%224 Acta Pharmaceutica Sinica 2026, 61(2): 465-475 -+ 465 -

S RN
Muc2" B A MR RARE /R B i718 5% R 4B F 718 E Bf < BE
SR

EWH, REFF, KN, TR, Be Rk, HIEH
(PR R 2K 2, VT340 1124 VR U M ML AR ) QU3 1, YT PR 210023)

HEE: F 4 A 2 (mucin 2, MUC2) /& MR 40 B 73 08 1) — Fh v B2 B A IR 2 1 0, 2 W 380 V05 1 = B2 2 it 4
Muc2” /)N BH T W38 F5005¢ B D B Rk, W T8 R B 5 3 b R A M A, 5 R W3 28, T X — 1R F ) B AR AL
Tl ATE R . AR DT T Muc2 /158 45 W 4 23078 B 2% | &5 17 Y 35 4RRD I 168 181 AR 4k, DT B 17 168 7 B A0 5 5 i
SREHRIIVER o BT A 20 S 06 35 7 bk 4% R R ot R I8 24 R 5 AR 31 28 01 2 ORI 1R AT, AR BT 1% 52 202302A007 .
I3 B T 7R, Muc2” /N BRI H I BB 05, I G 2808 40 MR A AR IR A B AB vl . e A S i K,
Muc2” /)N SR TE R 8 35T SEISORT [ WA S PRI R B R AR 2 . & BRI 7, Muc2 /)N R 285 i 9 i 0 e 92
A G 5 3 A, R A R SRR 4 T L A DG i R R R 3 . 3 BRI 5 SRR, Muc2 /N RV B
BE W, Forp DL Akkermansia muciniphila W4 ¥ NFFIEE R B, SEBLRTE 5 —Fh i 5 5 BBk a0 B (11107
FFLAIESE o AHIGPE /BT 2B, Muc2 /)N B3R L 10 38 1 B 5 08 2RE AN G 28 A 06 78 7 0 i BE TR 5L IEAH DR, I 2L [
£ MAPK (mitogen-activated protein kinase) 2% Ik o S AL A 77 AR S e g P s B . T & 2, FE SR Z 1 T8 2
TEOLTR, W B R T 38 5 0 5 i ik R A SRS 5 R A B RS, 5 BRI A0 B IR - (R e 82 40, I 2415 3 T A
AT FC IR I F3 BT 225 i et s 2EL A0 I T R R T A A SR TR N TR R W 2R 0 R0 VLU BT, 3 R S 5 5 T % R R LA,
NEE R SE IR T T 259 R DL L RE 15 .

KRR 18 J0E; B5E % ; il o B B 55 (1 2; Akkermansia muciniphila

FE 533 S: R966 CHEAARIRAD: A NEHS: 0513-4870(2026)02-0465-11

Role of gut microbiota in intestinal inflammation: a transcriptomic
and 16S rRNA analysis study in Muc2” mice
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Abstract: The intestinal mucus layer is mainly composed of mucin 2 (MUC2), a highly glycosylated protein
secreted by goblet cells. The Muc2” mice are a spontaneous colitis model, due to intestinal mucus barrier defects,
gut microbes directly contact with intestinal epithelial cells and induce intestinal inflammation. Nevertheless, how
gut microbes affect the intestinal epithelium and trigger inflammation in the absence of mucus remains unknown.
This study analyzed histopathological changes, colonic transcriptome and gut microbiome of Muc2” mice to
elucidate the role of gut microbes in inducing intestinal inflammation. Animal experimentations were approved by
the Institutional Animal Care and Use Committee of Nanjing University of Chinese Medicine, Ethical Review No.

202302A007. Pathological analysis showed that Muc2” mice manifested considerable intestinal mucosal damage
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accompanied by inflammatory cell infiltration and goblet cell exhaustion. Transcriptomic analysis showed that
mucus synthesis, endoplasmic reticulum stress, and autophagy-related gene expressions were altered in Muc2”
mice. Kyoto Encyclopedia of Genes and Gene Ontology pathway enrichment analyses showed considerable
enrichment of inflammation and immune-related pathways, and pathways in response to bacteria derived molecules
were upregulated. Microbial gene sequencing revealed dysbiosis of the gut microbiome in Muc2” mice, with
Akkermansia muciniphila expansion being the characteristic profile. The expansion of Akkermansia muciniphila
was confirmed in /107" mice, which also displayed mucus barrier defects. Correlation analysis showed that the
disturbed gut microbes of Muc2” mice was positively correlated with intestinal inflammation and immune-related
differentially expressed genes, which were enriched in pathways such as MAPK cascade and chemokine
production. In conclusion, in the absence of intestinal mucus layer, gut microbes can induce immune response by
affecting the colonic gene transcription, leading to sustained secretion of inflammatory cytokines and intestinal
inflammation. This study investigated the mechanism by which gut microbiota induces colonic inflammation in the
absence of the intestinal mucus layer through integrated analysis of colonic transcriptomic profiles and gut
microbiota dynamics. The findings aim to identify therapeutic targets for colitis treatment and drug discovery.
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Table 1 Histological pathology scores

