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Abstract

AIM

To investigate the effect of probiotic supplementation
during the development of an experimental model of
colitis associated colon cancer (CAC).

METHODS

C57BL/6 mice received an intraperitoneal injection of
azoxymethane (10 mg/kg), followed by three cycles of
sodium dextran sulphate diluted in water (5% w/v).
Probiotic group received daily a mixture of Lactobacillus
acidophilus, Lactobacillus rhamnosus and Bifidobacterium
bifidum. Microbiota composition was assessed by 16S
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rRNA Illumina HiSeq sequencing. Colon samples were
collected for histological analysis. Tumor cytokines was
assessed by Real Time-PCR (Polymerase Chain Reaction);
and serum cytokines by Multiplex assay. All tests were
two-sided. The level of significance was set at #Z < 0.05.
Graphs were generated and statistical analysis performed
using the software GraphPad Prism 5.0. The project was
approved by the institutional review board committee.

RESULTS

At day 60 after azoxymethane injection, the mean
number of tumours in the probiotic group was 40%
lower than that in the control group, and the probiotic
group exhibited tumours of smaller size (< 2 mm) (P <
0.05). There was no difference in richness and diversity
between groups. However, there was a significant
difference in beta diversity in the multidimensional scaling
analysis. The abundance of the genera Lactobacillus,
Bifidobacterium, Allobaculum, Clostridium XI and
Clostridium XV1I increased in the probiotic group (P
< 0.05). The microbial change was accompanied by
reduced colitis, demonstrated by a 46% reduction in the
colon inflammatory index; reduced expression of the
serum chemokines RANTES and Eotaxin; decreased p-IKK
and TNF-a and increased IL-10 expression in the colon.

CONCLUSION

Our results suggest a potential chemopreventive effect
of probiotic on CAC. Probiotic supplementation changes
microbiota structure and regulates the inflammatory
response, reducing colitis and preventing CAC.

Key words: Intestinal microbiota; Chemoprevention;
Lactobacillus acidophilus; Lactobacillus rhamnosus;
Bifidobacterium bifidum

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Intestinal microbiota has an essential role in
carcinogenesis, acting in promotion of inflammation,
proliferation and neoplastic progression. Probiotic
supplementation is an alternative means of favourably
modulating the intestinal microbiota. In this study,
we investigate the effect of supplementation with a
Lactobacillus acidophilus, Lactobacillus rhamnosus and
Bifidobacterium bifidum mixture during the development
of an experimental model of colitis-associated colon
cancer. Probiotic supplementation on colorectal cancer
changed the microbiota and reduced inflammation in the
colon, probably by regulating the inflammatory response,
and reducing inflammatory cell infiltration by lowering
chemokine expression, thus preventing colitis.
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INTRODUCTION

Colon cancer involves a complex and heterogeneous
mechanism, mostly induced by the accumulation
of somatic mutations over time, which are caused
by environmental factors, diet, microbial exposure
and metabolites and the host immune response!*!.
Although the causes of colon cancer are not well es-
tablished, inflammation has been implicated from
initiation to promotion of the disease, even for those
tumours that do not have a direct causal relationship
to inflammation™. Tumour-promoting inflammation
is a hallmark of cancer, and there is strong evidence
that inflammation plays a critical role in cancer devel-
opment!®., The balance between the expression of
mediators and immunological modulators, as well
as the amount and activation of different types of
inflammatory cells in the tumour microenvironment, will
determine the tumour growth rate™’.

The intestinal microbiota may act as a link between
colon cancer-promoting factors and the stages of
carcinogenesis™. Alteration in microbial composition and
diversity is considered essential for the promotion of
inflammation, proliferation and neoplastic progression'®.
Studies evaluating the composition of the microbiota in
colorectal cancer (CRC) identified that bacteria such as
Bacteroides, Parabacteroides, Alistipes, Akkermansia
spp. Porphyromonadaceae, Coriobacteridae,
Staphylococcaceae and Methanobacteriales are com-
monly increased. Others, such as Bifidobacterium,
Lactobacillus, Ruminococcus, Faecalibacterium spp.,
Roseburia and Treponema, are consistently decreased™.
However, these association studies cannot determine
if this diversity is a cause or a consequence of CRC. As
a result, methods that can selectively manipulate the
microbiota have emerged as a strategy that may aid in
the prevention of cancer.

