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Abstract

Background Colorectal cancer is the world’s third most frequent cancer and the fourth cause of mortality. Probiotics play
an important function in preventing metastasis as well as the growth and proliferation of malignant cancer cells.

Methods and results The study investigated the anticancer effect of Lactobacillus acidophilus supernatant and Saccharomy-
ces cerevisiae yeast on colorectal cell lines, including HT29 and SW480 as a colorectal cancer model. The extract from the
Lactobacillus acidophilus and Saccharomyces cerevisiae standard probiotics were prepared, and probiotics characterization
was confirmed by morphological and Biochemical tests. The viability of HT29 and SW480 colon cancer cell lines on effecting
probiotic supernatant was evaluated by measuring the MTT colorimetric method. Comparison of the expression profile of
several genes involved in apoptosis, cell cycle, and metastatic pathway in HT29 and SW480 cell lines with the treatment of
probiotics extract showed an upregulation in the BAX, CASP3, and CASP9 and down regulation BCI-2, MMP2, and MMP9
genes. Also, a comparison of microRNA expression profiles indicated an increase of miR 34, 135, 25, 16, 195, 27, 98, let7
and a decrease of miR 9, 106b, 17, 21, 155, 221.

Conclusions and discussion The findings of this study indicate that probiotics can effectively suppress the proliferation of
colorectal cancer cells and even reverse their development. Additionally, the study of cellular genes and miRNA profiles
associated with colorectal cancer have demonstrated that our probiotics play a crucial role in CRC prevention by increasing
the expression of tumor suppressor microRNAs and their target genes while decreasing oncogenes.
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Introduction

The effect of probiotic on digestive diseases such as irritable
bowel syndrome, gastrointestinal disorders, prevention of
Helicobacter infection, inflammatory bowel disease, diar-
rhea and allergic intolerance such as atopic dermatitis has
been shown. The effect of probiotics on the treatment of obe-
sity, insulin resistance syndrome, type 2 diabetes and non-
alcoholic fatty liver disease has been proven. In addition,
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the positive effects of probiotics on human health have been
shown by increasing and regulating the level of immunity
of the body. The benefits of probiotics have been shown
to prevent various types of cancer and cancer-related side
effects [1].Currently, widespread research has been devoted
to foods that contain probiotic strains. Probiotics are known
as live microorganisms, and when consumed in appropriate
amounts, have a beneficial effect on the health of the host.
Although lactic acid bacteria and bifidobacteria are mainly
probiotic microorganisms, several yeasts such as Saccha-
romyces and Kluyveromyces strains are also used for their
properties as probiotics. Due to being resistant to antibiotics,
yeasts also show the ability to exchange with probiotic bac-
teria [2]. Prebiotics are defined by Gibson and Roberfreud
in 1995 as indigestible or poorly digestible compounds that
grow against digestive enzymes in the human colon. Accord-
ing to this definition, a prebiotic has been selected as a fer-
mented substance that has beneficial effects on the health
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of the host by making specific changes to the composition
or activity of the microbiota of the digestive system [3].
Intestinal flora probiotic bacteria not only improve diges-
tion but also create chemicals and molecules like vitamins
and antibiotics. The human intestine contains many types
of beneficial and harmful bacteria that must be balanced
in the human body; otherwise, in addition to disrupting the
functions of the intestinal flora, it causes various clinical
symptoms [4]. The composition of the intestinal flora of
each person is specific and is also influenced by the envi-
ronment [5]. About 400 to 800 different species of bacteria
live in the intestines, and yeasts also make up a small part
of this flora [6]. Most of the intestinal flora, for example,
35-50% of the colon (large intestine), consists of bacteria
[4]. Bacteroides, Clostridium, Fusobacteria, Ruminococcus,
Enterobacteriaceae, Lactobacillus, Escherichia coli, Bifido-
bacteria, Peptococcus are beneficial intestinal bacteria [7].
Cancer is known as one of the most important public health
problems all over the world, which is estimated to reach
an incidence rate of 22.2 million cases by 2030. Moreover,
in 2020, 1,806,590 new cancer cases and 606,520 cancer
deaths are approximately estimated to be recorded in the
United States [8]. Cancer is regarded as the biggest cause
of death worldwide, accounting for 13% of all mortality.
Gastrointestinal cancers have the highest mortality rates
among other kinds of cancer, such as colon, liver, and gas-
tric cancers. Improving one’s lifestyle (healthy diet, regular
exercise, avoiding alcohol and tobacco use, etc.) or reduc-
ing exposure to chemicals and carcinogenic radiation can
help prevent all types of cancer [9]. Colorectal cancer is the
third most common cancer worldwide and the fourth leading
cause of cancer-related deaths. It is a disease with multiple
risk factors, including genetic, epigenetic, environmental,
and lifestyle parameters [10].

It has been discovered that probiotics can inhibit cancer
progression. Probiotics have been shown to have anticancer
effects through a number of different mechanisms, including
the facilitation of anticancer compounds, the enhancement
of the immune system, the improvement of the intestinal
barrier, the inhibition of cancer cell proliferation, and the
induction of apoptosis in cancer cells [11].

