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ABSTRACT
Anti-tumor properties of Lactobacillus family of bacteria have been shown in many studies. Anti-carcinogenic
properties of probiotics are performed by neutralizing substances that cause gene damage. The aim of this study was
to investigate the effects of cytosolic fractions Lactobacillus casei and Lactobacillus paracasei on cancer cell line
Caco-2 in vitro conditions. Bacteria Lactobacillus casei and Lactobacillus paracasei were separately cultured in
MRS broth medium and after extraction of cytosolic metabolites using Bradford method, the concentration of
proteins was measured. After cytosolic metabolites by gel chromatography, they were fractioned. To assess the
situation of isolated fractions, SDS-PAGE electrophoresis was used. The anti-tumor effects of obtained fractions on
Caco-2 cells using MTT and flow cytometry methods were studied. MTT and results of flow cytometry test to
examine anti-cancer property of proteins on cancer cell line Caco-2 showed that these effects depend on dose and
time. The results showed greater impact of higher concentrations of proteins on inhibiting the growth of cancer cells.
Based on obtained results, it can be said that cytosolic fractions of both bacteria had anti-cancer properties, and they
showed no significant differences relative to each other. However, further studies are required in this regard to
achieve better results.
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INTRODUCTION
Probiotics are usually one or a mixture of several
microorganisms that if consumed by humans or
animals they can cause many beneficial effects
by improving digestive microflora characteristics

of host. Through the competition, balanced
intestinal flora eliminates pathogenic bacteria
from the gut, stimulates immune system, and
produces vital nutrients such as short chain fatty
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acids, vitamins, amino acids of arginine, cysteine
and glutamine, polyamines, growth factors, and
different antioxidants (Tamime, Saarela et al,
2005).Probiotics
contribute
to
beneficial
intestinal bacteria or reduction of harmful
microbes and their mechanism relies on their
replacement and survive in the digestive tract.
Due to the nature, placement, local density of
microorganisms probiotic in digestive tract
(density of CFU/ gr1011 in intestinal contents),
colorectal cancer (CRC) is one of the main
options for the use of probiotics (Tilak,
Ranganayaki et al, 2005).Colorectal cancer
occurs in the colon or rectum and parts of the
large intestine. Cells’ growth in abnormal in such
case and it uses this ability to attack or spread to
other body parts. Signs and symptoms may
include blood in the stool, change in bowel
habits, weight loss, and fatigue at all times. This
cancer is known as a benign tumor. Treatment
used for colon cancer may include a combination
of surgery, radiation therapy, chemotherapy, and
targeted treatment. The cancer limited to large
wall can be treated by surgery. However, the
cancer spread to other parts can be treated about
65% less than 5 years, depending on the
progression of the cancer (Sandelowski, 2000).
METHODOLOGY
The culture of bacteria and preparation of
cytoplasmic extract: to prepare the cytosol of
bacteria, each of the bacteria was cultured
separately in 10 ml of MRS medium for 24-48
hours under anaerobic conditions at temperature
of 30 ° C.After growing, bacteria were
centrifuged for 15 min at 3500 rmp round at 4 °
C, and the obtained sediment was rinsed twice by
phosphate buffer 0.1 M and with PH 6.9. In the
next stage, bacterial cells were crushed at the
presence of lubricating buffer using sonicator
device and beside the ice. Finally, the samples
were centrifuged for 30 min at 10000 rpm round
at 4 ° C. Supernatant was removed and used as
cytoplasmic extract (Rathore, Curtis et al,
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2003).Providing different concentrations of
cytosolic proteins: in this study, dilution was
performed by RPMI medium, and dilutions of
100 and 200 micrograms per ml of cytosolic
proteins were prepared (Elbashir, Harborth et al,
2001).Gel chromatography: column was installed
by clamping to the base. Then, G100 Sephadex
powder was dissolved in deionized water
according to the manufacturer's instructions and
it was placed for 24 hours at 4 ° C. The resulting
gel was poured slowly into a tube. Then, gel was
stirred by glassy stirrer so that bubble is not
created. Then, column was rinsed several times
with phosphate-buffered saline (PBS). This
process was continued up so that input buffer PH
became equal with output buffer PH. Then,
sample was filtered by syringe and syringe tip
filter. The output of column was installed to
peristaltic pump and pump output was installed to
collecting device. Cytosolic solution was placed
above the chromatography column, and
corresponding fractions at 3 ml were collected
and the amount of proteins in wavelength of 280
nm was measured by a spectrophotometer
(Kudelka, Levy et al, 1997).Cell culture: Caco-2
cells were purchased from the cell bank of Iran
Pasteur Institute. The cells were cultured in 10 ml
of RPMi1640 medium at the presence of 10%
FBS and 100 micrograms per ml of streptomycin
antibiotic and 100 units penicillin in incubator
containing 5% CO2 and 95% humidity at 37 ° C
for 72-48 hours. The cells were counted about
80% of flask bottom after the growth, and they
were used for experiment (Elbashir, Harborth et
al, 2001).Identification and determining the
molecular weight of cytoplasmic extract proteins:
the separating and identifying the molecular
weight of cytoplasmic extract proteins of
polyacrylamide
gel
electrophoresis
were
performed in the presence of SDS-PAGE in batch
system and on the vertical flat gel according to
Leammli method. Before injection into gel, all
samples were dissolved in a sample buffer
including upper gel buffer 5 ml, Glycerol 2.5 ml,