The intestinal microbiota can be modulated by
several factors such as environment, radiation, surgery,
medicines, aging, diet, lifestyle and host genetic.
Not coincidentally, these factors are also related to
inflammation and colon cancer risk!” . Another important
way of modulating the intestinal microbiota is through
the supplementation of bacterial strains (probiotics).
Probiotic supplements are monoassociated cultures or a
mix of living microorganisms; Lactobacillus rhamnosus,
Lactobacillus reuteri, L. acidophilus, Lactobacillus
bulgaricus, Bifidobacterium infantis, Bifidobacterium
bifidum and Saccharomyces boulardii are commonly
used as probiotics™. Probiotic strains are usually found
in dairy products such as yogurts and cheeses or used as
food supplements or drugs.

The beneficial effects of probiotic bacteria were rec-
ognized more than 100 years ago by Metchnikoff™™,
Modifications to the microbial community can prevent
or treat various gastrointestinal disorders such as inflam-
matory bowel disease and irritable bowel syndrome!*?,
as well as systemic diseases such as eczema!*,
respiratory infections™*, asthma™ and diabetes™®,
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Mechanistically, probiotics may reduce cancer risk by
exerting several effects, including destruction of potential
carcinogens, reducing microbial genotoxicity, altering
the metabolites produced by the microbiota, producing
anti-tumourigenic and anti-mutagenic compounds,
competing with pathogenic bacteria, increasing the
intestinal barrier, increasing the innate immune response
of the host and modulating cell proliferation and anti-
apoptotic pathways™" 2",

Although the effects of probiotics have been inves-
tigated in in vitro experiments, animal models, and some
human gastrointestinal diseases, little is known about
the interaction between probiotic supplementation,
changes in the intestinal microbiota and neoplastic trans-
formations of the gastrointestinal mucosa!*®*?.

Thus, the aim of this work is to investigate the
effect of supplementation of a Lactobacillus acidophilus,
Lactobacillus rhamnosus and Bifidobacterium bifidum
mixture on the intestinal microbiota, inflammation and
neoplastic alterations in the gastrointestinal mucosa
during the development of an experimental model of
colitis associated colon cancer.

MATERIALS AND METHODS

Animals

Eight-week-old, male C57BL/6 mice weighing appro-
ximately 25 g were provided by the central laboratory of
the State University of Campinas (UNICAMP) (Campinas,
SP, Brazil). All experiments were conducted in order
to minimize the pain and discomfort of the animals.
Animals were maintained in cages with a maximum
of 5 animals, with free access to water and food, in a
bed of wood shavings, controlled temperature by air-
conditioned, in a light-dark cycle of 12 h. Intragastric
gavage administration was done carefully, with the
animal immobilized, using gavage needle appropriate
for mice. All procedures were performed according to
the Ethical Principles in Animal Experimentation adopted
by the Brazilian Society of Laboratory Animal Science
(SBCAL), with the current law n° 11.794 of October 8,
2008 and the decree n° 6.899 of July 15, 2009. The
Ethics Committee on Animal Use (CEUA) of UNICAMP
approved the project, according to protocol no. 2761-1.

Experimental design

Animals were randomly divided into two experimental
groups (control and probiotic), both of which received a
standard diet (AIN93-M). The probiotic group received
by gavage daily 0.6 billion CFU (colony forming
units) each of Lactobacillus acidophilus, Lactobacillus
rhamnosus and Bifidobacterium bifidum, diluted in 200
uL of drinking water, while the control group received
200 uL of drinking water daily. Treatment starts one
week before colon cancer induction and finished one
day before animal sacrifice. Each group started with
15 animals, which were identified and monitored
individually throughout the experiment, and their
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weights were evaluated weekly. Colon cancer induction
was done by intraperitoneally injection of 10 mg/kg
of Azoxymethane (Sigma-Aldrich®). After 1 wk, 2.5%
dextran sulphate sodium (DSS, MW 36-50 kDa) (MP
Biomedical, Inc) was supplied in the drinking water for 5
d, followed by 14 d with unsupplemented drinking water.
This cycle was repeated two additional times, and the
mice were sacrificed 10 d after the last cycle, according
Greten et af*. Tumour samples were collected for RT-
PCR and cytokine analysis. Colon tissues were collected
for western blotting. Colon faeces were collected for
16S rRNA sequencing. Blood was collected to obtain
serum for analysis of serum cytokines. Tumour and
colon samples were collected and frozen immediately
in liquid nitrogen and all samples were stored at -80 C
until analysis.

