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The inhibition effects

of Lentilactobacillus
buchneri-derived membrane
vesicles on AGS and HT-29 cancer
cells by inducing cell apoptosis

Adel Abedi?, Farzaneh Tafvizi©®?*, Parvaneh Jafari®* & Neda Akbari®?

In recent years, probiotics and their derivatives have been recognized as important therapeutic
agents in the fight against cancer. Therefore, this study aimed to investigate the anticancer effects

of membrane vesicles (MVs) from Lentilactobacillus buchneri strain HBUMO07105 probiotic isolated
from conventional and unprocessed yogurt in Arak province, Iran, against gastric and colon cancer

cell lines. The MVs were prepared from the cell-free supernatant (CFS) of L. buchneri and characterized
using field-emission scanning electron microscopy (FE-SEM) and transmission electron microscopy
(TEM) and SPS-PAGE techniques. The anticancer activity of MVs was evaluated using MTT, flow
cytometry, qRT-PCR techniques, and a scratch assay. The study investigated the anti-adenocarcinoma
effect of MVs isolated from L. buchneri on a human gastric adenocarcinoma cell line (AGS) and a
human colorectal adenocarcinoma cell line (HT-29) at 24, 48, and 72-h time intervals. The results
demonstrated that all prepared concentrations (12.5, 25, 50, 100, and 200 pg/mL) of MVs reduced the
viability of both types of human adenocarcinoma cells after 24, 48, and 72 h of treatment. The analysis
of the apoptosis results revealed that the percentage of AGS and HT-29 cancer cells in the early and
late stages of apoptosis was significantly higher after 24, 48, and 72 h of treatment compared to the
untreated cancer cells. After treating both AGS and HT-29 cells with the MVs, the cells were arrested
in the GO/G1 phase. These microvesicles demonstrate apoptotic activity by increasing the expression
of pro-apoptotic genes (BAX, CASP3, and CASPY9). According to the scratch test, MVs can significantly
decrease the migration of HT-29 and AGS cancer cells after 24, 48, and 72 h of incubation compared

to the control groups. The MVs of L. buchneri can also be considered a potential option for inhibiting
cancer cell activities.
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Probiotic bacteria are live microorganisms, typically bacteria or yeast, that provide health benefits to the host
when consumed in adequate amounts. These microorganisms are often associated with promoting a healthy bal-
ance of gut microbiota, aiding in digestion, supporting the immune system, and potentially providing other posi-
tive effects on overall well-being. Common probiotic bacteria include strains of Lactobacillus, Bifidobacterium,
and Saccharomyces. Probiotics work by positively influencing the microbial balance in the digestive system'~.
They may enhance the diversity and abundance of beneficial bacteria in the gut, leading to various health
effects. Probiotic bacteria offer several potential benefits, such as improving digestion, producing certain vita-
mins, facilitating nutrient absorption, supporting the immune system, and promoting a balanced inflammatory
response. Probiotics are commonly found in fermented foods such as yogurt, kefir, and in supplement form*®.
However, it is essential to note that the specific benefits of probiotics can vary depending on the probiotic
strain, dosage, and individual health conditions. Probiotic bacteria are also being studied for their potential
impact on mental health. Additionally, probiotics are utilized in various clinical settings, such as preventing
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antibiotic-associated diarrhea, managing irritable bowel syndrome (IBS), and addressing specific gastrointes-
tinal disorders. Probiotics are believed to provide additional therapeutic benefits, including anti-cholesterol
activity, relief of symptoms for lactose intolerance, stimulation of the immune response, antimicrobial activity,
anti-hypertensive action, as well as anticarcinogenic, antimutagenic, and anti-colorectal cancer properties. They
have been shown to reduce human disease, particularly gastrointestinal infections caused by compromised or
inappropriate gut microbiota®!°.

A few studies have focused on the impact of yogurt cultures on the metabolism of the gastrointestinal tract,
and these effects have been scientifically validated. The by-product of milk fermentation by Lactobacillus del-
brueckii subsp. bulgaricus and Streptococcus thermophilus. Yogurt has long been recognized for its ability to
improve human health. Yogurt bacteria have been shown to influence intestinal transit time, improve lactose
digestion in individuals with lactose intolerance, and stimulate the intestinal immune system. Research has
also been conducted on the immunological and genetic basis of the immunostimulatory properties of yogurt
starters'.

One of the most important strategies for human therapeutic options may be the recent developments in
dietary fortification with substances that can protect against immune system problems and reduce the risk of
disease!’®. The emergence of functional foods and nutraceuticals highlights the need to reduce reliance on drugs
and increase the routine consumption of fermented foods. Probiotics can be beneficial to human health when
taken regularly and in sufficient amounts. In particular, probiotics and lactic acid bacteria (LAB) have been sug-
gested to function as nutraceuticals because they have no negative health effects and can also boost the immune
system, thereby increasing its resistance to a variety of disease states'®.

