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Background: Inflammatory bowel disease (IBD) is a chronic condition with no
cure. Probiotics may offer a new strategy for the treatment of IBD. Weissella
confusa has been shown to have antibacterial, anti-inflammatory, and
antioxidant beneficial effects in animal models. However, the anti-inflammatory
effect of W. confusa at host cellular level and their effect on the gut microbiota
are unclear. This study aimed to investigate the effects of W. confusa Wc1982 on
inflammation and gut microbiota alterations in a dextran sulfate sodium (DSS)
induced colitis mouse model.

Method: Female C57BL/6J mice were randomly divided into control, DSS, and
Wc1982 groups (n = 6/group). The Wc1982 group was given continuous gavage
of W. confusa Wc1982 for 14 days with the last 7 days also treated with 3% DSS.
Disease phenotypes including daily body weight, disease activity index (DAI),
colon length and histological changes were evaluated. The composition of
colon flora, a-diversity and p-diversity were analyzed by 16S rRNA sequencing.
The colonic gene expression profile was analyzed by RNA-seq, and serum
and colonic proinflammatory cytokines were assessed by enzyme-linked
immunosorbent assay. Analysis of variance (ANOVA) was used to analyze the
differences among groups, and Spearman rank test was used to calculate the
correlation between species relative abundance and pro-inflammatory markers.

Results: Compared with DSS group, W. confusa Wc1982 significantly
improved the disease phenotypes of colitis mice including decreased DAI and
pathological score and reduced colon shortening, decreased colonic IL-17, IL-6,
and TNF-a levels and serum lipopolysaccharide (p < 0.05), and downregulated
the expression of key genes of IL-17 pathway (Lcn2, Mmp3, Mmp13, Ptgs2;
p <0.05). W. confusa Wcl1982 modified the gut microbiota community of
colitis mice, with increased a-diversity, increased abundance of W. confusa and
Akkermansia muciniphila, and decreased abundance of Enterococcus faecalis
and Escherichia coli (all p < 0.05).

Conclusion: Supplementation with W. confusa Wc1982 offers a promising
strategy for alleviating colitis.
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1 Introduction

Inflammatory bowel disease (IBD) is a chronic condition
characterized by redness, swelling, inflammatory infiltrate, and ulcer
formation in the intestinal mucosa (Peyrin-Biroulet et al., 2016). The
occurrence and development of IBD are related to many factors, such
as genetics, abnormal immune response, intestinal barrier disorders,
and gastrointestinal microbiota disorders (Ye et al., 2015; Guan, 2019).
Gut microbiota dysbiosis, especially the decline in the abundance and
diversity of specific genera, is an important factor in the induction of
IBD (Haneishi et al., 2023). It has been reported that in the fecal
microbiota of IBD patients, Proteobacteria dominated by Escherichia
coli was relatively increased (Nishida et al., 2018), while Akkermansia
muciniphila decreased (Wang et al., 2020). Other studies have shown
that adherent-invasive E. coli disrupts the integrity of the epithelial
barrier by invading intestinal epithelial cells and triggering
mitochondrial destruction, which increases inflammation and
accelerates the progression of colitis (Hamed et al., 2023), whereas
A. muciniphila degrades mucins to produce acetic acid, activates
adenosine 5-monophosphate-activated protein kinase pathway,
up-regulates tight junction proteins (ZO-1, occludin), thereby
enhancing intestinal barrier and reducing pro-inflammatory factor
(TNF-a, IL-6) secretion (Qian et al., 2022).

