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ABSTRACT

[YE Studies have shown that probiotic bacteria inhibit the onset and progression of carcinogenesis
through different pathways. Our objective in this study was to determine the effect of probiotic bacteria
on the expression of growth-related genes Rel A, IKB, and Casp3 in HT29 colon cancer cells

In this study, the Lactobacillus brevis probiotic bacteria were first cultured, and after
the supply of media conditioning, they were treated on HT29 cancer cells. The bacterium’s cytotoxic effect
(bacterial T cells) was investigated using a microculture tetrazolium test (MTT). DNA was extracted from
the treated cells, and a DNA Ladder assay was performed. Also, the 4',6-diamidino-2-phenylindole (DAPI)
test was performed to show cell apoptosis. After ribonucleic acid (RNA) extraction and complementary
DNA (cDNA) preparation to determine the mechanism of the effect of this bacterium on cellular signaling,
the expression of growth-related genes Rel A, IKB, and Cas3 was measured using a real-time polymerase
chain reaction (PCR) method.

[FIEMEE The microculture tetrazolium (MTT) test showed that L. b bacteria inhibit HT29 cells’ prolifera-
tion, induce apoptosis in these cells, and inhibit Re/ A gene proliferation by increasing /KB gene expres-
sion. Also, 4',6-diamidino-2-phenylindole (DAPI), and DNA ladder assay following the treatment of HT29
cells regarding the mentioned bacteria showed qualitative changes in cell apoptosis. In addition, real-time
polymerase chain reaction (PCR) results showed that L. b increased Casp3 gene expression in HT29 colon
cancer cells (P=0.038).

[T Our findings indicate that L. b stimulates the apoptotic cell signaling pathway in HT29 colon
cancer cells. It can be used as a new treatment strategy or therapy for colon cancer treatment.
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Introduction

n Iran, colon cancer is one of the most common

cancers related to the digestive system. Regarding

suffering from this cancer, Iranian men rank third,

and women rank fourth [1]. In vitro experiments

showed that probiotics play a role in suppressing
primary neoplastic ulcer and colon cancer tumors [2]. The
anticancer effects of probiotics are manifested by prevent-
ing the transformation of procarcinogens into carcinogens,
binding and inactivating mitogenic compounds, reducing the
growth of procarcinogenic bacteria (carcinogenic agents),
reducing the absorption of mitogens, and increasing the
function of the immune system [3]. Also, one of the func-
tional mechanisms of probiotics, including lactobacilli, is the
anti-proliferative property of cancer cells, including colon
cancer, by inducing apoptosis [4].

Colon cancer often develops in the form of polyps on the
surface of the inner wall of the intestine, which originates
from the inner lining of the large intestine. These masses
are usually non-cancerous, but if left untreated, they may
become colon cancer [5]. Various factors, such as genetic,
environmental, and dietary factors, can be considered the
cause of colon cancer [6, 7]. It has been found that pro-neo-
plastic factors are present in the colon of people with colon
cancer. Evidence has shown that probiotics can play a role
in the prevention and relief of colon cancer symptoms [8].

Apoptosis induction in cancer cells depends on the
activation of PTEN/Akt and NF-kB signaling pathway
subunits. The activation of the PTEN (tumor suppressor)
gene in the PTEN/Akt signaling pathway and the Rel A
gene in the NF-kB pathway inhibits the proliferation of
colorectal cancer cells, induces apoptosis, and induces M/
G2 cell cycle arrest [9, 10].

NF-KB pathway signaling (activation of Rel A, IKB
subunits) is involved in cell proliferation, inflammation,
and apoptosis [11]. The activation of TLR4 signaling
leads to the activation of MAPK and AKT pathways and,
finally, the activation of NF-KB (nuclear factor), tran-
scription factors, and APL1 (activator protein) and control
of the expression of pro-inflammatory cytokines and oth-
er genes related to immunity. TLR4 also activates IRF3
(interferon regulatory factor) and induces the expression
of interferon (IFNB) and INF-responsive genes [12].
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Probiotics are live and non-pathogenic microorganisms
found in some foods that, when sufficient amounts of
them enter the body, have a positive effect on the host’s
health. Types of lactic acid bacteria including Lactoba-
cillus species, Bifidobacterium species, Enterococcus
faecium species, Lactococcus lactis, Leuconostoc me-
santheroides, Pediococcus acid lactic, and Streptococcus
thermophilus are probiotic microorganisms. Lactobacilli
and Bifidobacterium are among the most commonly used
bacteria as probiotics, but some yeasts and other bacilli
are also used [13].