768

The effect of cytosolic fractions prepared from bacteria Lactobacillus casei and Lactobacillus paracaseicancer cells

Sodium dodecyl sulfate 1 g, 0.25 ml of
Bromophenol blue, and 0.5 ml of –
Mercaptoethanol-2 and they were placed in warm
water for about two minutes.In the next step, 255 microliters of each sample were injected into
the gel homes. SDS-PAGE was performed in
upper gel with 60 mA current at temperature 10 °
C during 20 minutes, while it was performed at
lower gel with 160 mA current for 45 minutes.
The samples were stained with acidic silver and
an approximate molecular weight of cytoplasmic
extract proteins was determined (chang et al,
2007). Measuring the antitumor property of
extract using MTT: In this study, to examine the
cytosolic antitumor property and related
fractions, Chang et al (chang et al, 2007) method
and Sun et al (Sun et al, 2009) method were used.
In summary, after centrifugation and counting the
Caco-2 cells using trypan blue method, the
volume of 100 ml at a density of 10,000 cells in
RPMI1640 medium with 15% FBS was added to
each 96-well plate wells. Then, 100 ml medium
containing different concentrations of cytosolic
proteins and fractions 2, 43 and 64 for L.
paracasei and fractions of 4, 26 and 49 for
Lactobacillus Paracasei and fractions 4, 26, and
49 for Lactobacillus casei were added to the
wells .Finally, affected concentrations of
cytosolic proteins were reduced to half of the
initial rate (50 and 100 micrograms per ml),
respectively. Three other wells were considered
as a negative control and 100 ml cell and
RPMI1640 medium were added for each of them.
In the next step, the plates were separately
incubated for 24 and 48 hours at 37 ° C in the
presence of 5% CO2 gas. After the incubation
time, 20 microliter of MTT solution (3-4
dimethyl thiazole 2-5 Diphenyl - tetrazolium
bromide) and 5 milligrams per ml of PBS buffer
were added to all wells and microplates were
incubated for 4 hours.
= {(ODsample – ODcontrol) /OD}*control100
percentage of cytotoxicity
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During this time, succinate dehydrogenase
enzyme in the mitochondria of healthy and alive
cells revives the Bromine of MTT solution and it
makes it as insoluble purple formazan particles.
Finally, purple formazan crystals formed in the
cytoplasm of cells are dissolved by adding 100
ml of pure DMSO solution in the wells and
placing the plates in shaking incubator for 10 to
15 minutes, and eventually the intensity of
absorbed light (OD) was recorded in wavelength
of 570 nm using an ELISA reader device.
Percentage of cytotoxicity of extracts was
calculated using the following formula (ChinFengandTzu-Ming, 2010). Flow cytometry test:
First, 3 ml of the cell suspension equivalent to
10,000 cells per ml was prepared in 6-well plates.
Then, cytosolic fractions of bacteria were filtered
with filter of syringe and syringe tip, and they
were added to wells along with RPMI1640
medium. Then, concentrations of cytosolic
proteins 50 and 100 micrograms per ml were
added to the wells. The cells were incubated at 24
and 48 hours. After incubation, the bottom of 6well plates was rinsed with 2 ml of PBS and they
were centrifuged at 800 round. Then, the
supernatant was removed and the cells diluted
with 10 ml of annexin V were incubated with 3%
Binding Buffer for 30 min at 4 ° C. Finally,
incubation was centrifuged. Then, supernatant
was removed and cells were added 10 ml of
conjugated annexin PI diluted with Binding
Buffer and they were placed in the refrigerator
for 4 hours in the dark. Then, all samples, except
the negative control, were reached to 500 ml with
PBS and they were analyzed by FACS Clibur
using SPSS software (Mossman and Gee, 1989).
RESULTS
The results of SDS-PAGE showed that the
molecular weight of fractions is varied and
molecular weight of isolated fractions is in the
range of 20 to 120 kDa.
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Figure 1: SDS-PAGE electrophoresis pattern of
cytosolic proteins of L. paracasei