Probiotics, as living microorganisms, have a positive effect on
the gut by regulating the immune response, increasing the
production of mucosal IgA, and competing with pathological
bacteria, which has become a new strategy for the treatment of IBD
(Vallejos et al., 2025; Selvamani et al., 2022; Mei et al., 2019;
Martyniak et al., 2021; Goodoory et al., 2023). Lactobacillus and
Bifidobacterium have been well studied as probiotics for IBD
intervention due to their well-characterized immunomodulatory
effect, such as NF-kB pathway inhibition and IL-10 induction
(Wong et al., 2022; Wang et al., 2023; Haque et al., 2024). Weissella
confusa is a Gram-positive heterofermentative lactic acid bacteria,
widely distributed in saliva, breast milk, human gastrointestinal
tract and traditional fermented foods, with anti-inflammatory,
antioxidant and antibacterial activities comparable to traditional
probiotics (Liu et al., 2023; Tian et al., 2025) and thus has the
potential as a new probiotic. W. confusa strain DD_A7 has exhibited
significant anti-inflammatory effects by reducing oxidative stress
and modulating the NF-«B signaling pathway (Dey and Kang,
2020). In RAW 264.7 cells activated by Escherichia coli, W. confusa
DD_A7 downregulated the expression of the iNOS gene, which
regulated the production of nitric oxide, a pro-inflammatory
mediator produced by L-arginine (Dey et al., 2019). When
co-cultured with Pseudomonas nitroreducens, W. confusa strain
NRRL-B-14171, significantly reduced the secretion of the anti-
inflammatory cytokine IL-25 in HT-29 and Huh?7 cells (Ghadimi
et al., 2023). W. confusa strain F213 was tested in a rat model of
colitis induced by dextran sulfate sodium (DSS) (Sujaya et al.,
2023). Supplementation of W. confusa F213 significantly alleviated
DSS induced body weight loss, reduced inflammatory cell
infiltration, and significantly upregulated the expression of tight
junction protein ZO-1 (Sujaya et al., 2023). However, these studies
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did not investigate changes in host transcriptome and gut
microbiome structure after intervention.

In view of this knowledge gap, this study established a dextran
sulfate sodium (DSS) induced colitis mouse model, and evaluated
the intervention effect of W. confusa strain Wc1982 isolated from
feces of a healthy donor by using a multiomic strategy of
“transcriptome-microbiome.” It was revealed that W. confusa
Wc1982 alleviated colitis symptoms by regulating the expression of
key genes of IL-17 signaling pathway (Lcn2, Mmp3, Mmp13, Ptgs2)
and reshaping the structure of intestinal flora (increasing
a-diversity, W. confusa and Akkermansia muciniphila, decreasing
Enterococcus faecalis and Escherichia coli).

2 Materials and methods
2.1 Bacterial strains and culture conditions

W. confusa Wc1982 was isolated from a fecal sample of a healthy
individual, followed by 16S rRNA gene sequencing and species
identification using BLAST in the EzBioCloud database. W. confusa
Wc1982 has been stored in the China General Microbiological Culture
Collection Center (CGMCC) with preservation number CGMCC no.
27139. W. confusa Wc1982 was sub-cultured on de Man, Rogosa and
Sharpe (MRS) agar (Land Bridge Technology Co., Ltd., Beijing,
China) at 37°C for 24 h. For the oral treatment of mice, the viable
count was adjusted to 5 x 10° CFU/mL using phosphate-buffered
saline (PBS).

2.2 Construction of colitis model and
experimental design

The animal experiment was approved by the Welfare & Ethical
Inspection in Animal Experimentation Committee of the Chinese
CDC (Approval No. 2023-032). Specific-pathogen-free (SPF) female
C57BL/6 ] mice (6 weeks old) weighing 16-18 g were purchased
from Beijing Vital River Laboratory Animal Technology. After a
3-day acclimation, mice were randomly assigned to one of the
groups with six mice per group: control, DSS, and Wc1982 groups
using the blockrand package (version 1.5) in Rstudio: (1) control:
the control group (oral gavage with 0.2 mL PBS/day), (2) DSS: PBS
treatment group (oral gavage with 0.2 mL PBS/day), and (3) Wc1982:
W. confusa Wc1982 treatment group (oral gavage with 0.2 mL
bacterial suspension/day). All groups were provided with free access
to sterile distilled water and food. As shown in Figure 1A, Wc1982
intervention lasted from day -7 to day 6, while colitis was induced
in the DSS and Wc1982 groups by administering 3.0% DSS in their
drinking water from day 0 to day 6. Wc1982 was administered daily
from day -7 to day 6, covering both the pre-DSS preventive phase
and the DSS induction period, with no further treatment after DSS
cessation. From day 0 to day 6, fecal properties and occult blood
status were recorded daily. The disease activity index (DAI) score,
which assesses the degree and severity of IBD as described in
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FIGURE 1

*p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001.