The gastrointestinal tract is maintained in homeostasis by a healthy balance of bacterial populations. There-
fore, a variety of circumstances, including poor nutrition, stress, gastrointestinal problems, obesity, or drug use,
can lead to disturbances in intestinal homeostasis. An imbalance in the digestive tract can lead to pro-inflam-
matory immune function and the onset of disease, including cancer. Both local gastrointestinal malignancies
and tumors located in distant parts of the body may have their origins in intestinal dysbiosis'”'®. Numerous
disorders might be prevented and treated by including LAB with high probiotic capacity in starter cultures for
dairy products, which are an important part of the average person’s diet'”®. In order to produce high quality,
nutritious and healthy dairy products, it is necessary to identify various natural resources from which suitable
LAB with beneficial probiotic, functional and technical characteristics can be isolated?’. Non-pathogenic lactic
acid producing bacteria (LAB), called Lactobacillus species, have probiotic properties and are scientifically suit-
able for industrial operations?'. In addition, Lactobacillus have become a mucosal delivery platform capable of
replacing others such as nanoparticles, liposomes, microspheres, immunomodulating complexes, and inactivated
pathogens due to their ability to survive in the gastrointestinal tract and their attachment to the intestine?*-%,

Archaea, bacteria, and eukaryotes all employ extracellular vesicles as a means of intracellular and extracel-
lular interaction®?. Extracellular vesicles are bilayer membrane sacs with a spherical shape. One of the ways
that probiotics and the immune system communicate is through the production of membrane vesicles (MVs)?’.
MVs have a diameter ranging from 100 nm to 1 pm and are created by the straight outward budding of the
plasma membrane. The capacity of MVs to encapsulate active cargo, such as proteins, DNA, RNA, and lipids,
makes them special. The protein content in MV's can be 100 times higher than in cell lysate. MV are reported
to be continuously shed by bacteria, but the conditions that modulate their formation remain a mystery. Little
is currently known about their production and cargo®.

The production of MVs by the Lactobacillus species L. rhamnosus (JB-1) and L. plantarum has been
reported?”?. It has been suggested that the communication between probiotic intestinal bacteria and their
mammalian hosts involves immune control by LAB MVs¥. The significant effects of whole-cell components
and supernatants of probiotic lactobacilli in preventing, inhibiting, and treating various cancers, such as lung,
colon, breast, colorectal, stomach, and others, are also taken into consideration®"*2. However, to the best of our
current knowledge, there have been no studies on the anticancer properties of MV isolated from probiotic
Lentilactobacillus buchneri. This study aimed to investigate the anticancer and antioxidant effects of L. buchneri
strain HBUMO07105 MV’ isolated from conventional and unprocessed yogurt from Arak province in Iran on
gastric and colon cancer cell lines.

Material and methods

Bacterial strain isolation and characterization

Lentilactobacillus buchneri strain HBUMO07105 used in this study was isolated from traditional yogurt from
Arak province, Iran. It was identified by 16S rRNA sequencing and registered in GenBank under the accession
number Lentilactobacillus sp. strain T2 (0P218100) in our previous study®*. The safety and effectiveness of the
strain were assessed according to the WHO guidelines for the evaluation of probiotic bacteria in foods. The
isolated probiotic bacteria were subsequently grown on selective media (de Man Rogosa and SHARP or MRS)
and incubated at 36 °C with 1% carbon dioxide.

Preparation of MVs

The bacteria strain was grown on MRS broth and incubated at 37 °C for 48 h in a microaerophilic atmosphere
(5% CO,). Optical density at 600 nm was used to detect bacterial growth. The incubated culture (48 h) was
centrifuged at 13,000 rpm for 10 min to obtain crude cell-free supernatant (CFS). CFS was filtered through a
0.22 pm nitrocellulose membrane. The purification of membrane vesicles was performed in accordance with the
previously described method with some modifications. To prepare MVs from CFS, a vacuum ultracentrifuge
below 20 mbar was used (Sigma 3-30K). For this purpose, 5 mL of CFS was poured into sterile polyallomer
tubes and centrifuged at 100,000xg for 1 h at 4 °C. The supernatant was then completely discarded, and 1 mL
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of sterile sodium phosphate buffer was introduced into centrifugal polyallomer tubes and vortexed for 5 min.
Finally, the final volume reached 50 mL by adding phosphate buffer and was divided into 1.5 mL microtubes and
stored at — 60 °C. It should be noted that the nanodrop should confirm the presence of proteins at a wavelength
0f 280 nm**.

MVs characterization

Transmission electron microscopy (TEM) (Leo 906, Zeiss100 KV model, Germany) and Field-emission scanning
electron microscopy (TESCAN MIRA3) was used to confirm the ideal preparation of the extracellular vesicles.
SDS-polyacrylamide gel using a Tris/HCL buffer system was used to determine the molecular weight of the puri-
fied molecules. Membrane vesicle (MVs) samples were heated in a buffer containing 0.0625 molar TRIS-HCL,
2% SDS, 10% glycerol, and 0.001% bromophenol blue for 5 min at 100 °C. Electrophoresis was then performed
on a 13% polyacrylamide gel and standard markers were applied to determine the molecular weight. Finally, the
protein concentration was measured by the Bradford method to exclude nucleotide contaminants and obtain
the pure protein concentration®.