The belief in the beneficial effects of probiotics is based
on the fact that intestinal microbial flora plays a protective
role against various diseases. Probiotics’ main product
is determined by stabilizing intestinal flora [14]. Parker
defined probiotics as effective organisms that maintain
intestinal microbial balance [15]. Probiotic means a prod-
uct containing living and specific microorganisms with a
sufficient number that colonization in a part of the body
by creating a balance in the microbial flora and causing
beneficial effects on the host’s health [16].

Wagner et al. stated that Lactobacillus roteri bacteria
might prevent colorectal cancer by reducing the expres-
sion of nuclear factor of NF-«xB (kappaB) dependent gene
products [17]. The NF-KB transcription factor is one of
the crucial pathways with fast action and the first response
factor to harmful cellular stimuli [18]. We aim to investi-
gate the effect of isolated Lactobacillus brevis bacteria on
expressing growth-related genes Rel A, IKB, and casp3 in
HT29 colon cancer cells.

Materials and Methods

This experimental-laboratory study was conducted at Ta-
briz Medical Science Microtechnology Research Center
in 2019. L. b strain (ATCC 13648) was prepared as good
bacteria (probiotics) in the Bacteria Collection Center of
the Iran Scientific Research Organization. Also, the HT29
cell line was designed from Pasteur’s cell collection. Also,
HT-29 human colon adenocarcinoma grade II cell line in-
side a flask containing 90 cc of RPMI1640 culture me-
dium enriched with 10% Fetal Bovine Serum (FBS), 100
pL of antibiotics (Penicillin 0.1 pg/pL and streptomycin
0.1 pg/uL) was cultured in an incubator at 37°C and 5%
carbon dioxide. Then the cells were passaged according
to the calculations related to the desired cell concentration
(seed density) to perform the experiments. The required
amount of the cell suspension was brought to the desired
volume by the complete culture medium and was inves-
tigated with a microscope after checking the flask; then,
they were incubated at 37°C [19].
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The cultivation of L. b bacteria was also carried out in
a nutrient-liquid culture medium. A total of 68 grams of
the prepared medium powder was dissolved in one liter
of distilled water. An autoclave machine sterilized the me-
dium at 121°C for 20 minutes. To prepare bacterial super-
natant, L. b bacteria were cultured in MRS liquid culture
medium (De Man, Rogosa, and Sharpe agar) and kept in
an incubator at 37°C for optimal culture.

Measuring cell proliferation and survival using a fluo-
rescent marker

The cytotoxic effect of L. b bacteria on the mentioned
cancer cells was investigated by colorimetric method
using tetrazolium dye (chemical name 3-[4,5-dimethyl-
thiazol-2yl]-2,5-diphenyl Tetrazolium bromide) which
is abbreviated as microculture tetrazolium (MTT). The
MTT investigation aims to measure and reproduce using
a fluorescent marker compared to the control group. First,
an appropriate number of HT29 cells are cultured in each
well (12,000 to 10,000 cells). After 24 h, the wells are
controlled, and a proper amount of live thermophilus bac-
teria is added. Three different optical density (OD) types
(0.5, 1, and 1.5) of bacteria are added.

The bar plates are incubated for 4 hours to affect the bac-
teria. The OD of bacteria is measured at a wavelength of
600 nm. The number of bacteria in OD1 is 8 x 109 cells
per mL; for OD2, it is 1.6 x 109 cells per mL; for OD1.5,
itis 1.2 x 109 cells per mL; for OD 5, it is 4 x 108 cells
per mL. After each incubation, the well’s medium is dis-
carded, and each well is replaced with 200 uL of fresh
medium and 50 pL. of MTT solution (2 mg/mL dissolved
in phosphate buffer solution preparation [PBS]). Cells not
treated with bacteria were used as control. Then the plates
were incubated for another 4 h at 37°C in the dark. After
that, the MTT solution was replaced with 200 puL of di-
methyl sulfoxide (DMSO) along with 25 uL of Sorenson’s
buffer (0.1 M glycine, 0.1 M sodium chloride (NaCl) with
pH 10.5 optimized with 1 M sodium hydroxide [NaOH]).
Then the plates were shaken for 15 minutes at 37°C.