Microbiota analysis by 16S rRNA sequencing

DNA was extracted from faecal material using a
QIAamp DNA Stool Mini kit (Qiagen, Hilden, Germany)
and 50 ng were used for cDNA library synthesis with
the Rapid Library Preparation Kit (Roche Applied
Science, Mannheim, Germany), according to the
manufacturer’s instructions. The cDNA was analysed
with a Bioanalyzer and High Sensitive DNA Kit
(Agilent Technologies Inc., Santa Clara, CA, United
States) to ensure equimolar use of the samples in
PCR. These samples were then sequenced with a 16S
Metagenomic Sequencing® Illumina Kit combined
with the HiSeq 2500 System (Illumina) sequencer,
according to the manufacturer’s instructions. Sequence
reads obtained from the V4 region of the 16S gene
were analysed according to the UPARSE pipeline™,
using the USEARCH v9.2.64 package. For OTU
clustering a threshold of 97% similarity was used
through the UPARSE-OTU algorithm. a- and p-diversity
analyses were calculated using the R package Phyloseq
v.1.19.1% and vegan 2.4_2 packets, using the OTU
table normalized to the smallest sample size. Taxa with
differential abundance between groups were identified
using the Kruskal-Wallis test (P < 0.05). In the bar plot
are shown those taxa with relative abundance greater
than 1%.

Cytokines analysis

Analysis of cytokines in serum and tumour tissue was
performed by multiplex immunoassay (Bio Plex Pro Mouse
Cytokine 23 Plex Panel - Bio Rad, Code: M60009RDPD)
according to the manufacturer’s instructions. Tumor
tissue protein were extracted previously with appropriate
protein extraction buffer, in Tissuelyser equipment for
3 min at 30 rpm. After 20 min of rest, the samples
were centrifuged at 11000 rpm for 30 min at 4 'C. The
supernatant was collected and used for analysis after
protein quantification.

Real-time PCR
Tumour tissue was extracted using the RNeasy Mini Kit
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(Qiagen®) on the QIAcube (Qiagen®), according to the
manufacturer’'s recommendations. RNA was quantified
using a NanoDrop spectrophotometer (NanoDrop
Technologies, United States) at a wavelength of 260 nm.
cDNA was synthesized following the recommendations
of the cDNA Synthesis Kit (Thermo-Scientific). Real-
time PCR reactions were performed using the TagMan
™ system (Applied Biosystems), which consists of a
pair of primers and a fluorophore- labelled probe. The
cycling conditions used were: 50 C for 2 min, 95 C for
10 min and 40 cycles of 95 °C for 15 s and 60 C for 1
min. The relative gene expression values were obtained
by analyzing the results in the Applied Biosystems 7500
System SDS Software program. Expression levels of
the genes of interest were normalized to that of gly-
ceraldehyde 3-phosphate dehydrogenase (Gapdh;
Mm99999915_glTagMan®). The genes of interest
studied were IL-6 (MmM00446190_m1TagMan®), IL-1B
(MmO00434228_m1 TagMan®), TNF (Mm00443258_m1
TagMan®), IL-10 (Mm01288386_m1 TagMan®), IL-4
(MmO00445259_m1TagMan®), IL-13 (Mm00434204_m1
TagMan®) and Tgf31 (TagMan Mm01178820_m1).

Inflammatory index

Colons and tumours were removed for histology. Tissues
were processed and fixed on microscopic slides and
stained with haematoxylin and eosin. The inflammatory
index includes verification of the severity of the areas
of epithelial degeneration, focal or multifocal areas,
erosions of the epithelium, presence of ulcers, tissue
hyperplasia and size of the affected area. Analysis of the
inflammatory index was performed according to Cooper
et al*®.