Today, the anti-mutagenic and anti-carcinogenic effects
of probiotics have been noticed. Experiments have shown
that lactobacilli have anti-mutagenic action while expand-
ing in specific culture mediums and can reduce the geno-
toxic effects of chemical substances [12]. Animal studies
have demonstrated that specific strains of Lactobacillus
acidophilus(L. acidophilus) inhibit the production of car-
cinogenic chemicals by decreasing the activity of enzymes
such as beta-glucuronidase, azoreductase, and nitroreduc-
tase. In the meantime, Lactobacillus exerts resistance to
colon cancer in several forms, including living and lethal
strains, strain components, and metabolites of live strains.
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Live lactic acid bacteria (LABs) activate cysteine aspartic
protease, which causes colon cancer cells to undergo apopto-
sis. This, in turn, suppresses the proliferation of colon cancer
cells such as Caco-2 [13]. However, the anti-mutagenic and
anti-carcinogenic mechanisms of probiotic bacteria have not
been clearly defined yet [14].

Saccharomyces cerevisiae is a unicellular yeast and one
of the most valuable microorganisms in industry and genetic
investigations [15]. Earlier research has demonstrated that
representatives of the species Saccharomyces have probiotic
and antibacterial characteristics [16]. This yeast has a round
to spherical form with a thickness of 3 um and a length of
2.5 to 10.5 pum that reproduces sexually and asexually [17].
Clinical study has indicated that Saccharomyces cerevisiae
(8. cerevisiae) is regarded as a bio-therapeutic agent because
of its antibacterial, antiviral, anti-carcinogenic, antioxidant,
anti-inflammatory, and immune-modulating capabilities.
Its oral or intramuscular injection can greatly improve the
health of the host [18]. This strain is frequently utilized as a
low-cost and efficient probiotic against gastrointestinal disor-
ders such as inflammatory bowel disease and treating many
forms of diarrhea [19].

The use of probiotics, particularly Saccharomyces cer-
evisiae var. boulardii, is the most frequent technique for
the treatment of antibiotic-associated diarrhea (ADA) and
Clostridium difficile infection (CDI), which a recently meta-
analysis research has proven to be successful [20]. Crohn’s
disease (CD) is one of the inflammatory bowel disorders,
and intake of this Saccharomyces can considerably lower
the amount of CD, manage chronic inflammation and repair
the intestinal epithelial tissue [21].This probiotic yeast
can decrease the tumorigenic effects of colorectal cells in
humans and reduce the incidence of colorectal cancer by
inducing the death of cancer cells. Saccharomyces cerevisiae
var. boulardii dramatically lowers the expression of many
tumor-inducing genes, including TNFa, interleukin-1p, and
interleukin-17, and inhibits NF-kB and mTOR pathways
[20].

Even though probiotics can modify the normal gut flora in
the direction of balance or even preserve the proper balance
of bacteria in the microbiome composition. They thus have a
unique potential for both cancer prevention and cancer treat-
ment. Micro RNAs, which are classified as small non-coding
RNAs (ncRNAs) and have a length of about 22 nucleotides,
regulate many cellular and developmental processes in bio-
logical systems by acting on epigenetic processes, chromatin
structure, post-transcriptional gene silencing, or inhibition
of translation. Alterations in the expression of micro RNAs
in the cell are related to the occurrence of many diseases,
including cancer.

Several studies have demonstrated that probiotics can
inhibit the growth of tumor cells and metastasis through
miRNAs, which is significant given the significant function
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of miRNAs in modulating cellular activities. Yet, it is still
unclear exactly how probiotics work on a biological level to
treat cancers via miRNAs.

The anticancer effect of L. acidophilus andS. cerevi-
siae probiotics on two CRC cell lines is investigated in this
study, as well as their effect on the expression of apoptosis
genes, cell cycle, metastatic genes including BCL2 apop-
tosis regulator(BCL2), BCL2 associated X(BAX),caspase
3(CASP3),caspase 9(CASP9),matrix metallopeptidase
2(MMP2), matrix metallopeptidase9 (MMP9), and the
expression profile of 14 related microRNA genes.

Materials and methods
L. acidophilus and S. cerevisiae culture

L. acidophilus(ATCC:4356) and S. cerevisiae(ATCC:9763)
were purchased from Iranian Research Organization for
Science and Technology (IROST).In order to prepare the
supernatant, Lactobacillus acidophilus was cultured on
autoclaved De Man—Rogosa—Sharpe (MRS) aerobically.
L. acidophilus was inoculated into an MRS-broth culture
medium (sigma;69966) and incubated at 37 °C for 4 h, and
sub-cultured twice before the experiment.

Under these circumstances, the number of bacteria
reached approximately 2.5 x 103 CFU. Following incuba-
tion, the strains were collected by centrifugation (6,000 g
for 15 min at 4 °C). After that, they were washed three times
in a buffer containing phosphate-buffered saline (PBS) with
apH of 7.4.