Cytosolic proteins of L. paracasei after isolating
the cystolic proteins were centrifuged on 15
percent separator gel and they were stained with
silver nitrate ammonia. Columns 1 and 2, before
fraction- columns 3, sample 4-column 4, sample
4-column 4, sample 13-column 5, Markercolumn 6, sample 20-column 7, sample 26,
column 36-column 9, sample 49-column 10,
sample 53.

Lactobacillus casei. Column 1, sample 6- column
2, repetition of sample 6- column 3, sample 24column 4, sample 41- column 5, marker- column
6, sample 56- column 7, sample 62, gel
concentration 15% and staining of gel was
performed by acidic silver. Data obtained by
MTT test in this study showed that cytotoxicity
activity of various fractions of cytosolic proteins
of Lactobacillus casei and Lactobacillus
paracasei was dependent on dose and time, so
that inhibition of cancer cells by Lactobacillus
paracasei at the concentrations of 50 and 100 mg
for fractions 1, 2, and 3 was respectively 58, 62,
61, 77, 17, and 20 % (Diagram 1) and it was
respectively 49, 56, 38, 50, 23, 43 % at 24 hours
for Lactobacillus casei for same concentrations
and same fractions (Diagram 2).

Diagram 1: Comparison of cytotoxicity of two
different concentrations of fractions of cytosolic
proteins of Lactobacillus paracasei after 24 hours

Figure 2: SDS-PAGE electrophoresis pattern related
to fractions obtained by gel filtration chromatography
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Diagram 2: Comparison of cytotoxicity of two
different concentrations of fractions of cytosolic
proteins of Lactobacillus casei after 24 hours
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On the other hand, in the Lactobacillus
paracasei, the highest percentage of cytotoxicity
related to first fraction that was 90% (Figure 3)
and in the Lactobacillus casei the highest
percentage of cytotoxicity related to second
fraction and it was 84% (Figure 4) that both of
them related to 48 hours and a concentration of
100 micrograms per milliliter.

v and PI .Caco-2 cells were treated with
Lactobacillus casei and Lactobacillus paracasei at
concentrations of 50 and 100 micrograms per ml
for 48 hours before analysis by flow cytometry.
Cells without any treatment were used as control.
As can be seen in Figure 3, Cytosolic proteins,
Lactobacillus casei fractions, and Lactobacillus
paracasei at a dose of 100 micrograms per ml
induced apoptotic death by 50%.

A: control
Diagram 3: Comparison of cytotoxicity of two
different concentrations of cytosolic fraction proteins
of Lactobacillus paracasei after 48 hours

B: concentration of 50 micrograms per ml casei
(second fraction)

Diagram 4: Comparison of cytotoxicity of two
different concentrations of cytosolic proteins of
Lactobacillus paracaseiafter 48 hours

Cell death analysis of apoptosis by flow
cytometry test Apoptosis was determined by
staining of cells using annexin v flous kit and
using flow cytometry. The initial apoptosis was
determined
by
Positive
staining
for
annexinv_FITC and secondary apoptosis was
determined by positive staining for both annexin
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C: concentration of 100 micrograms per ml casei
(second fraction)
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D: concentration of 50 micrograms per ml paracasei
(twenty and sixth fraction)

