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The pathogenesis of inflammatory bowel disease (IBD) is due in part to a loss of equilibrium among the gut microbiota, epithelial
cells, and resident immune cells. The gut microbiota contains a large proportion of probiotic commensal Lactobacillus species;
some natural microbiota and probiotics confer protection against IBD. In this study, mice with colitis triggered by dextran sodium
sulphate (DSS) were given Lactobacillus plantarum orally. We assessed the damage caused by DSS and the therapeutic activity of L.
plantarum. The colitis triggered by DSS was less severe in the mice that received the L. plantarum treatment, which also diversified
the microbe species in the colon, enhanced the ratio of Firmicutes to Bacteroidetes, and diminished the relative abundance
of Lactobacillus. The taxonomic units of greatest diversity in the DSS and L. plantarum groups were identified using a linear
discriminant and effect size (LEfSe) analysis. Aliihoeflea was established to be the genus of bacteria that was affected in the L.
plantarum group most extensively. In conclusion, gut health was promoted by L. plantarum, as it diversified the microbes in the
colon and restricted the activity of pathogenic bacteria in the intestine. Moreover, according to the LEfSe analysis, the DSS group
was impacted more significantly by gut microorganisms than the L. plantarum group, suggesting that L. plantarum improved the

stability of the intestinal tract.

1. Introduction

Crohn’s disease (CD) and ulcerative colitis (UC) are collec-
tively known as inflammatory bowel disease (IBD), which
manifests itself as a chronic inflammatory relapse of the gas-
trointestinal tract caused by a range of genetic and environ-
mental factors [1]. A previous report suggested subjects with a
genetic predisposition to IBD exhibit abnormal and ongoing
inflammatory reactions to the commensal gut microbiome
[2]. Research in animal models has also suggested intestinal
inflammation is critically dependent on bacterial coloniza-
tion of the gut, which highlights the importance of the gut
microbiota in IBD [3]. A wide range of drug-based treatments
are available for IBD, but their effectiveness is moderate and
can be accompanied by secondary effects such as toxicity
and an increased likelihood of infectious complications [4, 5].
Thus, it is necessary to develop alternative treatments for IBD.

Exactly how IBD develops remains uncertain, but there is
consensus that the imbalance of homeostasis between the
gut microbiota and the mucosal immune system is a major
contributor to the disease [6, 7].

Many studies suggest different benefits of probiotics, and
IBD could potentially be treated with probiotic supplements
[8, 9]. Nevertheless, knowledge about the exact manner in
which probiotics protect against IBD remains incomplete.
The gut microflora contain an abundance of commensal
Lactobacillus species, which can rehabilitate homeostasis in
intestinal disorders and hence could protect against IBD [10].
Aslive microorganisms, probiotics have the ability to regulate
the composition of the gut microbiota and correct abnor-
mal responses of the mucosal immune system to chronic
gut inflammation. Probiotics can also strengthen the gut
barrier function by influencing the production of cytokines,
stimulating the release of regulatory T cells, and aiding the
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survival of intestinal cells [11]. Probiotics are advantageous
not only from a health perspective, but also from a cost and
safety perspective. The only drawback of this strategy is that
a comprehensive understanding of how probiotics exert their
health effects has not yet been achieved [12].

We conducted an experiment in mice with colitis induced
by dextran sodium sulphate (DSS) to determine the impact
of Lactobacillus plantarum on gut inflammation and whether
the effects of this bacterium were correlated with the immune
response and gut microbiota.

2. Materials and Methods

2.1. Animals. The animal experiments were approved by
the Medical Ethics Committee of Huazhong Agricultural
University, and we complied with their guidelines while
conducting the experiments. The Hubei Province Centre for
Disease Control and Prevention (Wuhan, China) provided
20 specific pathogen free (SPF) ICR mice of female sex.
The mice were 8-10 weeks of age and weighed 20+2.1 g.
The conditions under which the mice were kept included an
SPF environment with alternating 12 h of light and 12 h of
darkness. There were no restrictions on water or food. The
mice were allowed to become accustomed to the laboratory
conditions for 7 d prior to the experiments.