To determine the percentage of cell viability (viability
test), at this stage, the cells are stained with trypan blue
in such a way that 100 pL of the solution containing the
cells is taken from under the hood and poured into a 2cc
tube, and 100 pL trypan blue was added and mixed well.
Then, cell counting was done using Neobar slides. The
obtained average was multiplied by 100, and the dilution
factor in getting the number of cells in one millimeter of
solution. Optical absorbance was measured at 570 nm
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with an ELISA reader. The percentage of cell survival in
the negative control group was 100, and the rate of cells
affected by different concentrations of bacteria was cal-
culated by dividing the absorbance of the treated wells by
the absorbance of the negative control multiplied by 100.
A concentration of the tested compounds that reduces the
percentage of cell life by half was considered an inhibito-
ry concentration (IC50). This value was determined from
the graph using Excel software [20].

The purpose of DAPI staining is the effect of bacteria on
the degeneration of the nucleus of cancer cells. To directly
investigate the impact of L. b on HT29 cells, after treating
all cells with the conditioning medium for 24 hours, the
supernatant of the cell culture medium was completely
emptied. They were fixed by adding 60 puL of 4% para-
formaldehyde to each well for 8 minutes. The cells inside
each well were washed three times with 60 uL of PBS.
Then PBS was kept inside the wells for 5 minutes each
time. Then the cells inside each well were permeabilized
with 60 pLof 0.1% Triton x-100 permeabilizing solution
for 10 minutes, and then the cells were passaged. Then,
50 pL of DAPI dye was to the cells inside each well and
waited for 10 minutes, and it was washed 3 times again
with PBS for 5 minutes. Then, 50 uL of PBS was poured
into each well, and the plates were placed in the refrigera-
tor before taking pictures. Then the cells were evaluated
with an Olympus IX81 inverted fluorescent microscope
equipped with an Olympus DP70 camera (Olympus
Corp., Tokyo, Japan) [21].

To extract ribonucleic acid (RNA), 500 pL of Trizol
was poured into each well of a 6-well plate and placed
at room temperature for 20 minutes until the cells were
completely lysed. Then, the contents of each 6-well con-
tainer were transferred to 2 cc tubes, and about 200 uL of
chloroform was added to each tube. Then the tubes were
centrifuged at 12,000 rpm for 10 minutes and transferred
to new 2 cc tubes. Then, 2.5 times the sample volume of
cold isopropanol was added to each tube and placed in a
-70°C freezer for 24 h. Then the tubes were centrifuged
at 12000 rpm for 10 minutes, and the liquid on the tubes
was poured out. Then the tubes were dried, and 20 pL of
diethyl pyrocarbonate (DEPC) was poured into each tube.
Then OD and their concentration were measured in ng/
mL with a nanodrop device. To check the quality of the
extracted RNAs, 5 samples were randomly electropho-
resed on a 2% agarose gel for 1 h at 80 V [22].
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One pg of total RNA reverse transcribed with 0.2 pM
universal hexamer primer. Then 1 pL (10 mM) of deoxy-
nucleotide triphosphate (ANTP) and DEPC water were
mixed and incubated at 65°C for 5 minutes. Then put it
on ice and add 5 units of reverse transcriptase (RT) (Mo-
loney murine leukemia virus [MMLV]) enzyme, 1x buf-
fer for Moloney murine leukemia virus (MMLV) RT (one
unit per puL of ribonuclease [RNase] inhibitor), and at the
end, the total volume of each tube was 20 pL. Then the
tubes were placed in the thermocycler machine, and the
program was given for 10 minutes at 25°C, 60 minutes at
42°C, and 10 minutes at 72°C to synthesize cDNAs.

