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Probiotic lactic acid bacteria are known for their ability to modulate the immune system. The objective of 
this study was to elucidate the modulatory effect of the probiotic bacteria (Lactobacillus plantarum), 
isolated from breast milk of lactating Egyptian women, on IL-6 and IL-1βas well as their regulating 
miRNAs in Azoxymethane (AOM) / dextran sulfate sodium (DSS)-induced colon carcinoma in mice. The 
expression of IL-1β and IL-6in colonic tissue were determined by real time PCR and ELISA. Compared 
with DSS/AOM group, the inflammatory symptoms and histological damages of colonic mucosa in L. 
plantarum-treated group were significantly improved, the expression level and protein concentration of 
IL-1β, in colonic tissue were significantly reduced and it was combined with up-regulation of IL-6 
expression level and protein concentration. L. plantarum-administration resulted in decreased aberrant 
crypt foci in DSS/AOM group. The investigation of the miR-21a, miR-155 and miR-146a expressions, 
which regulate IL-6 and IL-1β expression, indicated that both of miR-21aand miR-146awas depressed 
by L. plantarum-administration in healthy and in DSS/AOM group, while miR-155 expression was 
induced by L. plantarum-administration in 7 healthy and in DSS/AOM group. In conclusion, our findings 
suggested that L. plantarum administration modulated the inflammatory cytokines and inhibited CRC 
through reducing the expression and the protein concentration of pro-inflammatory cytokine IL-1β and 
inducing the expression and the protein concentration of anti-inflammatory cytokineIL-6. These results 
were triggered by the inhibition of miR-146a-5p and miR-21 expressions, which are responsible for IL-6 
induction and IL-1β reduction. 

Keywords: Lactobacillus plantarum; colorectal cancer; IL-1β; IL-6; miR-21a; miR-155; miR-146a  

 
INTRODUCTION 

Inflammatory bowel diseases (IBD) are 
chronic immune-associated disease including two 

major disorders: ulcerative colitis (UC) and 
Crohn's disease. UC is the major risk factor for 
colon cancer. IBD treatments such as 
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corticosteroids, antibiotics, and 
immunomodulators, are moderately successful 
with strong side effects (Dubinsky, 2004; Warman 
et al., 2003). Therefore, it is necessary to find 
novel treatment modalities. Probiotics have 
received more attention in the recent years as a 
new safe and effective therapeutic agents against 
IBD via different mechanism (Bassaganya-Riera 
et al., 2012; Chu et al., 2010), since probiotics 
therapeutic effects on IBD are strain-dependent 
(Chu et al., 2010; Claes et al., 2010). Several 
studies have revealed that some specific strains 
of lactobacillus can induce pro-inflammatory 
cytokines such as interleukin (IL)-1, IL-6 and IL-12 
(Christensen et al., 2002). The interaction of 
microorganisms and epithelial cells is recognized 
to be an active process in which epithelial cells 
participate in the innate host defense by 
expressing a variety of pro-inflammatory 
cytokines, chemokines and antimicrobial peptides, 
including the expression of TLRs (Abreu, 2003; 
Gewirtz, 2003; Hershberg, 2002).  
Lactobacillus plantarum differs from many other 
Lactobacillus spp, it has a relatively large genome 
in comparison with many other Lactobacillus spp.  
This indicates an adaptive ability for many 
different conditions (Kleerebezem et al., 2003). L. 
plantarum is a versatile lactic acid bacterium that 
is encountered in a range of environmental niches 
including dairy, meat and many vegetable 
fermentations. Moreover, it is commonly found in 
the human gastrointestinal- tract. Furthermore, L. 
plantarum can be involved in spoilage of foods, 
such as meat, wine and orange juice (De Vries et 
al., 2006). The analysis confirmed that L. 
plantarum has the coding capacity for the uptake 
and utilization of many different sugars, uptake of 
peptides, and formation of most amino acids 
(Kleerebezem et al., 2003). The large number of 
surface-anchored proteins suggests that L. 
plantarum has the potential to associate with 
many different surfaces and potential substrates 
for growth. L. plantarum attenuates intestinal 
inflammation (Ko et al., 2007), modulates chronic 
inflammation (Frick et al., 2007) and induces the 
expression of soluble factors in Caco-2 and THP-
1 cells (Kim et al., 2007; Schlee et al., 2008). 
MicroRNAs are small 18–24 nt RNAs that regulate 
the translation and stability of definite target 
mRNAs (Wu et al., 2018). Accumulating evidence 
suggested that aberrant microRNA expression 
possessed a functional role in both of the initiation 
and progression stages of CRC (Aslam et al., 
2015). Particular microRNAs can act as either 
oncogenes or tumor suppressors based on the 