Effects of W. confusa Wc1982 on the DSS-induced colitis in C57BL/6J mice. (A) Schematic representation of the experimental design, no of mice per
group n = 6. (B) DAI score of mice in each group from day 0 to 6. (C) Representative images of the colons. (D) The colon lengths of mice in each
group. (E) Distribution of histopathological scores. (F) Representative images of H&E-stained sections of colons from indicated groups; crypts (black
arrow); inflammatory cell infiltration (green arrow); submucosal layer (blue arrow); goblet cell (yellow arrow). Data presented as mean + standard
deviation (SD). Statistical comparison was performed by two-way ANOVA followed by Tukey's multiple comparison test (B), one-way ANOVA followed
by Holm-Sidak’s multiple comparison test (D) or Fisher's exact test (E). Comparisons were made between control vs. DSS and Wc1982 vs. DSS groups.

Supplementary Table S1 (Sann et al., 2013; Li Q. et al., 2022), was
calculated in days 0-6. Euthanasia was performed using a graded
CO, inhalation system (30% chamber displacement rate) followed
by cervical dislocation to ensure death. All procedures were
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conducted in strict accordance with the 2020 AVMA Guidelines for
the Futhanasia of Animals. After euthanasia, whole blood from the
mice was collected and centrifuged at 3,000 rpm for 10 min to obtain
serum. The lengths of the colon from the ileocecal junction to the
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anus were measured. The colons were collected for histopathological
observation and transcriptome analysis, and the cecum contents
were collected for microflora analysis.

2.3 Histopathological analysis

The distal colon segment of each mouse was embedded in paraffin
and followed by hematoxylin-eosin (H&E) staining. The degree of
inflammation and histopathological injury lesions of the colon were
analyzed with reference (Supplementary Table S2) (Wang et al., 2017).

2.4 Colon transcriptome analysis

Total RNA was isolated from colonic tissue using TRIzol reagent
(Life Technologies). The quality and integrity of the RNA were
assessed with the RNA Nano 2000 Assay Kit on the Agilent
Bioanalyzer 2100 system (Agilent Technologies) (Walker et al., 2023).
The library construction process involved mRNA enrichment,
fragmentation, cDNA synthesis and purification, end repair with
adapter ligation, size selection, and PCR enrichment to create a
cDNA library. Initial quantification was performed using the Qubit
3.0 Fluorometer, with the concentration required to be above 1 ng/
pL. Subsequently, the Qsep400 high-throughput analysis system was
used to detect the insert fragments of the library. The effective
concentration of the library (library effective concentration >2 nM)
was accurately quantified using the quantitative polymerase chain
reaction to ensure library quality. After the library passes quality
control, PE150 mode sequencing was performed using a high-
throughput sequencing platform. Differentially expressed genes
(DEGs) were identified using the EBSeq 3.18 package with a
threshold of p < 0.05 and fold-change >1.5 (Li D. et al., 2022; Li
Q. et al,, 2022). To elucidate the biological roles of colonic DEGs,
we performed a comprehensive pathway analysis using the Kyoto
Encyclopedia of Genes and Genomes (KEGG) database. Gene set
enrichment analysis (GSEA) was applied to pre-ranked colon genes
based on the log2 transformed fold change in expression. Gene sets
with a false discovery rate g <0.05 and an absolute value of
normalized enrichment score (|NES|) >1.0 were considered
statistically significant. The RNA-seq data is publicly available in
NCBI under the accession number PRJNA1201878.

2.5 Real-time quantitative PCR

The total RNA was isolated from colon tissues using TRIzol
Reagent (Invitrogen, Carlsbad, CA, United States). The cDNA was
synthesized from the total RNA using the PrimeScript™ RT Reagent
Kit (Perfect Real Time, TaKaRa). The real-time quantitative PCR (qRT-
PCR) was performed using SYBR Premix Ex Taq II (Perfect Real Time;
TaKaRa) on the Rotor-Gene Q thermal cycler system (Qiagen,
Valencia, CA) under the following conditions: initial heat activation at
95°C for 1 min, denaturation at 95°C for 30 s, annealing at 60°C for
30 s, and extension at 72°C for 45 s (40 cycles). Gapdh was used as the

~AACT 1 ethod was used to calculate the

internal reference, and the 2
expression levels of the related genes. All primer sequences are shown

in Supplementary Table S3.
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2.6 Biochemical analysis

Levels of IL-17, IL-6, and TNF-« in serum and colonic tissue were
detected by enzyme-linked immunosorbent assay (R&D Systems,
Minneapolis, MN, United States) according to the manufacturer’s
instructions. Serum lipopolysaccharide (LPS) was detected by a
commercial diagnostic kit (Beijing Solarbio Science & Technology
Co., Ltd., China).