Cell culture

The AGS cell line, derived from human gastric adenocarcinoma, and the HT29 cell line, derived from human
colorectal adenocarcinoma, the HFF cell line, derived from human foreskin fibroblasts (as normal cells) were
obtained from the Pasteur Institute in Iran. All cell lines were utilized in the cytotoxicity assessment of the MV's
derived from L. buchneri. The cell lines were developed in a liquid medium consisting of RPMI1640 and DMEM
(Gibco, Carlsbad, USA), which was further enriched with 10% Fetal Bovine Serum (Gibco, Carlsbad, USA), 100
p/mL penicillin (Gibco, Carlsbad, USA), and 100 ug/mL streptomycin (Gibco, Carlsbad, USA). The cells were
cultivated at 37 °C in a humid environment containing 5% CO,*.

MTT assay

The cells gathered by trypsinization were washed with phosphate buffer saline (PBS, Sigma, St. Louis, USA) and
afterwards seeded in 96-well plates at a concentration of 1 x 10* cells per well. The cells were then incubated at
37 °C under a gas mixture of 5% CO, and 95% air for a period of 24 h. The cells were subjected to various doses
of MVs, specifically 12.5, 25, 50, 100, and 200 pg/mL. The concentrations were performed in triplicate. The
quantification of the cytotoxicity of MVs was performed by assessing the capacity of viable cells to convert the yel-
low dye 3-4,5-dimethyl-2-thiazolyl-2,5-diphenyl-2H-terazolium bromide (MTT) into a blue formazan product.
The assessment of incubation time was conducted at intervals of 24, 48, and 72 h. Following a 48-h incubation
period, the culture medium in each well was substituted with a solution of MTT (5 mg/mL in phosphate-buffered
saline). The plates were subsequently incubated for a duration of 4 h under conditions of 5% CO, and 95% air at
a temperature of 37 °C. The MTT reagent was eliminated, and the resultant formazan crystals generated by live
cells were solubilized in dimethyl sulfoxide (DMSO). The measurement of absorbance was thereafter performed
using an ELISA reader set at a wavelength of 570 nm. The calculation of the proportion of growth inhibition was
performed employing the following the following equation:

Viability of cells = Sample OD/Control OD x 100

The impact of MVs was quantified by the utilization of ICs, values. The ICs, value, which represents the
concentration of the compound at which the percentage inhibition reaches 50%, was determined as the average
value derived from a minimum of two separate tests®®.

Apoptosis assay

The assessment of the stimulation of apoptosis was conducted with the Annexin V-FITC kit (eBioscience, Affy-
metrix, USA) in accordance with the guidelines provided by the manufacturer. The AGS and HT-29 cell lines
were seeded at a density of 1x 10° cells per well in 6-well plates. The cells were then treated with the half-maximal
inhibitory concentration (ICs,) values of MVs and incubated for 24, 48, and 72 h. The flow cytometry apparatus
(Biocompare, USA) was utilized to do the cellular analysis®.

Cell cycle assay

The AGS and HT29 cell lines were cultured in 6-well plates at a density of 1 x 10° cells per well and incubated in
culture media for a duration of 24 h. After that, the cells were subjected to treatment with ICs, concentrations of
MV and subsequently incubated for durations of 24, 48, and 72 h. Following the designated incubation periods,
the cells underwent a single wash with PBS. Subsequently, 50 pL of PBS was introduced to the cells and subjected
to vortexing. Subsequently, a fixative solution consisting of 1 mL of cold 70% ethanol was added to the samples,
followed by vortexing. To prevent clumping, the cells were agitated during the fixing period. The cells were
subjected to a refrigeration period of 2 h, followed by centrifugation and a single wash with PBS. The PBS was
gradually eliminated, followed by the addition of 1 mL of a solution containing the PI master mix (comprising 40
uL PI, 10 uL RNase, and 950 pL PBS) to the cellular samples. Subsequently, the cells were subjected to a 30-min
incubation period at ambient temperature and subsequently assessed by flow cytometry. The data underwent
analysis using the FlowJo program*.

gqRT-PCR assay
The evaluation of mRNA expression level of BAX, BCL2, CASP3, CASP9, CCNDI1, MMP2 and VEGF in cell lines
treated with IC;, concentration of MV's was performed using qRT-PCR (Bioneer, Daejeon, Korea). Initially, the