cellular microenvironment in where they are 
expressed (Okayama et al., 2012).  MicroRNAs 
played a critical role each CRC stage and their 
expression networks and coordination patterns 
are supportive elements in the diagnosis and 
prognosis as well as in designing therapeutic 
modalities for CRC (Zhai and Ju, 2011). This 
study aimed to investigate the modulatory role of 
the L. plantarum, isolated from women breast 
milk, IL-1β and IL6 targeted-miRNAs in murine 
colorectal cancer that was induced on the top of 
inflammatory ulcerative colitis model. The 
influence of L. plantarum on microRNAs in 
colorectal cancer may provide an important 
outcome in identifying the L. plantarum 
therapeutic “targeted dysregulated miRNAs” that 
may help to design an edible therapy or 
preventive formula for CRC. 
 
MATERIALS AND METHODS 

Collection of the milk samples 
Five relative women agreed with consent to 

be enrolled in this study.  Maternal history was 
taken including maternal health status, with 
special consideration to type of delivery, atopic 
diseases in the family, history of antibiotic intake 
by the mother in the previous month and if the 
mother had received a probiotic treatment during 
pregnancy. The breast milk specimens were 
collected from lactating women under an 
anaerobic and sterile conditions (Martín et al., 
2009). One part of each specimen was subjected 
to culture immediately, whereas the other part 
was frozen at -80°C for further analysis. 

Isolation and identification of lactic acid 
bacteria 

The isolation and identification of lactic acid 
bacteria (lactobacillus) was carried out using 
Turroni et al., (2009) method. Inoculated MRS- LP 
plates were incubated anaerobically at 37°C for 
48-72 h.  The glycerol stocks of samples were 
prepared by adding 0.5 ml of active cultures to 0.5 
ml MRS medium containing 40% sterile glycerol 
and thioglycolate plus 0.5ml reconstituted 
autoclaved skimmed milk. 

Phenotypic Identification 
The isolated colonies of bacteria were 

submitted for Gram staining procedure 
(Yavuzdurmaz et al., 2007). Slide catalase test 
was carried out to verify lactobacillus as catalase 
negative (Perez et al., 2007). To investigate the 
carbohydrate fermentation, the API identification 
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strips (bioMérieux, Marcy l’Etoile, France) was 
used. API® 20 Strep was utilized to identify 
streptococci and enterococci, API® 50 CH, API® 
20A and API® ZYM for the identification of 
anaerobic bacteria. 

Molecular identification 
Bacteria Genomic DNA was extracted by 

Genomic DNA Purification Kit (QIAGEN, 
Germany). PCR conditions were consisted 95°C 
for 3 min followed by 40 cycles (95°C, 30 
seconds, 57°C, 30 seconds and 73°C, 60 
seconds) and a final extension cycle at 73°C for 5 
min, using the following primer set; (g-Bifid-F/g-
Bifid-R) for Lactobacillus: Forward: 5-
AGAGTTTGATCCTGGCTCAG -3; Reverse: 5-
TAC GGCTACCTTGTTACGACTT -3 (Wall et al., 
2007).  

In vitro tests for the probiotic potential of 
bacterial isolates 

The assessment of the potential probiotic role 
of the isolated bacteria was investigated by 
antimicrobial activity, tolerance against bile salts 
and resistance to low pH. The viability was 
determined by pour plate technique after 4h 
(Delgado et al., 2007; Yavuzdurmaz et al., 2007).  
 
