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HIGHLIGHTS

® To find effects of the probiotics on liver carcinogenesis on gene transcripts.
® To find interaction microRNAs - target genes due to probiotics consumption.
® To find role of probiotics for removing destructive effects of carcinogen agent, AOM.

ARTICLE INFO ABSTRACT

Keywords: Cancer is one of the most important causes of mortality in the world. General methods for cancer treatment have
Gene expression many side effects, while biological treatments such as probiotics consumption not only have no undesirable
Cancer effects, but also are more acceptable method to treat the disease. Although probiotics have been recommended to
glrlg;‘l’(iﬁ? therapy some diseases such inflammatory, infectious and neoplastic disorders, but their action mechanism is

unknown. In this work, to investigate the inhibition effects of probiotics on Hepatocellular carcinoma and
colorectal cancer progression, the genes involved in cancerous process were investigated in 38 Bulb/c mice. they
divided into four groups including (I) Control (Healthy, without probiotic consumption) (II) Azoxymethane
induced mice (III) AOM induced mice fed with Lactobacillus acidophilus, and (IV) AOM induced mice fed with
Bifidobactrum bifidioum and the expression of four selected microRNAs and their target genes were analysed. The
results showed that Azoxymethane, a potent colon carcinogen, treatment induced the expression of miR-221,
miR-155 (in blood), Bcl-w and KRAS expression and decreased miR-122, PTEN and PU.1 expression in blood, but
it has no effect on miR-18a in the liver tissue. The probiotic consumption enhanced miR-122 and PU.1 (in blood)
as significant overexpression and down-regulated miR-221, miR-155 (in blood), Bcl-w and KRAS. Thus, the
probiotics can help to control of cancer progression through postponing of metastasis process, reducing of in-
flammation and down and up-regulation of oncogenes/oncomirs and tumor suppressor genes/microRNAs, re-
spectively.

Bifidobacterium bifidum
Lactobacillus acidophilus

in term, is a food complementary includes of microorganism that it
consuming by human, have useful effect on health due to desired

1. Introduction

Hepatocellular carcinoma (HCC) is one of the most prevalent cancer
in the world that exposes liver tissue and it molecular and biochemical
mechanisms have been not good understood yet [1,2].

General treatment of cancer is based on surgery, radiation, che-
motherapy and in current view, biological treatment. Biotherapy is a
treatment that immune system against cancer is enhanced by biological
agents. Use of probiotics is one of the biological treatments. Probiotic,
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change in gut microbial balance, hence it can be applied as biological
treatment [3,4]. In fact, Probiotics are exterior live microorganisms
which are consumed in the form of spores and in specific dosage and it
believe that they are useful and have benefit for human health [5,6]. In
the most of references, probiotic has defined as living microorganisms
which by consumption of them and through change of the intestinal
microflora balance, human health is conserved, positively [7]. It has
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been found that probiotics have anticancer effects. The bacteria prevent
colon from mutagenic and genotoxicity of chemical compounds and
reduce the proliferation of cancer cells [4,8]. The production of antic-
arcinogenic compounds, promotion of immune system, the improve-
ment of intestinal barrier, inhibition of cancer and cell proliferation,
and apoptosis induction in cancerous cells are different kinds of pro-
biotics actions. In human body, they must be able to tolerate the acidic
and alkaline condition of stomach and gastric channel and survive in
body. The consumption of health-promoting strains of microbe can help
recovering the destructive interactions and hepatic disorders which it
may arise as a result of interaction between bacterial components and
hepatic receptors [9,10]. The most common used probiotics in industry
include of lactobacillus, bifidobactrum and non-flammable yeast. Al-
though the probiotics are recommended for application in in-
flammatory, infectious, neoplastic tumors and allergic disorders, but
the list is not close and their number is increasing, continuously. Gen-
erally, Probiotics are analyzed for the variation of selected species, dose
and quality of usage and their effectiveness and stability [11].

