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Bacteroides fragilis ATCC25285 relieves colitis by inducing Treg cells differ-

entiation via the TGF-3/Smad3 signaling pathway

WEI Fang, FAN Menghui, LIU Guangchen, GU Xinyue, XING Yingying’
School of Life Science and Technology, China Pharmaceutical University, Nanjing 211198, China

Abstract The changes in intestinal flora are usually associated with different gastrointestinal diseases, and
intestinal flora homeostasis can enhance immune tolerance and regulate intestinal immune balance. Previous
studies have found that the increase of the relative abundance of Bacteroides fragilis (B. fragilis) in Bacteroides
intestinalis can significantly enhance the expression of intestinal regulatory T cells (Treg) and anti-inflammatory
cytokines, thus alleviating intestinal inflammation. However, the mechanism of B. fragilis regulating intestinal
immunity is still unclear. In this study, an acute colitis model was constructed by giving 3% DSS in drinking
water solution to SPF-grade C57BL/6 mice for 7 days, and exogenous supplementation B. fragilis was given to
mice by gastric gavage to study its regulatory effect on intestinal immunity and its mechanism of action. The
results showed that B. fragilis could improve the intestinal flora disorder in mice with colitis and increase the
content of short-chain fatty acids (SCFAs), the main metabolite of the intestinal flora. By extracting mouse tis-

sue lymphocytes, naive CD4" T cells, and liposome-modified siRNA knockdown mouse Smad3, it was further
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discovered by flow cytometry that B. fragilis induced the expression of intestinal Treg cells and related cyto-

kines through the TGF-[/Smad3 signaling pathway, which enhanced intestinal regulatory immunity and allevi-

ated colitis. It was also found that B. fragilis activated TGF- by increasing the expression of reactive oxygen

species (ROS), thus inducing Treg cell differentiation and playing an immunomodulatory role.
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Figure 1 Establishment of mouse colitis model

DSS

A, B: Body weight change (A) and colon length (B) of untreated (NC) and DSS-treated mice. C: H&E staining of colons; Scalebar 500 pwm (above) and

50 pm (below)
‘P<0.05 “P<0.01, P <0.001 vs NC group, n=5 per group
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Figure 2 B. fragilis treatment alters intestinal flora
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A: Scheme of B. fragilis treatment in experimental colitis; B: Principal Coordinate Analysis (PCA) of gut microbiota in DSS, DSS+B. fragilis and NC

mice; C:The alpha diversity analysis of intestinal flora, shown as observed species and Chao 1; B. gilis group (DSS+B. fragilis group); D: Beta diversity

analysis of intestinal flora; E,F: Relative abundance of the top 10 most abundant species at the phylum(E) and genus(F) level in NC, DSS (C1-5) and
DSS+B. fragilis(B1-6) treated mice. Each bar represents a sample (NC n=6, DSS n=5, DSS+B. fragilis n=6)
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Figure 4 B. fragilis enhances intestinal regulatory immunity by expanding Treg
A, B: Body weight (A) and colon length (B) of DSS-treated and DSS+B. fragilis-treated mice (¥ + s,n = 6, P < 0. 05,”""P < 0.000 1) ; C: HE stain-
P <0.001); D: Frequency of

ing of colons and histological score, including mucosal injury and inflammatory infiltration (% + s,n = 3, "P < 0. 01,
colonic CD4* Foxp3* Treg in DSS and DSS+B. fragilis treated mice by flow cytometry (% + s, n = 3, P < 0. 01 vs DSS group); E: Flow cytometry analysis
of colonic IL-10 expression by Multifactor kit (¥ + s,n = 3, "P < 0. 05,”"P < 0. 01 vs DSS group); F: Expression of ZO-1 in colon detected by immuno-
fluorescence. ZO-1 (red) and nuclei stained with DAPI (blue). Scale bar, 200 pm (left) and 50 pm(right), n = 6
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Figure 5 B. fragilis induces Treg to reduce colitis through TGF-B/Smad3 pathway

A: Flow cytometry analysis of initial CD4" T cells isolated from spleen of WT mice; B: Expression of Smad3 after transfection with siRNA against
Smad3 in CD4" T cells by qPCR (x + s,n = 3, "P < 0. 05 vs si-nc group,ns: not significant); C: Western blotting analysis of the expression of p-Smad3
in the colon isolated from DSS, DSS+B. fragilis and Smad3 knocked-down treated with or not with B. fragilis mice; D: Flow cytometry analysis shows
the effect of Smad3 knockdown in the frequency of Treg in different groups (¥ + s,n = 3, “P<0. 057P<0.01); E: HKE staining of colons
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Figure 6 B. fragilis activates TGF-B through increased ROS
A: Events and mean fluorescence intensity (MFI) of ROS in colonic CD4" T cells of DSS (red boxes) and DSS+B. fragilis (green boxes) treated mice by
flow cytometry (% + s,n = 5, "P < 0. 05); B: Expression of TGF- in colon by ELISA (¥ + s,n =5, " P <0. 01)
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Figure 7  Bacteroides fragilis regulates intestinal flora balance and controls intestinal inflammation through promoting Treg differentiation via TGF-B/

Smad3 signaling pathway
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