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Abstract

Introduction: Lactobacillus rhamnosus GG is a probiotic bacterium with anti-cancer and anti-microbial characteristics. In addition, Extracellular
Vesicles (EVs) from Lactobacillus rhamnosus GG showed apoptotic impacts on colorectal cancer cells. In this study, we aimed to isolate EVs
from Lactobacillus rhamnosus GG (EVL) and identify its effect on cell adhesion and expression of mmp2and mmp9 genes.

Materials and Methods: HT29 cells were exposed to 16, 32, 64, 128, 256, 512, 1024, and 2048 pg/ml EVL, and the cell viability, cell adhesion, and
mRNA gene expression were investigated using the MTT assay, cell adhesion assay, and real-time PCR.

Results: We found that 128, 256, 512, 1024, and 2048 pg/ml of EVL led to attenuated cell viability of HT29 cells (p<0.05). Moreover, the expression
of both mmp2and mmp9 genes and cell adhesion significantly reduced at 1024 and 2048 pg/ml EVL compared to untreated cells (p<0.05).
Conclusions: According to the findings of the present study, it is suggested that EVL could be effective in cancer cell cytotoxicity.
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Introduction
Cancer is known as a complicated disease which is a
collection of more than 100 diseases. In spite of many efforts
to improve cancer treatment, many common cancer treatment
strategies are inefficient due to their toxicity and side
effects.? Colorectal Cancer (CRC) is the third most common
cancer in men and the second in women, with 1.65 million
new cases and almost 835,000 deaths in 2015.2 It is believed
that genetic and lifestyle factors are the main causes of CRC.
Mutations in genes that control cell growth and division lead
to cancer. After cells detach from the tumor and invade
surrounding tissues, it is likely that the tumor forms secondary
tumors at other locations in a process called metastasis. The
best method to treat CRC is to prevent and fight metastases.
The spread of this type of cancer is a serious problem.?
Matrix Metalloproteinases (MMPs) are a category of proteins
that play a key role in cancer progression and are involved in
different events such as metastases, cancer invasion, and cell
growth. MMP2 and MMP9 are the two main members of
this family.* Recently, researchers have applied microbial
metabolites, probiotics, and toxins in cancer therapy.®

The gastrointestinal tract hosts a complex and diverse
ecology of microorganisms.® These microbes are important
to the health and destabilization of this microorganism

ecosystem leading to several gastrointestinal disorders.
Probiotics are live microorganisms being beneficial to the
host in terms of health features if administered in sufficient
amounts. It is believed that they improve the symptoms of
several gastrointestinal diseases.’

Probiotics may play a key role in preventing cancer and
treating infectious diseases, primarily by modifying the
host’s innate and acquired immune system.® However, it was
suggested that probiotic bacteria are potential anti-cancer
agents.® The anti-cancer properties of probiotic microorganisms
have been verified, but the exact mechanisms are
unknown.® In addition to the interaction of probiotics with
the body systems, metabolites and bioactive molecules and
structures secreted by these microorganisms such as
parasporin-2Aal, e-poly-L-lysine, and nisin were introduced
as anti-cancer agents.''? Recent studies have shown the role
of probiotics in Extracellular Vesicles (EVS) secretion by
inducing IL-10 pathway probably leading to regulatory T
cells (Tregs), differentiation, and proliferation.*

Lactobacillus rhamnosus GG is also a nonpathogenic
probiotic bacterium being almost resistant to acid and bile.
This probiotic produces an antimicrobial agent that could
help to decrease inflammation and treat infectious diseases.'*
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EVs are nanometer-scale membrane-contained vesicles
released in an evolutionally conserved manner by several
cells,®® through easing the transfer of proteins, nucleic acids,
and other molecules between cells.® The bacterial EVs
might also include antibiotics, toxins or various virulence
factors significantly involved in pathogenesis, host cell
invasion, eliminating competitors, drug resistance and
dodging the immune system. In pathogenic bacteria, EVs
play a key role in bacterial infection. These vesicles are also
involved in cell-to-cell communication and transporting
genetic information being like eukaryotic EVs in this regard.
Since EVs composition varies among numerous bacteria, the
biosynthetic pathway of these vesicles is unclear.t”18

It has been shown that EVs act as a vital intercellular
delivery system transferring vast types of signals between
various recipient cells. In fact, EVs influence immune
system responses and might transmit disease biomarkers for
therapeutic coverage. EVs are acknowledged as shuttles
transferring several components to the target cells influencing
the signals whose transmittance into the recipient cells is
essential.®