Several studies have shown that without any prior metabolism,
colon epithelial cells can metabolize DMH (1,2-dimethylhydrazine) to
carcinogenic metabolites. Furthermore, there is a general concept that
the liver has a critical role in the DMH/AOM degradation in vivo and the
resultant reactive intermediates are transferred to colon through blood
or bile which in follow, carcinogenicity induction [12]. Azoxymethane
(AOM) is a carcinogen for colon potentially which is metabolized by the
liver to form genotoxic carcinogen methylazoxymethanol. AOM induces
high levels of DNA damage in both colon and liver cells, however, tu-
mours are formed almost exclusively in the colon [13]. The close re-
lation between the liver and gastrointestinal tract with the role of liver
as first receiver of the absorbed nutrients by the gut has caused to create
a term named gut-liver axis.

Probiotics can also have a possible molecular mechanism via
microRNAs (miRNAs) [14]. miRNAs as a new class of small noncoding
RNA molecules are transcribed and processed in response to extra-
cellular stimuli, or during the stages of development in a precisely
regulated manner. They implicate in many cellular processes, including
cardiovascular diseases [15], cancer [18] and they function as critical
regulators of gene expression in multicellular eukaryotes and some
unicellular eukaryotes [16,17]. In one of our published work, our re-
sults showed that the miRNAs could act as oncomiRs and tumour
suppressor miRNAs after tumour growth and treatments [18]. In our
previous study, the existence and stability of the probiotics were eval-
uated in gut microflora during five months after consumption of the
probiotics [19]. It was also analysed several important immunity and
tumour factors involved in colon cancer including, the T cells and the
cytokines [20].

The aim of the study was investigation the effects of Bifidobacterium
bifidum and Lactobacillus acidophilus probiotics consumption on the
expression of microRNAs including miR-122, miR-221, miR-18a and
miR-155 and their target genes in liver tissue of AOM treated mice. The
results can clearly be explained the molecular mechanisms of probiotics
consumption effects on human cancer therapy.

2. Experimental
2.1. Materials

L.acidophilus (La5), source of CHR Hansen and B.bifidum (Bla/016P/
M) with source of traditional product (yogurt) were obtained from Zist
Takhmir Supplements Company (Tehran, Iran). Azoxymethane was
provided from Sigma Aldrich Co. (St. Louis, USA). Total RNA extraction
and Hybrid-R™Blood RNA kits, Hybrid-R™ miRNA from Gene all®
(Seoul, South Korea) were used for RNA and miRNA extraction. cDNA
synthesis was done with Superscript III reverse transcriptase (Waltham,
Massachusetts, Thermo scientific, USA) using oligo (dT) primers,
Random Hexamer and specific primers (Macrogene, Seoul, South
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Korea). Hot Firepol EvaGreen qPCR master mix was purchased from
solis BioDyne Co. (Tartu, Estonia).

2.2. Animals

In this study, six weeks old Male Balb/c mice were purchased from
Pasteur Institute of Iran (Tehran, Iran) and housed in plastic cages in
room with controlled condition of 12 h light/dark cycle, humidity 50%
and 23-25 °C temperature, and were given access to food and water ad
libitum according to relevant national and international guidelines of
the Weatherall report and Institutional Animal Care and Use Committee
(IACUC) of Tehran University of Medical Sciences (Ethics Number
23797, In Tehran University of Medical Sciences, TUMS Institutional
Review Board (IRB), which runs under the supervision of the Vice
Chancellor for Research, is the core body responsible for this approval.).

2.3. Study design

The effect of B.bifidum and L acidophilus probiotics was investigated
on 38 mice to analyse microRNAs (miR-122, miR-221, and miR-18a,
miR-155) and their target genes (Bcl-w, PTEN, KRAS and PU.1) ex-
pression in AOM-induced mice. The animals were divided into four
groups including (I) control, common dietary food without any ma-
nipulation and probiotic consumption (healthy), (II) AOM-induced
colon cancer mice (cancerous group, AOM group) (n = 10), (III) AOM
induced mice fed with L.acidophilus (n = 9) (1 X 10° cfu/gr Bla/016P/
M), and (IV) AOM induced mice fed with B.bifidioum (n =9)
(1 x 109 cfu/gr Bla/016P/M). To induce colorectal cancer, the mice
were weekly (one injection per week) injected by AOM (15 mg/kg, s.c)
for three continuous weeks and consumed common dietary food. For
five months from ten days before AOM administration, Mice were fed
with probiotics in group III and IV. During the period, all animals were
monitored closely for general health. The animal were weekly weighed
and investigated for evidence of rectal bleeding and death during the
study. After five months, the mice were euthanized and their liver tissue
were collected in RNase and DNase free microtubes and stored in
—80 °C until more analysis.