E: concentration of 100 micrograms per ml paracasei
(twenty and sixth fraction)

Figure 3 shows the flow cytometry analysis of
cytosolic proteins and second and twenty and
sixth fractions for Lactobacillus casei and
Lactobacillus casei at two concentrations of 50
and 100 micrograms per ml after 48 hours.
Concentration of 100 micrograms per ml with the
use of annexin V apoptosis caused the death of
more than 50% of the cells.
DISCUSSION AND CONCLUSION
Probiotics anti-cancer activity is obtained by
experiments and in vitro studies. In in vivo
studies, it has been shown shown that probiotics
are involved in suppressing early neoplastic
lesions tumors and cancerous tumors. The
anticancer effects of probiotics are achieved
through preventing the conversion of Peru
carcinogens to carcinogen, connectivity and
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disabling mitogen compounds, reducing the
growth of Peru carcinogens bacteria, reducing the
absorption of mitogens and enhancing the
immune system function. Due to the influence of
intestinal microflora in reducing the development
of colon cancer, it is vital to produce new types
of products that avoid the creation of cancer,
inhibit cancerous cells, and leave no harmful
effect on healthy cells. For this purpose, it was
tried that probiotics to be used. By stimulating
the immune system, eliminating destructive and
cancerous enzymes such as secondary bile acids
and mutational substances caused by intestinal
bacteria, probiotics can play an important role in
preventing colon cancer (Ng, Hart et al, 2009).
Bacteria of Lactobacillus family are commonly
used in yogurt and other dairy products.
Stimulating and regulatory properties of these
bacteria on immune system have been reported in
previous studies. In fact, these bacteria have
many positive impacts in body, including
prevention of carcinogenesis and tumor growth
(Kato, Hirai et al, 2005).In a study conducted in
2004 by Lee et al,
it was revealed that
cytoplasmic extract of Lactobacillus casei
andbifidobacterium
haddirect
impact
on
inhibiting the growth of cancer cells in this way
that at the concentration of 50 mg/ml it inhibited
the growth of almost 50 percent of cancer cells
(and, ArmasiTaño, 2010).
Studies show that cytoplasmic extract and
peptidoglycan derived from lactic acid bacteria
can inhibit the proliferation of cancer cells. In
this regard, kim et al examined the impact of 10
components of various probiotics on eleven
different cancer types. The results suggest the
impact of probiotics on inhibition of cancer
classes and they attributed this impact to the
peptidoglycan (Kim et al., 2003). Kabiri et al also
could inhibit the cancerous K562 class (chronic
myelogenous leukemia) by cytoplasmic extract of
probiotics such as Lactobacillus casei and
Lactobacillus paracasei in vitro (Lee and Lucey,
2004).
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The study of Bonyadi et al that showed cell wall
and cytoplasmix extract resulting from
Saccharomyces cerevisiae and Saccharomyces
boulardii can inhibit the growth of myeloid
cancer cells in human blood class k562 in vitro.
In this study, the probiotic Lactobacillus casei
and Lactobacillus paracasei isolated from the
intestine of carp were used. After the cultivation
of bacteria, they were lubricated, cytosol was
extracted, and they were fractioned by gel
chromatography (Kabiri et al., 2011). In gel
chromatography method, the isolation is done
based on molecular sieving undue burden in
migration flow of electro-osmosis inside the gel.
Isolation was done based on relative size of
molecules and the term of smoothing by gel is
used. The gel used in this method should be inert
and stable. Stationary phase consists of a porous
mold that its pores are filled by the solvent
constitutes the mobile phase. Isolation is based
on that larger molecules are removed from
column and smaller molecules are very important
in terms of intensity of their penetration from
hole. In addition, sample viscosity is also very
important and it should not be more than twice
the washing viscosity. Other important factors is
sample size in the way that sample size is
smaller, the concentration of each component in
the solution will be less (Abdul Hadi, Hassali et
al, 2010).Based on review of scientific resources
and findings obtained from this research, it can
be said that cytosolic fractions of both bacteria
have anti-cancer property. In fact, they performed
better than other Lactobacillus and they showed
no significant difference. However, in the case of
using these biologic products, further field
studies are required.
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