assumed as the significance threshold.

Results

Effects of L.acidophilus and L.paracasei and a mix-
ture of them (1:1) on Ca Ski cell line viability

After treatment of the Ca Ski cell line with the three
samples of supernatant along with their respective MRL
and MRS controls for 24, 48, and 72 hours, cell viability
rates were estimated through the MTT test. The IC50
for each supernatant was calculated using non-linear re-
gression. Figures 1-A, B and C illustrate cell viability

post-treatment with each sample at different time points
and concentrations. The corresponding IC50 values for
each sample at specific time points are also shown in the
figures (Figures 1-A, B, C).

Although 50% reduction in cancer cell viability was
observed at low concentrations, no significant difference
was noted in the lethality induced by MRL (acidic con-
trol) compared to all kinds of supernatants (P>0.05).
Consequently, cell totoxicity appeared to be predomi-
nantly associated with the acidic environment.

Effects of L.acidophilus and L.paracasei and mix of
them (1:1) on HNCF PI 52 cell line viability

After treating the HNCF PI 52 with the three superna-
tant types and conducting the MTT assay, IC50 values
were calculated for each sample at specific time inter-
vals using the non-linear regression model. As expect-
ed, the rate of cell viability for samples treated with the
supernatants in this study was not significantly different
from those treated with MRL (P>0.05) (Figures 2-A, B,
O).
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FIGURE 2. Cell viability percentage of HNCF-PI-52 cells treated with different concentrations of supernatant of A: L.acidophilus, B: L.pa-

racasei and C: mixture of L.paracasei and L.acidophilus.

MMP2, MMPY, Caspase-3, BCL2 and BAX genes
expression in Ca Ski cells

The Ca Ski cell line was treated with the 24-hour
IC50 concentration of each supernatant (LAS=13.8%,
LPS=6.95%, Mix=11.25%), following which alter-
ations in candidate gene expression were assessed
through RT-Real time PCR. Among the apoptotic genes
analyzed, Caspase-3 and BAX exhibited significant
up-regulation (P<0.001) compared to the untreated con-
trol Ca Ski cell line. Notably, treatment with the mix of
LAS and LPS (1:1) showed no significant difference in
BAX expression, while the BCL2 gene was significantly
down-regulated (P<0.001). In addition, no significant
difference in MMP?2 expression level was observed after
treatment with all three kinds of probiotic supernatants.
Conversely, significant down-regulation of MMP9 ex-
pression was demonstrated in samples treated with LAS
(P<0.001) and LPS (P<0.01). Nevertheless, MMP9 ex-
pression remained largely unchanged following treat-

ment with the mix of LPS and LAS (1:1) (Figure 3-A).

MMP2, MMPY, Caspase-3, BCL2, and BAX genes ex-
pression in HNCF PI 52 cells

Similarly to the Ca Ski treatment, HNCF PI 52 cells
were exposed to IC50 concentrations of each supernatant
(LAS= 11.25%, LPS=16.78%, Mix=10.63%). After 24
hours, RNA was extracted from the treated samples to
analyze candidate gene expression levels. BAX exhibit-
ed significant up-regulation while BCL2 showed signifi-
cant down-regulation following treatment with all three
supernatant types (P<0.001). Additionally, Caspase-3
expression meaningfully increased after treatment with
all supernatants (P<0.001). MMP9 was down-regulated
following the LAS treatment (P<0.001) while there was
no change in the expression of the MMP2 gene after
treatment with any of the supernatants, and the MMP9
gene remained unchanged following treatment with
LPS and the Mix (Figure 3-B).
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Discussion

Herein, it was demonstrated that L.acidophilus and
L.paracasei supernatants, along with their mixture were
significantly cytotoxic to neither CaSki cells nor HNCF-
PI 52 normal cervical cells and, the observed toxicity in
cancer cells was probably due to the lactic acid released
in supernatants by L.acidophilus and L.paracasei. con-
sidering the possibility of low pH inducing apoptosis,
the study evaluated key genes related to apoptosis initi-
ation in response to these probiotics supernatants (Shar-
ma et al., 2015). The increased expressions of the BAX/
BCL2 ratio and Caspase-3 in both cancerous and normal
cell lines post-treatment suggest a potential triggering
of apoptosis in response to LS treatment. Moreover, no
significant alteration in MMP2 expression was observed
in both cell lines following treatment. However, MMP9
down-regulation in both cell lines treated with L.ac-

idophilus and in the Ca Ski cell line treated with both
Lactobacillus strains indicates an anti-metastatic effect
and provides additional support for the induction of
apoptosis by LS.