2.4. Histopathological assay

10% formaldehyde was used to fix the colon tissues and then they
passaged and embedded in paraffin. In follow, the Paraffin blocks were
sectioned by 3 pm thickness for hematoxylin and eosin (H&E) staining.
Slides were studied by OLYMPUS-BX51 microscope.

2.5. RNA extraction, cDNA synthesis and quantitative RT-PCR

MicroRNAs and total RNA from liver tissue and blood were isolated
using the RNA and microRNA extraction kits (Hybrid-RTM miRNA and
Hybrid-R™Blood RNA, Gene all®, South Korea) according to provider's
instruction with minor modification. The quality and quantity of ex-
tracted RNA were evaluated with a spectrophotometer (NanoDrop
2000C spectrophotometer, Thermo scientific, USA) and gel electro-
phoresis.

For primer designing, the sequence of the genes and microRNAs
were derived from the gene bank (www.ncbi.nlm.nih.gov) and miRbase
(www.miRbase.org), respectively. Primer 3 software was used to design
PCR primers. mir-Q method was used to design microRNA primers for
PCR reactions [21]. cDNA was synthesized with 200U of Superscript III
reverse transcriptase (Thermo scientific, USA) using oligo (dT) primers,
Random Hexamer for genes and microRNA specific primers. The ex-
pression levels of genes and microRNAs in the samples were measured
by qPCR using Hot Firepol EvaGreen qPCR master mix (solis BioDyne,
Estonia). qPCR was performed according to mir-Q method for micro-
RNAs in Qiagen Real-time PCR System (Rotor-Gene Q, Germany) using
primers of Table 1. The specificity of real-time PCR amplification was
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Table 1
The Primers used for mRNA and microRNA amplification.
microRNA/Gene 5'=3’
miR-122 F: 5-TGTCAGGCAACCGTATTCACCGTGAGTGGTCAAACA-3

R: 5-CGTCAGATGTCCGAGTAGAGGGGGAACGGCGTGGAGTGTGACAATGG-3

miR-221

F: TGTCAGGCAACCGTATTCACCGTGAGTGGTGAAACC

R:CGTCAGATGTCCGAGTAGAGGGGGAACGGCGAGCTACATTGTCTGCTG

miR-18a

F: TGTCAGGCAACCGTATTCACCGTGAGTGGTCAGAAG

R: CGTCAGATGTCCGAGTAGAGGGGGAACGGCGACTGCCCTAAGTGCTC

miR-155

F: TGTCAGGCAACCGTATTCACCGTGAGTGGTACCCCT

R: CGTCAGATGTCCGAGTAGAGGGGGAACGGCGTTAATGCTAATTGTGAT

5s rRNA

F: GCCCGATCTCGTCTGATCT

R: AGCCTACAGCACCCGGTATT

Universal primers

MP-fw: TGTCAGGCAACCGTATTCACC

MP-rev: CGTCAGATGTCCGAGTAGAGG

Bel-w F: CTTTAGCAAACAGGAGCAGCAG
R: AGACCAAGACCAACCCTTTAGC
PTEN F: TACCTGGGCTCTGGACCATAC
R: TGCACAAACAAACAGCAGGAC
KRAS F: ATCCCTGCTCTGTGTCCATCTAC
R: CAAAGGGAGCCTAAGTCTGTGAC
PU.1 F: AACAGATGCACGTCCTCGATAC

R: ACAAGGTTTGATAAGGGAAGCAC

B-actin

F: GGCTGGTATTCCCCTCCATCG

R: CCAGTTGGTAACAATGCCATGT

confirmed by two criteria including a single band on agarose gel elec-
trophoresis and a single peak in melting temperature curve of real time
PCR-amplified products. GAPDH and f-actin genes were used as re-
ference genes for normalization of data.