Design of animal experiment 

Mice experiments were performed in 
adherence to the Ethical Committee guidelines of 
the NRC, Egypt, and the NIH, USA, for the animal 
use and care. Adult male 4-6 week old Swiss CD-
1 mice were purchased from the animal house of 
NRC (Dokki, Cairo, Egypt), with initial weight of 
25-30 g each. Animals were kept under 12 h light-
dark cycle, with free access to sterilized standard 
chow and water ad libitum. Mice were 
acclimatized for one week period before starting 
experimentation. Mice were randomly allocated to 
control and treatment groups and kept in cages 
(10 mice / cage). In the CRC model, CD-1 mice 
were administrated a single intra-peritoneal 
injection of azoxymethane (AOM) /dissolved in 
water at a dose of 10 mg/kg body weight followed 
by 2% w/v dextran sodium sulfate (DSS) in 
drinking water for 4 cycles; each cycle included 
administration of DSS for 1 week followed by 2 
weeks of water (Suzuki et al., 2005). The mice 
were divided into five groups: 1. A control group 
(C; n=10), in which vehicle were fed, 2. L. 
plantarum-treated group (LP; n=10; 7 g yogurt; 
each g contain 107 bacteria cells; by daily oral 
gavage), 3. DSS/AOM group (DSS/AOM; n=20), 
4. LP-treated DSS/AOM group (DSS/AOM+LP; 

n=20; CRC mice were fed same LP dose as in LP 
group and 5. Yogurt group (n=10).  

Colon tissues collection  
The colons were collected and flushed in 

phosphate-buffered saline (PBS) and dissected 
from anus to cecum longitudinally. Colon tissues 
were subdivided into two portions one portion was 
preserved in 4% paraformaldehyde then 
embedded in paraffin for immunohistochemistry 
and pathological investigation. The other portion 
sliced into various pieces, frozen in liquid nitrogen, 
and kept at - 80°C until use.  

Histopathological examination and ACF 
scoring and histological evaluation 

Slides of tissue sections (5-7 µm thick) were 
stained with haematoxyline and eosin stain for 
histopathological analysis. To confirm CRC 
initiation, aberrant crypt foci (ACF) were stained in 
colon sections and scored. In brief, colons were 
dyed with 0.2% methylene blue/saline and then 
analyzed under light microscope (Roncucci et al., 
1991). The number of ACF and the crypt 
multiplicity were determined.  

Quantitative real-time polymerase chain 
reaction 

MiRN easy mini kit (Qiagen, Germany) was 
used to isolate total RNA and miRNA. For cDNA 

synthesis, 1µg of total RNA was reverse 

transcribed with amiScript II Reverse 
Transcription kit (Applied Biosystems, Foster City, 
CA, USA). Thereafter, the cDNAs were diluted 
and quantitative real-time–PCR (qPCR) analysis 
was carried out with an Agilent Mx3000P QPCR 
System (Agilent Technologies Company, United 
State) using miScriptSybr green PCR kit (Qiagen, 
Germany) with specific primers for the selected 
miRNAs [miR21a, miR146a, and miR155] that 
were purchased from Agilent Technologies 
Company, USA. EvaGreen® qPCR master mix 
(Solis BioDyne, Estonia) and selected primers for 
IL-6, IL-1β and glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) (Sigma, MO, USA) 
were used. The following sequences of the 
primers:   IL-6 Forward: 5-
TTCCCTACTTCACAAGTCCGGA-3; and 
Reverse: 5-TCCTTAGCCACTCCTTCT GTGACT-
3; IL-1β Forward: 5-
AAGCCTCGTGCTGTCGGACCC-3 and Reverse: 
5-TCCAGCTGCAGGGTGGGTGTG-3, and 
GAPDH Forward: 5-TCAAGAAG 
GTGGTGAAGCAG-3; and Reverse: 5-
AGGTGGAAGAATGGGAGTTG-3. The ∆∆Cq 
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method was used for calculating relative gene 
expression. Quantification cycle (Cq) values were 
collected from qPCR analysis for miRNA and 

mRNA (Bustin, 2004). 

2.10. Estimation of IL-6 and IL-1β by ELISA 
Colon tissue levels of IL-6 and IL-1β by ELISA 

were quantified in the homogenate using 
sandwich ELISA technique using antibodies that 
were purchased from Abcam, USA. 