Previous reports have revealed that EVs could affect other
cells near and/or far from the origin of secreting cells.
Cancerous cells are the particular cells that both release and
receive the discrepant EVs, such as exosomes with diverse
characteristics. Thus, applying EVs to therapeutic purposes
against tumor progression has been favored by the researchers.
Investigations on EVs revealed that they carry proteins,
mMRNA and miRNA molecules and play a role in promoting
or inhibiting cancers; furthermore, they are associated with
apoptosis characteristics within various kinds of cells. The
EVs are significantly involved in various kinds of vital
processes such as inhibiting, promoting, and regulating gene
expression, as well as differentiation and proliferation in the
cells that receive them. Among EVs, those containing
microRNA molecules are also involved more significantly in
connections with gene expression via linking to mRNA
molecules and manipulating the translation process of
proteins. Note that the secreted EVs will be fused with the
recipient cell membrane, and the molecules such as RNA
molecules will be released as metabolites within the body
fluids. These features helped EVs to be effective activating
and regulating structures.?

In the present study, lactobacillus rhamnosus GG was
selected as a non-pathogenic and benefit probiotic strain and
the EVs were isolated from culture medium after 48 h
growth. After confirming the morphology, the effects of EVs
were evaluated on the cell adhesion and the expression of
mmp2 and mmp9 genes in colorectal cancer cells.

Materials and Methods
Isolation of EVs from Lactobacillus rhamnosus GG
Lactobacillus rhamnosus GG (PTCC1637 strains) was purchased

from the Iranian Research Organization for Science and
Technology (Tehran, Iran). The bacteria were put to culture
in Man Rogosa Sharp (MRS) broth (Inoclon, Tehran, IRAN)
anaerobically at 37 °C for 48 h. Then, to isolate the EVL,
culture medium was centrifuged for 30 min at 8000 g and
the supernatant without bacterial cells and debris was
transferred to the fresh tube. Next, a 0.22 mm filter (GVS
filter technology, UK) was applied to filter the collected
supernatant. To concentrate the supernatant, Centricon Plus-
70 (Millipore, MA, USA) was utilized. Ultimately, an
ultracentrifuge TL-100 rotor was used for ultracentrifugation
at 100000 g for 60 min. The purified pellet was suspended in
Phosphate Buffer Saline (PBS) and kept at 80 °C for further
analysis. To measure the EVL concentration, the protein
content was measured at 230 nm employing a Nanodrop
spectrophotometer (Thermo-Scientific, US).%

Transmission Electron Microscopy Analysis

To study the EVL in terms of size and morphology,
Transmission Electron Microscopy (TEM) analysis was
performed. In brief, 5 pg EVL was fixed with 2.5%
glutaraldehyde and then transferred to a firmware/carbon-
coated grid (Iran University of Medical Sciences, Tehran,
Iran). After 20 min incubation at room temperature, the grid
was stained by negative stain (uranyl oxalate/methyl
cellulose/uranyl acetate (Merck, Darmstadt, Germany).
Finally, the images were prepared by TEM (LEO906,
Germany, at 80 kV).?

MTT Test

To identify the cytotoxic effect of EVL, the MTT assay was
done. HT29 cell line, as a colorectal cancer cell line, was
bought from the cell bank of Pasture Institute (Tehran, Iran).
RPMI1640 containing 10% Fetal Bovine Serum (FBS), 1%
100 mg/ml streptomycin, and 100 U/ml penicillin as a
complete medium was used for harvesting HT29 cells at
37 °C and 5% CO,. All the reagents and materials for cell
culture were prepared from Inoclon, Tehran, Iran. To
investigate the effect of EVL on the viability of HT29 cells,
200 pl complete medium containing 8000 cells was added to
each well of the 96-well plate and incubated overnight at 37
°C and 5% CO,. Next, the cells were treated with 16, 32, 64,
128, 256, 512, 1024 and 2048 pg/ml for 24 h, separately.
Then, the culture medium of each well was replaced by 100
pl RPMI1640 without FBS containing 20 pl MTT dye 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(Sigma-Aldrich, USA) (5ug/ml) and incubated for 4 h at
37 °C and 5% CO.. Finally, the culture medium of each well
was removed and formazan crystal was solved in 100 pl
dimethyl sulfoxide (Sigma-Aldrich, USA) and the optical
density was recorded at 570 nm using ELISA reader
(BioRad, USA). Culture medium without EVs was analyzed
as a negative control. Each test was carried out three times.
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Adhesion Assay

To investigate the impact of EVL on the cell adhesion of
HT29, the cell adhesion assay was performed according to
the method introduced by Pereira et al. Briefly, 5x10* of
HT29 cells were treated with 256, 512, 1024 and 2048 pg/ml
EVL for an hour and were then transferred to separate wells
of 96 well plate and incubated at 37 °C and 5% CO, for
another 3 h. Then, the detached cells were removed via
washing them twice with PBS. After fixing the attached cells
with cold methanol (for 5 min), 1% Toluidine blue in 1%
sodium tetraurate was added to the cells and incubated for 5
min. The stained cells were washed with PBS and dissolved
in SDS 1% at 37 °C for 20 min. Finally, the optical density
of each well was recorded at 540 nm using ELISA reader
(BioRad, USA). Culture medium without EVs was analyzed
as a negative control. Each test was conducted three times.??

