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Abstract

Background: The cause of ulcerative colitis (UC) is not yet fully understood. Previous research has pointed towards a potential role
for mutations in nucleotide-binding oligomerization domain-containing protein 2 (NOD2) in promoting the onset and progression of
inflammatory bowel disease (IBD) by altering the microbiota of the gut. However, the relationship between toll-like receptor 4 (TLR4)
and gut microbiota in IBD is not well understood. To shed light on this, the interaction between TLR4 and gut microbiota was studied
using a mouse model of IBD. Methods: To examine the function of TLR4 signaling in intestinal injury repair, researchers developed
Dextran Sulfate Sodium Salt (DSS)-induced colitis and injury models in both wild-type (WT) mice and TLR4 knockout (TLR4-KO)
mice. To assess changes in the gut microbiota, 16S rRNA sequencing was conducted on fecal samples from both the TLR4-KO and
WT enteritis mouse models. Results: The data obtained depicted a protective function of TLR4 against DSS-induced colitis. The gut
microbiota composition was found to vary considerably between the WT and TLR4-KO mice groups as indicated by -diversity analysis
and operational taxonomic units (OTUs) cluster. Statistical analysis of microbial multivariate variables depicted an elevated abundance
of Escherichia coli/Shigella, Gammaproteobacteria, Tenericutes, Deferribacteres, Enterobacteria, Rikenellaceae, and Proteobacteria
in the gut microbiota of TLR4-KO mice, whereas there was a considerable reduction in Bacteroidetes at five different levels of the
phylogenetic hierarchy including phylum, class, order, family, and genus in comparison with the WT control. Conclusions: TLR4 may
protect intestinal epithelial cells from damage in response to DSS-induced injury by controlling the microbiota in the gut.
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1. Introduction ing pathways after birth shape the gut microbiota of the in-
fant, which gradually matures with environmental exposure
during childhood. The gut microbiota from late childhood
to adulthood remains quite stable, but as the immune sta-
tus declines, the diversity of gut microbiota will decrease
in the elderly [9]. The core functions of mature healthy
gut microbiota include the short-chain fatty acids (SCFA)
production through complex polysaccharides fermentation
and the formation of certain lipopolysaccharides (LPS), as
well as the biosynthesis of some essential amino acids and
vitamins [10]. Gut microbiota dysfunction may cause dam-
age to the intestinal mucosal immune barrier, which is be-
lieved to be strongly associated with the onset and pro-
gression of UC [11]. Microbiota of the gut has been re-
ported as vital concerning inflammation in IBD in various

A chronic inflammatory disorder of the colon, ulcer-
ative colitis (UC) [1], together with Crohn’s disease (CD),
constitutes two primary types of inflammatory bowel dis-
ease (IBD) [2]. The etiology of IBD is still elusive and is
supposed to be associated with environmental stimuli, im-
munological factors, and genetic susceptibilities [3]. Stud-
ies have demonstrated that immunodeficiency is a major
cause of inflammation and tissue damage [4]. Excessive ac-
tivation of the toll-like receptor (TLR)/nuclear factor xappa
B (NF-£B) signaling pathway has been reported to promote
the development of UC [5,6], but few studies have reported
its protective effect on the intestinal epithelium. Our pre-
vious findings indicated the repairing effect of TLR4 on

intestinal damage induced by DSS and up-regulated IL6, experiments [12], which may help better understand the in-

CCL2, and CSF3 [7]. teraction between the microbiota in IBD and the immune
As a vital part of the body, gut microbiota in the di-  system. TLRs and the cytoplasmic receptor, known as

gestive tract contains large numbers of microorganisms [8].  the nucleotide-binding oligomerization domain-containing
Development in the body of the mother and the breastfeed-
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protein 2 (NOD2) [13], are sensors for pathogen-associated
molecular patterns (PAMPs) that include peptidoglycan,
lipoteichoic acid, endotoxin, flagellin, lipopolysaccharide
(LPS) and muramyl-peptide (MDP) [14-16]. NOD2 mu-
tations have been reported to have a significant impact on
the gut microbiota composition by increasing the number
of mucosa-adherent bacteria [17] and decreasing the anti-
inflammatory cytokine interleukin 10 (IL-10) transcription
[18], thereby promoting the development of IBD. However,
the relationship between TLR4 and gut microbiota in IBD
remains poorly understood.