Western blotting

Colon tissue was extracted using a protein extraction
buffer (1% Triton X-100, 100 mmol/L Tris (pH 7.4),
100 mmol/L sodium pyrophosphate, 100 mmol/L
sodium fluoride, 10 mmol/L EDTA, 10 mmol/L sodium
vanadate, 2 mmol/L phenylmethanesulfonyl fluoride
and 0.1 mg/mL aprotinin), Laemmli sample buffer
containing 100 mmol/L DTT was added and the mixture
was heated to 100 °C for 5 min (ref). For total extracts,
similar-sized aliquots were subjected to 8%-15%
SDS-PAGE. The samples were electrophoresed for
the separation of the proteins, being labelled with a
marker of known molecular weight (Thermo Scientific
PageRuler Prestained Protein Ladder). Using a wet
transfer apparatus, the resolved proteins were blotted
onto nitrocellulose membranes (Bio-Rad). Then,
membranes were blocked with 5% milk solution and
incubated overnight at 4 °C with specific antibodies. The
antibodies used were anti-phospho-IKK Ser180/Ser181
(Santa Cruz Biotechnology, SC-23470-R), anti-IKK
alpha (Santa Cruz Biotechnology, SC-7183), anti-TNF
(Cell Signaling Technology, Cell-3707), anti-IL10 (Cell
Signaling Technology, Cell-12163) and anti-p-Tubulin
(Cell Signaling Technology, Cell-2146). Bands of interest
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were distinguished according to the protein ladder
molecular weight. These membranes were exposed
to a chemiluminescence solution (SuperSignal West
Pico Chemiluminescent Substrate (Pierce)) and band
intensities were revealed by optical densitometry of
developed autoradiographs or in a ChemiDoc MP (Bio-
Rad).

Statistical analysis

Results were expressed as mean *+ SD. The primary
outcome was number of tumors. Intestinal microbiota
abundance and diversity, inflammatory index and cyto-
kines expression were the secondary outcomes. The
Mann-Whitney U test was used for comparisons between
two groups for continuous variables and Chi-square test
was used to compare categorical variables. All tests were
two-sided. The level of significance was set at P < 0.05.
Graphs were generated and statistical analysis performed
using the software GraphPad Prism 5.0. Statistical
analysis for microbiota data were described in “Microbiota
analysis by 16S rRNA sequencing” section.

RESULTS

Probiotic supplementation reduces tumour incidence in
a colitis associated colorectal model

Using a CRC model associated with colitis, we
investigated the role of probiotic supplementation in
the development of CRC. To this end, mice received an
intraperitoneal injection of azoxymethane, followed by
three cycles of treatment with sodium dextran sulphate
(DSS) diluted in water. Two hundred microliters of water
or probiotics (0.6 x 10° L. acidophilus, 0.6 x 10° L.
rhamnosus and 0.6 x 10° B. bifidum) was provided daily
by gavage. The number of tumours was quantified at
day 60 after azoxymethane injection. As shown in Figure
1A, the mean number of tumours was 9.7 (£ 5.7) (n =
33) in the control group and 5.8 (£ 3.3) (n = 29) in the
probiotic group, which represents a 40% reduction (P
= 0.001). There was no difference in mean tumour size
between the groups [control = 3.5 cm (+ 1.4) (n = 32),
probiotic = 3.0 cm (= 1.7) (n = 29), P = 0.14]; however,
the probiotic group presented more tumours of smaller
size (< 2 mm) (P = 0.0002) (Figure 1B). These results
are represented in the images in Figure 1C. There was
no statistically significant difference between initial and
final mean weights [control = 1.5 (£ 2.7) (n = 31),
probiotic = 0.3 (= 3.7) (n = 31), P = 0.21] (Figure 1D).

Probiotic supplementation changes the gut microbiota
in the colon

Next, we investigated how probiotic strain supple-
mentation interfered with the abundance and diversity
of the intestinal microbiota in the colon and cecum
of the probiotic group compared with the control
group. Faecal samples from the cecum and colon were
collected on day 60 and immediately frozen until the
date of DNA extraction. The microbiota profile was
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Figure 1 Probiotic supplementation reduces tumour incidence in a colorectal cancer model associated with colitis. Number (A) and size (B) of colon tumours
in the control (n = 33) and probiotic (n = 29) groups. C: Representative images of tumours in the colons of the control and probiotic groups at day 60 after injection
with azoxymethane. D: Change in body weight during treatment with azoxymethane and DSS in the control (n = 31) and probiotic (n = 31) groups. °P < 0.05; °P < 0.01;
°P < 0.001; Mann-whitney U test (A and D), Chi-square test (B). Data are from three independent experiments and are presented as mean and standard deviation.