Gene Expression Analysis

To evaluate the EVL impact on the expression of mmp2 and
mmp9 genes, real-time PCR was applied. Briefly, 1x10°
HT29 cells were treated with 256, 512, 1024 and 2048 pg/ml
EVs for 24 h. Then, Trypsin was applied to detach the cells

Table 1. The sequence of primers

and the RNX-Plus kit (Cinnagen, Iran) was applied following
the manufacturer’s instructions to extract mRNA. The agarose
gel electrophoresis and spectrophotometer were applied to
determine the quality and quantity of the purified mRNA,
respectively. Afterwards, cDNA synthesis kit (Takara, Japan)
comprising two universal primers, random hexamer, and
oligo dT primers, and M-MLV reverse transcriptase were
applied following the manufacturer’s instructions to amplify
1ug of each purified mRNA for synthesizing cDNA. Next,
the real-time PCR method was applied to measure the
relative rate of mmp2 and mmp9 genes expression. Table 1
shows the specific primers for mmp2 and mmp9 genes. S-
actin gene was tested as a housekeeping gene. In brief, 1.5ul
of each cDNA was added to the reaction mixture containing
2X cybergreen solutions and 10 pmol of specific primer with
the final volume of 20 ul. The thermal program was executed
by Corbett Rotor-Gene 6000 real-time PCR cycler (Qiagen
Corbett, Hilden, Germany) for 3 min for initial denaturation
step at 94 °C, 40 cycles of 30 s at 94 °C, 30 s at annealing
temperature and 30 s at 72 °C. The relative expression of
each gene was calculated using Rest 2009 based on 2-44¢T
(Qiagen, USA).

Gene names Forward (5’-3") Reverse (5’-3) Product length (bp)
mmp2 GATACCCCTTTGACGGTAAGGA CCTTCTCCCAAGGTCCATAGC 112
mmp9 AGACCTGGGCAGATTCCAAAC CGGCAAGTCTTCCGAGTAGT 300
B- actin TCATGAAGATCCTCACCGAG TTGCCAATGGTGATGACCTG 118

Statistical Analysis

To measure the discrepancy between the test and control
groups, a one-way ANOVA test was conducted by SPSS
(Version 11) software (SPSS, Chicago, IL, USA). p-values
less than 0.05 were set as statistically significant

Results

TEM Findings

Figure 1 depicts the image from TEM. EVLs are the white
round shapes at the range of 50 nm-1500 nm in the dark
background.

Cell Viability Outcome

To investigate the effect of EVL on the proliferation of
HT29 cells, MTT assay was done. The serial concentrations
of EVL from 16 to 2048 pg/ml were tested (Figure 2).
Based on the statistical analysis, 64, 128, 256, 512, 1024 and
2048 pg/ml of EVL led to attenuated cell viability of HT29
cells 67.41, 66.3, 65.5, 63.1, 58.5 and 52.2%, respectively
(p<0.05). The calculated ICso was 2090.3ug/ml based on the
data from MTT assay, and we selected four effective
concentrations under 1Csp, including 256, 512, 1024 and
2048 pg/ml, for further investigations.

Cell Adhesion Analysis

As shown in Figure 3, 512, 1024, and 2048 pg/ml of EVL
significantly decreased the cell attachment of HT29 cells
after 24 h (60.6, 57.6 and 36.6% in the respective order) in
comparison with the negative control (100%) (p<0.05).

Figure 1. Image from TEM Stained with the Uranyl Acetate.
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Figure 3. The HT29 Cell Adhesion After Exposing to Different
Concentrations of EVL. Decrease cell attachment was significantly
seen at 512, 1024, and 2048 pg/ml after 24 h (60.6, 57.6 and 36.6%,
respectively). Stars (*) indicate the statistically significant difference results
compared to negative control with p-values less than 0.05.

mmp2 and mmp9 Gene Expression

Real-time PCR was used to determine the effects of EVL on
MRNA expression of two genes belonging to MMPs, mmp2,
and mmp9 genes. As illustrated in Figure 4a, the relative
MRNA levels of mmp2 were 1.3, 1.092, 0.84 and 0.741 fold
after treating with 256, 512, 1024 and 2048ug/ml EVL,
respectively. In addition, the relative expression levels of
mmp9 were 1.3, 0.99, 0.742 and 0.653 fold after treating
with 256, 512, 1024 and 2048 pg/ml EVs, respectively (Figure
4b). Our findings showed that the expression of both mmp2
and mmp9 genes was significantly reduced at 1024 and
2048ug/ml EVs compared to the untreated cells (p<0.05).