S. cerevisiae was incubated in PotatoDextroseBroth
(PDB)culture medium at 30 °C for 24 h, and cell suspen-
sion at a concentration of 107 was obtained. Then obtained
cells were centrifuged at 3000 g for 10 min. A 0.2 pm nylon
filter (Milli-Q, Millipore, Germany) was utilized to filter
the obtained supernatants. After then, obtained supernatants
were kept at a temperature of — 20 °C until the conducting
of the experiments.

Identification and antibiotic susceptibility of L.
acidophilus and S. cerevisiae

L. acidophilus was identified by its Gram-positive, rod-
shaped, catalase-negative and catalase-negative lactic acid
bacteria [22]. Also S. cerevisiae is catalase and oxidase
positive. Moreover, 18srRNA and 16srRNA primers [23]
were used for molecular confirmation by Polymerase Chain
Reaction (Table 1). Antibiotic sensitivity patterns of these
isolates were determined by disk (Neo-Sensitabs, RoscoDi-
agnostica, Denmark) diffusion method using the CLSI 2014
guidelines [24].

Table 1 The sequence of 18srRNA and 16srRNA primers used in this
study

(bp)  Tm (°C)

18srRNA
Forward AGCTGGTTGATTCTGCCAG 19 53
Reverse TGATCCTCCYGCAAGTTCAC 20 53
16srRNA
Forward AGAGGTTCCTGAGCTCAG 19 53
Reverse ACAGCTTCCTTGTTACGATT 20 53
Cell culture

The HT-29 (Human Adenocarcinoma; Colorectal, C466) and
SW480 (Human Adenocarcinoma; Colorectal, C506) Cell
lines were obtained from the cell bank of the Iranian Pasteur
institute (Tehran, Iran). Cells were grown in culture Dulbec-
co’s Modified Eagle’s Medium (DMEM) supplemented with
10% fetal bovine serum (Fetal Bovine Serum, gibco, United
Kingdom), 1% penicillin/streptomycin, and 1% Glutamax.

Co-culture of L. acidophilus and S. cerevisiae
with HT-29 and SW480

Cells co-cultured with Lactobacillus acidophilus and Sac-
charomyces cerevisiaewere cultured in high-glucose DMEM
cell culture media (without penicillin—streptomycin solu-
tion), supplemented with 10% FBS. For five minutes, cell
suspensions were centrifuged at 1000 rpm. Cell culture
incubated with 5 percent CO2 at 37 °C, the cell pellets were
resuspended, plated into a 25-cm? culture flask, and allowed
to develop. After 24 h, non-adherent cells were removed
from the cell culture medium, which was then changed in
accordance with the culture requirements. Cells were trypsi-
nized with trypsin—EDTA after they had filled 80% of the
culture flask in preparation for expansion and further tests.

MTT assay

The MTT assay is a colorimetric, cell-based assay used to
measure cell viability and proliferation. It is based on the
reduction of a yellow tetrazolium salt (3-(4,5-dimethylth-
iazol-2-yl)-2,5-diphenyltetrazolium bromide, or MTT) to a
purple formazan product by mitochondrial dehydrogenases
of metabolically active cells. The amount of formazan prod-
uct generated is proportional to the number of viable cells
in the sample.

Cells were seeded into a 96-well plate and allowed to
adhere and grow overnight. After overnight incubation, the
cells are treated with the S. cerevisiae and L. acidophilus
supernatant (10, 20, 30, 40, 50, 60, 70, 80, 90, and 100 mg/
ml) and incubated for a 24, 48 and 72 h. After incubation,
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MTT reagent is added to the wells and allowed to incubate
for 4 h. The formazan product is then solubilized in a deter-
gent solution and the absorbance is measured at 570 nm. The
absorbance values are then compared to a control sample to
determine the percentage of viable cells.

Analysis of S. cerevisiae and L. acidophilus genes
expression on cell lines

Total RNA extraction

Total RNA extracted from the conditioned media-treated
and untreated cell samples, it was performed using the
Bon-yakhte reagent method suggested by the manufacturer
(BON RNA Lysis buffer, BN-0011.33, Iran). Using Nano
Drop (Nano Drop, Wilmington, USA) equipment, the RNA
yield and purity were assessed.

cDNA synthesis

cDNA synthesizes to measure the expression of the selected
miRNAs genes were performed by the BON-miR miRNA
Ist-Strand cDNA Synthesis Kit (BN-0011.41) and to meas-
ure the expression of the mRNA genes used the cDNA syn-
thesis Kit (BN-0011.37) according to the manufacturer’s
instructions by BON technology company, Iran.