2.2. Colitis Induced by DSS and the Structure of the Experi-
ments. The mice were separated into two groups according
to a completely randomized design. The groups were a DSS
group and an LPZ group, which were, respectively, given
a basal diet [13] and a basal diet enriched with 2 x 10*°
CFU/kg L. plantarum for one week. Colitis was triggered by
giving all the mice 5% DSS (MW 36-50 kDa, Kayon Biological
Technology Co. Ltd.) in the drinking water on day 8 [13, 14].
The substitution of DSS was conducted daily for one week.
Upon completion of the experiments, the average weight gain
per day was determined by weighing the mice on the morning
of day 15; the mice were anesthetized intraperitoneally and
then killed. The measurement of colon length and weight
was conducted in line with an earlier study [13]. During
the experiment process, the modifications in body weight
and disease activity index (DAI) were measured every day
to determine how severe the colitis was according to a
previously published method [13, 14]. Briefly, the mice were
also subjected to evaluation in terms of body weight loss
(score: 0 = none; 1 = 0-5%; 2 = 6-10%; 3 = 11-15%; 4 = 16-20%;
5 = 21-25%; and 6 = 26-30%), stool consistency (score: 0 =
normal stool; 1 = soft stool; and 2 = liquid stool), and rectal
bleeding (score: 0 = negative fecal occult blood; 1 = positive
fecal occult blood; and 2 = visible rectal bleeding).

2.3. Histopathological Analysis. The procedures of extraction
and fixation in 10% formalin of the terminal colon were con-
ducted. Hematoxylin and eosin were used for preparation and
staining of the sections embedded in paraffin for a subsequent
histology-based assessment and scoring of epithelial loss (0 =
no loss; 1= 0-5% loss; 2 = 5-10% loss; and 4 = more than 10%
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loss), crypt damage (0 = no damage; 1 = 0-10% damage; 2 = 10-
20% damage; and 3 = more than 20% damage), reduction in
the number of goblet cells (0 = none; 1 = mild; 2 = moderate;
and 3 = severe), and inflammatory cell infiltration (0 = none;
1 = mild; 2 = moderate; and 3 = severe). These scores were
summed to obtain the overall score.

2.4. Enzyme-Linked Immunosorbent Assay. Sandwich en-
zyme-linked immunosorbent assays (ELISA Ready-SET-GO,
eBioscience, CA, USA) were conducted for the purpose of
measuring TNF-«, IL-1f3, IL-6, IL-10, and IL-17A levels in
the colon tissues. Color development was achieved with
horseradish peroxidase-avidin. An ELISA microplate reader
(Molecular Devices, Sunnyvale, CA, USA) permitted the
measurement of the absorbance at 405 nm.

2.5. DNA Purification and Amplification. Prior to conduct-
ing the process of extracting DNA, the samples were kept
in storage at a temperature of -80°C. The QIAamp DNA
Stool Mini Kit (QIAGEN, Hilden, Germany) was used
in keeping with the manufacturer’s guidelines to extract
the DNA from the 200 mg samples. The samples were
run on a 1.0% agarose gel to verify how concentrated
and pure the DNA was. The general bacterial primers
515F 5'-GTGCCAGCMGCCGCGGTAA-3'" and 926R 5'-
CCGTCAATTCMTTTGAGTTT-3' were used to amplify 16S
rRNA genes by carrying out a polymerase chain reaction
(PCR). According to the manufacturer’s guidelines regarding
overhang sequences, the two primers included the primer
of the Illumina 5’ overhang sequence and dual barcodes
for the two-step construction of the amplicon library. The
reaction volumes (25 yL) comprising 1-2 uL DNA template,
250 mM dNTPs, 0.25 mM of each primer, 1X reaction buffer,
and 0.5 U Phusion DNA Polymerase (New England Biolabs,
USA) were used to undertake the first PCR reactions. The
PCR conditions involved an initial 2 min denaturation at
94°C, followed by 30 cycles of 30 s denaturation at 94°C,
30 s annealing at 56°C, and a 30 s extension at 72°C. These
conditions were followed by a final 5 min extension at 72°C.
The adaptors and 8 base barcodes were added to either end
of the 16S amplicons via eight-cycle PCR reactions of the
second-step PCR. The cycling conditions involved an initial
2 min denaturation at 94°C, followed by 30 cycles of 30 sec
denaturation at 94°C, 30 sec annealing at 56°C, and a 30 sec
extension at 72°C. These conditions were followed by a final
5 min extension at 72°C. A DNA gel extraction kit (Axygen,
China) and FTC -3000 TM real-time PCR were, respectively,
used for purification and quantification of the barcoded PCR
products before library pooling.

2.6. DNA Sequencing and Bioinformatic Analysis. A HiSeq
Rapid SBS Kit v2 (Illumina; Tiny Gene Bio-Tech (Shanghai)
Co., Ltd) was used for the sequencing of the libraries
based on 2#250 bp paired-end sequencing on the HiSeq
platform. The barcode enabled the demultiplexing of the raw
fastq files, and base pairs of poor quality were eliminated
by running PE reads for every sample via Trimmomatic
(version 0.35) and using the parameters SLIDINGWINDOW:
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FIGURE 1: Effects of L. plantarum on (a) the body weight, (b) colon length, (c) disease activity index, and (d) histological score. n=10.

indicated P < 0.05 for comparison of the LPZ and DSS groups.

