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Irisin attenuates inflammation in a mouse model of
ulcerative colitis by altering the intestinal microbiota
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Abstract. Evidence has demonstrated that the gut microbiota,
which consists of probiotics and pathogenic microorgan-
isms, is involved in the initiation of ulcerative colitis (UC)
via the dysregulation of intestinal microflora and normal
immune interactions, which ultimately leads to intestinal
mucosal dysfunction. Irisin is released from muscle cells and
displays anti-inflammatory effects; however, the mechanisms
underlying irisin-mediated anti-inflammatory effects in
UC have not been previously reported. In the present study,
mice were divided into the following four groups: i) Control;
ii) irisin; iii) dextran sulfate sodium (DSS) salt; and iv) DSS
+ irisin. Subsequently, the effects of irisin were investigated
by observing alterations in intestinal microbes. Irisin signifi-
cantly reduced the degree of inflammation in UC by reversing
alterations to the macroscopic score, histological score,
number of CD64" cells and inflammatory cytokine alterations
(P<0.05). Analysis of the microbial diversity in the stools
of mice with active UC indicated that the five bacteria that
displayed the greatest alterations in relative abundance were
Alloprevotella, Bacteroides, Lachnospiraceae-UCG-001,
Prebotellaceae-UCG-001 and Rikenellaceae-RCB-gut-group.
Furthermore, Bactoroides were positively correlated with the
histopathological score (P=0.001; R=0.977) and interleukin
(IL)-23 levels (P=0.008; R=0.924). Alloprevotella (P=0.001,
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R=-0.943), Lachnospiraceae-UCG-001 (P=0.000; R=-0.973)
and Rikenollaceae-RC8-gut-group (P=0.001; R=-0.971)
were negatively correlated with the histopathological score.
Furthermore, Lachnospiraceae-UCG-001 (P=0.01; R=-0.873)
and Rikenollaceae-RC8-gut-group (P=0.049; R=-0.814) were
negatively correlated with IL-23 levels. In summary, the
results of the present study suggested that irisin improved
inflammation in a UC mouse model potentially via altering
the gut microbiota.

Introduction

Ulcerative colitis (UC), a chronic non-specific inflammatory
bowel disease, typically starts in the rectum and spreads to
the proximal colon in a continuous manner, involving the area
surrounding the appendix (1,2). UC is characterized by acute
pain, vomiting, weight loss, diffuse mucosal inflammation,
diarrhoea and bloody stools. The symptoms affect the quality
of life of patients due to a high recurrence rate and the lack of
effective therapeutic options (3,4). Furthermore, the mecha-
nisms underlying the pathogenesis of UC have not been fully
elucidated. A previous study indicated that UC triggers are
primarily associated with the immune system, apoptosis, the
physical environment, mental psychology, genetic inheritance
and infection (5). The human gut contains >100 trillion microor-
ganisms, including commensals and pathogens (6). A previous
study demonstrated that dysregulated interactions between the
immune system and the intestinal microbiota might lead to
colitis (7). Illumina MiSeq sequencing reports have revealed that
the diversity of the gut flora in patients with UC is decreased,
with significant differences in the abundance of Bacteroides
and Lactobacillus, compared with healthy controls (8,9). The
aforementioned studies indicated that alterations in the gut flora
are closely related to the pathogenesis of UC.

First identified in 2012, irisin is a myogenic factor (10) and a
soluble polypeptide fragment consisting of 112 amino acids (11),
which is cleaved from the precursor protein fibronectin type I11
domain containing 5 (12). A recent report revealed that irisin
serves a key role in the occurrence of metabolic, chronic kidney
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and autoimmune diseases (13), and that there is a correlation
between irisin and the level of inflammation (14). Furthermore,
irisin may display anti-inflammatory effects by regulating
the expression of receptors and proteins in macrophages,
resulting in a reduction in the release of key proinflammatory
factors, including tumour necrosis factor-a (TNF-a), inter-
leukin (IL)-1p and monocyte chemoattractant protein-1 (15).
However, the mechanisms underlying the anti-inflammatory
properties of irisin are not completely understood. A previous
study demonstrated that low concentrations of irisin increase
the expression of Toll-like receptor 4 (TLR4) in macrophages,
as well as the ability of macrophages to identify potential
pathogens, by indirectly promoting anti-inflammatory
effects (16). Furthermore, the protein expression levels of
TLR4 and myeloid differentiation factor 88 (MyD88), as well
as the phosphorylation level of NF-«xB, in macrophages were
decreased by high irisin concentrations, leading to a reduction
in the release of key proinflammatory cytokines and induction
of anti-inflammatory effects (16). Another study demonstrated
that irisin can control the inflammatory response and reduce
pathological progress in the inflammatory response in a
concentration-dependent manner in acute lung injury (17).
However, to the best of our knowledge, no previous studies
have investigated the role of irisin in UC pathogenesis.