characterized by 16S rRNA Illumina HiSeq sequencing.
Our results indicate that probiotic supplementation
did not change the alpha diversity of the intestinal
microbiota. Comparisons of species richness by total
number of operational taxonomic units and Chaol index
did not reveal differences between groups; neither were
there differences in diversity assessed by Shannon index
(Figure 2A-C). However, multidimensional ordering
analysis showed a difference in beta diversity between
the control and probiotic groups; in this analysis a
closer proximity between points indicated a higher
similarity between samples (Figure 2D). It is possible to
distinguish two fields in the plot, probiotic in the lower
right quadrant and control in the upper left quadrant.
There was a significant difference between the control
and probiotic groups according to Permanova analysis
(P < 0.001). Rarefaction curves and the Richness
diversity index are shown in the supplemental material
(Supplementary Figure 1). Moreover, probiotic supple-
mentation modulated the intestinal microbiota in the
colon at the phylum level, generating an increase
in bacteria of the phylum Actinobacteria (P < 0.05)
(Figure 2E and F). In addition, in the taxonomic
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analysis we highlight the statistically significant
difference found at the genus level of Lactobacillus,
Bifidobacterium, Akkermansia, Allobaculum, Clostridium
XI and Clostridium XVIII, which were increased in the
probiotic group, while Clostridium XIVa was reduced in
probiotic group (Figure 3A and B); other genera with a
statistically significant difference between groups are
shown in the supplemental material (Supplementary
Figure 2). Taxonomy plots on the class, order and
family levels are shown in the supplemental material
(Supplementary Figure 3).

Probiotic supplementation modulates inflammation in a
colitis associated colorectal carcinogenesis model

At day 60, the colonic tissue were extracted and pre-
pared for histological analysis, and tissue inflammation
was assessed by determining the inflammatory index.
The probiotic group had a lower inflammatory index than
the control group [control = 7.9 (+ 1.6), n = 9, probiotic
= 4.2 (£ 1.0), n = 9; P = 0.0005], an approximately
46% reduction (Figure 4A and B). Spleen weight did not
differ significantly between treatments [control = 0.18
(£ 0.05), n = 21; probiotic = 0.12 (£ 0.06), n = 25; P =
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Figure 3 Probiotic supplementation changes the gut microbiota in the colon at the genus level. Relative abundance at the genus level in the cecum and colon
from control and probiotic-treated groups at day 60 after colon cancer induction. A: Each bar represents an individual animal, and the colour of each cell indicates the
relative abundance of the bacterial genus. Taxa with relative abundance greater than 1% are shown. ‘C’ for Control and ‘P’ for Probiotic. B: Box-plot represents log
relative normalized abundance at the genus level in the cecum and colon from control and probiotic-treated groups. Only significant P values (g value) obtained by the
Kruskal-Wallis test are shown. Control cecum, n = 8; Probiotic cecum, n = 4; Control Colon, n = 7; Probiotic colon, n = 10. Kruskal-Wallis test.

0.38] (Figure 4C).

In addition, serum cytokines were measured to
assess whether probiotic supplementation could modu-
late systemic inflammation. There was an increase in
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2001

important chemokines in the control group compared
with the probiotic group: RANTES [control = 26.0 (+
8.4), P = 14; probiotic = 18.5 (£ 6.9), n = 15; P = 0.03]
and Eotaxin [control = 3010 (+ 704.4), n = 14, probiotic
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Figure 4 Probiotic supplementation modulates inflammation in colorectal carcinogenesis associated with colitis. Representative images (A) and
inflammatory index (B) of mouse colons from control and probiotic groups at day 60 after azoxymethane injection stained with haematoxylin and eosin. °P < 0.001
Mann-Whitney U test, data representative of two independent experiments presented as mean and standard deviation. C: Spleen weight in control group (n = 21) and
probiotic (n = 25) mice. Mann-Whitney U test. Data from two independent experiments are presented as mean and standard deviation. D: Concentration of serum
cytokines analysed by Bio-Plex Multiplex cytokine assay at day 60 after injection with azoxymethane. °P < 0.05; Mann-Whitney U test. Data from two independent
experiments, presented as mean and standard deviation. E: Representative western blot images of two independent experiments showing colon lysates of control and
probiotic group mice; p-IKKa/B, IKKca, TNF-q, IL10 and B-tubulin.

= 2384 (+ 854.4), n = 15; P = 0.02]. Increases in the sessed did not differ between the control and probiotic
mean levels of the cytokines IL-10 and IL-13 and a groups (Figure 4D).

decrease in IFN-y were observed, but these differences We further investigated whether intracellular inflam-
were not statistically significant. Other cytokines as- matory pathways in colonic tissue could be modulated
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by probiotic supplementation. Our results demonstrated
that the probiotic group had lower expression of the
phosphorylated protein IKK, reduced TNF-o. expression
and increased IL-10 expression, which indicates less
activation of inflammatory pathways (Figure 4E).