2.7 Microbiota 16S rRNA gene sequencing

Cecum contents DNA were extracted using the TGuide S96
Magnetic Soil/Stool DNA Kit (Tiangen Biotech (Beijing) Co., Ltd.),
and the concentration and integrity of the DNA samples were
assessed. Genomic DNA served as a template for amplifying the full-
length bacterial 16S rRNA gene using universal primers 27F
(5"-AGRGTTYGATYMTGGCTCAG-3') and 1492R (5'-RGYTACCT
TGTTACGACTT-3') targeting the V1-V9 hypervariable regions
(Klindworth et al.,, 2013). The total PCR amplicons were purified with
VAHTS™ DNA Clean Beads (Vazyme, Nanjing, China) and
quantified using the Qubit dsDNA HS Assay Kit and Qubit 3.0
Fluorometer (Invitrogen, Thermo Fisher Scientific, Oregon,
United States). The PCR amplicons were sequenced on the Pacific
Biosciences SMRT RS II platform, a third-generation sequencing
system employing Single Molecule Real-Time (SMRT) technology
(Moraes et al., 2020). SMRTbell libraries were prepared from the
amplified DNA by SMRTbell Express Template Prep Kit 2.0 according
to the manufacturer’s instructions provided by Pacific Biosciences.
Circular consensus sequences were extracted from raw data followed
by barcode recognition, length filtering, and chimera removal via
UCHIME algorithm (Li et al., 2014; Edgar et al., 2011). High-quality
sequences were clustered into Operational Taxonomic Units (OTUs)
at 97% similarity using the VSEARCH algorithm (Rognes et al.,
2016). Taxonomic classification was performed against the SILVA
138.1 reference database with a confidence threshold of 80% (Quast
et al., 2013).

The microbial compositional profiling (barplot), LEfSe analysis,
a-diversity indices (Shannon, Simpson, Chaol, ACE), and
B-diversity were analyzed using the BMK Cloud Platform and
QIIME2 2022.2 pipeline (Bokulich et al., 2018). Results were
visualized with GraphPad Prism 9.0. The microbiota 16S rRNA
gene sequencing data is publicly available in NCBI under the
accession number PRINA1178434.

2.8 Statistical analysis

Results were predominantly shown as mean + Standard
Deviation (SD). Statistical analysis and graphics were performed
by GraphPad Prism 9.0 and R 4.4.0. Differences between groups
were analyzed by analysis of variance (one-way ANOVA or
two-way ANOVA). The Kruskal-Wallis test was performed on
nonparametric variables. Correlations between changes in species
relative abundance and proinflammatory markers were calculated
by Spearman’s rank test. Statistical significance is indicated as
follows: *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001 and
NS means no significance.
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3 Results

3.1 W. confusa Wc1982 alleviated
DSS-induced colitis in mice

To investigate the anti-inflammatory effect of W. confusa, Wc1982
was administered to mice with DSS-induced colitis (Figure 1A). There
were three experimental groups of mice with the DSS induction +
PBS, DSS induction + Wc1982 intervention, and PBS treatment only
(no DSS induction or Wc1982 intervention), referred to as the DSS
group, Wc1982 group, and control group, respectively. Weight changes
were tracked daily. During the induction of DSS, compared with the
control group, the DSS group displayed notable weight loss on days 5
and 6 (p < 0.05, Supplementary Figure S1), however, the weight losses
were comparable between the DSS and Wc1982 groups (p < 0.05,
Supplementary Figure S1). On days 3-6 of DSS exposure, the DAI
score of the DSS group was significantly higher than that of the control
group, and the DAI score of the Wc1982 group was significantly lower
than that of the DSS group on day 6 (p < 0.05, Figure 1B). Compared
with the control group, the colon length was significantly shortened
in the DSS group, and the colon shortening was significantly less in
the Wc1982 group than in the DSS group (p < 0.05, Figures 1C,D).