A previous study revealed that plasma irisin levels in seden-
tary mice with UC fed a high-fat diet were decreased compared
with those in mice fed a standard diet (18). Furthermore, our
preliminary data (data not shown) suggested that irisin may
be negatively correlated with IL-12 and IL-23 levels and the
abundance of Enterococci, but positively correlated with the
abundance of Lactobacilli. However, the association between
irisin and intestinal microbiota in UC is still not completely
understood. Therefore, the present study aimed to investigate
the therapeutic effect of exogenous irisin, as well as its under-
lying mechanisms, in an experimental mouse model of UC.

Materials and methods

Chemicals and reagents. Dextran sodium sulphate (DSS)
salt (colitis grade; lot no. Q5756) was obtained from MP
Biomedicals, LLC. Recombinant irisin (cat. no. 067-29A) was
obtained from Phoenix Pharmaceuticals, Inc. The CD64 anti-
body (cat. no. B166615) was obtained from BioLegend, Inc.

Establishment of animal models. Mice were purchased from the
Henan Experimental Animal Center [license no. SCXK (Yu)
2015-0004]. A total of 40 C57/BL mice (age, 6 weeks; average
weight, 37.767+4.487 g) were randomly divided into the
following four groups (n=10 per group; five males and five
females): 1) Control; ii) irisin; iii) UC; and iv) UC + irisin. The
mice in each group were kept in different cages and admin-
istered the corresponding treatments. The control and irisin
groups had access to normal autoclaved water. The UC and
UC + irisin groups had access to 4% DSS (dissolved in auto-
claved water) via drinking water. From day 1, the irisin and
the UC + irisin groups received an intraperitoneal injection of
irisin (0.0075 pg/g; dissolved in PBS) once a day, the UC group
and the control group received an intraperitoneal injection of
0.2 ml of PBS, as described by Asadi et al (19). During the
study, mice were fed a standard rodent diet and were housed

at 25°C with 12-h light/dark cycles and 45% humidity. Each
morning, the mice were weighed, and their faeces, faecal char-
acteristics and general states were observed and recorded. On
day 10, mice were humanely sacrificed by cervical dislocation
as there were signs that the humane endpoints of the study of
weight loss and behavioural changes had been reached. The
humane endpoints were: i) General appearance: Very rough
coat; ii) mental status: Nearly moribund or coma; iii) behav-
iour: Extremely low in-cage activity level or violent response
to external stimuli; iv) clinical signs: Obvious weight change
(~80% of initial body weight or a reduction in weight of
~20%) or rare food and water intake. All efforts were made
to minimize animal suffering. The animal experiments
were approved by the Medical Ethics Committee of Henan
University and performed in accordance with the Guidelines
of the Institutional Animal Care and Use Committee (20).

Body weight, spleen weight, macroscopic score and histological
score alterations. Mice were weighed daily and the spleen weight
of each mouse was compared at the end of the experiment. The
mice were evaluated using macroscopic and histological scoring
systems. The histological score was assessed by hematoxylin
and eosin staining of colon sections. Colon tissues were fixed
in 4% paraformaldehyde overnight at room temperature and
embedded in paraffin. The paraffin embedded colon tissues were
cut into 5 um thick slices. From each colon sample 5 sections
were evaluated and this was repeated in 10 mice per group. The
slices were stained at room temperature for 5 min with hema-
toxylin and 1 min with eosin. Stained sections were observed
under a light microscope with a magnification of x200 in four
randomly selected fields of view to evaluate inflammatory cell
infiltration and mucosal and epithelial destruction. Tissues were
histologically scored by two experienced pathologists indepen-
dently in a blinded manner, from O (no change) to 6 (extensive
cell infiltration and tissue damage), according to the Siegmund
method (Table SII) (21). The sub-scores of inflammatory cell
infiltration and epithelial damage were added and divided by two
to form a total histological score. Tissues were macroscopically
scored from 0.0 (healthy) to 4.0 (maximal activity of colitis),
according to the Murano method (Table SI) (22). The sub-scores
of weight loss, stool consistency and occult/gross bleeding were
added and divided by three, forming a total macroscopic score.