Scientific Reports |

(2024) 14:3100 | https://doi.org/10.1038/s41598-024-53773-y nature portfolio



www.nature.com/scientificreports/

e

EHT = 1000 KV
WD= 82mm

extraction of total RNA was performed on both cancer cell lines that were subjected to treatment and those that
were left untreated. This was accomplished using an RNA extraction kit including TRIzol reagent, following the
manufacturer’s instructions (Qiagen, Valencia, CA, USA). The quantity of the collected total RNA was deter-
mined using a photonanometer manufactured by IMPLEN GmbH in Miinchen, Germany. The complementary
DNA (cDNA) was generated with the Revert Aid First Strand cDNA Synthesis Kit, manufactured by Fermentas
in Vilnius, Lithuania. In order to carry out the procedure, a mixture for the reaction was organized. The reaction
mixture consisted of 5 uL of reaction buffer (5x), 2 uL of deoxynucleotide triphosphate mixture (10 mM), 0.5 uL
of the oligo dT primer, 0.5 pL of a random hexamer primer, 1 pg of the extracted RNA, 1 pL of RNase enzyme
inhibitor (20 units/microliter), 1 pL of reverse transcriptase enzyme, and double-distilled water (up to a final
volume of 20 pL). The temperature program was configured in the following manner: the experimental conditions
consisted of four temperature intervals: 25 °C for 5 min, 42 °C for 60 min, 70 °C for 5 min, and 4 °C for 5 min.
The primer sequences utilized for amplifying the target genes were documented in a prior study conducted by
our research team. The QRT-PCR experiment was carried out using a Light Cycler (Bioneer, Daejeon, Korea)
and followed the temperature program outlined below. The experimental conditions consisted of subjecting the
sample to a temperature of 95 °C for a duration of 1 min, followed by a further exposure to the same temperature
of 95 °C for a period of 15 s. Finally, the sample was subjected to a temperature of 60 °C for a duration of 1 min.
The relative gene expression was determined using the AACt technique, assuming a PCR efficiency of 100%>.

Scratch test to detect cell migration ability

HT-29 and AGS cells were plated into a six-well plate and cultured for 24 h to reach 80-90% confluence. A
straight line perpendicular to the bottom of the plate was scratched with a sterile 200 uL pipette tip, the dropped
cells were washed with PBS, the culture medium was replaced with fresh medium, and the scratch was photo-
graphed using an inverted microscope connected to a real-time imaging system. Cells in culture received ICs, of
MVs. After treatment, the treated group was kept in the incubator for 24, 48 and 72 h before being photographed
again. The scratch gap area of each set of cells at 0 and 24, 48, and 72 h was used as the basis for the relative
amount of cell migration, which was calculated using Image] software. The formula is: relative cell migration
activity (%) = (Area treatment group — 0 h — Area treatment group — 24 h)/Area treatment group — 0 h x 100%".

Statistical analysis

The data were presented as the mean value accompanied by the standard deviation (SD). The statistical dispari-
ties in the measurements were examined using Student’s t-test and/or one-way univariate analysis of variance
(ANOVA). A statistically significant difference, denoted by an asterisk (*), was defined as having a p value less
than 0.05. The statistical study was conducted using GraphPad Prism software, specifically version 8.0.2.

Informed consent
All authors consent to the publication of this study.

Results

L. buchneri MVs characterization

The morphology of MVs was spherical and concreted as well as smaller than 200 nm (Fig. 1A,B). SDS-PAGE
profile was used to qualitatively analyze the proteins of MVs and supernatant isolated from L. buchneri. Based
on the obtained results, a large percentage of proteins observed in the gel are common between cell extract,
supernatant, and MVs, and it can be assumed that most of these proteins are cytoplasmic proteins cell wall
related proteins and secretory proteins (Fig. 1C). The Bradford assay of passive protein concentration in MVs
was 822.77 ug/mL at OD =0.822 with R2=0.99. In this study, we defined the enormous protein content of MV's
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Figure 1. Conformation of L. buchneri membrane vesicles (MVs). (A) FE-SEM and (B) TEM micrographs
of bacterial MVs. (C) SDS-PAGE of whole cell extract of L. buchneri (1), MVs of L. buchneri (2), and cell free
supernatant of L. buchneri (CFS) (3), molecular weight Protein Marker (KDa) (4).
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isolated from L. buchneri by SDS-PAGE technique and reported that the protein content of MVs is more than
the supernatant protein content (Fig. 1C).

Cell viability percentage

The anticancer effect of MVs isolated from L. buchneri against AGS and HT-29 cancer cell lines was investigated
at 24, 48, and 72 h time intervals (Fig. 2A), which demonstrated that all concentrations of MVs (12.5, 25, 50, 100,
and 200 pg/mL) have the ability to significantly reduce the viability of both types of human adenocarcinoma after
24, 48, and 72 h treatments (P <0.001). However, 200 pg/mL of MVs showed the highest reduction of cell viability
in both cancer cells after 72 h. The IC;, of MV's was also calculated against both cancer cells (Fig. 2B), showing
that the ICs, concentration decreased significantly with increasing time of treatment, and the 72 h treatment
shows the lowest calculated ICs, against AGS and HT29 cell lines rather than the 24 and 48 h treatment groups
(P<0.001). Figure 2C shows the viability of HFF cells when exposed to different concentrations of MVs. The
results indicate that higher concentrations (100 and 200 ug/mL) of MVs significantly reduced the viability of
HEF cells after 48 and 72 h of treatment (P <0.001). A high level of cell viability has been detected in HFF normal
cells. More than the 80% cell viability has been reported after 48 and 72 h of treatment with MVs. As shown in
the graph, L. buchneri MV exhibited a high level of biocompatibility with normal HFF cells. MVs derived from
L. buchneri showed a lower level of toxicity against normal HEF cells as compared to HT-29 and AGS cancer cells.