Probiotic supplementation does not modulate cytokine
expression in the tumour microenvironment

In order to evaluate the expression of cytokines in the
tumour environment, we evaluated the expression
of cytokines in the tumour tissue by RT-PCR (Figure
5A-G) and by Bio-Plex Multiplex cytokine assay (Figure
5H) at day 60 after injection with azoxymethane. We
observed an interesting but non-significant increase
in the mMRNA expression of the cytokine TGF-B, which
was approximately 25% higher in the probiotic group
[control = 1.00 (+ 0.29) n = 17, probiotic = 1.24 (+
0.47) n = 21, P = 0.06] (Figure 5E). Changes in other
cytokines were not statistically significant.

DISCUSSION

The present study demonstrates that supplementation
with Lactobacillus rhamnosus, Lactobacilus acidophilus
and Bifidobacterium bifidum reduced the colorectal
tumour burden in mice, preventing colitis with a change
in microbiota composition, reduction of inflammatory
pathways in the colon, and modulation of cytokine and
chemokine expression. To the best of our knowledge,
no other study has evaluated the impact of the asso-
ciation of these strains in probiotic supplementation
on the richness, diversity and abundance of the colon
microbiota in colitis-associated cancer (CAC).

Prior reports showed that the isolated treatment
with Lactobacillus acidophilus, Lactobacillus rhamnosus
or Bifidobacterium bifidum are associated with tumour
suppressive effects in colon cancer cell lines and in
experimental tumour models'”’?>%, Moreover, clinical
studies showed that Lactobacillus and Bifidobacterium
are frequently reduced in patients with intestinal bowel
disease or CRCP!., The enrichment or depletion of
different microbial strains and the change in microbial
diversity is considered essential for the promotion of
inflammation, proliferation and neoplastic progression®?.
Here, we used the association of Lactobacillus
acidophilus, Lactobacillus rhamnosus and Bifidobacterium
bifidum to assess if it can favourably alter the microbiota
composition™,

In this study, the alpha diversity (i.e., the number of
different taxa or microbial species that could be detected
in one sample) was assessed by the Shannon index and
richness by the Chao index in the gut microbiota of the
colon, and there was no difference between the control
and probiotic groups. Otherwise, a significant difference
was observed in beta diversity (i.e., the diversity in
microbial community between different samples, ac-
cessed by the microbial composition abundances) and
in the microbial composition at the genus and phylum
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levels. Based on these facts, it is possible to affirm that
probiotic supplementation could change the structure of
the microbiota.

The phylum Actinobacteria was increased in CAC
supplemented with probiotics. Interestingly, Gao et al**
using 16S rDNA sequencing observed that at the phylum
level the number of Actinobacteria and Firmicutes
decreased in the gut of CRC patients. Actinobacteria
is a phylum of gram-positive bacteria, and the genus
Bifidobacterium is one of its main components®’;
accordingly, probiotic supplementation increased the
prevalence of this genus in CAC. Importantly, analysing
the mucosa-adherent microbiota, Chen et a/®®
identified reduced Bifidobacterium, Faecalibacterium
and Blautia in CRC patients, while Fusobacterium,
Porphyromonas, Peptostreptococcus and Mogibacterium
were enriched. Similarly, colonic mucosa samples of
patients with CRC presented a reduced amount of
B. longum and B. bifidum compared with those in
patients with diverticulitis™®. These data suggest that
probiotic supplementation alters the CAC microbiota to
an anti-neoplastic one. Consistent with this hypothesis,
probiotic supplementation increased the abundance of
Lactobacillus in CAC. In particular, Lactobacillus not only
prevents DMH induced colon carcinogenesis in ratst*’=®!
but also ameliorates inflammation in an experimental
model of colon cancer®™***%, Akkermansia muciniphila
is another intestinal bacterium which may have
potential anti-inflammatory properties in metabolic
disorders, and it has been inversely associated with
obesity, diabetes, cardiometabolic diseases and low-
grade inflammation™*". In other colitis model, such as
interleukin-10 knockout mice, supplementation with
Lactobacillus plantarum LP-Onlly ameliorates colon
inflammation by microbiome alteration*”, while a
combination of Bifidobacterium longum, Lactobacillus
acidophilus, Enterococcus faecalis improved epithelial-
barrier function and reduced proinflammatory cytokines
secretion®!. A. muciniphila was reduced in ulcerative
colitis patients™®*, but was positively associated with
CRC patients'. As a mucin-degrading commensal
bacterium, it can impair intestinal barrier function,
promoting colitis™®®!. In contrast, other studies found that
A. muciniphila increases the density of mucus-producing
goblet cells, restoring the mucus layer™®’), In an
experimental study, orally administered A. muciniphila
extracellular vesicles protected against DSS-induced
colitis, reducing proinflammatory cytokine expression,
increasing colon length and reducing inflammatory cell
infiltration of the colon wall®®. We found an increase
trend in A. muciniphila abundance in the probiotic
group, which, in association with other microorganisms,
may have prevented colitis in our study.