Immunofluorescence staining of colon tissue. Colon tissues
were fixed in 4% paraformaldehyde at room temperature
overnight, paraffin-embedded, sectioned into 5 ym slices,
and incubated for 2 h at 60°C. The sections were dewaxed
with xylene, hydrated with a descending alcohol series and
blocked using 5% BSA (cat. no. 9048-46-8; Sigma-Aldrich;
Merck KGaA) at room temperature for 1 h. Antigen retrieval
was performed by microwaving the sections. Subsequently,
the sections were incubated with a PE-labelled CD64 primary
antibody (cat. no. 139303, BioLegend, Inc.; 0.2 mg/ml) at room
temperature for 1.5 h, followed by nuclear staining with DAPI
for 5 min at room temperature. The sections were sealed with
glycerol and observed using a fluorescence microscope with a
magnification of x200. CD64 expression was quantified using
ImagelJ software (version 1.51; National Institutes of Health)
according to the following formula: Fluorescence integrated
density=region of interest area x mean fluorescence intensity.
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ELISA measurement of IL-12 and IL-23 levels in plasma.Prior to
sacrifice on day 10, whole blood (0.5 ml) was collected from the
submandibular vein of each mouse. Blood samples were centri-
fuged at 1,509.3 x g for 10 min at 4°C to separate the plasma.
Subsequently, plasma levels of IL-12 and IL-23 were measured
using Hermes Criterion Biotechnology IL-12 mouse ELISA kits
and Hermes Criterion Biotechnology IL-23 mouse ELISA Kkits
respectively (cat. nos. 1085 and I114; Elixir Canada Medicine
Company Ltd.) according to the manufacturer's protocol.

Fecal DNA extraction. On day 10, fecal samples were collected
from each mouse. Fecal bacterial DNA was extracted using the
TIANamp Stool DNA kit (cat. no. DP328-02; Tiangen Biotech
Co., Ltd.) according to the manufacturer's instructions.

Library preparation and sequencing. MetaVx™ library prepa-
ration and Illumina MiSeq sequencing were conducted at
Genewiz, Inc. DNA quantity of the fecal bacterial DNA was
determined using a Qubit 2.0 fluorometer (Invitrogen; Thermo
Fisher Scientific, Inc.) and a library was prepared using the
MetaVx™ Library Preparation kit (Genewiz, Inc.). V3 and V4
are two hypervariable regions of the prokaryotic 16S rDNA (23).
The V3 and V4 regions were amplified using the same following
primers: Forward, 5-CCTACGGRRBGCASCAGKVRVGAA
T-3' and reverse, 5-GGACTACNVGGGTWTCTAATCC-3'.
PCR was performed using 30-50 ng template DNA (EasyTaq®
DNA Polymerase, cat. no. AP111-01, TransGen Biotech). The
first-round PCR products were used as templates for a second
round of amplicon enrichment by PCR (94°C for 3 min,
followed by 24 cycles at 94°C for 5 sec, 57°C for 90 sec and
72°C for 10 sec, and a final extension at 72°C for 5 min). In
addition, indexed adapters were added to the ends of the 16S
rDNA amplicons to generate indexed libraries that were ready
for downstream NGS on the MiSeq platform. The quality and
concentration of the library were tested using the Agilent 2100
bioanalyzer (Agilent Technologies Inc.) and Qubit 2.0 fluorom-
eter (Invitrogen; Thermo Fisher Scientific, Inc.), respectively.
DNA libraries were multiplexed and loaded on an Illumina
MiSeq instrument (Illumina, Inc.) according to the manufac-
turer's instructions. Sequencing was performed using a 2x300
paired-end configuration and the data were analysed using
Miseq Control software (version 2.5.0.5; Illumina, Inc.). To
process the raw data, all the forward and reverse reads were
assembled in pairs, the sequences containing N in the results
were filtered and sequences >200 bp in length were retained.
Subsequently, the spliced and filtered sequences were compared
with Basic Local Alignment Search Tool (BLAST, https://blast.
ncbi.nlm.nih.gov/Blast.cgi) match lengths (against reference
sequences in the database)to remove the chimera sequence
(<90% match). In the operational taxonomic unit (OTU) anal-
ysis, the 16S reads were clustered using the VSEARCH
software (version 1.9.6; https:/github.com/torognes/vsearch)
with a pair-wise identity cutoff of 97%, and the 16S rRNA
reference database was Silva 132 (https://www.arb-silva.
de/search/). Representative sequences of each OTU were
analyzed using the Ribosome Database Program classifier
(version 2.2, http://rdp.cme.msu.edu/classifier/classifier.jsp;jses
sionid=D5D6C78C6C197C015E237DOFD7A85246.10.0.0.9).
Bayesian algorithm and the composition of each sample at
different species classification levels was calculated. According

