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ABSTRACT

Background and Objectives: Colorectal cancer (CRC) is the fourth most commonly diagnosed cancer and the third most
deadly cancer in the world. According to recent experimental reports, probiotics and their derivatives protect CRC patients
from treatment-related side effects. Therefore, the present study aimed to investigate the cytotoxic impact of the cell-free
supernatant (CFS) of Lentilactobacillus buchneri on the HT-29 cancer cell line.

Materials and Methods: In the current study, we used the L. buchneri CFS, which was well isolated and identified in our
previous investigation from traditional yogurt in the Arak region of Iran. The apoptosis induction in HT-29 cancer cells was
assessed by cell cytotoxicity, flow cytometry, and qRT-PCR.

Results: L. buchneri CFS inhibited the proliferation of HT-29 cancer cells in a time- and dose-dependent manner. The apop-
totic effect of CFS was further supported by the flow cytometry data, which showed that the maximum incidence of apoptosis
was observed in HT-29 cancer cells treated with the IC_ concentration of CFS after 72 hours. CFS of L. buchneri also exerted
the up-regulating effect on the expression of pro-apoptotic genes including BAX, CASP9, and CASP3. L. buchneri CFS at an
IC,, dose induced cell cycle arrest in the GO/G1 phase in HT-29 cells.

Conclusion: This study indicates that L. buchneri CFS can prevent colorectal cancer (CRC) development in patients by
inducing cancer cell apoptosis. This finding suggests that the CFS of L. buchneri could be used as a therapeutic agent for the
control of CRC.
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INTRODUCTION

In a healthy human microbiome, probiotics are es-
sential bacteria (1). The two most common species
of probiotics are Lactobacillus and Bifidobacterium.
Lactic acid bacteria (LAB) have several health-pro-
moting properties, including anti-tumor and anti-in-
flammatory capabilities, which are closely linked to
the inhibition of allergic reactions (2, 3). The antiox-
idant activity of LAB strains has also been studied.

Many species with reducing activity, reactive oxygen
species scavenging abilities, and metal ion chelation
have been found (4).

The incidence of colorectal cancer (CRC), now
the third leading cause of cancer death worldwide,
is increasing rapidly in emerging countries (5). By
2030, there are expected to be 1.1 million annual
deaths and more than 2.2 million new cases of CRC
worldwide (6). Mucosal epithelial cells often under-
go non-cancerous proliferation before CRC develops.
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The CRCs that develop in the wall of the colon or
rectum can puncture blood or lymphatic vessels, fa-
cilitating metastasis through the blood to local lymph
nodes or distant organs. Several dietary and lifestyle
choices can increase intestinal inflammation and al-
ter the gut microbiota to induce an immune response,
both of which may promote the formation of polyps
and their development into cancer. Alterations in on-
cogenes and tumor suppressor genes may also confer
a selective advantage to mucosal cells, promoting
hyperproliferation and ultimately carcinogenesis (7).
These mutations may be inherited or occur sponta-
neously. Despite increasing incidence, advances in
CRC therapy have resulted in decreased CRC mor-
bidity in second and third world countries (8).

Based on the characteristics of the tumor, there are
reasonable choices for CRC treatment, such as sur-
gery, radiation, targeted therapy, immunotherapy and
chemotherapy. In order to increase the survival rate
of CRC patients, chemotherapy is commonly used
to achieve therapeutic goals. The inability of drugs
to distinguish between cancer cells and healthy cells
compromises the effectiveness of most existing treat-
ments. This increases toxicity and has adverse effects
on the human body (9). Probiotics have recently been
used in the treatment of appropriate colorectal can-
cer patients undergoing chemotherapy to reduce
postoperative gastrointestinal problems (10). LAB, a
widespread group of Gram-positive microorganisms,
are the most popular form of probiotics because of
their beneficial effects on host health and their gen-
erally recognized as safe (GRAS) status (11). The
anticancer properties of probiotics depend on their
ability to inhibit tumor development and induce cell
cycle arrest and death (12, 13). Despite this, probiot-
ics have been shown to biotransform chemicals and
anticancer drugs (14), altering drug bioavailability
and therapeutic effects or even exacerbating some
diseases (15). In this context, supplementation with
bioactive compounds derived from probiotics, which
have potent anti-inflammatory and antiproliferative
activities, is currently being used as an innovative,
individualized therapeutic strategy in the treatment
of CRC (16). Short-chain fatty acids, bacteriocins,
exopolysaccharides, nonribosomal lipopeptides, and
other bacterial peptides are among the secretory me-
tabolites recovered from probiotic cell-free superna-
tant (CFS) (17, 18).