Furthermore, the abundance of short-chain fatty
acid (SCFA)-producing bacteria, like Allobaculum,
was increased in the probiotic group. SCFA (acetate,
propionate, and butyrate) are produced through
the fermentation of non-digestible carbohydrates
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Figure 5 Probiotic supplementation does not modify the tumour microenvironment. Real-time RT-PCR analysis of TNF-a (A), IL-6 (B), IL-1B (C), IL-10
(D), TGF-B1 (E), and IL-13 (F), IL-4(G) in colon tumour tissue of control and probiotic groups; results are presented relative to those of Gapdh. H: Concentration
of cytokines in the tumour tissue analysed by Bio-Plex Multiplex cytokine assay at day 60 after injection with azoxymethane. Mann-Whitney U test. Data from two
independent experiments, presented as mean and standard deviation.

by intestinal bacteria and play an important role in Likewise, Bifidobacterium and S. thermophilus also
maintaining intestinal health with anti-inflammatory stimulate the release of TGF-p°!. Considering that, we
and antineoplastic properties®. Antineoplastic proper- found an increase in the expression of TGF-3 mRNA in
ties of SCFAs are linked to the production of anti- tumour tissues of the probiotic group. It is possible that
inflammatory cytokines such as IL10 and TGF-p®®. TGF-B may be involved in the anti-inflammatory and
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Figure 6 Microbiota modification by probiotic supplementation reduces colitis modulating cytokines expression preventing colon cancer development in

mice.

anti-neoplastic effects of probiotic supplementation, and
this deserves further investigation. Another mechanism
by which probiotics can prevent inflammation is by
modulating signalling pathways, inhibiting the PI3K/Akt
and IKK/NF-kB pathway, thereby modulating cytokine
and chemokine secretion®*%. In our study, probiotic
supplementation reduced proinflammatory pathway
activity, decreasing IKK activation in colon, suggesting
a local effect. Notably, a similar result was observed in
a study with ulcerative colitis patients patients where
probiotic consumption increased IL-10, and decreased
TNF-a. and IL-1B, inhibiting NF-kB expression™*,

In accordance with a reduced activity of NF-kB,
our data demonstrate that the probiotic-supplemented
group presented reduced expression of CCL5/RANTES
in serum. Given that CCL5/RANTES may promote
tumour growth by stimulating proliferative pathways
and angiogenesis and recruiting inflammatory cells®™*>,
it is plausible to hypothesize that those chemokines
are involved in tumour development, collaborating to
reduced tumour burden in the probiotic-supplemented
group. On the other hand, probiotic supplementation
reduced the expression of eotaxin, a chemokine
primarily responsible for eosinophil recruitment during
inflammation, which may contribute to preventing the
recruitment of inflammatory cells to the colon in the
probiotic group. Eosinophils are potent proinflammatory
cells, capable to produce and release cytotoxic proteins,
cytokines, and metabolites reactive to oxygen, causing
severe damage to the tissue. Eosinophils accumulation
is common in patients with ulcerative colitis and active
inflammatory bowel disease®”*®,

In aggregate these studies indicate that intestinal
microbiota modulates carcinogenesis in different
steps of carcinogenesis. Interestingly, the probiotic
supplementation composition used in this study have
its effects more pronounced in tumour initiation and
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promotion, as we found decreased tumour humber and
smaller tumour size in probiotic group.