As shown in Figure 1E, histopathological scores were higher in the
DSS group than in the control group (p < 0.001, Fisher’s exact test) and
the Wc1982 group (p < 0.01, Fisher’s exact test). Histopathological
examination revealed significant intestinal inflammation in the DSS
group, characterized by loss of goblet cells, thickened mucosa,
submucosal edema, crypt atrophy, inflammatory cell infiltration, and
tissue proliferation. In contrast, the Wc1982 group showed milder
pathological changes, including reduced epithelial detachment and
inflammatory cell infiltration, improved crypt structure preservation,
and reduced epithelial erosion. The control group displayed normal
intestinal histology with no signs of inflammation or tissue damage
(Figure 1F).

3.2 Effects of W. confusa Wc1982 on
colonic gene expression in DSS-induced
colitis mice

To investigate the molecular mechanisms by which W. confusa
Wc1982 affects colon inflammation, we performed RNA sequencing
on colon tissues to determine differential gene expression profiles of
the different treatment groups. Compared with the control group, the
DSS group exhibited 942 upregulated and 1,412 downregulated genes,
while the Wcl1982 group showed 268 upregulated and 567
downregulated genes compared to the DSS group (Figure 2A, p < 0.05,
fold change >1.5). The Venn diagram displayed 339 overlapping genes
among groups of control vs. DSS and DSS vs. Wc1982 (Figure 2B).

KEGG enrichment analysis showed that 76 overlapping
inflammation-related genes were mainly involved in the TGF-$
signaling  pathway IL-17  signaling  pathway
(Supplementary Table S4 and Figure 2C). Further GSEA analysis of
mouse colon transcripts showed that the IL-17 signaling pathway was

and

up-regulated in the DSS group compared with the control group,
while the TGF-f signaling pathway was comparable; the IL-17
signaling pathway and TGF-p signaling pathway were down-
regulated in the Wc1982 group compared with the DSS group
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(Figures 2D,E). Subsequently, the heatmap showed the four core
DEGs, Lcn2, Mmpl3, Mmp3, and Ptgs2, in the IL-17 signaling
pathway (Figure 2F), which were confirmed by qRT-PCR, and the
results showed that all four genes exhibited a concordant direction in
both RNA-Seq and qRT-PCR (p < 0.05, Figure 2G).

3.3 Effects of W. confusa Wc1982 on
cytokines and LPS

As shown in Figure 3, compared with the control group, the levels
of IL-17, IL-6, and TNF-a in serum and colon tissues of the DSS group
were significantly increased. Compared with the DSS group, the levels
of IL-17, IL-6, and TNF-« in colon tissues and IL-6 in serum of the
Wc1982 group were decreased (p < 0.05). In addition, serum LPS in
the DSS group was higher than that in the control group; however, it
was significantly decreased in the Wc1982 group (p < 0.05).

3.4 W. confusa Wc1982 modified the gut
microbiota composition

Cecal contents were analyzed by high throughput 16S rRNA
amplicon sequencing to assess the composition of the gut
microbiota. Compared with the control and Wc1982 groups, the
Shannon and Simpson indexes in the DSS group were significantly
reduced (p < 0.05, Figures 4A,B), but the ACE and Chaol indexes
of the DSS and Wcl1982 groups were comparable (p < 0.05,
Supplementary Figure S2). PCoA showed that there were
significant differences in the composition of gut microbiota among
the three groups (p < 0.05, Figure 4C). The top 10 abundant genera
among the control, DSS, and Wc1982 groups were shown in
Figure 4D. The relative abundance of Faecalibaculum was highest
in the control group, Escherichia was the dominant genus in the
DSS group, while Romboutsia was the dominant genus in the
Wc1982 group.

LEfSe identified overrepresentation of three groups at the
species level: Bacteroides thetaiotaomicron and Akkermansia
muciniphila were enriched in the Wc1982 group, E. coli and
Enterococcus faecalis were enriched in the DSS group, and
Lactobacillus johnsoni and Lactobacillus reuteri were enriched in the
control group (Figure 4E). The relative abundance of W. confusa and
A. muciniphila in the Wc1982 group was higher than that in the DSS
group, while the relative abundance of E. coli and E. faecalis in the
Wc1982 group was lower than those in the DSS group (p < 0.05,
Figure 4F).