It has been demonstrated that various species of
Bifidobacterium and Lactobacillus CFS can either
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induce apoptosis or limit their proliferative abil-
ity in colon cancer cell lines (19). Chen et al (20).
found that HT-29 cell membrane damage may be
caused by high concentration of Lactobacillus re-
uteri BCRC14625 and Lactobacillus johnsonii
BCRC17010 supernatants, which would enhance the
release of lactate dehydrogenase. Recent research
has revealed that postbiotic metabolites derived from
Lactobacillus plantarum strains exhibit potent se-
lective cytotoxicity, preserving normal cells while
triggering apoptosis and anti-proliferative effects in
HT-29 cells (21). To the best of our knowledge, Lenti-
lactobacillus buchneri was one of the first probiotics
to be studied in relation to cancer and is still used in
research today. The effects of CFS produced by L.
buchneri isolated from conventional dairy products,
its cytotoxic effects and its ability to induce apopto-
sis on the HT-29 colorectal cancer cell line were the
objectives of the current study.

MATERIALS AND METHODS

Isolation and characterization of bacterial
strain. In the current study, we used the L. buchneri
CFS that was well isolated and identified in our previ-
ous investigation from traditional yogurt in the Arak
region of Iran (22). Bacterial isolates were grown in
MRS broth and incubated at 37°C for 24, 48, and 72
hours. The optical density (OD) at 600 nm was used
to identify the growth of the bacteria. The serial dilu-
tion method was used to calculate the number of via-
ble bacterial cells on the MRS agar culture. The CFS
obtained was stored at -20°C until the following tests
were performed.

Cell culture and MTT assay. The cytotoxic effect
of L. buchneri CFS was investigated on HT-29 (hu-
man cancer cell line, Pasteur Institute, Iran). Cancer
cells were cultured in RPMI 1640 and DMEM (Gib-
co, Carlsbad, USA) medium supplemented with 10%
FBS (Gibco, Carlsbad, USA), 100 u/mL penicillin
(Gibco, Carlsbad, USA), and 100 g/mL streptomycin
(Gibco, Carlshad, USA) at 37°C in a humidified envi-
ronment with 5% CO.,,.

To investigate the cytotoxic activity of L. buchneri
CFS on HT-29 cancer cells, we used the MTT assay.
Briefly, after seeding and incubation of 10* cells/well
in 96-well plates, the cells were treated with different
concentrations of CFS (12.5, 25, 50, 100, and 200 pg/
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mL) and incubated with MTT dye for 24, 48, and 72
hours. After the removal of the MTT reagent, DMSO
was used to dissolve the formazan crystals formed by
the live cells. An ELISA reader was used to measure
the absorbance at 570 nm. The effects of CFS were
demonstrated by IC,_ values (22, 23).

The percentage of cell growth inhibition was deter-
mined in the following manner:

Cell Viability = Test OD/Control OD x 100

Apoptosis assay. The evaluation of apoptosis in-
duction was conducted using the Annexin V-FITC kit
(eBioscience, Affymetrix, USA) in accordance with
the manufacturer's instructions. CFS IC,  values were
applied to HT-29 cells (10° cells/well) in 6-well plates
and the cells were then incubated for 24, 48, and 72
hours. A flow cytometer was used for cell analysis
(Biocompare, USA). FlowJo software ver.7.6.5 was
used to evaluate the data (22, 23).