L. buchneri MVs induce apoptosis signaling pathway

A flow cytometry study was used to further investigate cell death (apoptosis or necrosis). Early, late, and necrotic
apoptotic cells were stained with Annexin-FITC, P, and both PI and Annexin-FITC as shown in this section.
The percentage of cells in early apoptosis (Q3 region) was 9.10%, 14.3%, 9.81% (HT-29 cells) and 10.9%, 18.6%,
17.2% (AGS cells) after 24, 48, and 72 h of treatment, respectively, and the percentage of cells in late apoptosis
(Q2 region) was 3.79%, 7.01%, 14% (HT-29 cells treated for 24, 48, and 72 h, respectively) and 6.05%, 6.97%,
15.7% (AGS cells treated for 24, 48, and 72 h, respectively) (Fig. 3). Analysis of the results also showed that the
percentage of AGS cells in early and late apoptotic stages was significantly higher than the control group after
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Figure 2. (A) Cell viability of AGS and HT-29 cancer cells following treatment with L. buchneri MV's after

24, 48, and 72 h (results are reported as viability in comparison with control group (P <0.01**, P <0.0001****).
(B) ICs values of L. buchneri MVs after 24, 48, and 72 h against AGS and HT-29 cancer cells (P <0.0001***).
Untreated AGS and HT-29 cancer cells were considered as control cells. The results are expressed as mean +
SD of three independent experiments (n=3). (C) Cell viability of HFF normal cells following treatment with L.
buchneri MVs after 48, and 72 h.
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Figure 3. (A) Flowcytometric plots to evaluate apoptosis induced by L. buchneri MVs at 24, 48, and 72 h in
AGS (A) and HT-29 (B) cancer cells. (P <0.0001*%%*, P<0.001***, P<0.05%). Untreated AGS and HT-29 cells
were used as control cells.

24, 48, and 72 h of treatment (P <0.001). Also, the percentage of HT-29 cells in early apoptotic stage (in all time
interval treatments) and late apoptotic stage (in 48 and 72 h treated groups) was dramatically higher than control
group (P <0.001). Therefore, the apoptosis observed in both AGS and HT-29 cells increased significantly with
increasing time of treatment (P <0.001). The occurrence of apoptosis was higher in AGS cells treated for 24 and
72 h compared to HT-29 cells treated for the same time intervals (P <0.05 and P <0.001, respectively).

Cell cycle arrest analysis

After treatment of both AGS and HT-29 cells with MV, the cells were arrested in the G0/G1 phase (Fig. 4).
The percentage of apoptotic cell population was statistically increased in the sub-G1 phase of AGS (after 48 and
72 h of treatment) and HT-29 (after 72 h of treatment) cells compared to the control group. The increase in the
sub-G1 phase population of AGS was significantly higher in the 72-h treatment group compared to the other
groups (P <0.05), and also the population of HT-29 cells in sub-G1 and G1 phases was statistically greater than
the population of AGS cells in similar phases after 72-h treatment (P <0.05 and P <0.0001, respectively). On the
other hand, a significant reduction in the population of S phase cells was reported compared to the control group
(after 24, 48 and 72 h of treatment for the AGS cell line and after 48 and 72 h of treatment for the HT-29 cell line).
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Figure 4. Flow cytometry plots for cell cycle arrest in AGS (A) and HT-29 (B) cancer cells treated with L.
buchneri MVs for 24, 48, and 72 h. (P <0.0001°***, P <0.001***, P <0.05*). Untreated AGS and HT-29 cells were
used as control cells.

Evaluation of genes expression

The expression of pro-apoptotic, anti-apoptotic, metastatic, regulator of cell cycle progression and angiogenic
genes was evaluated in AGS and HT-29 cells treated with MV for 24, 48 and 72 h (Fig. 5). The results show
that the expression of BAX, CASP3 and CASP9 genes has significant upregulation in both cell lines for all time
intervals treatments (minimum increase was 2.3-fold) (P <0.001). However, there was no remarkable reduction
in the expression of BCL2, MMP2, CCNDI and VEGF genes after treatments with MV's compared to the control
group. Also, the highest increase in expression of proapoptotic genes was reported in both cancer cell lines after
72 h of treatment (P <0.001). The upregulation of BAX and CASP9 genes in AGS cell line was also dramatically
higher than the expression of the same genes in HT-29 cell line after 72 h of treatment, demonstrating that the
occurrence of apoptosis was higher in AGS treated cells compared to HT-29 treated cancer cell line (P <0.05 for
BAX and P<0.0001 for CASP9).