to the OTU analysis results, the random sampling method was
used to calculate the a diversity index of Shannon and Chaol,
and the dilution curve was obtained. Unweighted unifrac anal-
ysis was applied to compare whether there were significant
differences in microbial communities among samples. The
Bray-Curtis distance matrix among samples was used for
PCoA (Principal Coordinate Analysis) to indicate 3 diversity
and the P-value was calculated using a non-parametric
MANOVA. To compare the hierarchical relationships among
groups, the UPGMA (Unweighted Pair Group Method for
Arithmetic Mean) clustering tree was constructed by the
non-weighted mean method in hierarchical clustering. Anosim
analysis was confirmed according to Bray-Curtis. Linear
discriminant analysis effect size analysis was performed by
LDA (Linear Discriminant Analysis; huttenhower.sph.harvard.
edu/galaxy) to calculate the impact of species richness on the
difference effect and to identify the species with a significant
difference. Based on the 3 diversity distance matrix and envi-
ronmental factor data, the redundancy analysis was determined.

Statistical analysis. Statistical analyses were performed using
SPSS software (version 19.0; IBM Corp.). Data are presented as
the mean + SD. Values were obtained from 10 animals per group.
For normally distributed data, comparisons among multiple
groups were analysed by one-way ANOVA followed by Tukey's
post hoc test. For non-normally distributed data, comparisons
among multiple groups were analysed by the Kruskal-Wallis
test followed by the Dunn-Bonferroni post hoc test. Correlations
between specific bacteria and the histological score or IL-12/23
levels were determined by Pearson correlation analysis. P<0.05
was considered to indicate a statistically significant difference.

Results

Irisin improves the macroscopic and histopathological scores
of UC model mice. In the UC group, body weight was signifi-
cantly decreased from day 4-7 compared with the control group
(P<0.01; Fig. 1A). Furthermore, the macroscopic (P<0.01;
Fig. 1C) and histological (P<0.01; Fig. 1D and E) scores were
significantly increased in the UC group compared with the
control group. Irisin did not significantly alter the colonic tissues
in normal mice; however, irisin decreased the macroscopic
(P<0.05) and histological (P<0.05) scores in UC model mice.
Furthermore, the spleen weight of the UC group was increased
compared with the control group, and irisin treatment decreased
UC-mediated alterations to the spleen weight; however, the
differences were not statistically significant (Fig. 1B).

Irisin downregulates the number of CD64* cells in colonic
tissues in UC model mice. Compared with the control group,
the number of CD64" cells in colonic tissues in the irisin group
was not significantly altered; however, the UC group displayed
a significantly increased number of CD64* cells compared
with the control group (P<0.01; Fig. 2A and B). CD64 fluores-
cence staining was significantly decreased in the irisin-treated
UC model mice compared with untreated UC model mice
(P<0.05; Fig. 2A and B).

Irisin reduces plasma IL-12 and IL-23 levels in UC model
mice. The levels of IL-12 and IL-23 in the plasma of normal
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Figure 1. Alterations to body weight, spleen weight, macroscopic score and histological score. (A) Body weight. (B) Spleen weight. (C) Macroscopic score.
(D) Histological score. (E) Hematoxylin and eosin staining. x200, black arrows indicate congestion, edema and inflammatory cell infiltration in the colon

tissue. ““P<0.01 vs. control; “P<0.05 vs. UC. UC, ulcerative colitis.

mice were 893.15+£222.76 and 685.67+137.55 pg/ml, respec-
tively. There was no significant difference in IL-12 and
IL-23 levels between the control and irisin (911.63+£129.57
and 698.69+163.15 pg/ml, respectively) groups. However,
the levels of IL-12 (1,147.37+233.92; P<0.05) and IL-23
(1,137.27£156.49 pg/ml; P<0.01) in the UC group were
significantly increased compared with the control group. Irisin
significantly reduced UC-mediated upregulation of IL-12
(911.04+122.78 pg/ml; P<0.05). In addition, irisin decreased
UC-mediated upregulation of IL-23 levels, but the decrease was

not significant (Fig. 3). Collectively, the results suggested that
irisin displayed an anti-inflammatory effect in UC model mice.