A variety of chemically-induced colitis models have
been most utilized on the laboratory scale [19], among
which the DSS-induced mouse colitis model is the predom-
inantly utilized IBD animal model. DSS is formed by the
esterification of dextran and chlorosulfonic acid, with the
molecular formula of (C4H7Naz014S3) n [20]. The model
uses a chemically formed DSS with anticoagulant proper-
ties to induce intestinal inflammation in mice by inducing
epithelial damage. This animal model is suitable for the
study of IBD owing to simple preparation, short molding
time, and good reproducibility [21]. This research focused
on exploring the function of TLR4 in DSS-induced colitis
in wild-type (WT) and TLR4 knockout (TLR4-KO) mouse
models and analyzing the differences (variations) in the mi-
crobiota of the gut between the two models using 16S rRNA
sequencing.

2. Materials and Methods
2.1 Animals

Animals used in this study included C57BL/6 WT
adult male mice weighing 25-30 g, and C57BL/6 TLR4
gene-deleted type TLR4~/~ mice [22] weighing 24-33 g
(Model Animal Research Center of Nanjing University,
Nanjing, China). The TLR4~/~ mice were fertile with no
developmental abnormalities. All the mice were raised in
specific pathogen-free (SPF) conditions in the Laboratory
Animal Center of the Naval Medical University (Shanghai,
China). Approval for the research was granted by the Ethics
Committee of the Naval Medical University per the Decla-
ration of Helsinki.

2.2 DSS-Induced Colitis

The DSS-induced colitis model in all WT and
TLR4~/~ mice was constructed by dividing them into WT
and TKR4~/~ groups with 12 mice in each group to ob-
serve their survival time. For a period of seven days, the
mice were administered 1.5% DSS [23] (40,000 kDa; ICN
Biochemicals, Anaheim, California, USA) in their drinking
water before switching to ordinary water. After the seven-
day DSS treatment, the survival status of the mice in the
two groups was observed daily. Six mice in each group
received 1.5% DSS orally for seven days and were used
to observe the general biological indicators including daily
weight change and food and water intake (recorded on day

five) of the two groups. Six mice in each group receiving
1.5% DSS orally for five days were used for colon bleeding
observation, peripheral blood analysis, and histopatholog-
ical examination. Six mice in each group receiving 1.5%
DSS orally for seven days were used to examine the fecal
samples by means of 16S rRNA analysis.

2.3 Peripheral Blood Analysis

On day five after DSS treatment, about 2 mm of the
mouse tail was cut off, from which about 40 pL blood was
sampled, and then transferred to a K2-EDTA containing Ep-
pendorf (EP) tube, followed by repeated inversions of the
tube. Blood cells were counted utilizing a small animal
blood cell counter.

2.4 Intestinal Specimens and Histopathology

The mice were euthanized via cervical dislocation on
the third or fifth day following DSS treatment. and the in-
testinal tissues were isolated for colon bleeding observa-
tion. The dehydration of the gut tissues was conducted in
an ascending series of ethanol, cleared, paraffin-embedded,
and serially sliced into 2—7 micron-thick sections utilizing a
rotatory microtome (Aihua, Tianjin, China). Hematoxylin-
eosin (H & E) staining was commonly used to stain the de-
paraffinized sections [24].

2.5 Collection of Mouse Fecal Samples

Six WT mice and six TLR4-KO mice were classified
into two groups and orally administered with 1.5% DSS.
Following DSS treatment, the mice in both groups were
separately transferred to 12 clean cages lined with sterile fil-
ter paper on the seventh day. Immediately following defe-
cation, fecal samples were placed in sterile centrifuge tubes
and kept at —80 °C for later examination and transplantation
[25].