The effects of MVs on cell migration

To evaluate the effect of the ICs, concentration of MVs on in vitro cell migration, scratch experiments were
performed. Over the course of 24, 48, and 72 h of treatment, the movement of treated cells into the denuded
region (shown as red lines) was tracked. Figures 6 and 7 show that after 24, 48, and 72 h of incubation in both
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Figure 5. The expression levels of BAX, CASP9, CASP3, BCL2, MMP2, VEGF, and CCNDI in AGS (A) and
HT-29 (B) cancer cells treated with L. buchneri MV’ for 24, 48, and 72 h. Untreated AGS and HT-29 cells

were used as control cells. Results are reported in comparison with control group (P <0.0001****, P <0.01**,
P<0.05%).

= g
o Py
© & 0
© i
L3 c
n S
- B
§ 40
2
s
20
04
$ $ $ $ $ $
N XN N SN X N
o F W > »® i
& & & & & &
& & & R > RS

Figure 6. The scratch assay and cell migration ability of (A) AGS cells after 24, 48, and 72 h treatment with L.
buchneri MVs. Graphs showing that the M Vs inhibited the migration capabilities of AGS cells (II) after 24, 48,
and 72 h treatment compared to control cells. **P <0.01 and ***P <0.001. I) Indicates the untreated AGS cancer
cells; IT) Indicates the treated AGS cancer cells with L. buchneri MVs. III) Migration rate of cancer cells compare
to control cells.
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Figure 7. The scratch assay and cell migration ability of (A) HT-29 cells after 24, 48, and 72 h treatment with
L. buchneri MVs. Graphs showing that the MV inhibited the migration capabilities of HT-29 cells (II) after 24,
48, and 72 h treatment compared to control cells. **P <0.01 and ***P <0.001. I) Indicates the untreated HT-29
cancer cells; IT) Indicates the treated AGS cancer cells with L. buchneri MVs. III) Migration rate of cancer cells
compare to control cells.

HT-29 and AGS cancer cell lines, MV’ can significantly reduce cell migration compared to the control groups
(P<0.01, P<0.001).

Discussion

Probiotics are dietary supplements containing non-pathogenic bacteria that promote the health of the hos
Microvesicles, which are extracellular vesicles of the plasma membrane derived from probiotics and range in size
from 100 to 1000 nm, are also known as shedding vesicles or ectosomes®. Today, various types of encapsulated
materials with anticancer properties are introduced and used. Microvesicles are emerging as novel structures for
drug delivery and are preferred over conventional encapsulation materials for delivering anticancer drugs due
to several advantages. These include improved drug targeting, enhanced drug release, protection of drugs from
degradation, biocompatibility and biodegradability, smaller size and improved tissue permeability, and cost-
effectiveness. In other words, microvesicles have the potential to be a valuable tool for delivering anticancer drugs.
Further research is needed to develop microvesicle-based delivery systems that are safe, effective, and scalable®-43,

Studies suggest that microvesicles derived from specific probiotic bacteria, such as Lactobacillus, may have
immunomodulatory effects and influence processes related to cancer prevention and therapy. Some of the poten-
tial mechanisms under investigation include immunomodulation, anti-inflammatory effects, delivery of bioactive
molecules, and communication with host cells**-*. One novel approach to treating and preventing gastrointesti-
nal cancers is the utilization of human microbiota. Numerous studies have demonstrated a complex relationship
between the gut microbiota and cancer progression, as well as its impact on cancer therapy®’.

Based on these unique features, we chose L. buchneri microvesicles to evaluate its anticancer properties. But
the reason for choosing this bacterium was also its interesting properties. L. buchneri, as a potential probiotic,
reduces inflammation and boosts the immune system. Recently, the anticancer properties of this bacterium
have also been noticed. This bacterium produces short-chain fatty acids (SCFAs), which have anti-inflammatory
properties, and by reducing anti-inflammatory molecules, reduces the risk of cancer development. This antican-
cer property can be caused by the production of antimicrobial compounds and the simultaneous modulation of
the immune system. Before investigating the anticancer properties of microvesicles from this bacterium, it was
necessary to first prove the safety and efficacy of the bacterium itself. This evaluation was conducted in accord-
ance with the guidelines of the World Health Organization. For this purpose, after identifying the strain at the

38,
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molecular level, the pattern of sugar fermentation was determined. The resistance profile to common antibiotics
and the presence of antibiotic resistance genes and toxin production were then evaluated. To assess efficiency,
the resistance to stomach acid and enzymes, resistance to bile salts, and the ability to attach to CaCO, cell lines
were evaluated. This strain was only used in the subsequent tests to evaluate the anticancer effect of microvesicles
after its probiotic properties were proven®**4,

The results of our study show that the measured MVs are less than 200 nm, indicating the accurate size of
these MVs. The gel image indicates that the number of proteins in the supernatant is lower than in the cell extract
and MVs. Interestingly, one of the reasons may be attributed to the MV's separation process and the ultracentri-
fuge feature. During this process, a large amount of MV’ is separated, showing more proteins compared to the
supernatant. Cell wall and secretory proteins mainly consist of intramembrane proteins and enzymes related to
the cell wall. Of course, due to the low sensitivity of the SDS-PAGE method, there may be other proteins in the
supernatant or MVs that are not visible on the gel. M Vs are challenging to differentiate and are frequently used
interchangeably due to their similar sizes and associated markers™.