Alterations to the gut microbiota structure of UC model mice
following treatment with irisin. A total of 6,064,158 reads and
1,516,039,500 base pairs were analysed in the four groups.
Quality filtering on joined sequences was performed, and
sequences that did not fulfil the criteria were discarded. Finally,
a total of 2,409,318 reads with an average length of 450.78 base
pairs were obtained. The multivariate analysis of variance of
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Figure 2. Abundance of CD64" cells in the colonic tissues of mice in the four
groups. (A) Representative images of CD64 expression in the colonic tissues
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the PCoA matrix scores indicated that primary coordinate 1 and
primary coordinate 2 accounted for 22.94 and 9.84% of the total
structural changes, respectively (Fig. 4A). The intestinal flora in
control and irisin groups were significantly different from that
in UC and UC + irisin groups, which indicated that changes
in flora structure play an important role in the pathogenesis of
UC. In accordance with UPGMA clustering, the four groups
were divided into four different clustering trees (Fig. 4B). The
dilution curve analysis indicated that the curves of each group
reached a plateau, suggesting that the majority of the micro-
biota were identified (Fig. 4C). According to the Shannon and
Chaol indices (Fig. 4D and E), the majority of the diversity was
identified in all samples. The results indicated that there was a
decrease in diversity in UC group compared with control group
(P<0.01) for both the Shannon and Chaol indices. Analysis of
the microbial diversity in the stools of mice with active UC
indicated that the five bacteria that displayed the greatest altera-
tions in relative abundance were Alloprevotella, Bacteroides,
Lachnospiraceae-UCG-001, Prebotellaceae-UCG-001 and
Rikenellaceae-RCB-gut-group (Fig. S1).
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Figure 3. IL-12 and IL-23 levels in the plasma of mice in in the four groups.
The level of (A) IL-12 and (B) IL-23 in the plasma. ‘P<0.05 and “P<0.01 vs.
control; “P<0.05 vs. UC. IL, interleukin; UC, ulcerative colitis.

Irisin alters the gut microbiota composition. The gut microbiota
community structure histograms indicated the microbial species
presentand theirrelative abundance (Fig.5). All samples contained
five main phyla: Bacteroidetes, Firmicutes, Epsilonbacteraeota,
Proteobacteria and Deferribacteres (Fig. 5SA). The composition
of the microbiota in the control and irisin groups was similar.
The abundance of Deferribacteres in the UC group was lower
compared with the control and irisin groups (0.58 vs. 1.03%,
1.10%), and slightly higher in the UC + irisin group (0.89%)
compared with the UC group. In addition, the abundance of
Cyanobacteria (0.52%) and Patescibacteria (0.62%) in the UC
group was highest among the four groups.

In all samples, 20 main families were identified, including
Lachnospiraceae, Bacteroidaceae, Muribaculaceae,
Prevotellaceae, Deferribacteres and Lactobacillaceae
(Fig. 5B). Following treatment with irisin, the abundance
of Deferribacteres in the UC model mice was slightly
upregulated (from 0.58 to 0.89%); however, the abundance
remained lower compared with the control and irisin
groups (1.03 and 1.09% respectively). In UC group, the
relative abundance of Lactobacillaceae (0.99%), o-Rhodo-
spirillales-Unclassified (0.67%) and Staphylococcaceae
(0.89%) were all increased compared with control group. With
the treatment of irisin, the abundance of Lactobacillaceae
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(0.66%), o-Rhodospirillales-Unclassified (0.31%) and
Staphylococcaceae (0.40%) were all decreased compared with
UC group.

Sequencing data identified 31 genera of microbial flora. The
abundance of Bacteroides, Lachnospiraceae-NK4A136-group,
f-Muribaculaceae-Unclassified, Prevotella-1, Prevotella-9,
Prevotellaceae-UCG-001 and Lachnospiraceae-UCG-001
was changed most (>1% of total composition in all groups).
The abundance of Bacteroides (8.29 vs. 26.57%) and
Lachnospiraceae-NK4A136-group (8.38 vs. 11.71%) was
higher in the UC group than in the control group. By
contrast, the abundance of f~-Muribaculaceae-Unclassified
(11.29 vs. 7.59%), Prevotella-1 (3.99 vs. 1.00%), Prevotella-9
(3.88% vs. 0.00%), Prevotellaceae-UCG-00I (3.55 vs. 0.00%)
and Lachnospiraceae-UCG-001 (1.25 vs. 0.00%) was
decreased. Following treatment with irisin, the abundance of
Ruminococcaceae-UCG-014 decreased from 2.05 to 1.25%,
which was similar to the control group 0.93%. Lactobaillus
decreased from 0.99 to 0.66%, which was similar to the control
group 0.57% (Fig. 5C).