2.6 16S rRNA Analysis of Fecal Samples

Extraction of total genomic DNA through the DNA
Extraction Kit (Tiangen Biotechnology Company, Beijing,
China) was conducted following the instructions of the kit.
DNA was quantified and its quality was examined through
NanoDrop and agarose gel, respectively. Dilution of the
extracted DNA to 1 ng/pL concentration was done and was
subsequently kept at —20 °C until further use. Barcoded
primers and Takara Ex Taq (Takara, Tokyo, Japan) were
used in PCR to amplify the bacterial 16S rRNA genes us-
ing the diluted DNA as a template. Concerning the am-
plification of the 16S rRNA genes’ variable regions V3—
V4, the universal primers 343 F and 798 R were employed.
The primers were connected with an Illumina sequencing
adapter with the reverse primer containing a sample bar-
code. PCR products were purified and the concentrations
were adjusted for sequencing on an Illumina Miseq PE300
system (Oebiotech, Shanghai, China). Utilizing their dis-
tinctive barcodes, the samples’ raw sequencing reads were
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Fig. 1. Severe fatality and morbidity in TLR4-KO mice subsequent to orally administered 1.5% DSS. (A) WT and TLR4-KO mice
were orally administered with 1.5% DSS for seven days. The survival duration was documented (p = 0.0137). (B) Body weight change
(%) = (weight at day X / weight at day 0) x 100%. (C) Water consumption (mL/mouse) and (D) food weight (g/mouse) of WT and
TLR4-KO mice were recorded on day one (p = 0.8899, p = 0.8207). (E) Water consumption (mL/mouse) and (F) food weight (g/mouse)
of WT and TLR4-KO mice were recorded on day five (p = 0.0011, p = 0.0027). *p < 0.05, denotes remarkable variation from the WT
control group; NS, No significant difference detected. Kaplan—Meier plus Cox Regression Analysis was used in (A). Student’s 7-test
analysis was used in (B-F). Abbreviations: DSS, Dextran Sulfate Sodium Salt; WT, wild-type; TLR4-KO, TLR4 knockout.

sorted. After removing the barcode and linker, they were
subjected to primer sequencing and clustering to gener-
ate operational taxonomic units (OTUs) using the software
V search with a 97% similarity threshold [26]. All se-
quences were classified through the NCBI BLAST and
SILVA databases [27]. R software (R-4.2.2, Auckland,
New Zealand) was employed to carry out the 16S rRNA
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analysis of the fecal samples. The raw data of 16S rRNA
analysis obtained in this study are available in the Gene Ex-
pression Omnibus (GEO) database with accession number
GSE227565.

Statistical treatment. Comparisons between
TKR4~/~ and relevant control WT mice groups with
DSS treatment were conducted by means of the Student’s
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Fig. 2. Elevated susceptibility of TLR4-KO mice to contract anemia. (A) Stool bleeding Score on days three and five. The following

is the stool bleeding score: 0 = absence of any gross blood visible in the entirety of the colon; 1 = presence of gross blood in <1/3 of the

colon; 2 =2/3; 3 => 2/3 of the colon. (B) RBC count in peripheral blood of the mice on day five subsequent to orally administered 1.5%
DSS (p = 0.0093). (C) The hematocrit concentration in the peripheral blood of the mice on day five of orally administered 1.5% DSS
(» =0.0054). p < 0.05, denoting remarkable variation from the WT control group. Student’s ¢-test analysis was utilized in this section.

Abbreviation: RBC, red blood cell.

t-test analysis of variation. Survival differences between
TKR4~/~ and WT mice groups with DSS treatment were
evaluated utilizing Kaplan—-Meier plus Cox Regression
Analysis. Statistical significance was associated with a
p value < 0.05. The QIIME package was utilized for
the selection of the representative reading of each OTU.
Estimator calculation (a-diversity and [-diversity) was
conducted by the MOTHUR program [28]. Adonis and
Anosim were used to assess the presence of any remarkable
variation in the WT and TLR4 KO groups. ANOVA and
LEfSe methods were utilized to examine the species
with considerable biological duplication variation in the
statistical group. ANOVA was employed to examine OTU
and species with remarkable variations at the phyla, class,
order, family, genus, and species. LEfSe analysis reveals
the composition of different species in two or more groups
of biological communities. Whereas the species were
assessed through LEfSe analysis for remarkable variation
at the phyla, class, order, family, genus levels.