Gene expression study

ABI-One step real-time PCR instrument was used to meas-
ure the expression level of miRNAs and mRNA genes. All
primers were prepared by Bon Yakhte Technology Com-
pany, Iran with a concentration of 10 pmol (Table 2). Real-
time PCR was performed to measure the expression levels
of the target mRNAs using SYBR Master Mix reactions
based on the use of SYBER green I dye were performed

Table 2 presepts the primers No. Name Seq Size Tm °C  Concentration
used for real-time PCR
mRNA Genes
1 GAPDH F CTTCCTTCCTGGGCAT 16 60 10 pmol
R GTCTTTGCGGATGTCCA 17
2  BCL2 F GATAACGGAGGCTGGGAT 18 60 10 pmol
R CAGGAGAAATCAAACAGAG 19
3 BAX F CAAACTGGTGCTCAAG 16 60 10 pmol
R CACAAAGATGGTCACG 16
4 CASP9 F GCCTCCACTTCCCCT 15 60 10 pmol
R GGTCCCTCCAGGAAAC 16
5 CASP3 F CACAGCACCTGGTTATTA 18 60 10 pmol
R TTGTCGGCATACTGTTTC 18
6 H-MMP2 F GCTCGTGCCTTCCAAGT 17 60 10 pmol
R AGTCCGTCCTTACCGTC 17
7  H-MMP9 F CGGACCAAGGATACAGTTT 19 60 10 pmol
R CTCAGTGAAGCGGTACATA 19
miRNA Genes
8  hsa-let-7-F CGTGAGGTAGTAGGTTGTATA 21 60 10 pmol
9  hsa-miR-17-5p CCAAAGGGCTTACAGT 16 60 10 pmol
10 hsa-miR-34a ATGGTGGCAGTGTCTTA 17 60 10 pmol
11 hsa-mir-21-5p F GGCTTGTCAGACTGATGT 18 60 10 pmol
12 H-miR-135-5P-F TATGGCTTTTTATTCCTATG 20 60 10 pmol
13 hsa-miR-27a-3p CTTCACAGTGGCTAAGTT 18 60 10 pmol
14 has-miR-98 GGTGAGGTAGTAAGTTGTATTG 22 60 10 pmol
15 Hsa-miR-25-3P CATCGCACTTGTCTTGG 17 60 10 pmol
16 hsa-miR-106b-5p-F AGTAAAGGGCTGACAGT 17 60 10 pmol
17 hsa-miR-93-3P-F ATGACTACTGAGATAGCACT 20 60 10 pmol
18 hsa-miR-221-3p-F ATTCAGGGCTACATTGTC 18 60 10 pmol
19 hsa-miR-195-5p-F TTGGTAGCAGCACAGAAA 18 60 10 pmol
20 hsa-miR-155-5p ACTTGGCTAATCGTGATAG 19 60 10 pmol
14 Forward 16-1 GGCATAGCAGCACGTAA 17 60 10 pmol
15 SNORDA47 (F) ATCACTGTAAAACCGTTC 18 60 10 pmol
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using the kit of Bon Technology Company (Syber green
Master Mix 2X, catalog number BN-0011.40) accord-
ing to the manufacturer’s instructions. Melt curves were
obtained at 95 °C to confirm the amplification’s specific-
ity. To create the standard curves, qPCR amplification of
cDNA was carried out using a serial dilution of the cDNA
(107'-107%). To standardize the expression levels of the
mRNAs/miRNA, GAPDH and SNORD47 were utilized as
internal comparators in tandem with the control sample.
The relative expression was calculated utilizing the differ-
ence in the CT values of the target RNAs after normaliza-
tion to the RNA input level. The conventional 2-24¢T com-
putations were used to depict the relative quantification.
All PCR reactions were carried out in triplicate.

Statistical analysis

The findings of investigations that were carried out in trip-
licate were given as the mean accompanied by the standard
deviation. P value of less than 0.05 was established as
the threshold for statistical significance. Using the Graph
Pad Prism 8 program, nonlinear regression was performed
to get the ICs, value, also known as the half-maximum
inhibitory concentration (Graph Pad Software, Inc. La
Jolla, CA, USA).

Fig.1 Cell culture of A S.
cerevisiaes, B L. acidophilus,
andmorphological characteris-
tics, of C S. cerevisiae), D L.
acidophilu slides after staining,
were observed with a light
microscope

Results
Characterization of S. cerevisiae and L. acidophilus
Morphological characteristics

S. cerevisiae and L. acidophilus isolates grew on the medium
after cultivation. To check the morphological characteristics,
slides, and spreads were prepared from the single colonies
grown on the culture medium, and after staining, they were
observed with a light microscope, as shown in Fig. 1.

Biochemical characteristics

S. cerevisiae and L. acidophilus were confirmed according to
standard Biochemical diagnostic tests (nitrogen absorption,
oxidase, and catalase and antibiogram analysis). S. cerevi-
siae and L. acidophilus were cultured and examined with
catalase, oxidase, nitrate and antibiogram tests. The results
of catalase, oxidase, and nitrate tests and Antibiogram analy-
sis are reported in Table 3.