Contrary to our results and the study by Kim et al.,
which involved treating Hela and Ca Ski cell lines with
L. casei, some other studies have described cytotoxic ef-
fects of the supernatants of other Lactobacillus species
on cervical cancer cells (Kim et al., 2015). Motevase-
li et al., demonstrated that the culture supernatant and
extract of two common vaginal Lactobacilli, including
Lactobacillus gasseri and Lactobacillus crispatus, were
cytotoxic to the HeLa cell line. However, this cytotoxic
effect was associated with the suppression of apopto-
sis, as evidenced by down-regulation of the Caspase-3
gene, which contradicts our findings (Motevaseli et al.,
2013). Riaz Rajoka et al., showcased the anticancer ef-
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fect of three Lactobacillus casei and paracasei strains
on HeLa cells, emphasizing their impact on increasing
the expressions of BAX, BAD, Caspase-3, Caspase-8,
and Caspase-9 genes while decreasing BCI-2 gene ex-
pression (Riaz Rajoka et al., 2018). our consistent find-
ings in the present study regarding the increased BAX/
BCI-2 ratio, MMP9, and Caspase-3 expression reinforce
the potential pro-apoptotic effect of Lactobacillus pa-
racasei supernatant on cervical cancer cells. Wang et al.,
demonstrated the anti-proliferative effect of three differ-
ent lactobacillus strains (L. crispatus, L. jensenii, and L.
gasseri) on the Ca Ski cell line, mediated by modulating
Human Papilloma virus (HPV) and cell cycle-related
oncogenes (Wang et al., 2018). Their findings partially
align with another study analyzing the effects of L. cris-
patus and L. rhamnosus supernatants on the Hela cell
line, indicating a decrease in HPV E6 oncogene expres-
sion while observing decreased expression of Caspase-3
and two autophagy-related genes (Kim et al., 2015). In
another study, treatment with L. crispatus supernatant
on Hela and HT-29 cell lines replicated the down-regu-
lation of Caspase-3,

along with decreased expression of MMP-2 and
MMP-9 genes, consistent with the our present findings
regarding MMP-9 following treatment with L.acidoph-
ilus and L.paracasei (Nouri et al., 2016). Although the
decrease in Caspase-3 expression alone might not be
enough to discuss the effect of Lactobacillus superna-
tant on apoptosis initiation, it seems that different strains
of Lactobacillus behave differently concerning apop-
tosis genes in various cervical cancer cell lines. Li et
al. revealed that treating two primary cervical cancer
cell lines (HeLa and U14) with Lactobacillus debruec-
kii subsp. Lactis was significantly associated with an
increase in E-cadherin expression, an anti-metastatic
gene (Li et al., 2017). Although research on the effect of
lactobacillus supernatants on metastatic genes in differ-
ent cervical cell lines is limited, the common finding of
MMP-9 down-regulation aligns with our results. It was
found that Ca Ski cell lines exhibited the highest expres-
sion pattern of MMP-9 compared to Hela and SiHa cer-
vical cancer cell lines (Schropfer et al., 2010), indicat-
ing that significant down-regulation of MMP9 following
treatment with L.acidophilus and L.paracasei superna-
tants could remarkably suppress cancer cell invasion
and induce apoptosis. However, one notable finding of
our study is the non-significant decrease in cervical can-

cer cell proliferation despite the overexpression of key
pro-apoptotic genes following treatment with LS. This
could be interpreted as apoptosis-induced cell prolifer-
ation, a compensatory mechanism identified in breast,
cervical cancer, and neuroblastoma cells, enabling sur-
viving cancer cells to proliferate (Ryoo and Bergmann
2012). This is in line with a slight increase or no change
in the cell viability percentage after 72 hours of treat-
ment of Ca Ski cells, especially with L.paracasei and
the mix of both Lactobacillus. Caspase-3 up-regulation
has been shown as pivotal in the repopulation of cancer
cells following radiotherapy and was suggested as a bio-
marker of radiotherapy response (Huang et al., 2011). In
addition, analyzing apoptotic gene expression at the pro-
tein level is essential to confirm apoptosis-induced Ca Ski
cell proliferation in response to L.acidophilus and L.para-
casei supernatants.

The present study is one of the limited assays which
have tested the effect of probiotic supernatant on nor-
mal cervical cell line, as well. Probiotic supplements
are frequently used for preventing and treating vaginal
and cervical infections and cervical cancer. In this re-
gard, investigating the impact of these supplements on
normal cell chemistry and physiology is as important
as studying their effects on cancer cells. In the present
study, although the probiotic supernatants were not tox-
ic to normal cells, they were associated with increased
expression of the BAX/Bcl?2 ratio and therefore apopto-
sis. To the best of our knowledge, this is the primary
study demonstrating the apoptotic effect of Lactoba-
cillus strains on normal cervical cells. Sadeghi-Alia-
badi et al., demonstrated the anti-proliferative effect of
Lactobacillus rhamnosus and Lactobacillus plantarum
on two human colon cancer cell lines and normal cells
(Sadeghi-Aliabadi et al., 2014). Of note, the best an-
ti-cancer agents should protect normal cells from apop-
tosis while maintaining a healthy proliferation rate. This
aspect should be considered in selecting Lactobacillus
strains for virginal and oral supplements targeting cer-
vical cancer (Gerl and Vaux 2005). However, inducing
pro-apoptotic effects by probiotics could serve as a nat-
ural treatment for healing cervical or vaginal lesions,
which might be afforded by our local probiotic strains.
Further studies are necessary to determine the precise
role of local Iranian probiotics on cervical cancer cells,
considering protein and epigenetic analysis of apoptotic
and metastatic genes.
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