50:20 and MINLEN: 50. The Flash program (version 1.2.11)
was subsequently used with default parameters to further
integrate the trimmed reads. The screen.seqs command
was applied alongside the filtering parameters maxam-
big=0, minlength=200, maxlength=580, and maxhomop=8
to eliminate contigs of poor quality. The software packages
mothur (version 1.33.3), UPARSE (usearch version v8.1.1756,
http://drive5.com/uparse/), and R (version 3.2.3) were all
used for the purposes of analysis of the 16S sequences. Mean-
while, the UPARSE pipeline (http://drive5.com/usearch/
manual/uparse_pipeline.html) permitted the grouping of
demultiplexed reads at 97% sequence identity into opera-
tional taxonomic units (OTUs). The classify.seqs command
in mothur enabled the allocation for taxonomy of the OTU
representative sequences against the Silva 119 database with a
confidence score equal to or greater than 0.8. NCBI helped to
determine OTUs, from phylum to species. mothur permitted
the determination of the Shannon, Simpson, Chao, and ACE
indices and rarefaction curves for the alpha-diversity analysis,
while R was used for plotting those curves. Moreover,
mothur also enabled the determination of the weighted and
unweighted UniFrac distance matrix for the beta-diversity
metrics and principal coordinate analysis (PCoA) and a
tree by R facilitated visualization. R was used for both
determination and visualization of the Bray-Curtis metrics.

2.7 Statistical Analysis. GraphPad Prism (V.6.0 for Windows;
GraphPad Software) based on the Student’s t-test was used
for every statistical analysis. The experimental values are
expressed as mean + standard error of the mean (SEM).
Statistical significance is given by a P value of less than 0.05.

3. Results

To determine the impact of L. plantarum on the manner in
which colitis developed and how severe it became, the weight
and colon length of mice from both experimental groups
were measured (Figures 1(a) and 1(b)). The LPZ group had
a significantly higher body weight and a longer colon length
than the DSS group (P < 0.05). Meanwhile, the LPZ group had
a significantly lower DAI (Figure 1(c)) and histological score
(Figure 1(d)) than the DSS group (P < 0.05).

An ELISA was used to evaluate the protection conferred
by L. plantarum against colitis through modulation of inflam-
matory cytokines (Figure 2). In comparison to the DSS group,
the levels of IL-1B3, IL-6, IL-17, and TNF-a were decreased
in the LPZ group. The level of IL-10 was elevated in the
experimental group administered L. plantarum (P < 0.05).

The v3-v4 regions of 16S rRNA obtained from the fecal
samples of the colon were sequenced. The rarefaction curves
of the numbers of observed OTUs per sample indicated the
mean numbers of observed OTUs were approximately 28,000
sequence reads (Figure 3(a)). Out of the 580 bacterial species-
level OTUs found in this study, only 365 (63%) were shared
(Figure 3(b)). Nonmetric multidimensional scales (NMDS)
were used to detect the relationship among colonic eco-
communities to determine whether OTUs identified using
the Kruskal-Wallis (KW) filters differentiated between the
DSS and LPZ mice. The identified taxa successfully divided
the mice into two different groups, and only 1 of the 8 mice in
the DSS group clustered with the LPZ group (Figure 3(c)).

The colonic microbial diversity was measured by ACE
diversity (Figure 4(a)), Chao diversity (Figure 4(b)), Simpson
diversity (Figure 4(c)), and Shannon diversity (Figure 4(d))
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0.05 for comparison of the LPZ and DSS groups.

between the DSS and LPZ groups. L. plantarum increased
the Simpson index in relation to the mice in the DSS group
(P < 0.05), but there were no significant effects on the other
indices.

The bacteria of the Bacteroidetes, Firmicutes, Verrucomi-
crobia, and Proteobacteria were predominant at the phylum
level, accounting for more than 97% of the total microbial
composition (Figure 5(a)). In the DSS and LPZ groups the
respective proportions of Bacteroidetes were 41.09% and
50.36%, and for Firmicutes the proportions were 31.78%
and 24.09%. The ratio of Firmicutes to Bacteroidetes was
increased in LPZ group compared to the DSS group (P<0.05)
(Figure 5(b)).