Testing the influence of temperature, pH, and Bile
salt on S. cerevisiae and L. acidophilus growth

All experiments were carried out in sterile tubes containing
10 mL of broth medium. After strains were cultured in broth
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Table 3 Confirmation of S. cerevisiae and L. acidophilus probiotic
organism by morphological and biochemical catalase, oxidase, nitrate
tests, and antibiogram analysis

Experiment ~ Test Species
L. acidophilus  S. cerevisiae
Absorption Catalase - +
Oxidase - +
Nitrate - -
Antibiogram  Ketoconazole - Sensitive

Amphotericin B - Semi sensitive

Fluconazole - Resistant
Tetracycline Sensitive Sensitive
Clindamycin Sensitive -
Chloramphenicol ~ Sensitive -
Gentamicin Semi Sensitive —
Levofloxacin Semi Sensitive  —
ceftazidime Resistant -
Streptomycin Resistant -
Vancomycin Resistant -
Fig.2 Growth Graph of 1.8
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S. cerevisiae and L. acidophilus molecular identification

Molecular identification of S. cerevisiae and L. acidophilus
isolates was performed using PCR. S. cerevisiae strain was
identified according to 18srRNA gene sequencing, and the
L. acidophilus strain was identified according to 16sTRNA
gene sequencing. The gel electrophoresis images of both
strains are shown in Fig. 3.
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18srRNA

16srRNA

Fig.3 Specific amplification band of A 18srRNA of S. cerevisiae
and B 16stRNA of L. acidophilus. on 2% agarose gel. The two 28S
rRNA and 18S rRNA bands are observable with suitable quality due
to staining by Safe Stain on 2% agarose gel. L; size marker, Sc: S.
cerevisiae, La: L. acidophilus
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Fig.4 Cell viability for treatment with different concentrations of
S. cerevisiae and L. acidophilus supernatant for 24, 48, and 72 h on
HT29 and SW480 cell lines. A, B Cell viability diagram after treat-
ment with O ug/ml to 100 pg/ml of the S. cerevisiae and L. acidophi-

The cytotoxic effect of S. cerevisiae and L.
acidophilus supernatant on the cell viability of HT29
cancer cells

After treating HT-29 cell line with L. acidophilusand S. cer-
evisiae probiotics, the viability of these cells was determined
using the MTT colorimetric assay. The Cytotoxic Effect of
S. cerevisiae demonstrated that as supernatant concentra-
tions (10, 20, 30, 40, 50, 60, 70, 80, 90, and 100 pg/ml) and
treatment time (24, 48, and 72 h) increased, the cell viability
of HT29 cancer cells decreased significantly (P <0. 05). At
24, 48, and 72 h, the half maximal inhibitory concentration
(IC5,) was 49.23, 38.38, and 42.69 pg/ml, respectively. Time
has been shown to have a significant effect on the prolifera-
tion of HT29 cancer cells treated with supernatant (Fig. 4A).
Cell viability and proliferation rates were significantly
reduced when L. acidophilus Supernatant concentrations
were increased from O to 100 pg/ml after 24 h incubation
(p <0.05). Cell viability was significantly affected by treat-
ment time when compared to the control group (0 mg/mL)
(24, 48, and 72 h). However, the ICs at 24, 48, and 72 h was
27.52,16.66, and 20.04 ug/ml, respectively (Fig. 4B).
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lus supernatant on HT29 cell lines. C, D 0 pug/ml to 100 pg/ml of the
S. cerevisiae and L. acidophilus supernatant on SW480. Values are
reported as mean = standard error (SE) of triplicate measurements
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The cytotoxic effect of S. cerevisiae and L.
acidophilus supernatant on the cell viability
of SW480 cancer cells

S. cerevisiae and L. acidophilus Supernatant showed cyto-
toxicity with ICs; values 19.26 pg/mL and 10.72 pg/mL on
the SW480 cell line and could decrease the cell viability after
48 h. On the other hand, a little change had detected after
24 h and 72 h (Fig. 4C, D). At the highest dose (100 pg/mL),
both S. cerevisiae and L. acidophilus supernatant inhibited
SW480 cancer cell proliferation at a similar rate. The 100 pg/
mL supernatants of L. acidophilus and S. cerevisiae demon-
strated the cytotoxicity (%) toward SW480 cells. The results
showed that the cytotoxicity of S. cerevisiae and L. acidophilus
supernatant on SW480 cells after 48 h are dose-dependent,
and a low concentration of S. cerevisiae and L. acidophilus
supernatant could rapidly decrease SW480 cell viability.

qRT-PCR analysis of S. cerevisiae and L. acidophilus
supernatant on HT29

To investigate the anti-cancer effect ofS. cerevisiae and L.
acidophilus supernatant on molecular leveland to realize the
partial mechanism of cell death by apoptosis and the effect
of their treatment on related microRNA dysregulation, we
examined the expression of BCL2, BAX, CASP3, CASP9,
MMP2, MMP9, and 14 related microRNA genes. The
ICs, dose of S. cerevisiae and L. acidophilus supernatant
was used to assess the expression of BAX, BCL2, CASP3,
CASP9, MMP2, and MMP9 genes after 48 h and 72 h on
HT?29 cells; the data are shown in Fig. 5.

Evaluating the expression of apoptosis-related genes
showed that S. cerevisiae and L. acidophilus supernatant
treatment significantly increased mRNA expression of the
BAX, CASP3, and CASP9 genes in HT29 cancer cells,while
in the same conditions, the expression of BCI2, MMP2 and
MMP9 genes decreases significantly (Fig. SA).