The culture medium containing bacteria was transferred
to 2 cc tubes and centrifuged at 10000 rpm for 5 minutes.
The supernatant of the tubes was poured out, and then 800
ul of lysis buffer containing sodium hydroxide and safety
data sheet (SDS) was added to each tube. Then the tubes
were placed in a Bain-Marie at 85°C for 30 minutes. In
the next step, the tubes were placed in a freezer at -70°C
for 10 minutes and then placed in a Bain-Marie at 85°C
for 5-6 minutes. Then 700 pL of chloroform-isoamyl al-
cohol solution, containing 24 cc of chloroform and 1 cc
of isoamyl alcohol, was added to each of the tubes, and in
the next step, the tubes were centrifuged at 12000 rpm for
5 minutes. Then, the supernatant of the tubes containing
DNA was transferred to new 2 cc tubes, then 1.5 times the
volume of cold isopropanol was added to the new tubes,
and they were placed in a freezer at -70°C overnight.

Table 1. Primer sequences of target and reference genes
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Then, the samples were centrifuged at 12000 rpm for 5
minutes, the supernatant was thrown out, and after drying,
50 pL of DNAs-free deionized distilled water was added
to each tube.

The primers used were designed by Oligo5 software and
BLAST by the NCBI website. Tekaposist synthesized the
primers (Table 1).

Real-time PCR reaction (BIO-RAD iQS5, USA) was
performed in 3 replicates and according to the tempera-
ture program (Table 2). They were poured into special
real-time PCR tubes, 1 puL of cDNA and 19 pL of Cyber-
green Mastermix containing 1 uL of forward primer (0.2
uM), 1 pL of reverse primer (0.2 uM), 7 uL of DEPC and
10 pL of Mastermix 1x real-time. Then the tubes were
placed in the real-time PCR machine, and the machine
was run. The GAPDH gene was considered an internal
control gene.

Regarding the results obtained for the expression level
of genes, first, the obtained CTs for each gene were calcu-
lated by the 2-AACT formula. Then, the average (repeat-
ed three times) of the obtained results was calculated by
SPSS statistical software in each group. Then, the normal
distribution of the results was checked by the Shapiro-
Wilks test. A one-way analysis of variance (ANOVA) sta-
tistical test was used in data analysis. The least significant
difference (LSD) test was used to compare the groups’

Primer Name (Accession No.) Primer PCR Pr(c;)(:t;ct SIE Primer Tm
IKB -F 5'-AGCCCCCAGTCTGTATCCTT -3’ 59.46
IKB Universal reverse primer 5-AGT TGA AGT TGC CGT CAG -3’ ® 59.97
Casp3-F 5'-CATCACACCACCTGACCAA-3' 60.11
Casp3-R 5'-CTCAAATGCACCCGAGAAA-3’ > 59.89
RELA-F 5'-TCAATGGCTACACAGGACCAG-3' 60.26
RELA-R 5'-TCACACACTGGATTCCCAGGT-3' > 60.74
GAPDH-F F: 5’ -CGGTGGATCCCCTTTATTG-3’ 60.60
GAPDH-R R: 5-CTAACCAGGAATTCCGATG-3' ” 59.30

PCR: Polymerase chain reaction.

Real-time reverse transcriptase (RT)-polymerase chain reaction (PCR)
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Table 2. Real-time polymerase chain reaction (PCR) program of studied genes

Number of Cycles Steps Temperature Time
1 Initial separation 94°C 10 min
Separation 94°C 15s
40 Mating 59 30s
Elongation 72°C 25s
1 Final elongation 72°C 5 min

mean. The tests were considered significant when the P
value was less than 0.05. Then the expression ratio of
each gene compared to the reference gene was calculated.

Results

The number of cells required for the experiment was
first optimized to investigate the lethal effect of L. b bac-
teria on HT29 cells. The mentioned cells were cultured
in 10,000 cells per 96-well plate. Then these cells were
incubated at 37°C. A day later, when the number of cells
reached 20,000, i.e., 2 times, they were adjacent to in-
creasing concentrations of bacteria. After 4 hours of being
adjacent to the supernatant medium called conditioned
media, they were filtered and added to new cells at dif-
ferent times. For each concentration of bacteria, 3 repli-
cations were considered, and 3 h were not treated with
a conditioned environment as control. The results were
obtained after 12, 24, and 48 h of treating the cells with
a conditioned medium, L. b. Figure 1 and 2 shows the
results of MTT.