3.5 Correlation of the gut microbiota with
inflammatory indicators

To investigate the correlation between gut microbiota and
inflammation indicators, we performed a Spearman rank correlation
analysis and visualized the correlation between the relative abundance
of significantly different species and the levels of colon cytokines or
the expressions of four DEGs related to the IL-17 signaling pathway
in Figures 5A,B, respectively. E. coli and E. faecalis showed positive
correlations with colon cytokines, including IL-17, IL-6, and TNF-a,
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Wallis test with Dunn’s multiple comparison test. *p < 0.05 and **p < 0.01.

as well as with Len2 and Mmp3 genes. However, Muribaculum
intestinale showed opposite trends of association with these colon
cytokines and genes. Lactobacillus johnsonii, Lactobacillus reuteri,

Frontiers in Microbiology

Ruminococcus champanellensis, and Lactobacillus intestinalis were the
main microbiota negatively correlated with IL-6, TNF-«, Lcn2, and

Mmp3 genes.
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4 Discussion

Studies have shown that various W. confusa strains reduce
intestinal inflammation (Ahmed et al., 2022; Sujaya et al., 2023). In
this study we used a W. confusa strain, Wc1982, isolated from a healthy
human donor, which showed similar anti-inflammatory effect,
suggesting that it is a general property of W. confusa Wc1982 exerted
protective effects in DSS-induced colitis in mice by reducing the DAI
and pathological scores, suppressing colon shortening, and alleviating
epithelial injury and inflammatory cell infiltration.

Notably, the protective role of Wc1982 was closely associated with
the regulation of the IL-17 signaling pathway, as evidenced by
significant downregulation of key genes (Lcn2, Mmp3, Mmp13, and
Ptgs2) in colon tissues following intervention. Len2 is known to play
an inflammatory role in colitis through mediating intestinal epithelial
cell pyroptosis (Yang et al., 2024). In our study, the Wc1982 group had
reduced Lcn2 expression with restored mucosal integrity and reduced
histopathological damage. Mmp3 and Mmpl3, are matrix
metalloproteinases (MMPs) that are critical for inflammatory tissue
remodeling and promote intestinal fibrosis and lumen narrowing (De
Bruyn et al., 2016). In our study, in the DSS group, we found elevated
Mmp3/13 levels accompanied by colon shortening, aligning with their
established role in fibrosis-driven structural damage (De Bruyn et al.,
2016), while Wc1982 intervention reduced Mmp3/13 expression and
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partially restored colon length, suggesting that Wc1982 alleviated
fibrosis-driven structural damage. Inhibition of Ptgs2 using inhibitors
has been shown to alleviate colitis (El Miedany et al., 2006). The
Wc1982 group had reduced Ptgs2 expression, suggesting microbiota
(W. confusa)-driven anti-inflammation.

Gut microbiota dysbiosis, particularly the overgrowth of E. coli
and E. faecalis, through IL-17-driven
inflammatory cascades (Paroni et al., 2023). This dysbiosis disrupts

exacerbates  colitis
the natural composition of commensal microbiota, as evidenced by
the depletion of species commonly present in healthy hosts (Zhang
et al., 2023; Ben David et al., 2015; Miyake et al., 2020; Lee et al.,
2025; Fujisawa et al., 1990). This was also reflected in animal
with
champanellensis, and Lactobacillus spp. (L. johnsonii, L. intestinalis,

models, Muribaculum  intestinale,  Ruminococcus
and L. reuteri) reduced in DSS-induced groups. These symbionts
were exclusively enriched in the control group in our study, where
they exhibited strong negative correlations with pro-inflammatory
cytokines (IL-6, TNF-a) and inflammation-related genes (Lcn2,
Mmp3), suggesting their protective role in mitigating colitis severity.
Conversely, pathological organisms such as adherent-invasive E. coli
(AIEC) and E. faecalis dominate in dysbiotic conditions. AIEC
activates pathogenic Th17 (pTh17) cells and induces dendritic cells
(DCs) to secrete IL-23, thereby promoting IL-17 production (Paroni

et al., 2023). This cytokine subsequently upregulates Lcn2 mRNA
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Effect of W. confusa Wc1982 on the composition and abundance of gut microbiota in mice with DSS-induced colitis. (A,B) Boxplots of the Simpson
and Shannon indexes of a-diversity index among the three groups. (C) PCoA of -diversity was performed based on the Pearson distance method.