Furthermore, 31 main species were identi-
fied in all four groups. For example, the relative
abundance of g-Bacteroides-Unclassified was higher
in the UC group compared with the control and irisin
groups (7.82 vs. 0.38%, 0.90%). However, the relative
abundance of g-Bacteroides-Unclassified was decreased
in the UC + irisin group compared with the UC group
(4.62 vs. 7.82%; Fig. 5D).

Heatmap at different taxonomic levels. At the phylum level,
Deferribacteres was present at a lower level in the UC group
compared with the other three groups. By contrast, the abun-
dance of Patescibacteria and Cyanobacteria was higher in the
UC group compared with the control group (Fig. 6A). At the
class level, the abundance of Erysipelotrichia was increased in
the UC group compared with the control and irisin groups, and
slightly decreased in the UC + irisin group compared with the
UC group (Fig. 6B).

Correlation analysis between alterations to the gut flora and
the histopathological score, as well as the plasma levels of
IL-12 and IL-23 in the four groups. A positive association
between the histopathological score and IL-12/23 levels
was identified (Fig. 7). Compared with the other three
groups, the structure of the gut flora in the UC group was
more closely related to histopathological score and IL-12/23
levels. In addition, IL-12 served a more important role in
the correlation compared with IL-23. Furthermore, the
correlation between the top five most variable flora (Fig. S1)
in the UC group and IL-12 and IL-23 levels, and histo-
pathological score were analysed (Table SIII). Bactoroides
was positively correlated with the histopathological score
(P=0.001; R=0.977) and IL-23 levels (P=0.008; R=0.924).
The other three types of microbiota, Alloprevotella (P=0.001;
R=-0.943), Lachnospiraceae-UCG-001 (P=0.000; R=-0.973)
and Rikenollaceae-RCS8-gut-group (P=0.001; R=-0.971),
were negatively correlated with the histopathological
score. Lachnospiraceae-UCG-001 (P=0.01; R=-0.873) and
Rikenollaceae-RCS8-gut-group (P=0.049; R=-0.814) were
also negatively correlated with IL-23 levels.

Analysis of the gut flora structure in the four groups. The
composition of the gut flora was significantly different
among the four groups (P=0.001; R=0.515; Fig. 8). The LDA
scores indicated that the g-Ruminococcaceae-UCG-014 and
g-Family-XIII-UCG-001 played important roles in the UC
and irisin groups, respectively (Fig. 9). In the control group,
a total of 12 different types of microorganisms (LDA score
>3.0) served a vital role in the gut flora structure. In particular,
f-Prevotellaceae displayed the most significant role (Fig. 9).
But the UC + irisin group had no dominant bacteria.

Discussion

UC s a chronic non-specific inflammatory bowel disease with a
high recurrence rate, for which the current therapies are largely
ineffective (24). Previous studies have indicated the environ-
ment, autoimmunity, psychology and genetic inheritance are
closely related to the occurrence of UC (25,26). Therefore, UC
is not a disease induced by a single factor. Previous studies
have also suggested that the interaction between disordered
intestinal flora and an abnormal immune response may lead
to intestinal mucosal dysfunction (27). Moreover, dysfunction
of the intestinal mucosal barrier may serve as a trigger for UC
and is associated with the incidence of disease (28).

Intestinal microorganisms consist of commensal bacteria,
probiotics and pathogenic bacteria (29). Under physiological
conditions, all types of microorganisms maintain symbiotic or
antagonistic relationships in the intestine to form a dynamic
and balanced micro-ecological system (30). Healthy intes-
tinal flora can protect the intestine, improve the metabolism,
regulate immunity, and help resist inflammation and tumour
growth (31,32). Previous studies have reported that exercise
optimizes the composition of the intestinal flora and improves
intestinal microecology (33,34). Sufficient exercise, for
example, 30 min of swimming a day, may amplify the anti-
bacterial effect of the intestine and relieve intestinal barrier
dysfunction induced by chronic inflammation (35). A previous
study revealed that exercise increased the diversity of the
intestinal microbiota in professional rugby players and simul-
taneously reduced the level of inflammatory markers (36).
The aforementioned studies indicated that the beneficial effect
of exercise is partly due to the increased intestinal microbial
diversity that occurs as a result of exercise. Additionally,
Allen et al (37) revealed that voluntary physical activity alters
the intestinal microbes present in mice; however, the mecha-
nisms underlying how movement can alter the flora of the
inflammatory intestine are not completely understood.