For the first time, we found that L. buchneri MV's have the potential to effectively inhibit the growth of HT-29
and AGS cancer cell lines. Our findings support the investigators assertion that the observed changes were both
time- and dose-dependent®®. We have found that these probiotic MV's can be used as an effective anticancer agent
with low cytotoxicity against normal cells.

Behzadi et al., demonstrated the inhibitory effects of extracellular vesicles derived from L. rhamnosus GG on
the growth of hepatic cancer cells*. In another study, extracellular vesicles inhibited the growth of Sw480 and
HT-29 cells®. Inhibitory activity of L. buchneri FD2 has been reported against HT-29 cancer cells®?. Therefore,
it is possible that MV's isolated from L. buchneri have biological properties that could reduce cancer cell viability
and induce apoptotic events in cancer cells. A recent study demonstrated that heat-killed L. fermentum KU200060
and L. buchneri KU200793 exhibited significant antioxidant activity>. The cytotoxic activity of Lactobacillus
strains against cancer cells may be due to the antioxidant properties of the Lactobacillus strains. Several studies
have reported that various antioxidant compounds can trigger anticarcinogenic effects against specific types of
cancers®.

Various studies indicate that L. rhamnosus could exert anticancer effects on various gastrointestinal cancer
cell lines, including HT-29 and AGS cancer cell lines®**°. The results of the research conducted by Dehghani et al.
demonstrated that L. rhamnosus has the ability to inhibit HT-29 cell growth and induce apoptosis. Depending on
the quantity and timing of probiotic bacterial supernatant, it can induce apoptotic induction and anti-proliferative
potential. Apoptosis induction was observed at 48 and 72 h compared to the control group, but the stimulation
was more pronounced at 48 h*. The study by Salemi et al. revealed that the cell-free supernatant of L. rhamnosus
GG (LGG-SN) specifically and concentration-dependently reduces the survival of cancer cells. For cancer cell
lines, the relative IC, values vary from 91.8% LGG-SN (v/v) for the less sensitive Caco-2 cells to 73.8% LGG-SN
(v/v) for HT-29 and 74.8% LGG-SN (v/v) for A375, respectively”’. According to the MTT analysis of Vachkova
et al. Lacticaseibacillus paracasei strains can inhibit the growth of HT-29 cells in a dose-dependent manner*®.

Additionally, no high level of cytotoxicity was observed against normal HFF cells, which is consistent with
other studies®-®!. In our study, the cytotoxicity results of L. buchneri showed selective inhibition of cancer cells in
comparison to normal cells. In another study, L. buchneri FD2 showed selectivity in killing cancer cells compared
to the WRL68 normal liver cell line. In addition, research has shown that Lactiplantibacillus plantarum YT013
and the cell-free culture supernatant from serofluid dish could inhibit the proliferation of the cancer cell lines
without causing harm to healthy cells®.

According to our research, L. buchneri MVs induced apoptosis in both the HT-29 and AGS cell lines in vitro
and can suppress the growth of cancer cells. Several probiotics and the compounds they produce have also been
shown to have the ability to inhibit the growth and induce apoptosis of cancer cells®*%. Apoptosis, a form of
regulated cell death, is essential for growth and tissue homeostasis. Cancer cell growth can be controlled by
triggering the process of apoptosis. Most anticancer drugs trigger apoptosis. Lactobacillus species can induce
apoptosis in cancer cells and inhibit their proliferation by regulating the expression of specific BCL-2 family
proteins, producing reactive oxygen species (ROS), inducing the translocation of calreticulin (CRT), and alter-
ing the cell cycle, ultimately leading to cell death®>%. Certain bacterial extracellular vesicles have been shown to
bind selectively to the surface of the host cell®”%.

The researchers confirmed that extracellular vesicles (EVs) can be taken up by colon cancer cells and inhibit
their growth by inducing apoptosis®. Extracellular vesicles produced by L. paracasei (LpEV's) have been dem-
onstrated to reduce colorectal cancer cell proliferation and induce apoptosis through the PDK1/AKT/Bcl-2
pathway”®. EVs from L. rhamnosus GG prevent the growth of liver cancer cells by inducing apoptosis. L. rham-
nosus GG EVs can increase the apoptotic index (BAX/BCL2 expression ratio) in liver cancer cells in a dose-
dependent manner?®*. Previous research has indicated that EVs from L. rhamnosus GG exhibited anticancer
properties on the HepG2 cell line”".
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L. acidophilus CICC 6074 has been shown to be capable of reversing the apoptotic process in HT-29 cells.
The production of the anti-apoptotic protein BCL2 may be inhibited by L. acidophilus CICC 6074, which in turn
may lead to a decrease in the capacity of the mitochondrial membrane”.

The results of QRT-PCR showed that the treatment of cancer cells with L. buchneri MVs led to a remarkable
enhancement in the expression of BAX, CASP3, and CASP9 genes. Additionally, the apoptotic index (BAX/BCL2
expression ratio) increased significantly in our study. The elevated BAX/BCL2 ratio following treatment with L.
rhamnosus GG extracellular vesicles was associated with apoptosis in liver cancer®.