Statistical Analysis 
The data were expressed as mean ± SE and 

analyzed by (SPSS) program version 11, and was 
assessed using the one-way analysis of variance 
test (ANOVA), and differences among the means 
were evaluated using Tukey's and Bonferroni 
post-hoc test of contrast. Significant was set at 
p<0.05. For miRNA and mRNA profiling, two sided 
t-tests with Welch correction for unequal variance 
were followed. Mann–Whitney U non-parametric 
tests were carried as a control against non-normal 
data. 
 
RESULTS  

Isolation of lactobacillus and evaluation of the 
probiotic properties 

The present study was conducted on 5 
lactating Egyptian women. The total number of 
isolates revealed from breast milk was 58 as 
lactobacillus which grow on specific media and 
according to Gram positive and Catalase negative 
reactions they examined under microscope. The 
distribution of lactobacillus isolates among the 
lactobacillus positive milk samples according to 
the API indicated that eleven L. plantarum were 
recovered from the Lactobacillus culture positive 
milk samples, which was the most common strain 
when used API kit to identify the strain as shown 
in table 1a. All of the lactobacillus isolated from 
milk which were tolerant to bile salts, and resistant 
to low pH (100%), as shown in table 1b. Exhibition 
of antimicrobial activities against E. coli, S. aureus 
and E. coli and S. aureus for lactobacillus was 
(4/11; 36.3%), as shown in table 1b. The 
verification of L. plantarum strain by PCR 
indicated that four strains of the breast milk 
sample were positive regarding L. plantarum (Fig. 
1a). The probiotic L. plantarum was detected in 
faeces from all mice in the probiotic treated group 
through the treatment cycles with DSS, as shown 
in Fig. 1b. 

 

The histological examination of colon tissues 
The morphological examination of colon 

tissues by H&E staining indicated that control 
mice possessed apparent normal mucosa with no 
histological changes, similar to the findings of the 
yogurt-treated mice and LP-treated mice that both 
showed no histological changes. However in 
DSS/AOM group the analysis indicated the 
presence of tubular adenocarcinoma with goblet 
cells of excessive mucous secretion of 
hyperactivation of the glandular epithelium, 
adenoma, hyperplasia, dysplasia of intestinal 
glands with large hyperchromatic nuclei and large 
vesicular nuclei, and the interstitial tissue was 
dispersed by edema and inflammation in the 
lamina propria with infiltration of mononuclear 
cells and massive inflammatory cells infiltrate,. In 
DSS/AOM + LP group there was a massive 
necrosis in the glandular epithelium and the 
mucosal glands was associated with interstitial 
fibrosis, stromal fibrosis, hyperactivation of cryptal 
cells and partial necrosis and apoptosis of the 
villar epithelia. 

Detection and scoring of aberrant crypts foci  
The inhibitory effect of oral LP administration 

on the formation of early preneoplastic lesions of 
colon cancer was investigated by the detection 
and scoring of ACF in colon sections by 
methylene blue staining. The blue stained initiated 
ACFs were looked as hyperplastic crypts of plump 
shape with thick walls of high cell growth and 
narrow lumen compared with normal crypts. Our 
findings showed that rare ACF were found in 
control group as well as in LP- and yogurt-treated 
groups, while in DSS/AOM group the detection of 
abundant ACF was highly scored. In contrast, 
there was a dramatic decrease in the ACF 
number in DSS/AOM + PL due to the increased 
necrosis and fibrosis. The percentage of ACF 
detection per group was shown in Fig. 2a and the 
scored numbers of ACF in different groups are 
plotted in Fig. 2b.  

Effect of L. plantarum on mRNA 
expression in colon tissues 

The IL-1β mRNA expression showed a 
significant decreased down to 21% of the control 
(P=0.00026) in the colons of LP-treated mice, 
while in DSS/AOM group, IL-1β mRNA expression 
was elevated up to 194% of control (P=0.0037), 
(Fig. 3a). 
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a.  
    b.  

 
Figure. 1: a. Agarose gel electrophoresis for molecular identification of lactobacilli strains. Band 
patterns obtained from four lactobacilli strains using genus-specific primer set for lactobacillus. 