Furthermore, the expression of fourteen microRNA genes
in this study was evaluated, including 34, 135, 25, 16, 195,
27,98, 106b, 17, 21, 155, 221, 93, and let7. The expression
of eight selected microRNA genes (34, 135, 25, 16, 195, 27,
98, and let7) increased significantly within 48 h of exposing
S. cerevisiae and L. acidophilus supernatant on HT-29 cells
and continues for up to 72 h. Meanwhile, the expression
of six selected microRNA genes (106b, 17, 21, 155, 221,
and 93) decreased significantly under the same conditions
(Fig. 5).

qRT-PCR analysis S. cerevisiae and L. acidophilus
supernatant on SW480

The ICs, dose of S. cerevisiae and L. acidophilus super-
natant was used to assess the expression of BAX, BCL2,
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CASP3,CASP9, MMP2, and MMP9 genes after 48 h and
72 h on SW480 cells; the data are shown in Fig. 5.Evaluat-
ing the expression of apoptosis-related genes showed that
S. cerevisiae and L. acidophilus supernatant treatment sig-
nificantly increased mRNA expression level of the BAX,
CASP3, and CASP9genes in cancer cell lines,while in the
same conditions, the expression of BCI2, MMP2 and MMP9
genes decreases significantly (Fig. 5A).

Furthermore, the expression of fourteen microRNA genes
in this study was evaluated, including 34, 135, 25, 16, 195,
27, 98, 106b, 17, 21, 155, 221, 93, and let7. The expres-
sion of eight selected microRNA genes (34, 135, 25, 16,
195, 27, 98, and let7) increased significantly within 48 h of
exposing S. cerevisiae and L. acidophilus supernatant on
SW480 cells and continues for up to 72 h. Meanwhile, the
expression of six selected microRNA genes (106b, 17, 21,
155, 221, and 93) decreased significantly under the same
conditions (Fig. 5).

Discussion

Colorectal cancer (CRC) is the world’s third most common
type of cancer in men and the world’s second most com-
mon type of cancer in women[25]. The 5-year relative sur-
vival rate for early-stage colon cancer (localized stage) is
90% [26]. The death rate from colon cancer has decreased
over time as technology has advanced, so the survival rate
in early-stage colon cancer is high. Finding ways to lessen
the side effects of colon cancer therapies and increase the
survival rates of patients is essential. There is a risk of severe
complications and death from all types of cancer treatment,
including surgery, chemotherapy, immunotherapy, and radia-
tion therapy. In particular, Gastrointestinal-related adverse
effects such as nausea, diarrhea, colitis, and gastrointestinal
bleeding may negatively impact a patient’s quality of life,
prohibit them from continuing therapy, and in extreme cases,
even be fatal [27]. The human microbiota is related to the 10
to 100 trillion symbiotic microbial cells that each individual
nurtures, primarily in the gut, where they interact with the
metabolism of food residues, intestinal secretions, and the
gastrointestinal tract. The microbiota performs a variety of
functions within the body that has both positive and negative
effects on human health. A number of major research initia-
tives are currently investigating this complicated interaction.
The heterogeneity of the human microbiome contributes to
the difficulty of research studies [28].

Among the most common probiotic microbes, the Lac-
tobacillus family is responsible for forming lactic acid, the
primary metabolite of sugar metabolism. Recent research
has demonstrated that lactobacilli are an effective treatment
for diarrhea, food allergies, and inflammatory bowel disease
(IBD). Lactobacilli’s potential role and its beneficial effects
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Fig.5 gRT-PCR analysis for the gene expression levels of BAX,
BCL2, CASP3,CASPY9, MMP2, and MMP9 genes; fourteen micro-
RNA genes of 34, 135, 25, 16, 195, 27, 98, 106b, 17, 21, 155, 221,
93, and let7. in HT29 and SW480 cell lines. The data are expressed

include enhancing the body’s natural defense mechanisms
and preventing gastrointestinal disorders has been exten-
sively studied. Several studies have demonstrated that Lac-
tobacilli play a crucial role in CRC prevention [28].
Although there is no general agreement on the role of
Lactobacilli in treating CRC, it is generally accepted that

0.
> CONTROL

as the mean+SD, n=3 biologically independent measurements,
*P<0.05, **P <0.01, ***P <0.001, BCL2 BCL2 apoptosis regulator,
BAXBCL?2 associated X, CASP3 caspase 3, CASP9 caspase 9, MMP2
matrix metallopeptidase 2, MM P9 matrix metallopeptidase9

certain Lactobacilli strains can activate anticancer mecha-
nisms and regulate the host immune system. Although lac-
tobacilli’s role in treating colorectal cancer has been studied
to some level, the mechanism of their effect, particularly
via the miRNA network, has not been thoroughly studied
[29]. Recent research has demonstrated that the pathogenic
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mechanisms of colorectal cancer are dependent on multi-
ple signaling pathways, including p53, PI3K, RAS, MAPK,
EMT transcription factors, and Wnt/-catenin. It has been
discovered that miRNAs regulate the pathogenesis-related
mechanisms in all of these pathways [30].