2.6. Statistics

Expression levels were calculated with the Ct values obtained from
triplicate biological samples by Pfaffl method [22]. Their means were
tested by LSD test for statistical significance with SPSS software ver.
21.0 (SPSS, Inc.) and P < 0.05 was considered to be statistically sig-
nificant.

3. Results and discussion

The major purpose of this study was to evaluate the effects of the L.
acidophilus and B. bifidum probiotics consumption on Hepatocellular
carcinoma, as a major liver cancer, protection in molecular level by
expression analysis of miR-122, miR-221, miR-18a and miR-155, and
their target genes, including Bcl-w, PTEN, KRAS and PU.1 in murine
model. Fig. 1 shows a schematic of our methods and results in the work.
The expression of miR-122-3p (less than half fold) and miR-18a-3p
[23], as tumour suppressor microRNAs were down-regulated and non-
significantly down-regulated, respectively, in liver tissue in AOM-
treated group compared to control. But, the expression of miR-221, as
an oncomir, was significantly up-regulated (5.5 fold). The oral con-
sumption of these probiotics for five months, significantly increased,
decreased and didn't affect the miR-122 (Fig.2a and 6), miR-221 (Fig.3a
and 6) and miR-18a-3p (Fig.4a and 6) expression, respectively, in mice
liver tissue compared to uneaten mice (AOM-treated or cancerous
group).

It has been found the Bcl-w and KRAS genes act as oncogenes and
PTEN acts as a tumour suppressor gene which their regulation is related
to miR-122 [24], miR-18a and miR-22 [25], respectively. In our re-
search, they (Bcl-w (Fig.2b and 6) and KRAS (Fig.4b and 6)) were up-
regulated in liver tissue in AOM-treated animals more than 1.5 and 3
fold, respectively and PTEN was significantly down-regulated (0.4 fold,
Fig.3b and 6), compared to control. The L. acidophilus and B. bifidum
consumption decreased the expression level of the genes (Bcl-w and
KRAS) significantly in mice liver tissue compared to uneaten mice
(AOM-treated mice or cancerous group); however it couldn't sig-
nificantly increase PTEN expression.

We showed that the expression of miR-122 and Bcl-w gene was
decreased and increased in the cancerous group, respectively. MiR-122,
a hepato-specific microRNA, is frequently down-regulated in human
hepatocellular carcinoma. Moreover, Bcl-w is increased in hepatitis
associated cirrhosis and probably it plays a role in hepatocarinogenesis
[24]. In present study, PTEN was down-regulated in cancerous group
and therefore its expression due to decreasing of miR-221 expression
should be increased by the probiotics consumption, however this ele-
vation was not significant. PTEN is a potential target of miR-221, which
is almost overexpressed in HCC [25]. PTEN is one of the most important
tumour suppressors in human cancers and a key regulator of cell growth
and apoptosis which is commonly altered [26]. In our work, we also
showed that miR-18a and KRAS (Fig. 4a and b,6) were decreased and
increased in the cancerous group (AOM treated), respectively (however
the decrease of miR-18a was not significant); hence the consumption of
probiotics bring back their expression. It has also been reported to
target the KRAS gene by miR-18a and its functionality as a tumour
suppressor and apoptosis, and proliferation [23,27]. To date, a few
studies have shown that miR-18a specifically inhibits the KRAS ex-
pression in colon cancer cells [28]. MiR-18a may function as a potential
tumour suppressor through targeting of KRAS [23]. MiR-18a targets
specifically only on KRAS. Ras is the first human oncogene discovered
by Shih et al. in the early of 1980s from a bladder cancer cell line [23].