Figure 6 shows the top 10 generic-level microbes of
relative abundance in the DSS and LPZ groups. The top
five genera in the control group were Akkermansia (16.45%),
Bacteroides (12.05%), Lactobacillus (10.89%), Parasutterella
(3.67%), and Desulfovibrio (1.25%); in the LPZ group the top
five strains were Akkermansia (19.02%), Bacteroides (17.23%),
Lactobacillus (2.84%), Parasutterella (2.45%), and Desulfovib-
rio (1.06%). The LPZ treatment had a negative effect on the
relative abundance of Lactobacillus in comparison to the DSS
group, with an 8.05% reduction (P<0.05).

To identify the specific bacteria in the DSS and LPZ
groups, the colonic microbial differential species were ana-
lyzed using the linear discriminant analysis (LDA) effect size
(LEfSe) based on a nonparametric factorial KW and rank
test. Figure 7 shows the species with significant differences,
indicated by an LDA score greater than 2.0, which reflects the
degree of influence of a species with a significant difference
between the groups. A pairwise comparison between the
gut microbiota of the DSS and LPZ groups revealed that, at
the genus level, the DSS treatment increased the abundance

of Aliihoeflea and increased Clostridium methylpentosum
and Bacteroides intestinalis; uncultured Aliihoeflea sp and
Clostridium sp ASF356 were increased at the species level.
Compared to the DSS treatment, there were more diverse
changes in the structure of the colonic microbiota. At the phy-
lum level, the oral administration of L. plantarum enriched
the amount of Firmicutes and increased Erysipelotrichia and
Bacilli at the class level. In addition, L. plantarum treatment
significantly increased the abundance of Turicibacter and
Lactobacillus at the genus level and Staphylococcus xylosus,
Bifidobacterium animalis, Lactobacillus intestinalis, Lacto-
bacillus murinus, Gemmobacter intermedius, and Lactobacil-
lus prophage Lj928 at the species level.

4. Discussion

IBD manifests as mucosal and systemic inflammation occur-
ring primarily in the large intestine, as in the case of UC, or
at any site within the gastrointestinal tract as in the case of
CD. The reason for the occurrence of such an inflammatory
response is mucosal immune intolerance and especially the
disruption of the equilibrium between the anti-inflammatory
cytokine IL-10 and other cytokines.

A wide range of IBD treatments exist, but treatment
unresponsiveness and occurrence of side-effects continue
to be experienced by some patients [15]. Among the latest
promising IBD treatments is therapy involving the oral
administration of lactic acid bacteria [16, 17]. However, it is
still unclear exactly how particular action mechanisms and
the therapeutic roles of bacteria are correlated, so the clinical
feasibility of this therapy is under debate [18, 19]. We used
a mouse model of colitis triggered by DSS to investigate
the use of the most popular probiotic, L. plantarum, in



BioMed Research International

Multi-sample Rarefaction Curves

400
350
300
3250
B
O
s
E 200
g
z 150 DSS LPZ
100
50 -
O T T T T T 1
0 10000 20000 30000 40000 50000
Number of Sequences
—— DSS group
—— LPZ group
(a) (b)
NMDS
L] L]
02 .
L]
°
L]
19 - : .
a T TP PO TP PP PP PP PP TP P TP RRTRIO
S . : .
Z
L]
°
L] .
-0.2 :
L]
L]
-0.50 -0.25 0.00 0.25
NMDS1
= DSS
* LPZ
(©

FIGURE 3: Comparison of the colonic microbial sequences and NMDS analysis between the DSS and LPZ groups. (a) Rarefaction curves
show the numbers of unique OTU for each sample. (b) The Venn diagram depicts OTUs that were unique to the 8 mice in the DSS and LPZ
groups. (c) The NMDS analysis of the differences between the DSS and LPZ groups. The samples are separated into different parts of the plot,
indicating differences between groups or within groups. N=8.



350

325

300

275

ACE Index

250

225

200

P=0.372

330
320
310
300
290
280
270
260
250
240
230
220
210
1

340

Chao Index

Simpson Index

DSS

T 200

BioMed Research International
P=0.318

_ i

LPZ

()
P=0.031

Shannon Index

3.5

3.0 o

2.5

DSS LPZ
(b)
P=0.052

-

DSS

LpZ

(©)

DSS LPZ
(d)

FIGURE 4: Phylogenetic diversity of colonic microbiota between the DSS and LPZ groups. Box plots indicate microbiome diversity differences
of (a) ACE diversity, (b) Chao diversity, (c) Simpson diversity, and (d) Shannon diversity between the DSS and LPZ groups. N=8, * indicates

P <0.05.