It is plausible that probiotic supplementation can be
included in clinical practice, preventing CRC in patients at
higher risk of colitis. However, it is necessary to conduct
a dlinical trial to confirm this hypothesis. In conclusion,
our results suggest a potential chemopreventive effect of
probiotic supplementation on CRC. Microbiota changed
by probiotic supplementation promote intestinal homeo-
stasis and regulate the inflammatory response, reducing
inflammatory cell infiltration by lowering chemokine
expression, thus preventing CAC (Figure 6).

ARTICLE HIGHLIGHTS

Research background

Derangement in intestinal microbial composition impacts in mucosal
inflammation, tumour promotion and neoplastic progression. Given that the
intestinal microbiota can be modulated by several factors, and probiotic
supplementation is an interesting alternative to re-establish intestinal eubiosis.
Furthermore, in vitro studies and experiments with animal models demonstrated
that several bacteria strains (probiotics) can modulate proliferative, apoptotic
and inflammatory pathways; increase the innate immune response; produce
anti-tumourigenic and anti-mutagenic compounds and destroy carcinogens;
reduce genotoxicity; and increase intestinal barrier. Thus, probiotic modulation
of intestinal microbiota has emerged as a potential chemopreventive agent.

Research motivation

Despite the idea that probiotic supplementation could prevent colorectal cancer
(CRC), little is known about the supplementation of a mix of bacterial probiotic
strains as well as its impact in the intestinal microbiota composition and
neoplastic transformations of the intestinal mucosa. Our data can contribute to
solve the gaps in the literature of whether this mix of probiotic, dose and time
of supplementation used was able to alter the alpha and beta diversity of the
intestinal microbiota, and how this treatment impact in colitis, serum cytokines
and neoplastic development.

Research objectives
The aim of this work is to investigate the effect of supplementation of a
Lactobacillus acidophilus, Lactobacillus rhamnosus and Bifidobacterium bifidum
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mixture on the intestinal microbiota composition, inflammation and neoplastic
alterations in the colon during the development of an experimental model of
colitis associated colon cancer (CAC). Overall, this study intents to strengthen
data from preclinical studies, encouraging clinical trials to investigate their role
in preventing colitis and CRC in humans.

Research methods

We used an experimental model of CAC. C57BL/6 mice received intraperitoneal
injection of Azoxymethane, followed by 3 cycles of 2.5% dextran sulphate
sodium in drinking water, with an interval of 14 days between cycles. The
intervention group received by gavage daily 0.6 billion CFU (colony forming
units) each of Lactobacillus acidophilus, Lactobacillus rhamnosus and
Bifidobacterium bifidum, diluted in 200 pL of drinking water, while the control
group received 200 pL of drinking water daily. Colon tissues were collected
for inflammatory index analysis in histological sheets and western blotting
to assess inflammatory proteins expression. Cytokines expression in serum
and tumour tissue was performed by multiplex immunoassay, and in tumour
samples were also used Real Time-PCR. Microbiota analysis was done from
colon faeces using 16S rRNA sequencing method.

Research results

Probiotic supplementation reduces tumour incidence in a colitis associated
colorectal model, we found decreased tumour number and smaller tumour
size in probiotic group. In parallel, probiotic supplementation changes the
gut microbiota in the colon. We did not detect any change in alpha diversity
of the intestinal microbiota, but a difference in beta diversity and in the
microbial composition at the genus and phylum level. In addition, probiotic
supplementation reduced 46% the inflammatory index compared to the control
group. Overall, these results highlight the potential for use of these probiotics
mixture to human colitis to reduce inflammation and prevent colon cancer.
Thus, further clinical trials are needed to confirm these preclinical insights.

Research conclusions

We found that supplementation with Lactobacillus acidophilus, Lactobacillus
rhamnosus and Bifidobacterium bifidum during colitis associated colorectal
carcinogenesis model changed intestinal microbiota, without altering richness
and diversity of intestinal microbiota. Lactobacillus and Bifidobacterium
increased in probiotic group and may be responsible for chemopreventive
effect of probiotic supplementation on CRC. In summary, we suggest that
probiotic supplementation could prevent CAC development by changes in
microbiota composition which promotes intestinal homeostasis and regulates
the inflammatory response, reducing inflammatory cell infiltration by lowering
chemokine expression.

Research perspectives

The present study made biological plausible that probiotic supplementation
can reduce inflammation and prevent CRC in patients with colitis. Therefore,
clinical trials are needed to confirm this hypothesis and increase the therapeutic
arsenal against this haunted disease.
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