Lanes 1–4 show the L. plantarum strains identified by PCR species-specific. M ¼ molecular weight 
marker VI. b. L. plantarum count the mice feces of different groups. 
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Figure. 2: a. Percentage of detected ACF. b. Number of ACF per colon section of each mouse. 
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Figure. 3: mRNA expression (mean ± SE of relative expression) of IL-1β (a) and IL-6 (b) in 
colorectal tissues. I and i represent the increase compared to control (I) and to DSS/AOM (i) 
groups; * p<0.05, and ***p<0.001 
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Figure. 4: Estimation of IL-1β (a), IL-6 (b) in colorectal tissues of different groups, using ELISA. 
The data are expressed as mean ± SE of fold of control optical density. (#) represents the 
significance compared to control group and (*) represents the significance compared to DSS/AOM 
group. Where (D and d) represents the decrease compared to control group (D) and to DSS/AOM 
group (d); I and i represents the increase compared to control group (I) and to DSS/AOM group (i); 
and * p<0.05 ; **p<0.01; and ***p<0.001 
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Figure. 5: Expression of miR-21a (a), miR-155 (b), and miR-146a (c) in the colorectal tissues of 
different groups, using RT-PCR. The data are expressed as mean ± SE of relative expression. 
Where (D and d) represents the decrease compared to control group (D) and to CRC group (d); I 
and i represents the increase compared to control group (I) and to DSS/AOM group (i); and * 
p<0.05 ; **p<0.01; and ***p<0.001 
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Table 1: a. Distribution of lactobacillus Species isolates among the lactobacillus positive milk 
samples. b. Probiotic properties of lactobacillus isolates. 
 

a.   

Genus Species No. 

Lactobacillus L. fermentum 13 

L. brevis 20 

L. acidophilus 7 

L. fructivorans 5 

L. plantarum 11  

unidentified 2 

 

b.  

Probiotic properties Results 

Tolerance to bile salt 11(100%) 

Resistant to pH pH3; 7(63.6%)  
pH2; 4(36.3%) 

Antimicrobial effect 4(36.3 %) 

 
 
The administration of LP to DSS/AOM mice 

resulted in a further dramatic elevation (P=0.0048) 
up to37% of the control and up to 22%of the IL-1β 
expression in DSS/AOM group, as shown in Fig. 
3a.The IL-6 mRNA expression showed a high 
increase up to 2.41 folds of the control (P=0.042) 
in the colons of LP-treated mice, similarly in 
DSS/AOM group, IL-6 expression was 
dramatically elevated up to 4.63 folds of control 
(P=0.00041), (Fig. 3b). The administration of LP to 
DSS/AOM mice resulted in a further increase in 
the IL-6expression compared to that of DSS/AOM 
group (P=0.00011), as shown in Fig. 3b. 

Effect of L. plantarum on IL-1β and IL-
6concentrations 

The evaluation of the inflammatory cytokines 
IL-1β and IL-6 proteins, which are both associated 
with ulcerative colitis and colon cancer were 
assayed by ELISA. The oral administration of LP 
resulted in a dramatic decrease in IL-1β 
concentration up to 21% of control (P=0.00036) 
accompanied with a dramatic increase in IL-6 
concentration up to 244 % (P=0.015) as shown in 
Fig. 4a and 4b. Whereas in DSS/AOM group, the 
concentrations of IL-1β was significantly elevated 
up to 170% of control (P=0.0036) Fig. 4a) and IL-6 
was also enhanced up to 280% (P=0.0011) (Fig. 
4b). The administration of LP to DSS/AOM group 
led to diminishedIL-1β down to 37% of the control 
and 35% of the DSS/AOM group. In the other 
hand, IL-6 concentrations showed a remarkable 
increase up to800% of the control (P=0.00073) 
and 287% of the mean IL-6 concentration of  

 
DSS/AOM group (P=0.00069), as shown in Fig. 
4b.  