3. Results

3.1 TLR4-KO Mice were Severely Susceptible to
DSS-Induced Colitis

First, the function of TLR4 in DSS-induced intesti-
nal injury was explored. It was found that the mortality
in TLR4-KO mice was notably elevated in contrast to WT
mice (p = 0.0137) (Fig. 1A). There were remarkable varia-
tions in the dynamic change of body weight between the
two groups on day seven. TLR4-KO mice showed con-
siderably more body weight loss than WT controls subse-
quent to orally administered 1.5% DSS (Fig. 1B). Simul-
taneously, the protective function of TLR4 against DSS-
induced acute intestinal damage was analyzed using some
basic daily behavioral parameters. The water and food con-
sumption of WT and TLR4-KO mice treated with 1.5%
DSS-supplemented water was recorded for seven consec-

utive days per mouse. The result showed that no signifi-
cant difference in the water-drinking (p = 0.8899) and food-
ingestion (p = 0.8207) abilities between TLR4-KO and WT
mice at day 1 (Fig. 1C,D). However, the food-ingestion (p =
0.0011) and water-drinking (p = 0.0027) abilities of TLR4-
KO mice began decreasing significantly from day five in
comparison with those of the WT mice (Fig. 1E,F).

3.2 TLR4-KO Mice Showed More Obvious Symptoms of
Anemia and Bleeding in the Colon

Morphological changes of the mice in the two groups
were determined after oral administration of 1.5% DSS. In-
testinal bleeding was detected in TLR4-KO and WT mice
on days three (p = 0.0002) and five (p = 0.00015) re-
spectively, but the severity of symptoms was increased
in the TLR4-KO group in comparison to the WT group
(Figs. 2A,3A). Consistent with colon bleeding, TLR4-KO
mice showed more severe anemia by quantifying the pe-
ripheral red blood cell count on day five (RBC Count: p =
0.0093; Hematocrit: p=0.0054) in both groups (Fig. 2B,C).
Simultaneously, intestinal pathologic evaluation was per-
formed on day five after oral administration of 1.5% DSS.
It was found that intestinal inflammation and tissue necrosis
in TLR4-KO mice were more severe than those in WT mice
(Fig. 3B). All the above results demonstrated that TLR4-
KO elevated the severity of intestinal epithelial injury in
DSS-induced enteritis in mice.

3.3 Comparisons of Differential Profiles of Gut Microbiota
between TLR4-KO and WT Mice After DSS Treatment
Differences in the composition of the microbiota of
the gut in fecal samples were compared through sequenc-
ing 16S rRNA gene between TLR4-KO and WT mice at
day seven after orally administered 1.5% DSS using Oper-
ational Taxonomic Unit (OTU) [29] partitioning with 97%
sequence similarity in gut microbiota. From the flower plot,
shared intestinal microbiota OTUs of all fecal samples were
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TLR4 KO

Fig. 3. Colon histopathology of the two mouse groups. (A) Photographs of bleeding colon from WT and TLR4-KO mice on day

seven of orally administered 1.5% DSS. (B) H&E staining photographs of the colon in the two mice groups seven days following 1.5%

DSS-infused drinking water treatment.

found to be 42, the number on the petal indicated the total
OTUs of each sample minus the number of common OTUs
(Supplementary Fig. 1). The abundance of each OTU
was analyzed and the first 50 with the most abundant OTU
were selected, an evolutionary tree was established, and the
abundance of OTU in different samples was displayed with
a heatmap graph (Supplementary Fig. 2). a-diversity [30]
is defined as the microbiota diversity within a community.
The diversity of microbiota has two aspects: one is the type
of bacteria, and the other is the bacteria abundance unifor-
mity. No significant difference in a-diversity value in the
intestinal microbiota was observed between TLR4-KO and
WT mice (Supplementary Fig. 3A-C). S-diversity [31]
refers to the diversity of microbiota between different com-
munities. S-diversity includes principal component analy-
sis (PCA), principal coordinates analysis (PCoA), and Un-
weighted Pair Group Method with Arithmetic mean (UP-
GMA) analysis. PCA and PCoA present visual coordinates
for the similarity or variation of data. These results demon-
strated that the dots of the six WT and six TLR4 KO sam-
ples were close to the respective dots in the same group,
while the dots in the TLR4-KO group were further away
from those in the WT group (Fig. 4A,B). UPGMA revealed
similarities between the samples or groups through the dis-
tance matrix algorithm. The circular tree was established
by UPGMA analysis, showing that the gut microbiota com-
position varied considerably in the two groups (Fig. 4C).
Hence, the intestinal microbiota composition in S-diversity
varied considerably between TLR4-KO and WT mice after
1.5% DSS treatment.
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3.4 Differences in the Change of Gut Microbiota
Community between TLR4-KO and WT Mice after DSS
Treatment