Alsomultiple studies have demonstrated the role of Sac-
charomyces in regulating and controlling the development
and migration of cancer. Saccharomyces cerevisiaeas a type
of yeast,has been widely used in the production of alcoholic
beverages, bread, and food industries. Some human cell
signaling proteins, like cell cycle proteins and processing
enzymes, are homologous to numerous yeast proteins [31].

HT-29 and SW480 are human colon adenocarcinoma cell
lines that provide an ideal experimental system for study-
ing the factors influencing the differentiation of epithelial
cells. Under typical conditions, these cells form non-polar
layers. These characteristics make them an ideal model for
studying cell signaling pathways and therapeutic agents or
approaches [30, 32]. Therefore, in the present study, the
effect of Lactobacillus acidophilus and Saccharomyces
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cerevisiae secretions (supernatant) on two colorectal cancer
cell lines was investigated. The toxicity effect of the superna-
tant of these organisms was measured using the MTT assay,
followed by the expression of 14 microRNAs and genes
involved in apoptosis and metastasis; qRT-PCR was used
to determine the mechanism by which these factors affect
these cell lines.

MTT results from the present study demonstrated that
exposure of SW480 and HT29 cell lines to Lactobacil-
lus acidophilus and Saccharomyces cerevisiae probiot-
ics decreases cell survival and induces apoptosis. As an
anti-apoptotic factor, the level of BCL2 gene expression
decreases significantly under the influence of Lactobacillus
acidophilus (p <0.05) and Saccharomyces (p <0.05) relative
to the control sample. In the present study, it was shown that
the expression level of BAX, CASP3, and CASP9 as apop-
totic indicators changed significantly due to the treatment
with both studied probiotics (p <0.05).

Consistent with the findings of Li et al. in 2020, which
demonstrated that Saccharomyces cerevisiae might play a
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probiotic role in CRC by inducing cell apoptosis. Also, Sac-
charomyces cerevisiae has also been shown to induce apop-
tosis in other cancers, including breast and ovarian cancer
[33-36].

Our results are consistent with those of Chen et al., who
analyzed the effect of oral administration of Lactobacillus
acidophilus (L. acidophilus) on colorectal cancer in mice;
Their results showed that L. acidophilus reduced the sever-
ity of colorectal cancer and increased apoptosis in treated
mice. In the next step, in order to investigate the effect of
Lactobacillus acidophilus and Saccharomyces cerevisiae
probiotics on the invasion and metastasis of SW480 and
HT29 cell lines, MMP2 and MMP9 gene expression was
investigated. After exposure to both probiotics, the expres-
sion level of matrix metalloproteinases(MMP2 and MMP9)
decreased significantly (p <0.05), which can be an indicator
of the effectiveness of probiotics in controlling colorectal
cancer metastasis. Our results are in line with those of [37]
FaizehMagsood et al. [38], who found that Lactobacillus
acidophilus significantly reduced MMP-9 gene expression
and increased TIMP-1 expression in PMA-differentiated
THP-1 cells (P <0.0001) [38].

Furthermore, we focused on a panel of tumor suppressor
miRNAs and key oncomiR associated with colorectal cancer
to determine the molecular action mechanism of probiotics
on miRNA expression regulation pathways. According to
real time results, both Lactobacillus acidophilus and Sac-
charomyces cerevisiae probiotics in SW480 and HT29 cell
lines increase the expression of tumor suppressor miRNAs
such as miR-135, miR-34, miR-25, miR-16, miR-195, miR-
27, miR-98, LET-7 and on the other hand, it plays a signifi-
cant role in reducing the expression of oncogenic miRNAs
such as miR-17, miR-21, miR-155, miR-221, miR-93 and
miR-106b. Researchers investigated how probiotics influ-
ence miRNA expression in another study. Consistent with
our findings, a recent study found that adding Lactobacillus
acidophilus and Bifidobacteriumbifidum to a colon cancer
patient’s diet increased the expression of tumor suppressor
microRNAs and their target genes while decreasing onco-
genes expression [37].

According to previous studies, MiR-34a inhibits colon
cancer cell proliferation by increasing p53 and p21 levels,
which play tumor suppressor proteins role; MiR-34a has
been shown to suppress PAR2-induced cell growth, and its
inhibition partially restores PAR2-induced cyclin D1 activa-
tion. PAR2 has been shown to increase cancer cell prolifera-
tion and induce the accumulation of Cyclin D1, a key player
in tumorigenesis, by activating EGFR, MAPK, and other
survival signals.

It has also been seen that MiR-34a has been shown to
regulate apoptosis; the suppression of SIRT1 expression by
MiR-34a results in increased levels of acetylated p53, which
causes cell death. Furthermore, according to a functional

study, after being transfected miR-34a into SW480 cells,
miR-34a upregulated acetylated p53 and p21, resulting
in a significant decrease in migration and invasion. Also
shows that overexpression of miR-34a causes senescence-
like phenotypes and cell growth arrest by upregulating the
p53 pathway. MiR-34a has been shown to inhibit colorectal
metastasis in a number of studies [35], and this suppression
occurs via the EMT regulatory network of SNAIL/ZNF81
and IL6R/STAT3.