HT?29 cells were affected by different concentrations of
L. bbacteria. During 48 hours of incubation of HT29 cells
with L. b bacteria, a specific IC50 value was obtained
with a concentration of 0d=0.5. Also, after the cells’ treat-
ment, DAPI staining was done on the cells to check the
apoptosis. Figure 2 shows stained and unstained cells im-
aged by light and fluorescent microscopy.

The treated cells entered apoptosis and formed smaller
nuclei than untreated cells with a bacterial condition-
ing medium. A: Normal light microscopic healthy cells
(HT29 cells grow normally). B: Healthy cells without
normal light microscopy (HT29 cells undergo apop-
tosis or death under the influence of L. b bacteria). C:
DAPI-stained cells under the fluorescent microscope
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and healthy without treatment with conditioned medium
(shows the nucleus of HT29 cells, which are seen in blue
with DAPI staining and without any change in a spheri-
cal shape). D: The nucleus of apoptotic cells stained with
DAPI under a fluorescent microscope with fragmented
nuclei (shows the nucleus of HT29 cells that are swollen
and fragmented).

16S rDNA gene was used to confirm and determine the
molecular identity of L. b by PCR. After PCR, the ampli-
fied fragment for the 16S rDNA gene is 1500 bp. After
PCR, the product was electrophoresed in 2% agarose
(Figure 3). A sharp band indicates specific amplification.

To perform this test, the cells were treated in 6-well
plates with IC50 concentrations of the culture medium
(condition) of L. b bacteria, and then the test was per-
formed (Figure 4).

It shows that along with the increase in the concentra-
tion of cDNAs, the samples with higher concentrations in
lower cycles have reached the threshold. Since all factors
except the number of cDNAs in the samples are constant,
it is clear that the obtained CTs depends only on the con-
centration of cDNAs, which indicates the correctness of
the work P=0.038.

Figures 2, 3, and 4 show the expression level of Rel 4,
IKB, and casp3 genes in the co-culture of HT29 colon
cancer cells with L. b bacteria. They were treated indi-
vidually for 12, 24, and 48 h and the number of changes in
HT29 gene expression was measured by real-time PCR.
All experiments were repeated three times, and P<0.05
was considered significant (***) (Figure 5).
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Figure 1. Effect of the conditioned culture medium of L. b bacteria on cell viability after 12 h of incubation

The expression of the Rel A gene in the HT29 cell line
was evaluated after different dosages and throughout 12
to 48 h. The results showed that Rel A gene expression has
a significant relationship in the first 48 h.

They were treated individually for 12, 24, and 48 h, and
the number of changes in HT29 gene expression was
measured by real-time PCR. All experiments were re-
peated three times, and P<0.05 was considered significant
(***) P=0.038 (Figure 6).

The expression of the IKB gene in the HT29 cell line
was evaluated after different dosage proximity and in 12,
24, and 48 h. The results showed that the expression of
the IKB gene has a significant relationship in the first 48
h P=0.042.

They were treated individually for 12, 24, and 48 h and
the number of changes in HT29 gene expression was
measured by real-time PCR. All experiments were re-
peated three times, and P<0.05 was considered significant
(Figure 7).

The expression of the casp3 gene in the HT29 cell line
was evaluated after different dosages and for 12 to 24 h.
The results showed that casp3 gene expression has a sig-
nificant relationship in the first 48 h (P=0.038).

They were treated individually for 12, 24, and 48 h
and the number of changes in HT29 gene expression
was measured by real-time PCR. All experiments were
repeated three times, and P<0.05 was considered signifi-
cant, P=0.038 (Figure 7).
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Figure 2. 4',6-diamidino-2-phenylindole (DAPI) staining of treated cells after 48 h of treatment with conditioning medium
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Discussion

Among all probiotics, Lactobacillus family bacteria,
such as Lactobacillus acidophilus, Lactobacillus casei,
and Lactobacillus delborki are among the vital compo-
nents of the normal intestinal flora of humans and ani-
mals. In addition, the role of lactobacilli probiotics in fa-
cilitating the treatment of colorectal cancer is well known,
which is consistent with our study [23, 24].