S S g S -
) IS =N %o o

Relative abundance at phylum level (%)

e
o

3.5 *
T 1
2 3.0 =
g
825 Rumu
L
=
220
%)
o
215 °
8
§ 1.0 ]
£
=05 o
0.0 . .
DSS LPZ DSS LPZ
others I Proteobacteria
Deferribacteres I Verrucomicrobia
Tenericutes I Firmicutes

B Saccharibacteria I Bacteroidetes

I Actinobacteria

()

(b)

FIGURE 5: Analysis of microbial composition at the phylum level. (a) Phylum level microbial changes in the colon in the DSS and LPZ groups.
(b) Ratio of Bacteroidetes to Firmicutes in the colon of mice from the two groups. N=8, * indicates P < 0.05.



BioMed Research International

Candidatus_Saccharimonas R

1.0 §
< ]
4 ]
5 ]
« 0.8
=] ]
= ]
o) ]
o0 L
® 0.6 4
8 ]
= ]
,_g J
S 0.4 3
3 ]
= ]
£ 02
= ]
) ]
~ J

0.0 -

DSS
others
Ruminococcus
Helicobacter

W Alloprevotella
Desulfovibrio

(b1) Laclobgc[llus b2) Parasutterella

————

o

4

&
P
8
2
s

1
2

2
2
o

2

=
]

<

Relative abundance (%)

LPZ

(©5) Bifidobacterium (b6) Helicobacter

Relative abundance (%)
Relative abundance (%)

()

)

(b)

Relative abundance (%

LPZ

Parasutterella
B Lactobacillus
Bacteroides
|

Akkermansia

unclassified

Akkermansia Bacteroides

(b3)

(b4)

17.5
15.0
12.5
10.0
7.5
5.0
25
0.0

Relative abundance (%)
Relative abundance (%)

Blautia Ruminococcus

(b8)

Relative abundance (%)

FIGURE 6: Analysis of the microbial composition at the genus level. (a) Genus-level microbial changes in the colon of the DSS and LPZ
groups. (b) Comparison of genus-level microbiota in the DSS and LPZ groups: (bl) Lactobacillus; (b2) Parasutterella; (b3) Akkermansia; (b4)
Bacteroides; (b5) Bifidobacterium; (b6) Helicobacter; (b7) Blautia; and (b8) Ruminococcus. N=8,  indicates P < 0.05.

IBD treatment. The mice treated with L. plantarum did not
lose weight or exhibit a reduced colon length. Furthermore,
in comparison to the DSS group, the L. plantarum group
exhibited less pronounced DAI and histological alterations.
IL-10 production was also stimulated by L. plantarum
directly, but the IL-17 production was inhibited. Recent
evidence points to the involvement of IL-17A in the fibrosis of
the lungs, liver, and heart [20-22]. Conversely, inflammatory
models with suppression of IL-17 revealed the amelioration
of fibrosis, while pulmonary fibrosis models showed that
cardiac fibroblasts were encouraged by IL-17A to proliferate
and migrate [23]. Such findings highlight the fact that fibrosis
depends on IL-17 and Th17 cells. In addition to providing pro-
tection from the key proinflammatory cytokine TNF-a [24],
IL-10 also regulates chronic intestinal inflammation, so colitis
of high severity occurs when low IL-10 levels are associated

with intestinal endoplasmic reticulum (ER) stress [24, 25].
Meanwhile, evidence has been put forth that IL-10 production
in colitis can be stimulated by certain probiotics [26, 27].
Some support exists for the idea that colitis attenuation can be
achieved by certain Lactobacillus strains through an increase
of regulatory T cells (Tregs) in colonic tissues [28]. Neverthe-
less, the mechanism of the impact of probiotics and IL-10 on
ER stress remains unknown, and more research needs to be
conducted to determine precisely how L. plantarum exerts its
effects. Our results imply L. plantarum has potential for use
as an effective immunomodulator in IBD and could make a
notable contribution to IBD treatment.

The value of probiotics for preventing and treating gas-
trointestinal disorders is gaining recognition [8]. As live
microorganisms, probiotics can be beneficial to host health,
provided they are administrated in suitable concentrations.
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They modulate the proinflammatory and anti-inflammatory
cytokines produced by the immunocytes in the gut and thus
contribute to the maintenance of homeostasis in the gut
microbiota [29, 30]. There are a number of probiotic strains
that could be beneficial for IBD, but the clinical use of probi-
otics has produced incongruous outcomes [31]. Studies exam-
ining how probiotics acted against inflammation found NF-
«B activation and the expression of inflammatory cytokines
in mice with colitis were both hindered by probiotics [32, 33].