Inthe presentstudy,the symptoms of the UC model mice were
consistent with the clinical symptoms of patients with UC, and
the macroscopic and histological scores of UC model mice were
increased compared with the control mice. The relative abun-
dance of Bacteroides and Lachnospiraceae-NK4A136-group
were increased in UC model mice. The levels of inflammatory
factors in the plasma decreased in UC model mice following
the intraperitoneal injection of irisin, and UC symptoms
were also alleviated. Alterations to the relative abundance
of Ruminococcaceae-UCG-014 and Lactobaillus in irisin
treated mice were identified by sequencing. Furthermore, a
previous study reported that the symptoms of DSS-induced
UC in mice were improved following HuangQin treatment,
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and the abundance of Deferribacteres in the microflora,
which was reduced by UC, was increased following treat-
ment (38). Similarly, in the present study, the abundance of
Deferribacteres in the UC + irisin group was higher compared
with the UC group, and the symptoms of the UC model mice
were alleviated by irisin treatment. Therefore, irisin may
exert its anti-inflammatory effects by inducing alterations in
the intestinal flora; however, the mechanism by which irisin
affects intestinal microbiota needs further investigation.
Intestinal microbiota belong to a diverse anaerobic species
and extraction may be challenging (39). Consequently, the
mechanism underlying intestinal microbial alterations in UC
is not completely understood. Previous studies have indicated
that certain microorganisms produce a large number of
metabolites that serve as a major source of intestinal anti-
gens, resulting in an IgA-based antibody response (40,41).
Frehn er al (42) observed a decrease in E. coli-specific antibody

IgA expression in the faeces of patients with UC. In the present
study, high-throughput sequencing technology was used to
analyse the composition and alterations to the intestinal flora
in different groups more accurately and thoroughly compared
with the detection of IgA antibody expression. Furthermore,
quantitative comparisons were made at different taxonomic
levels.

A number of studies have indicated that the occurrence of
UC is not only related to intestinal microbiota alterations but
is also related to alterations in the microbiota of the intestinal
mucosal (27,43). The microbiota in the external and internal
intestinal mucosal layers of patients with UC are significantly
different compared with controls. Moreover, the compositional
structure of the microbiota in the external mucosal layer, in
which Clostridium is predominant, is significantly different
compared with controls (44). Therefore, intestinal flora altera-
tions may serve an important role during the progression of UC.
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Due to the differences in UC course, stages, treatments
and analytical methods in each patient, as well as the complex
structure and function of the intestinal flora, at present, there
is no consensus regarding alterations in intestinal aerobic
bacteria and common anaerobic bacteria in patients with UC.
As a result, the specific roles of bacteria in the progression
of the disease have not yet been fully elucidated, and altera-
tions in the gut flora and their relationship with pathological
changes in the intestinal mucosa remain unclear. To date, the

majority of studies have primarily focused on the relationship
between a certain type of intestinal flora and UC; however, a
comprehensive comparison between common intestinal flora
and UC has not been performed. In the present study, a rela-
tively thorough analysis of the intestinal microbiota in mice in
each of the four groups was conducted.

To the best of our knowledge, a consensus regarding
the anti-inflammatory mechanism underlying irisin has not
been reached. Studies have indicated that irisin inhibits
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the inflammatory response and reduces pathological
alterations during the progression of acute lung injury in a
concentration-dependent manner (45,46). Irisin may reduce
the expression of NF-kB (p65) in the nucleus and increase its
expression level in the cytosol by inhibiting apoptosis (17).
Mazur-Bialy et al (16) reported that lower concentrations of
irisin can not only enhance the expression of TLR4 in macro-
phages, but can also promote the ability of macrophages
to recognize potential pathogens, indirectly increasing
anti-inflammatory effects. Furthermore, irisin also signifi-
cantly reduces the levels of TLR4 and MyD88 protein in
macrophages, as well as the phosphorylation of NF-kB,
leading to a decreased release of key pro-inflammatory cyto-
kines, which results in an anti-inflammatory effect. Another
study also reported that the anti-inflammatory effect of irisin
may be due an improvement in the levels of TNF-a and TNF
superfamily member 11, two factors that drive lymph node
hyperplasia (47). In the present study, the macroscopic and
histopathological scores, the abundance of CD64* cells and
the level of proinflammatory cytokines in the plasma, such as
IL-12 and IL-23, were decreased in irisin-treated UC model
mice compared with untreated UC model mice.