According to the microbiota taxonomic levels of phy-
lum, class, order, family, and genus, the relative abun-
dance of each sample at various levels was recorded. The
average number of reads per sample was listed in Sup-
plementary Table 1. After a seven-day treatment with
1.5% DSS, the dominant phylum, class, order, family, and
genus in WT mice were Bacteroidetes, however, they were
considerably reduced in TLR4-KO mice. Simultaneously,
the phylum Proteobacteria, the class Gammaproteobac-
teria (Fig. 5A,B), the order Enterobacteriales, the fam-
ily Enterobacteriaceae, and the genus Escherichia/Shigella
and Rikenellaceae were increased in TLR4-KO mice in
contrast to WT controls (Supplementary Fig. 4A-C).
Furthermore. ANOVA statistical analysis was carried out
on OTUs and the five aforementioned phylogenetic lev-
els, and the first ten different OUTs (species abundances)
were selected for relative abundance boxplot analysis for
the sake of quickly obtaining intra- and inter-group differ-
ences between the dominant and differential species. The
results of ANOVA difference statistics analysis showed at
the family level abundant Enterobacteriaceae, Moraxel-
laceae, Deferribacteraceae, Desulfovibrionaceae, Rikenel-
laceae, Xanthomonadaceae, and Pseudomonadaceae in gut
microbiota in TLR4-KO mice, and abundant Bacteroidales,
Pepococcaceae, Alcaligenaceae and Porphyromonadaceae
in gut microbiota in WT mice following DSS treatment
(Fig. 6A,B). The linear discriminant analysis (LDA) cou-
pled with effect size measurements (LEfSe) analysis in-
dicated that the gut microbiota genera were differentially
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Fig. 4. 3-diversity analysis on intestinal microbiota of WT and TLR4-KO mice. (A) Principal component analysis (PCA) analysis

of gut bacteria data. (B) Gut bacteria principal coordinates analysis (PCoA) analysis. (C) The circular tree by Unweighted Pair Group

Method with Arithmetic mean (UPGMA) analysis.

numerous between WT and TLR4-KO mice after orally
administered 1.5% DSS. Gladography revealed a consid-
erably increased abundance of Bacteroidetes at the genus
level in WT mice, whereas an increased abundance of De-
ferribacteres, Tenerlcutes, and Proteobacteria was deter-
mined in TLR4-KO mice (Fig. 7).

4. Discussion

Due to the limitations of human differences, as well as
ethical and moral factors, the pathogenesis of IBD has not
been clearly defined, and there is no effective clinical treat-
ment [32]. Therefore, it is very important to create a simple
and easy animal model mimicking the clinical symptoms.
The mature IBD models include spontaneous animal colitis

models, cell transplantation models, and chemical-induced
models [33]. In this study, the spontaneous mouse colitis
model induced by DSS was employed. DSS is a synthetic
heparin polysaccharide and the DSS modeling method is
simple, with good repeatability and maintenance. As the
signs and pathological features of the model mimic human
IBD, it is currently regarded as the gold standard in the field
of colitis modeling research [34]. In this experiment, the
mouse colitis model was induced by drinking DSS. After
modeling, the weight of the mice decreased, and the in-
testinal histopathology showed inflammatory changes, con-
firming that the DSS-induced colitis mouse model was suc-
cessfully established. In this study, survival, body weight
change, basic daily behavioral parameters, and intestinal
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bleeding between TLR4 KO and WT mouse groups were
compared. The data implied that TLR4 had a protective
function against DSS-induced intestinal damage. Some
studies have shown that TLR4 is the primary medium of
LPS response both in vitro and in vivo. It has been estab-
lished that TLR4 signaling exacerbates intestinal injury in
mice undergoing DSS-induced colitis [34-36]. Contrary to
prior research, our previous study found that moderately ac-
tivating TLR4 signaling elevated inflammation and facili-
tated repair of the intestinal epithelium in DSS-induced col-
itis, both in vitro and in vivo [37]. Moderate activation of
TLR4 signaling upregulated the levels of expression of re-
pair factors PGE2 and GM-CSF [38,39] in the later stage
of DSS-induced colitis. Meanwhile, Cario E et al. [40] re-
ported that intestinal stem cells that could be found at the
intestinal crypt base could promote the repopulation of the
depleted crypt after intestinal epithelial injury, and this pro-
cess is termed compensatory proliferation. This process
may be involved in the moderate activation of the TLR4
signaling pathway.