Health and wellbeing are dependent on beneficial sym-
bionts and commensals having a mutualistic relation; oth-
erwise dysbiosis and, eventually, disease occur [34]. There
is a high degree of complexity to such a “symbiotic ecosys-
tem,” and the lumen and external mucosal layer of the
colon contain the greatest aggregation of microorganisms.
We investigated the effects of Lactobacillus plantarum on
colonic microorganisms in a DSS-induced colitis mouse
model. The L. plantarum treatment increased the colonic
microbial diversity and Firmicutes/Bacteroidetes ratio but
reduced the relative abundance of Lactobacillus. The LEfSe

and LDA analyses were used to determine the most diverse
taxonomic units in the DSS and the LPZ groups. The
bacterium with the greatest influence on the LPZ group at
the genus level was Alithoeflea. The bacteria affecting the
DSS group were diverse and distributed in various taxon
units, such as Firmicutes at the phylum level and Turicibacter
and Lactobacillus at the genus level. The gut microbiota
is made more resilient by microbial diversity, contributing
significantly to health and wellbeing [35]. The condition of the
human gut microbiota has been demonstrated to be reflected
in the ratio of Firmicutes to Bacteroidetes [36]. This ratio was
decreased in mice with diabetes [37] and in some CD and UC
patients, alongside a relative proliferation of proteobacteria
[38]. A greater diversity in microbial species results in a
more diverse functional response, defined as the level of
sensitivity variation to ecosystem modifications exhibited by
a species in a community contributing to the same ecosystem
function. For instance, when an environmental disruption
impacts an abundant species, a less abundant species fulfilling
a similar function can take on the role of the abundant species
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when functional response is suitably diverse [39, 40]. To
maintain gut health, beneficial bacteria must be promoted,
and pathogenic bacteria must be minimized in the gut
microbiota.

There are also some shortcomings of this study. The
findings indicate L. plantarum reduced the expression of
proinflammatory cytokines, thus having a positive impact
on colitis. The mechanisms of the inflammation regulation
remain unknown. The study also focused solely on the
preventive action of L. plantarum and not on its therapeutic
action. Future research should address these issues and the
mechanisms through which the progress of colitis is slowed.

To summarize, L. plantarum significantly contributed to
the suppression of the inherent production of proinflamma-
tory cytokines during the development of colitis and is likely
to ameliorate the pathophysiology of colitis triggered by DSS.
L. plantarum improved the intestinal tract stability as the
impact of intestinal microorganisms was less extensive in the
L. plantarum group than the DSS group. In conclusion, L.
plantarum might be effective for managing colitis symptoms
and have potential as an effective IBD therapeutic agent.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this article.

Acknowledgments

This work was supported by the National Key Research and
Development Program of China (2017YFD0501000).

References

[1] A. D. Kostic, R. J. Xavier, and D. Gevers, “The microbiome
in inflammatory bowel disease: current status and the future
ahead,” Gastroenterology, vol. 146, no. 6, pp. 1489-1499, 2014.

[2] A. Spor, O. Koren, and R. Ley, “Unravelling the effects of the
environment and host genotype on the gut microbiome,” Nature
Reviews Microbiology, vol. 9, no. 4, pp. 279-290, 2011.

[3] S.J. Robertson, A. Goethel, S. E. Girardin, and D. J. Philpott,
“Innate immune influences on the gut microbiome: lessons
from mouse models,” Trends in Immunology, vol. 39, no. 12, pp.
992-1004, 2018.

[4] S.Ramiro, A. Sepriano, K. Chatzidionysiou et al., “Safety of syn-
thetic and biological DMARD:s: a systematic literature review
informing the 2016 update of the EULAR recommendations for
management of rheumatoid arthritis,” Annals of the Rheumatic
Diseases, vol. 76, no. 6, pp. 1101-1136, 2017.

[5] M. R. Grever, O. Abdel-Wahab, L. A. Andritsos et al., “Con-
sensus guidelines for the diagnosis and management of patients
with classic hairy cell leukemia,” Blood, vol. 129, no. 5, pp. 553-
560, 2017.

[6] H. S. P. De Souza, C. Fiocchi, and D. Iliopoulos, “The IBD
interactome: an integrated view of aetiology, pathogenesis and
therapy;” Nature Reviews Gastroenterology & Hepatology, vol. 14,
no. 12, pp. 739-749, 2017.

[7] Y.-Z. Zhang and Y.-Y. Li, “Inflammatory bowel disease: patho-
genesis,” World Journal of Gastroenterology, vol. 20, no. 1, pp.
91-99, 2014.

[8] G.R.Gibson, R.Hutkins, M. E. Sanders etal., “Expert consensus
document: the international scientific association for probiotics
and prebiotics (ISAPP) consensus statement on the definition
and scope of prebiotics,” Nature Reviews Gastroenterology &
Hepatology, vol. 14, no. 8, pp. 491-502, 2017.