Cell cycle assay. HT-29 cells were cultured for 24
hours in 6-well plates at a seeding density of 1x10°
cells per well. Cancerous cells were treated at CFS
IC,, levels and incubated for 24, 48, and 72 hours.
Flow cytometry was used to measure cell cycle ar-
rest in treated HT-29 cells as in the previous study.
FlowJo software ver.7.6.5 was used to examine the
data (24).

gRT-PCR procedure. The expression levels of
mRNA for BAX, BCL-2, CASP3, CASP9, CYCLINDL1,
MMP2, and VEGF genes were measured in HT-29
cells exposed to the IC_; dose of CFS (Bioneer, Dae-
jeon, Korea) using quantitative Real-Time PCR. The
RNA extraction and cDNA synthesis procedures
were the same as the protocol of our previous study.
Next, using the following temperature protocol, the
Real-Time PCR reaction was carried out on a light
cycler (Bioneer, Daejeon, Korea): 95°C (1 minute);
95°C (15 seconds); 60°C (1 minute). The relative gene
expression was determined using the REST 2009
software and the 2-24¢* method, assuming a perfect
efficiency of the PCR (22).

Statistical analysis. Statistical analysis was per-
formed using GraphPad Prism version 8. To evaluate
statistical differences in the data, Student's t-test and/
or one-way analysis of variance (ANOVA) were used.
A difference was statistically significant when it was
P<0.05.
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RESULTS

Antiproliferative activity of L. buchneri CFS.
The destructive effect of different concentrations of
L. buchneri CFS was evaluated against HT-29 cancer
cell line after 24, 48 and 72 hours of treatment (Fig. 1).
According to Fig. 1A, each concentration of L. buch-
neri CFS can significantly reduce the survival rate of
cancer cells after each single period compared to the
control (P<0.001). However, the administration of
200 pg/mL L. buchneri CFS at 72 hours showed the
strongest cytotoxic effect on cancer cells, reducing the
viability of sixty-five percent of the cells. After 24, 48,
and 72 hours, the IC_, concentrations of L. buchneri
CFS were 1904, 937.6, and 538.7 pug/mL, respective-
ly. We demonstrated that the IC_, of the 48- and 72-
hour treatments were significantly reduced compared
to the IC_ of the 24-hour treatments, and the IC, of
the 72-hour treatment also showed a remarkable re-
duction compared to both the 24- and 48-hour treat-
ments (P<0.001, P<0.0001) (Fig. 1B).

L. buchneri CFS induced apoptosis activity. Fig.
2 shows that when cells were labeled simultaneously
with annexin V-FITC and PI, cells undergoing early
apoptosis absorbed Annexin V-FITC, while necrotic
cells received PI. The CFS of L. buchneri showed
11.76%, 17.17%, and 21.65% apoptotic cell death at
24,48, and 72 hours, respectively, as depicted in Fig. 2.
The proportion of necrotic cells in HT-29 cells treated
with L. buchneri CFS was 2.79%, 1.04%, and 0.379%
at 24, 48, and 72 hours, respectively. Apoptosis was
found in HT-29 cells after L. buchneri CFS treatment
at different time points compared to untreated cells.
The cancerous cells exhibited a considerable increase
in apoptosis at 24, 48, and 72 hours (P<0.001) in com-
parison to the untreated cells. However, HT-29 cells
treated with probiotic L. buchneri CFS for 72 hours
(compared to 24 and 48 hours) showed the highest in-
crease in apoptotic rate (P<0.01). We also showed that
the viability of cancer cells was dramatically reduced
after 24, 48, and 72 hours of treatment with L. buch-
neri CFS (P<0.001).

Cell cycle arrest. L. buchneri CFS treatment induced
the cell cycle arrest of HT-29 cells and inhibited their
progression through the GO/G1 phase. In addition, the
percentage of cells in sub-G1 and G1 phases was in-
creased significantly compared to the other groups af-
ter 72 hours of L. buchneri CFS treatment (P<0.05 and
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Fig. 1. (A) Cell viability of HT-29 cells after 24, 48, and 72 hours of treatment with CFS of L. buchneri (Results are present-
ed as viability versus control). (B) A quantitative evaluation of CFS IC_ against HT-29 cancer cells (***P < 0.001, ****P <
0.0001).
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Fig. 2. (A) Diagram of flow cytometry to evaluate apoptosis induced by L. buchneri CFS at 24, 48, and 72 hours in HT-29
cells vs. control cells (untreated cancer cells); (B), (C) Percentage of apoptotic and necrotic cells in treated cells at 24, 48, and
72 hours. (***P< 0.001 and ****P < 0.0001).