A broad family of proteins known as BCL2 regulates both cell death and cell survival. The BCL2 family of
proteins regulates the structural integrity of the mitochondrial outer membrane and is crucial for the mitochon-
dria-mediated apoptotic process. In this study, the anti-apoptotic protein BCL2 and the pro-apoptotic protein
BAX, both members of the BCL2 family, were investigated. Increased BAX expression appeared to activate the
intrinsic mitochondrial pathway. This led to an increase in caspase-3 and caspase-9, the release of cytochrome
¢, and the onset of apoptosis”.

To prevent the transfer of BAX to the mitochondrial membrane, BCL2 binds to it. Thus, it is predicted that
the BAX gene would increase and the BCL2 gene would decrease in an apoptotic cell. Therefore, the ratio of BAX
to BCL2 could be used to predict the behavior of the cells in the apoptotic system”*. The probiotic supernatant
degrades the integrity of chromatin within the nucleus by increasing reactive oxygen species and lipid peroxi-
dation, as well as decreasing mitochondrial membrane potential, increasing caspase-3 activity, and decreasing
BCL2 anti-apoptotic activity”.

No significant downregulation in the expression of MMP2, CCND1I, and VEGF genes was observed following
treatment with L. buchneri MVs. Numerous studies indicate that this probiotic and its metabolites have a high
ability to decrease the expression of the mentioned genes. In a previous study, it was found that treating colo-
rectal cancer cells with L. rhamnosus GG extracellular vesicles could significantly reduce the mRNA expression
of the MMP2 and MMP9 genes”". As a result, targeted destruction of CCNDI may be an interesting target for
cancer treatment’®. After 48 and 72 h of treatment with heat-killed L. brevis and L. paracasei, HT-29 cells showed
a decrease in BCL2 mRNA expression compared to untreated cells’””. After treatment with L. rhamnosus, the
expression of the anti-apoptotic BCL2 genes and genes required for cell cycle progression (CCNDI and CCNE)
decreased in HT-29 cells™.

We also investigated the impact of the microvesicles on cancer cell adherence and the expression of MMP2, a
gene involved in cancer development, invasion, and metastasis. It has been reported that MMP?2 is also upregu-
lated in various solid and hematologic malignancies, thereby promoting cancer development’®. As one of the
major angiogenic factors in tumors, vascular endothelial growth factor (VEGF) plays a crucial role in the early
stages of tumor growth, progression, and metastasis. As a result, one of the most important therapeutic targets
for the treatment of many malignancies is VEGF and the receptor-mediated signaling pathways it activates”.

In addition, studies have shown that metabolites secreted by L. plantarum YYC-3 can suppress the VEGF-
MMP2/9 signaling pathway, thereby preventing metastasis of colon cancer cells*. Further research is needed to
understand the additional mechanisms by which L. buchneri MV's exert apoptotic effects by altering the expres-
sion of pro-apoptotic, anti-apoptotic, metastatic, and angiogenic cancer-related genes.

The cell cycle analysis in our study revealed that MV's could lead to a significant increase in the sub-G1 phase
and a remarkable decrease in the S phase in the tested cancer cells, in a time-dependent manner. Consistent with
our results, a cell cycle investigation in another study demonstrated that in the HT-29 cancer cell line, L. rham-
nosus supernatant increased the peak of sub-G1 and induced cell cycle arrest in the GO/G1 phase®. According
to research, L. rhamnosus GG and Bifidobacterium lactis Bb12 supernatant can induce apoptosis by reducing
BCL2, regulating BAK, slowing the growth of HT-29 cells, and stopping cell division by arresting cells in the GO/
G1 phase®!. Reports on the impact of probiotic MV's on cancer cell cycle arrest are limited.

In the current study, we also observed that the migration ability of cancer cells was suppressed during treat-
ment with MVs from a specific probiotic strain. This finding is consistent with other research indicating that
probiotics and their metabolites may inhibit the progression of various cancers by interfering with migration
and invasion processes®?%.

Conclusion

The metabolites of probiotic bacteria may affect human health. They appear to be a promising treatment option
for cancer. To the best of our knowledge, there have been no studies investigating the anticancer and apoptotic
properties of L. buchneri probiotic. The anticancer activity of L. buchneri microvesicles was assessed against
gastric and colon cancer cell lines, demonstrating the dose- and time-dependent apoptotic effects of these extra-
cellular vesicles. These microvesicles demonstrate apoptotic activity by upregulating pro-apoptotic genes and
inducing cell cycle arrest in the sub-G1 phase. The microvesicles of L. buchneri can also be considered as a
potential option to inhibit the activities of cancer cells. The microvesicles of L. buchneri can also be considered
as a potential option for cancer therapy (Fig. 8).
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Figure 8. The impacts of L. buchneri MVs in apoptosis induction and cell cycle arrest on AGS gastric cancer
and HT-29 colon cancer cells.
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