Evaluation of cytokine-targeted miRNAs in 
colon 

We investigated of the modulatory effect of 
oral LP-administration in mice on the expression 
of the miR-21a (regulates IL-1β expression), miR-
155 (regulates IL-6 expression), and miR-146a 
(regulates IL-6 and IL-1β expressions) by RT-
PCR. In comparison to the control untreated mice, 
miR-21a expression was reduced down to 0.61 
fold of control ΔΔCt (P=0.098) by LP-
administration. Additionally, in AOM/DSS group, 
miR-21a expression was dramatically increased 
up to 10.03 folds of control due to AOM/DSS 
treatment. The administration of LP to AOM/DSS 
group resulted in a significant depression 
(P=0.00018) in the elevated miR-21a down to only 
0.58 folds of the mean miR-21a expression of 
AOM/DSS group, as shown in Fig. 5a.On the 
other hand, the miR-155 expression showed a 
remarkable significant induction to 2.3 folds of the 
control (P=0.023) by LP-administration, while in 
AOM/DSS group, miR-155 expression was 
significantly elevated up to 9.8 folds of control 
(P=0.00039). The administration of LP to 
AOM/DSS group resulted in an additive 
stimulation (P=0.0009) in the miR-155 expression 
up to 14.8 folds of the mean miR-155 expression 
in control and up to 1.52 folds of miR-155 
expression in AOM/DSS group(P=0.011), as 
shown in Fig. 5b.The miR-146a expression 
showed a significant decrease to 0.41 folds of the 
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control (P=0.00074) by LP-administration, while in 
AOM/DSS group, miR-146a expression was 
significantly elevated up to 14.6 folds of control 
(P=0.0009), (Fig. 5c). The administration of LP to 
AOM/DSS mice resulted in a significant decrease 
(P=0.00079) in the elevated miR-146a expression 
down to 15.4% of the mean miR-146a expression 
of AOM/DSS group, as shown in Fig. 5c. 

Discussion  
The current IBD therapies are not suitable for 

long term treatment due to their adverse effects 
such as increased cancer susceptibility and 
infection (Kotlyar et al., 2015).Probiotics 
considered as a new strategy against IBD and 
CRC development due to their health advancing 
benefits. Therefore it is necessary to find effective 
organisms that can be used be for IBD and CRC 
therapy. The previous studies indicated that the 
pathogenesis of IBD involved uncontrolled and 
hyper-activated intestinal mucosal inflammation 
(Xavier and Podolsky, 2007).Although the 
advantageous impacts of probiotics have been 
accounted for in several previous clinical studies 
in the treatment of different inflammatory bowel 
diseases (Bengmark and Martindale, 2005; 
Isolauri et al., 2002).It is reported that probiotics 
may provide benefits by bacterial interference with 
intestinal pathogens and by direct interaction with 
cells in the intestinal mucosa as reported by 
(Wehkamp et al., 2004).  

Tumor-associated macrophages (TAMs) are 
key player in cancer development and malignant 
progression. In gastric tumors, TAMs are 
stimulated to express inflammatory cytokines such 
as TNF-α, IL-6, and IL-1β. Stat3 activation, a 
transcription factor in inflammatory responses, in 
intestinal epithelial cells stimulates colitis-
associated tumorgenesis in mouse models. Stat3 
is activated by IL-6 signaling. The network of pro-
inflammatory cytokine including TNF-α, IL-1β, and 
IL-6 in the tumor microenvironment triggers 
gastrointestinal tumorgenesis through a variety of 
mechanisms (Grivennikov et al., 2009). IL-6 has 
mainly anti-inflammatory and protective effects in 
the intestinal mucosa. IL-6exerted cell-protective 
effects in cultured enterocytes by inducing thermo 
tolerance (Hershko et al., 2003).Studies from 
other laboratories as well support the concept that 
IL-6 may act as an anti-inflammatory cytokine 
controlling both local and systemic inflammatory 
responses (Xing et al., 1998). Interestingly, in the 
current study, L. plantarum positively influenced 
IL-6 production in the colon tissue under basal 
conditions and in DSS/AOM group. This 

observation supports clinical observations that 
probiotics provide beneficial effects in the setting 
of intestinal inflammation (Isolauri et al., 1991; 
Isolauri et al., 2002). These observations suggest 
that the effects of L. plantarum noticed in the 
present study were caused by a factor present in 
the bacteria, possibly in the bacterial wall, rather 
than by a secreted product. Because other studies 
have shown that IL-6 has anti-inflammatory and 
protective effects in the intestinal mucosa, the 
present results offer a novel mechanism by which 
probiotics may exert some of their beneficial 
effects, although additional experiments will be 
needed to define the role of IL-6 in cell-protective 
effects provided by probiotics. 