P<0.01, respectively). The analysis of the cell cycle 72 hours (P<0.05 and P<0.001, respectively) (Fig. 3).
revealed that 65% of the cancer cells were arrested in

the G1 phase. In addition, there was a significant re- Gene expression level. The data in Fig. 4 displays
duction in the number of cells in the S phase at 24 and the gene expression levels in HT-29 cells treated with
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Fig. 3. (A) Diagram of flow cytometry for cell cycle arrest in HT-29 cells treated with L. buchneri CFS for 24, 48, and 72 hours
vs. control cells (untreated HT-29 cells); (B) Proportion of cell cycle phase in treated cells after 24, 48, and 72 hours. (*P<0.05,

**P<0.0, and ***P < 0.001).
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Fig. 4. The expression levels of target genes in HT-29 cell line treated with L. buchneri CFS for 24, 48, and 72 hours compared
to control gene. (*P<0.05, **P<0.01, ***P < 0.001, and ****P < 0.0001).

L. buchneri CFS at the IC_; concentration over 24, 48,
and 72 hours. Three categories of genes can be distin-
guished among them: angiogenic, pro-apoptotic, and
anti-apoptotic. The findings demonstrated that during
24, 48, and 72 hours of treatment, the expression of
the BAX, CASP9, and CASP3 genes was significant-
ly higher than that of the control group (P<0.001,

P<0.0001). Particularly, BAX and CASP9 expression
significantly increased after 72 hours compared to
earlier time points (P<0.05, P<0.001), suggesting a
time-dependent anticarcinogenic impact of L. buch-
neri CFS. No significant differences were observed in
the expression of BCL2, MMP2, VEGF, and CCND1
genes between the groups.
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DISCUSSION

CRC is a significant global cause of mortality. Be-
cause traditional cancer treatment is sometimes in-
effective, there is increasing interest in new "drug-
free" cancer therapies or interventions that enhance
the beneficial effects of current therapy (25). Probi-
otics have an extensive record of safe use as preven-
tive and adjunctive medications in the treatment of
human disease. Probiotic bacteria may benefit health
by producing anticarcinogenic, anti-inflammatory;,
antimutagenic, and other physiologically important
chemicals (26, 27). The origin and probiotic efficacy
of lactobacilli species are strongly influenced by their
environment; therefore, the source from which they
originate is critical. This study aimed to introduce
a potent probiotic strain capable of treating cancer
without the need for invasive methods (28). However,
a crucial limitation of the current study is that the
basis of our investigation is based on in vitro obser-
vations, which is also felt the need for in vivo studies.

L. buchneri was shown to be effective in suppress-
ing proliferation and inducing apoptosis in HT-29
cells. The duration and dosage of probiotic bacterial
supernatant affected the ability to inhibit prolifera-
tion and induce cell death. Compared to the control
group, apoptosis was induced after 24, 48, and 72
hours of CFS therapy, with the 72-hour treatment
having the highest apoptotic effect on HT-29 cancer
cells. Cytotoxicity research focuses on the anticancer
and apoptotic properties of Lactobacillus in various
cell lines in vitro (29). L. rhamnosus GG is capable of
preventing CRC, promoting apoptosis and reducing
inflammation (30). The research examined the det-
rimental effect of probiotic Lactobacillus and CFS
on the development of HT-29 cells, which found that
Lactobacillus had different apoptotic effects on HT-
29 cells (20). The overall survival of CRC in vitro
was reduced to 78% when L. casei ATCC 393 at 10°
CFU/mL was cultured with HT-29 cells for 24 hours
(31). Guo et al. discovered that L. acidophilus CICC
6074 suppressed cell growth in a manner dependent
on both time and dosage (32). This was consistent
with our scientific results. The other research discov-
ered that L. plantarum 06CC2 extract inhibited the
development of Caco-2 cells in vitro. The Lactobacil-
lus extract was found to inhibit cancer growth (33).
The use of various concentrations of L. acidophilus
extracts to inhibit cell growth in colorectal cancer
has been documented. It was also indicated that
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CFS of some probiotics had an anti-cancer activity
against AGS, HT-29, LoVo, MDA-MB-231, MCF-
7, Hela, and SK-MES-1 cells (34-36). Our previous
study showed that CFS of L. buchneri induced anti-
proliferative effects against AGS cancer cells, and the
calculated IC_, was almost close to the IC__ obtained
in this study against HT-29 cancer cells (22).