[9] L. E. Hudson, S. E. Anderson, A. H. Corbett, and T. J.
Lamb, “Gleaning insights from fecal microbiota transplantation
and probiotic studies for the rational design of combination
microbial therapies,” Clinical Microbiology Reviews, vol. 30, no.
1, pp. 191-231, 2017.

[10] L. Chen, Y. Zou, J. Peng et al, “Lactobacillus acidophilus
suppresses colitis-associated activation of the IL-23/Th17 axis,”
Journal of Immunology Research, vol. 2015, Article ID 909514, 10
pages, 2015.

[11] Y. A. Ghouri, D. M. Richards, E. F. Rahimi, J. T. Krill, K. A.
Jelinek, and A. W. DuPont, “Systematic review of randomized
controlled trials of probiotics, prebiotics, and synbiotics in
infammatory bowel disease,” Clinical and Experimental Gas-
troenterology, vol. 7, pp. 473-487, 2014.

[12] D.Jonkers, J. Penders, A. Masclee, and M. Pierik, “Probiotics in
the management of inflammatory bowel disease: a systematic
review of intervention studies in adult patients,” Drugs, vol. 72,
no. 6, pp. 803-823, 2012.

[13] W.Ren,J.Yin, M. Wu et al., “Serum amino acids profile and the
beneficial effects of L-arginine or L-glutamine supplementation
in dextran sulfate sodium colitis,” PLoS ONE, vol. 9, no. 2, article
€88335, 2014.

[14] G.Liu, L. Yu,]. Fang et al., “Methionine restriction on oxidative
stress and immune response in dss-induced colitis mice,’
Oncotarget , vol. 8, no. 27, pp- 44511-44520, 2017.

[15] D. C. Baumgart and W. J. Sandborn, “Inflammatory bowel
disease: clinical aspects and established and evolving therapies,”
The Lancet, vol. 369, no. 9573, pp. 1641-1657, 2007.

[16] S. Kosler, B. Strukelj, and A. Berlec, “Lactic acid bacteria with
concomitant IL-17, IL-23 and TNFa-binding ability for the
treatment of inflammatory bowel disease,” Current Pharmaceu-
tical Biotechnology, vol. 18, no. 4, pp. 318-326, 2017.

[17] A. de Moreno de LeBlanc, R. Levit, G. Savoy de Giori, and
J. G. LeBlanc, “Vitamin producing lactic acid bacteria as
complementary treatments for intestinal inflammation,” Anti-
Inflammatory & Anti-Allergy Agents in Medicinal Chemistry,
vol. 17, no. 1, pp. 50-56, 2018.

[18] M. Li, Y. Wu, Y. Hu, L. Zhao, and C. Zhang, “Initial gut
microbiota structure affects sensitivity to DSS-induced colitis
in a mouse model,” Science China Life Sciences, vol. 61, no. 7, pp.
762-769, 2018.

[19] C. Qin, H. Zhang, L. Zhao et al., “Microbiota transplantation
reveals beneficial impact of berberine on hepatotoxicity by
improving gut homeostasis,” Science China Life Sciences, pp. 1-8,
2017.

[20] G. Liu, Q. Jiang, S. Chen et al., “Melatonin alters amino acid
metabolism and inflammatory responses in colitis mice;” Amino
Acids, vol. 49, no. 12, pp. 2065-2071, 2017.

[21] Y. Liu, H. Zhu, Z. Su et al., “Il-17 contributes to cardiac
fibrosis following experimental autoimmune myocarditis by



10

a PKCB/Erkl/2/NF-«kB-dependent signaling pathway,” Interna-
tional Immunology, vol. 24, no. 10, pp. 605-612, 2012.

[22] Y. Lu, H. Lin, K. Zhai, X. Wang, Q. Zhou, and H. Shi,
“Interleukin-17 inhibits development of malignant pleural effu-
sion via interleukin-9-dependent mechanism,” Science China
sze Sciences, vol. 59, no. 12, pp. 1297-1304, 2016.

[23] Y. Okamoto, M. Hasegawa, T. Matsushita et al., “Potential roles
of interleukin-17A in the development of skin fibrosis in mice,”
Arthritis & Rheumatology, vol. 64, no. 11, pp. 3726-3735, 2012.

[24] S.Z.Hasnain, S. Tauro, I. Das et al., “IL-10 promotes production
of intestinal mucus by suppressing protein misfolding and
endoplasmic reticulum stress in goblet cells;” Gastroenterology,
vol. 144, no. 2, pp. 357.e9-368.€9, 2013.