The current study evaluated the effect of L. b in prevent-
ing metastasis of colon cancer cells. The results of the
MTT test showed that L. b inhibited the proliferation of
HT29 cells and induced apoptosis in these cells, and in-
hibited the proliferation of the Rel A gene by increasing
the expression of the IKB gene in these cells. The DAPI
and DNA ladder assay results obtained from treating
HT?29 cells with the mentioned bacteria showed qualita-
tive changes in cell apoptosis. In addition, real-time PCR
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results showed that L. b bacteria increased Casp3 gene
expression in HT29 colon cancer cells.

According to the studies of al. Choi et al. showed that
heat-killed Lactobacilli, including Lactobacillus acidoph-
ilus, L. b, and Lactobacillus casei, decreased the viability
of cancer cell lines. In the current study, L. b decreased
the viability of the HT-29 cell line; therefore, Choi et al.’s
study is consistent with our study [25].

According to the studies conducted by Taverniti et al.,
in Lactobacillus plantarum and Lactobacillus casei, Lac-
tobacillus bulgaricus decreased the viability of HT-29 and
Caco-2 cells. It is consistent with our study [26].

Kim et al. suggested that compounds derived from pro-
biotic bacteria can inhibit several cancers. Proteome anal-
ysis found that several proteins are involved in autopha-

24h 48R
1,11285%303
i 1
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Figure 8. Level of Casp3 gene expression in HT29 cells under the influence of L. b bacteria

gy-mediated cell death, including GRP78 and Beclin-1,
which are regulated by extracellular polysaccharides [27].

In a study, Salva et al. showed that probiotic lactobacilli
also protected against cyclophosphamide-induced mylo-
phosphamide suppression in animal models, leading to
improved resistance to Candida albicans. As a result, pro-
biotics have been proposed as a way to reduce immuno-
suppression in cancer patients [28].

Another study that confirms the current study was con-
ducted by Sheng et al. They used Lactobacillus planta-
rum as a probiotic bacterium on HT29 cancer cells and
introduced the PTEN pathway as the apoptosis pathway
of cancer cells [29].

Chiu et al. also showed with their research that the
soluble compounds secreted from Lactobacillus casei
and Rhamnosus induce apoptosis in monocytic leukemia
cells; as a result, probiotics can be considered a safe agent
to fight cancer without any side effects, which is consis-
tent with our study [30].

Liu & Pan also used ten native Lactobacillus strains in
Taiwan and two lactic acid bacteria. They used cytoplasmic
components and heat-killed bacteria on colon and breast
cancer cell lines for their experiments. Their results showed
that the inhibitory effect differs depending on the strain
type, but the cells killed by heat decreased the viability per-
centage. In this study, L. b decreases the viability rate of the
HT-29 cell line, which is consistent with our study [31].

Iyer et al. found that Lactobacillus roteri inhibited NF-
«B induced by TNF activity in a dose- and time-depen-
dent manner [32].

Pan et al. analyzed the effects of oral administration of
Lactobacillus acidophilus bacteria on colorectal cancers in
mice. The results indicated that Lactobacillus acidophilus
reduced the severity of colorectal carcinogenesis and, on
the other hand, increased programmed cell death in treat-
ed mice. In the current study, L. b also reduced colorectal
carcinogens, which is consistent with our study [33].

In a study of clinical trials, Liu et al. showed the effect
of probiotics in reducing infectious complications after
surgery in colorectal cancer patients. Similarly, functional
and quality-of-life health-related outcomes were sig-
nificantly improved in patients undergoing resection for
colorectal cancer treated with Lactobacillus acidophilus
and Bacillus subtilis [34].

By investigating the effect of L. » on improving gas-
tric gastritis caused by Helicobacter pylori infection in a
mouse model, Orcid et al. showed that in infected groups,
after treatment with L. b, inflammation was reduced and
recovery was achieved. The rate of Helicobacter pylori
infection eradicated in the treatment group showed a de-
crease in inflammation after tissue examination. In the
current study, L. b reduces colorectal carcinogens and
HT-29 cell line; therefore, the results of their study are
consistent with our study [35].
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Conclusion

Our findings show that L. b stimulates the cell signaling
pathway of apoptosis in HT29 colon cancer cells and can
be used as a new therapeutic strategy or adjuvant therapy
for the treatment of colon cancer.
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