Consistent with the cell cytotoxicity study, flow
cytometry results showed that L. buchneri CFS
could induce apoptosis in HT-29 cancer cell lines in
a time-dependent manner. These results were also
confirmed by evaluating the expression of apoptotic
genes. Pro-apoptotic genes such as BAX, CASP9 and
CASP3 were also upregulated. The increased expres-
sion of these genes may have stimulated the intrin-
sic mitochondrial pathway and triggered apoptosis.
However, there were no remarkable changes in the
expression of anti-apoptotic BCL2 gene, metastatic
MMP2 gene, angiogenic VEGF gene. In addition,
cell cycle studies revealed that L. buchneri CFS may
increase cell arrest in the sub-G1 stage of the cell cy-
cle and decrease cell population in the S phase after
72 hours of treatment, indicating inhibition of cell
proliferation. Although, the gRT-PCR results didn't
show significant decrease in the expression of cell
cycle progression genes (cyclin D1lor CCND1), which
indicates that L. buchneri CFS may be involved in
cell death an intrinsic pathway and has no effect on
the expression of metastatic and angiogenic genes.

Growth factor deprivation and intracellular stress
can induce intrinsic cell death, whereas transmem-
brane death receptors induce extrinsic apoptosis.
The BCL-2 and caspase protein families regulate the
initiation and execution of processes. BAX upregula-
tion leads to outer mitochondrial membrane perme-
abilization, releasing cytochrome c into the cytosol.
Cytochrome ¢ binds to Apaf-1, forming an apopto-
some and activating caspase-9. Activated caspase-9
then cleaves and activates caspase-3 and caspase-7.
Caspase, a cytoplasmic protease, is preferentially
activated in apoptosis, playing a crucial role in this
cellular process (37).

In apoptosis, caspase-3 cleaves and activates
caspases-6, -7, and -9, which lead to the degradation
of apoptotic cells. However, ROS generation can be
enhanced when caspase-9 blocks cytochrome C ac-
cess to complex 111 in the mitochondria (38). Con-
sistent with our findings, L. casei SR1, SR2, and L.
paracasei SR4 exert anticancer effects against cer-
vical cancer cells through the intrinsic mitochondri-
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al apoptotic pathway, resulting in the stimulation of
apoptosis. The researchers discovered that the acti-
vation of apoptosis was carried out by the upregu-
lation of BAD, BAX, CASP3, CASP8, CASP9 and a
reduction of BCL2 genes in HeLa cells treated with
L. buchneri CFS (35). Our recent study on AGS cells
showed an increased number of cells in sub-G1 phase
(arrest in GO/G1 phase) and increased mRNA expres-
sion of BAX, CASP9, and CASP3 after treatment with
L. buchneri CFS (22). Therefore, we hypothesized
that L. buchneri CFS may induce apoptosis by per-
meabilizing the mitochondrial outer membrane and
increasing the expression of pro-apoptotic genes.

CONCLUSION

In conclusion, the L. buchneri CFS exhibited out-
standing anticancer efficacy against the HT-29 can-
cer cells. Increased expression of BAX, CASP3, and
CASP9 resulted in anticancer efficacy. This study
showed that L. buchneri from traditional Iranian
yogurt can protect against CRC by inducing apop-
tosis in cancer cells. Furthermore, all these import-
ant biological activities may be useful for future in
vivo investigations in animal models to illustrate the
potential relevance of such Lactobacillus strains as
organic drugs for both prevention and cure of CRC.
Our data suggest that L. buchneri CFS inhibits HT-
29 cell proliferation in a time- and concentration-de-
pendent manner, possibly by inducing HT-29 cell
death through an intrinsic mitochondrial apoptotic
pathway and causing cancer cell cycle arrest.
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