In plasma, the expression of miR-155, as an oncomir, was up-
regulated in AOM group compared to control (3.04 fold). The con-
sumption of the probiotics for five months, decreased the expression
level of miR-155 to less than one tenth in plasma compared to un-
consumed group (AOM treated) (0.11 and 1.7 fold, respectively) (Fig.5a
and 6).

PU.1 as a tumour suppressor gene related to miR-155 was down-
regulated (0.32 fold) in cancerous group compared to control (Fig. 5b
and 6). The probiotics increased PU.1 expression level in plasma in
probiotic consumed groups (12.29 and 29.04 fold, respectively) (Fig. 5b
and 6).

It has been shown that PU.1 mRNA is directly targeted by miR-155
in B cells [29,30]. PU.1 is a protein related to early B cell differentiation
[29,31]. It is thought that the lack of PU.1 protein expression is asso-
ciated with defective immunoglobulin transcription in HRS (Hodgkin
and Reed/Sternberg) cells of cHL (classic Hodgkin Lymphoma) [32].
Micro-RNAs through pairing to the 3’-UTR of target mRNAs, are caused
translational repression or sometimes, mRNA degradation [33]. Down
expression of PU.1 due to miR-155 expression is critical for the
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effect on (a) miR-122-3p and (b) Bcl-w expression in liver tissue. Data was
presented as Mean + SD, “P < 0.05 in comparison with AOM-treated group
(Cancerous group) and *P < 0.05 in comparison with Control. Tum: AOM-
treated, Lac: Lactobacillus acidophilus probiotic consumption, Bif:
Bifidobacterium bifidum probiotic consumption.
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Fig. 3. The Lactobacillus acidophilus and Bifidobacterium bifidum consumption
effect on (a) miR-221-3p and (b) PTEN expression in liver tissue. Data was
presented as Mean + SD, “P < 0.05 in comparison with AOM-treated group
(Cancerous group) and #P < 0.05 in comparison to Control. Tum: AOM-
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Fig. 4. The Lactobacillus acidophilus and Bifidobacterium bifidum consumption
effect on (a) miR-18a-3p and (b) KRAS expression in liver tissue. Data was
presented as Mean *+ SD, *P < 0.05 in comparison with AOM-treated group
(Cancerous group) and #P < 0.05 in comparison to Control. Tum: AOM-
treated, Lac: Lactobacillus acidophilus probiotic consumption, Bif:
Bifidobacterium bifidum probiotic consumption.

production of IgG1 antibodies, properly [34]. In the other hand, miR-
155 silencing in mouse is caused to defect in the B-cell humoral re-
sponse to antigen due to impaired germinal centre formation [34,35].
Moreover, in PU.1 knock-out mice, the development of certain B-cell
lineages is defected [35]. The IL-1 (Interleukin-1) pathway is controlled
by miR-155 and it may regulate other inflammatory cytokine signalling
cascades, but until now, its mode of action and the nature of its direct
target(s) have been not found [29]. Our results showed that probiotics
can decrease inflammatory by increasing PU.1 and decreasing miR-155
expression. According to above, the increase of miR-155 expression,
actives the cascade of Il-1 and NF-xf (nuclear factor kappa B). Pro-
tective mechanism of probiotics was related to immunomodulation
[36]. Therefore, it can be interpreted that probiotic feeding can help to
decrease of inflammatory in colon tissue and protection of colorectal
cancer.

In conclusion, it seems an ideal probiotic preparation would com-
prise of species with a human origin, since they are likely to be safe.
Probiotics should be used only after enough clinical trials and clearing
of their benefits. Also, the strain and dosage should be shown to be
beneficial. Although probiotics are usually considered as safe but some
complications have been reported. The cases of bacteremia, en-
docarditis, and fungemia have been observed, as well [37]. Never-
theless, our results showed the positive role of probiotic consumption
during colorectal cancer and liver carcinogenesis in AOM induced
cancer mice though the stimulation of expression of specific genes and
miRNAs. Then, these are other documents for the usefulness of
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probiotics for health and protection against carcinogen agents. This
study shows that the used probiotics may raise the sensitivity of cancer
cells to treatment; even though it can't be recommended the probiotics
consumption as a single cure way for cancer.
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