IL-12 is a heterodimer molecule composed of p40 and p35
subunits connected by disulfide bonds. Under physiological
conditions, IL-12 is produced by mature dendritic cells and
activated monocyte macrophages and provides important
signals that promote the differentiation and proliferation of
T helper (Th)1 cells, thereby participating in the inflammatory
response (48). IL-23 is formed by p40 and p19 subunit chains
and serves a key role in the differentiation and expansion of
Th cells and resident lymphocytes (49,50). A previous study
indicated that the expression level of IL-12 mRNA in UC is
significantly increased compared with normal colon tissue and
may serve an important role in the pathogenesis of UC (51).
Another study reported that the p40 chain serves an important

role in intestinal inflammation (52). Genome-wide association
studies have indicated that mutations in the gene encoding the
IL-23 receptor and the site encoding the p40 gene are genetic
risks for the development of UC (53,54). Monoclonal antibodies
against the p40 chain blocked the activity of IL-12 and IL-23
and have displayed initial success for the treatment of UC (55).
In the present study, the plasma levels of IL-12 and IL-23 in
mice were significantly increased in UC model mice compared
with control mice. The macroscopic score and histopatho-
logical score of UC model mice were significantly decreased
by irisin treatment. Furthermore, the number of CD64* cells,
and the plasma levels of IL-12 and IL-23 were also decreased
in UC model mice following treatment with irisin.

During the present study, three mice died. The first death
occurred in the UC group on day 5 of the experiment, and
on day 6, two further deaths were recorded (one in the UC
group and one in the UC + Irisin group). According to previous
study (56), due to the mucosal damage and anticoagulation
effects of DSS, the modest initial effects are followed by
increasingly worsening symptoms, including increased intes-
tinal permeability, severe bleeding and mortality. DSS-induced
mortality can be variable dependent on the concentration and
duration of treatment (57). Shimizu et al (58) reported that in
a 4% DSS model, 2 out of 10 rats died before the day 7 of DSS
administration, which was similar to the mortality rate of the
present study. In addition, Axelsson et al (59) demonstrated
that neither T, B nor NK cells were critical for the induction
of DSS-induced colitis in mice. Administration of 5% DSS
to athymic nu/nu CD-I(BR) mice resulted in a rapid decline
in body weight and a short survival time, with no animals
surviving beyond day 9. Furthermore, the administration of
5% DSS in SCID mice resulted in a 50% survival rate at day 9
of DSS administration. In order to minimize animal mortality
in our preliminary experiments, an appropriate DSS load
for the reliable induction of colitis and comparable severity



EXPERIMENTAL AND THERAPEUTIC MEDICINE 22: 1433, 2021 13

of disease between animals was established according to the
method conducted by Vowinkel ef al (60). The results of the
preliminary experiments indicated that the protocol that was
used in the present study led to lowest morality rate, but still
represented a classic UC model with obvious body weight loss
and histological damage. The death of the three mice in the
present study was caused by severe diarrhea, severe blood in
the stool, dehydration, continuous weight loss and damage
to the liver coagulation mechanism; however, the detailed
mechanism underlying the death observed in the present study
requires further investigation.

The present study demonstrated the anti-inflammatory
effects of irisin, as well as the accompanied alterations to the
intestinal microbiome. In addition, a possible preliminary
relationship between the anti-inflammatory effect of irisin and
alterations to the intestinal flora was identified. Future studies
using specific order or gene knockout mice should be conducted
to support the results of the present study. A limitation of the
present study is that the relationship between alterations to
the intestinal microbiota and inflammation is controversial.
For example, colonic infusion of donor human intestinal
flora can reverse UC in selected patients, which suggests that
differences in the gut microbiota may be the cause of milder
inflammation (61). However, by investigating the correlation
between fecal flora alterations and inflammatory indicators,
other studies have indicated that alterations to the gut micro-
biota may be a consequence of inflammation (62). Microbiota
transferring artificial colonization with divergent species or
other specific gnotobiotic techniques is a key strategy that
could be used to explain the relationship between alterations
to the intestinal microbiota and intestinal inflammation.
Furthermore, only the anti-inflammatory effect of irisin was
investigated in the present study; therefore, comparing irisin
with other clinically used drugs requires further investigation.

In conclusion, the present study suggested that irisin
ameliorated gut inflammation potentially by altering the gut
microbiota in UC model mice. Therefore, irisin may serve as a
novel therapeutic agent for UC.
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