Discussion
The production and release of EVs are common events among
all live cells contributing to the transfer of bioactive molecules

Figure 4. Relative Expression of mmp2 gene (A) and mmp9 gene (B)
in HT29 Cells at 256, 512, 1024 and 2048 pg/ml EVL. The expression
of mmp2 and mmp9 genes was significantly attenuated at 1024 and
2048pg/ml. Stars (*) indicate the p-values less than 0.05.

and macromolecule, signals and messages between the cells
in a different distance from the producing cell. However, the
contents of EVs are different and dependent on the type of
cells and their cell cycle step. In the prokaryotes, both gram-
positive and gram-negative bacteria are capable of producing
EVs that play a key role in the communication between
bacterial cells and bacteria population and host cells. Similar
to mammalian cells, bacteria also produce and release
different types of EVs in different situations with the
pathologic and physiologic properties. EVs are involved in
qguorum sensing, biofilm formation, bacterial proliferation
and growth, infection spreading and antibiotic resistance,
etc.?1?4 Furthermore, it is reported that EVs from probiotic,
such as Lactobacillus rhamnosus,?® Lactobacillus sakei,?®
Escherichia coli Nissle 1917,%" Bifidobacterium longum,?®
and Bifidobacterium bifidum?® have immunomodulatory effects
on cytokine profile, decreased pro-inflammatory enzyme,
increased mucosal tolerance and T-reg response and mast
cell apoptosis in vitro and in vivo studies. Lactobacillus
rhamnosus GG is the gram-positive probiotic and numerous
studies have been conducted concerning its anti-cancer
properties. In studies conducted by Zelaya et al., Konieczna
et al., and Al-Nedawi et al., it was observed that Lactobacillus
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rhamnosus and its microvesicles resulted in an immune-
modulatory effect through a TLR2-dependent regulation of
DC and T cell counts.?>2%3! Moreover, our previous finding
showed the anti-cancer characteristics of EVs were isolated
from Lactobacillus rhamnosus on the HepG2 cell line. In that
study, EVLs were isolated from supernatant of Lactobacillus
rhamnosus GG by centricon plus 70 and observed their
cytotoxic impacts at 100 pg/ml of on HepG2 cancer cells. In
addition, EVLs attenuated the expression of bcl-2 and
increased the expression of bax gene and apoptotic index.?
Following our previous study, in the current study, we
studied the effects of EVLs on the cancer cell adhesion and
the expression of mmp2 and mmp9, the genes involved in
cancer progression, invasion, and cancer metastases. Escamilla
et al., reported that cell-free supernatant from Lactobacillus
rhamnosus GG can down-regulate the expression of MMP9
and increase zona occludens-1 protein after treating the
HCT-116 cells as the metastatic colorectal cancer cells. They
suggested that the bioactive components released by Lactobacillus
rhamnosus GG in the supernatant could prevent cancer cell
invasion.® In another study, Maghsood et al. investigated the
anti-inflammatory characteristics of the cell-free supernatant
from Lactobacillus acidophilus and Lactobacillus rhamnosus
GG on the differentiated THP-1 cells. They observed that
cell-free supernatant could down-regulate the expression of
mmp9 and cell surface CD147 and up-regulate TIMP-1 with
no effect on the activity and expression of mmp2 and TIMP-
2.3 To the best of the authors’ knowledge, this study is the
first observation indicating that EVs from Lactobacillus
rhamnosus GG can affect the cell adhesion and mmp2 and
mmp9 expression. MMP2 and MMP9 are types of gelatinase
having proteolytic activity to destruct ECM proteins.* Here,
we found that cell treatment with EVLs significantly attenuated
the mRNA expression of mmp2 and mmp9 genes. In addition,
the cell adhesions decreased by increasing the EVLs
concentration. The reason for this observation could be due
to the increased cell death at higher concentrations and
attenuated cell number during the time of treating. Moreover,
numerous proteins, factors, and molecular signaling are
involved in cell detachment and metastasis, which have not
been studied here.

Conclusion

In conclusion, EVLs exert cytotoxic effects on the colorectal
cancer cell line and they are capable of decreasing
expression of mmp2 and mmp9 genes. However, to confirm
this outcome, further investigation on other mechanisms is
required.
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