Lesion type Score Standard

Severity 0  No significant inflammatory cell infiltration
1 Minor inflammatory cell infiltration
2 Significant inflammatory cell infiltration
3 Massive inflammatory cell infiltration
Extent 0  No lesions seen
1 Lesions located only in the mucosal layer
2 Lesions located in the mucosal and submucosal
layers
3 Transmural damage
Cryptdamage 0 No crypt damage
1 1/3 crypt damage
2 2/3 crypt damage
3 Only the surface epithelium is intact
4 Both crypts and surface epithelium are missing
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Table 2 The primers in the experiment. Gent4: Glucosaminyl (N-acetyl) transferase 4, core 2 (beta-1,6-N-acetylglucosaminyltransferase);

Fut2: Fucosyltransferase2; Galnt17: Polypeptide N-acetylgalactosaminyltransferase 17; Cldni: Claudin-1

Gene Forward Reverse
Gentd GCTGACGAGTGGTTGGTGAATG GATGAGGTGGCAGACAGGAGAC
Fut2 TCCCAGGTTCTCTTCAAGGGA TCCCAGGTTCTCTTCAAGGGA
Galntl7 GCTACCAAACTGGATATAATCAGGA CCAGGTAGCTATGGTACTCCAGAA

Cldnl ACTTCACTGTACAACCGCA

f-actin CTACAGCTTCACCACCACAG

TCAGTCATATCCTCGAACAC
ACCGCTCGTTGCCAATAGTG
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Muc2” mice spontaneously develop intestinal inflammation. A: Body weight; B: Blood in diarrhea index; C: Fecal water

content; D: Colon lengths; E: The representative mesenteric lymphadenitis nodes were photographed and weighed; F: Immunological organ

index; G: Histopathological analysis of distal colonic tissue from mice and histological score (10x, 25x%), scale bar, 100 pm, 50 pm; H: AB/

PAS-stained sections of tissues and the number of goblet cells in each crypt (10%, 40x), scale bar, 100 um, 20 um; I: AB-stained sections of

tissues and the thickness of mucin (10x, 40x), scale bar, 100 um, 20 pm. n = 5 or 6, mean = SEM. "P < 0.05, P < 0.01,

Alcian blue; AB/PAS: Alcian blue/periodic acid-Schiff
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Figure 2 The intestinal gene transcription profile was altered in Muc2” mice. A: Scatter plot of PCA; B: Volcano plot of genes sequenced;
C: Heatmap analysis of genes related to mucus synthesis; D: The expression of Gent4, Fut2, Galntl7, and Cldnl was measured by real-time
gPCR; E: GO pathway enrichment analysis of DEGs; F: KEGG pathway enrichment analysis of DEGs. n = 4—6, mean = SEM. “P < 0.01,
P < 0.000 1. WT: Wild-type; PCA: Principal component analysis; GO: Gene Ontology; KEGG: Kyoto Encyclopedia of Genes and

Genomes; DEGs: Differentially expressed genes
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Figure 3 The gut microbiota composition changed in Muc2”" mice. A: PCoA and NMDS analysis plot; B: Taxonomic distributions of gut

microbiota composition at the family level; C: Differential microbiota of WT and Muc2” mice at the genus level; D: Differences in

microbial taxa at all taxonomic levels between WT and Muc2”" mice. The Mann-Whitney test was used, with P < 0.01 and LDA score >

2.00 considered statistically significant. n = 5, mean = SEM. "P < 0.05, “P < 0.01,

NMDS: Non-metric multidimensional scaling

ok

P < 0.000 1. PCoA: Principal coordinates analysis;
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Figure 4 Intestinal inflammation in Muc2” mice is associated with gut microbiota invasion. A: Representative images of fluorescence in

situ hybridization staining (20%, 60%), scale bar, 100 um, 20 um; B: GSEA analysis of bacterial-associated responses in GO pathway

analysis; C: Network diagram amongst DEGs in bacterial-associated responses pathway and differential microbiota; D: Correlation analysis
amongst DEGs and differential microbiota. n = 3-5, mean = SEM. "P < 0.05, “P < 0.01, ""P < 0.001
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Figure 5 /10" mice spontaneously develop intestinal inflammation. A: Histopathological analysis of distal colonic tissue from mice and

histological score (25x%), scale bar, 50 um; B: AB-stained sections of tissues and the thickness of mucin (40x), scale bar, 20 um; C: AB/PAS-

stained sections of tissues and the number of goblet cells in each crypt (40%), scale bar, 20 um; D: Representative images of fluorescence in

situ hybridization staining and the distance between luminal microbiota and the epithelial surface (60x), scale bar, 20 um; E: PCoA and

NMDS analysis; F: Taxonomic distributions of gut microbiota composition at the family level; G: Differences in microbial taxa at all

taxonomic levels between WT and /7/0” mice. n = 5-7, mean + SEM. ""P < 0.001. GSEA: Gene set enrichment analysis
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Figure 6 Changes of A. muciniphila abundance in /110" mice. A: The quantity of 4. muciniphila in feces from 110" mice was assessed

by real-time qPCR; B: DAI; C: Correlation of 4. muciniphila abundance with DAI in //10”" mice; D: AB-stained sections of tissues and the

thickness of mucin (4x), scale bar, 100 um; E: 1/10” mice were exposed to 10% fructose for 7 days; F: Changes of A. muciniphila after

drinking 10% fructose for 7 days; G: Changes of A. muciniphila 10 days after cessation of fructose administration. n = 4-6, mean + SEM.

"P<0.05,""P<0.001. DAI: Disease activity index
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