On contrast, in the present study, DSS-treated 
mice treated with L. plantarum showed significant 
down-regulation in the expression of IL-1β. This 
suggests that the improvement in colitis 
symptoms by L. plantarum may be probably 
mediated by a mechanism associated with the 

activation of PPAR which is considered to be a 
central inhibitor of colitis via its regulation of genes 
involved in inflammation such as pro-inflammatory 
cytokines IL-1β (Bengmark and Martindale, 2005; 
Isolauri et al., 1991; Isolauri et al., 2002). 
According to Pathmakanthan et al., (2004), L. 

plantarum 299v reduced the secretion of TNF-𝛼 

and IL-1𝛽 in mucosal mononuclear cells from IBD 
patients stimulated with E. coli or Salmonella 
Dublin. 

MiR-21 is one of the up-regulated miRNAs in 
variety of carcinomas, for instance colon and 

gastric cancers. ElevatedmiR‐21 expression leads 
to elevated cell proliferation, intravasation, cell 
migration, and metastasis as well as depressed 
apoptosis rates, therefore induced cancer 
incidence (Krichevsky and Gabriely, 2009). This 
suggested that finding of new probes or 
supplements that can inhibit miR-21 may give a 
hand in CRC treatment and in supporting the 
chemotherapies function and efficacy. In the 
present work, the investigation of the miR-21a 
expression, which regulates IL-1β expression, 
indicated that miR-21a was decreased by L. 
plantarum-administration in normal mice, 
additionally the L. plantarum-administration 
efficiently depleted the dramatically increased 
miR-21a expression tumor-bearing mice. This 
findings may be due to the reduction of the 
expression of other inflammatory mediators by L. 
plantarum or other pathways, since MiR-21 
motivates several pathways of survival signaling 
to mediate its roles in carcinogenesis. 

IL-1 system represents a relevant therapeutic 
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target in several inflammatory diseases including 
cancer. The regulatory mechanisms of IL-1 
system (ligands, receptors, signaling pathway) re 
acting extracellular or intracellular. IL-1 system 
members are targets for definite miRNAs e.g. 
miR-146a, miR-21, andmiR-155, whose 
transcription is stimulated by several inflammatory 
mediators such as IL-1β, TNFα, and NF-kB 
(Quinn and O’Neill, 2011). MiRNA-155 leads to 
the stimulation of signal transducer and activator 
of proliferative signaling, activation of migration, 
resistance of cell death, invasion, and metastasis. 
Previously, the miRNA expression in the biopsies 
colonic of mucosa from inflamed and non-
inflamed regions of UC patients proved that there 
is a disease specific alteration in the expression of 
miR-155 in UC patients (Valmiki et al., 2017). In 
our study, the administration of L. plantarum to 
DSS/AOM group resulted in a significant increase 
in the high level of miR-155 expression, which 
regulates both ofIL-6 and IL-1β expression. 

MiR-146a expression is misregulated in a 
variety of cancers. MiR-146a negatively regulates 
inflammatory responses mediated through the NF-
κB pathway, besides other targets of miR-146a 
including TNF receptor-associated factor 6 
(TRAF6) and IL-1 receptor-associated kinase 1 
(IRAK1) as well as inflammatory cytokines 
including TNF-α, and IL-6 (Rusca and Monticelli, 
2011). Recently, it was reported that miR-146a-5p 
is highly expressed in CRC, where it encouraged 
cell migration and invasion of CRC cells (Lu et al., 
2017). In our study, miR-146a expression, which 
regulates both of IL-1β and IL-6 expression (Zhou 
et al., 2015), was decreased after the L. 
plantarum-administration. The administration of L. 
plantarum to DSS/AOM group resulted in a 
significant decrease in the elevated miR-146a 
expression.  

CONCLUSION 
All together our findings suggested that L. 

plantarum administration modulated the 
inflammatory cytokines and inhibited CRC through 
reducing the expression and the protein 
concentration of pro-inflammatory cytokine IL-1β 
and inducing the expression and the protein 
concentration of anti-inflammatory cytokineIL-6. 
These results were triggered by the inhibition of 
miR-146a-5p and miR-21 expressions, which are 
responsible for IL-6 induction and IL-1β reduction. 
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