[25] J. Liu, J. Wang, H. Luo et al., “Screening cytokine/chemokine
profiles in serum and organs from an endotoxic shock mouse
model by LiquiChip,” Science China Life Sciences, vol. 60, no. 11,
pp. 1242-1250, 2017,

[26] M. Gad, P. Ravn, D. A. Soborg, K. Lund-Jensen, A. C.
Ouwehand, and S. S. Jensen, “Regulation of the IL-10/IL-12
axis in human dendritic cells with probiotic bacteria,” FEMS
Immunology & Medical Microbiology, vol. 63, no. 1, pp. 93-107,
2011.

[27] S. Latvala, M. Miettinen, R. A. Kekkonen, R. Korpela, and
I. Julkunen, “Lactobacillus rhamnosus GG and Streptococ-
cus thermophilus induce suppressor of cytokine signalling 3
(SOCS3) gene expression directly and indirectly via interleukin-
10 in human primary macrophages,” Clinical and Experimental
Immunology, vol. 165, no. 1, pp. 94-103, 2011.

[28] H.-K. Kwon, C.-G. Lee, J.-S. So et al., “Generation of regu-
latory dendritic cells and CD4"Foxp3™ T cells by probiotics
administration suppresses immune disorders,” Proceedings of
the National Acadamy of Sciences of the United States of America,
vol. 107, no. 5, pp. 2159-2164, 2010.

[29] M. A. Azad, M. Sarker, and D. Wan, “Immunomodulatory
effects of probiotics on cytokine profiles,” BioMed Research
International, vol. 2018, Article ID 8063647, 10 pages, 2018.

[30] M. J. Saez-Lara, C. Gomez-Llorente, J. Plaza-Diaz, and A. Gil,
“The role of probiotic lactic acid bacteria and bifidobacteria in
the prevention and treatment of inflammatory bowel disease
and other related diseases: a systematic review of randomized
human clinical trials,” BioMed Research International, vol. 2015,
Article ID 505878, 15 pages, 2015.

[31] P. Marteau, M. Lémann, P. Seksik et al., “Ineffectiveness of
Lactobacillus johnsonii LAl for prophylaxis of postoperative
recurrence in Crohn’s disease: a randomised, double blind,
placebo controlled GETAID trial,” Gut, vol. 55, no. 6, pp. 842—
847, 2006.

[32] Z.-H. Shen, C.-X. Zhu, Y.-S. Quan et al., “Relationship between
intestinal microbiota and ulcerative colitis: mechanisms and
clinical application of probiotics and fecal microbiota trans-
plantation,” World Journal of Gastroenterology, vol. 24, no. 1, pp.
5-14, 2018.

[33] S. W.Kim, H. M. Kim, K. M. Yang et al., “Bifidobacterium lactis
inhibits NF-«B in intestinal epithelial cells and prevents acute
colitis and colitis-associated colon cancer in mice,” Inflamma-
tory Bowel Diseases, vol. 16, no. 9, pp. 1514-1525, 2010.

[34] J. L. Round and S. K. Mazmanian, “The gut microbiota shapes
intestinal immune responses during health and disease,” Nature
Reviews Immunology, vol. 9, no. 5, pp. 313-323, 2009.

[35] H. B. Kim and R. E. Isaacson, “The pig gut microbial diversity:
Understanding the pig gut microbial ecology through the next

BioMed Research International

generation high throughput sequencing,” Veterinary Microbiol-
ogy, vol. 177, no. 3-4, pp. 242-251, 2015.

[36] R.E.Ley, P.]. Turnbaugh, S. Klein, and J. I. Gordon, “Microbial
ecology: human gut microbes associated with obesity,” Nature,
vol. 444, no. 7122, pp. 1022-1023, 2006.

[37] L. Wen, R. E. Ley, P. Y. Volchkov et al., “Innate immunity and
intestinal microbiota in the development of Type 1 diabetes;”
Nature, vol. 455, no. 7216, pp. 1109-1113, 2008.

[38] D. N. Frank, A. L. S. Amand, R. A. Feldman, E. C. Boedeker,
N. Harpaz, and N. R. Pace, “Molecular-phylogenetic character-
ization of microbial community imbalances in human inflam-
matory bowel diseases,” Proceedings of the National Acadamy
of Sciences of the United States of America, vol. 104, no. 34, pp.
13780-13785, 2007.

[39] E. E. Hansen, C. A. Lozupone, E E. Rey et al., “Pan-genome
of the dominant human gut-associated archaeon, Methanobre-
vibacter smithii, studied in twins,” Proceedings of the National
Acadamy of Sciences of the United States of America, vol. 108, no.
1, pp. 4599-4606, 2011.

[40] C. A.Lozupone, J. I. Stombaugh, J. I. Gordon, J. K. Jansson, and
R. Knight, “Diversity, stability and resilience of the human gut
microbiota,” Nature, vol. 489, no. 7415, pp. 220-230, 2012.