(D) Stacked bar chart of the microbial compositional profiling at the genus level (top 10). (E) Overrepresented bacterial taxa among groups determined
by linear discriminant analysis (LDA). (F) Relative abundance of W. confusa, A. muciniphila, E. coli, and E. faecalis. Data presented as mean + standard
deviation (SD). Statistical comparison was performed by one-way ANOVA with Holm-Sidak’s multiple comparison test. *p < 0.05, **p < 0.01, and

expression (Chiricozzi et al., 2016). E. faecalis compromises tight
junctions via lipoteichoic acid, facilitating bacterial translocation
and systemic IL-6/IL-17 release (Tian et al., 2023). In both cases,
IL-17 signaling is amplified, which drives extracellular matrix
degradation (via upregulation of Mmp3/Mmp13) that culminates in
colonic atrophy (De Bruyn et al, 2016). In our study, Wc1982
intervention appeared to disrupt this inflammatory cycle through

Frontiers in Microbiology

08

targeting microbiota and host responses. The reduction in
E. coli/E. faecalis abundance was paralleled by attenuated IL-17
levels, which may mechanistically contribute to the downregulation
of Len2 and Mmp3/13.

Beyond suppressing E. coli and E. faecalis, Wc1982 intervention
further reshaped the structure of gut microbiota by selectively
enriching mucin-utilizing symbionts, particularly A. muciniphila.
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Short-chain fatty acids produced by W. confusa (Elshaghabee et al.,
2020) may further enhance mucosal health by stimulating goblet cells
to produce mucin (MUC2), the primary energy source for
A. muciniphila (Sanjiwani et al., 2022). Furthermore, W. confusa may
mitigate oxidative stress (Wang et al., 2022; Zhao et al., 2021) and
lower pH (Tuccillo et al., 2022), creating an unfavorable niche for
Enterobacteriaceae (Moreira De Gouveia et al., 2024; Yin et al., 2025)
that compete with A. muciniphila. However, the causality between
microbial modulation and molecular changes, as well as the exact
interplay between A. muciniphila and W. confusa, requires
further validation.

Collectively, Wc1982 has the potential as a next-generation
probiotic for IBD intervention. We showed that Wc1982 reduced
colon shortening by 17.59% (vs. DSS group, p < 0.05) and decreased
DAI by 18% (vs. DSS group, p < 0.05)—effects comparable to strains
like B. bifidum [colon shortening decreased by 11.76-25.97% (Cui
etal,, 2022, Feng et al,, 2022, Kang et al., 2022)] and L. plantarum [DAI
decreased by 19.67-30.38% (Qin et al., 2022, Kim et al., 2020)].
Further, Wc1982 may complement Bifidobacterium and Lactobacillus
in alleviating colitis (Kim et al., 2020; Vanderpool et al., 2008).
Bifidobacterium and Lactobacillus enhance IL-10 expression and
inhibit TNF-a, IL-6, and NF-xB (Kim et al., 2020, Vanderpool et al.,
2008), whereas Wc1982 mainly suppressed IL-17 expression. There is
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potential combining them as probiotics in mixed formulations to
enhance their effect.

However, our study design had several limitations: (1) model
specificity: the experimental results were derived solely from a
DSS-induced colitis mouse model, which does not fully replicate
human IBD pathophysiology. Further validation of the
efficacy of Wc1982 in complementary IBD models—such as
trinitrobenzenesulfonic acid-induced colitis and IL-107~ mice
would be useful. (2) Microbiome confounders: DSS-induced gut
microbiota disruption may obscure the direct mechanistic effects
of Wc1982 on microbial modulation. Validation through germ-
free models or antibiotic pretreatment systems is critical to
disentangle these interactions. (3) Translational constraints:
current data lack clinical validation, limiting conclusions on the
efficacy of Wc1982 and its safety in humans. Clinical trials of
Wc1982 are needed to evaluate human safety, dose-response
relationships, and microbiome-immune interactions.

5 Conclusion

This study demonstrated that W. confusa Wc1982 had a protective
effect against DSS-induced mouse colitis, by restructuring gut
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microbiota composition, reducing serum LPS levels, inhibiting the
expression of colonic pro-inflammatory cytokines IL-17, IL-6, and
TNF-a, and regulating the expressions of inflammation-related genes.
However, the specific mechanism by which W. confusa Wc1982
interacts with the host to exert therapeutic effects requires
further investigation.
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