Gut microbiota diversity is strongly linked to human
health. The number of microbiota in the gut of healthy
adults far exceeds the number of cells in the human body,
which is a necessary condition for the normal function-
ing of the human gut. Research has increasingly demon-
strated that gut microbiota dysfunction is the main cause
of IBD [11]. Previous 16S rRNA sequencing analyses on
the gut microbiota composition in IBD patients [41-44]
demonstrated that c-diversity and the relative abundance of
Bacteroides and Firmicutes were reduced, whereas the rel-
ative abundance of Escherichia coli/Shigella, Enterobac-
ter, and Fusobacterium was increased in IBD patients as
compared with healthy controls. Some of the gut micro-
biota was congruent with these research results. 16S rRNA
gene sequencing in mice of this study demonstrated re-
markable variation in the composition of gut microbiota,
OTUs cluster, and S-diversity in WT and TLR4-KO mice
after DSS treatment. However, no considerable variation
was observed in a-diversity. In contrast with WT con-
trols, the abundance of Deferribacteres, Gammaproteobac-
teria, Tenerlcutes, Escherichia coli/Shigella, Enterobac-
ter, Proteobacteria, and Rikenellaceae was found to be in-
creased in the gut microbiota of TLR4-KO mice, whereas
the abundance of Bacteroidetes was considerably reduced
at the five levels of phylogenetic hierarchy including phy-
lum, class, order, family and genus. Enterobacter colo-
nization in colitis could promote the absorption of neu-
trophils to the damaged mucosa [45]. In the process of in-
testinal infection, Escherichia coli could colonize the ileum
and colon to cause damage to the intestinal mucosa. Af-
ter colonization, Shigella is produced by Escherichia coli
through intestinal epithelial cells (IECs). Shigella could
stimulate the synthesis of inflammatory factors, the acti-
vation of immune cells, and the activation of complement,
resulting in damage to the intestinal mucosa [46]. Bac-
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teroidetes is a kind of probiotic, which performs a vital
function in maintaining the homeostasis of the microbiota
of the gut. The reduction of Bacteroidetes in the gut micro-
biota is considered a disorder, accompanied by IBD [47].
TLR4 ligands are synthesized by commensal microbiota
[48]. Our previous study also found that when mice were
orally administered neomycin, vancomycin, metronidazole
(AVNM), and Polymyxin B (PMB) or ampicillin for four
weeks, commensal-depleted mice depicted increased sus-
ceptibility to DSS-induced death and morbidity [37]. These
data suggested that TLR4-KO might cause DSS-induced
gut microbiota dysfunction in mice by up-regulating En-
terobacter, Escherichia coli/Shigella, and down-regulating
Bacteroidetes.

5. Conclusions

These results demonstrated severe susceptibility of
TLR4-KO mice to DSS-induced colitis. This is consis-
tent with the results of the research we have published.
The data depicted the repairing effect of TLR4 on DSS-
induced intestinal damage and that it can up-regulate CSF3,
IL6, and CCL2 [7]. On this basis, this research depicted
remarkable variation in the number of gut microbiota be-
tween TLR4-KO and WT mouse groups treated with 1.5%
DSS via 16S rRNA gene sequencing. There were abun-
dant Enterobacter, and Escherichia coli/Shigella in the gut
microbiota of TLR4-KO mice, whereas the abundance of
Bacteroidetes was considerably reduced at five phyloge-
netic levels as compared with WT controls. Collectively,
moderate activation of TLR4 may perform some function
in repairing the intestinal epithelium by up-regulating En-
terobacter, Escherichia coli/Shigella, and down-regulating
Bacteroidetes. The limitation of this study was that the gut
microbiota screened by 16S rRNA sequencing was not been
verified and the microbiota profiles of WT and TLR4-KO
mice before 1.5% DSS administration was not be compared.
Future research is planned to verify the various core gut mi-
crobiota that has been screened out between TLR4-KO and
WT mice and establish a network map of intestinal micro-
biota with TLR4 as the core to repair IBD-related intestinal
mucosal damage. The analysis of the relationship between
downstream genes and key gut microbiota of TLR4 signal-
ing in the repair of intestinal mucosal damage caused by
DSS is also a key part of it.
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