MiR-16 inhibits CRC cell growth and induces cell apop-
tosis by regulating the p53/survivin signaling pathway. Sur-
vivin is a direct target of miR-16 and plays an important role
in colorectal cancer cell proliferation and survival. Survivin
is expressed primarily during the G2/M phase of the cell
cycle, so inhibiting Survivin expression can result in defec-
tive cytokinesis and cell cycle [39].

Anti-miR-135b (LNA) treatment was found to inhibit
tumor progression in a mouse model and cause apoptosis in
SW480 cells. The ability of HCT-116 cells to migrate and
metastasize was found to be significantly diminished when
miR-135b expression was elevated, as demonstrated in a
study by Wu et al. Consequently, miR-135b may be a useful
therapeutic target for colorectal cancer. The expression of
miR-135b can be boosted by probiotics, which can assist in
colorectal treatment [40].

Let-7 inhibits MAPK and PI3K/AKT signaling by inhib-
iting RAS. Numerous oncoproteins that are known to play
an important role in CRC growth are directly repressed by
Let-7. Intestinal epithelial cells and CRC cells are both
encouraged to migrate and invade when the let-7 expres-
sion is reduced [41].

Let-7 inhibits cell growth by controlling Wnt signal-
ing. Studies have shown that let-7 inhibits Wnt signaling
in several cancers. Overexpression of LIN28 in the context
of intestinal tumorigenesis has been shown to speed up the
growth of intestinal tumors in ApcMin /+mice, and this
tumor-promoting effect is dependent on let-7 [42].

The miR-17 levels in the plasma of patients with colo-
rectal cancer are significantly higher than those in healthy
people. The PTEN gene is a common target of miR-17, miR-
21, and miR-92a in CRC. PTEN is a tumor suppressor gene
that is frequently lost in human cancers.

High levels of miR-21 expression are observed in CRC,
and aberrant miR-21 expression is associated to a poorer
prognosis and a more rapid disease progression in CRC.

When miR-21 is overexpressed in HT-29 cells, the pro-
portion of cells in G1/GO decreases and the proportion in S
phase rises. The opposite was seen when miR-21 expression
was suppressed in HT-29 cells. These results demonstrate
that miR-21 inhibits HT-29 cell proliferation and promotes
apoptosis in CRC cells [43].

In addition to the previously observed aberrant expres-
sion of miR-155 in colorectal cancer, increased expression
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levels of miR-155 have been detected in other human
malignancies, such as lung cancer, cervical cancer, hema-
tologic malignancies, and thyroid carcinoma. Once miR-
155 is downregulated in HT-29 cells, proliferation, migra-
tion, and invasion are all significantly suppressed, while
GO0/G1 cell-cycle arrest and apoptosis are induced [44].

Multiple cancers, including ovarian, breast, lung, and
thyroid, have been associated to the gene mir-221, which
acts similarly to oncogenes in tumor initiation and pro-
gression. Overexpressed miR-221 can target tumor sup-
pressor genes like P57, BIM, PUMA, TIMP3, and PTEN,
which are highly expressed in tumor cells. Inhibiting these
target genes activates AKT-induced bypass, initiates the
cell cycle, suppresses ligands associated with apoptosis
induction, and promotes tumor proliferation. Similar to
how miR-211 can inhibit TIMP3 in colon cancer, it is
overexpressed in this cancer. This suggests that miR-221
is critically important in colorectal cancer. Similarly, low-
ering miR-221 with probiotics can be helpful in treating
colorectal cancer [45, 46].

In the functional study, miR-93 was found to inhibit
both stem cell proliferation and colony formation in human
colon cancer. Depending on the type of carcinoma, miR-93
can either act as an oncogene or a tumor suppressor [47].
On the other hand, the molecular mechanism behind this
is not fully understood [48, 49].

This study’s findings suggest that probiotics may regu-
late the expression of key miRNAs involved in colorectal
cancer. This may explain their ability to decrease tumo-
rigenesis, induce apoptosis, and prevent invasion and
death. Probiotics have a significant role in limiting and
controlling the growth and proliferation of colorectal
cancer cells, as shown by an analysis of the expression
level of related cell death and metastasis genes. Probiotics
have been shown to have toxic properties against cancer
cells in a number of previous studies; this study confirmed
these findings and elucidated the molecular mechanism of
action of Lactobacillus and Saccharomyces on the gene
expression and miRNA panel of cells involved in colo-
rectal cancer.

However, further study is required to reach clearer and
more specific findings, such as assessing the mechanism of
probiotic action using gene expression studies at both the
transcript and protein levels identifying and extracting the
beneficial Lactobacillus acidophilus and saccharomyces
cerevisiae component, evaluating the effect of Lactobacil-
lus acidophilus and Saccharomyces cerevisiae supernatant
on in vivo and additional cell lines, the combination impact
of Lactobacillus acidophilus and Saccharomyces cerevisiae
supernatant on colorectal cancer is being studied the expres-
sion of additional genes associated with different cellular
functions such as autophagy, necrosis, or inflammation.
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