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Abstract: Intestinal stem cells (ISCs) are the source of intestinal epithelial cells, maintaining
intestinal homeostasis by orchestrating proliferation and differentiation. Gut microbiota and
their metabolites also play a role in maintaining host intestinal homeostasis. With technological
advances, the interaction between ISCs and gut microbiota has drawn increasing attention.
Emerging evidence has demonstrated that ISCs regulate the composition of gut microbiota by
affecting the subtypes of epithelial cells, while gut microbiota and their metabolites modulate
the epithelial development mediated by ISCs. In this review, we elucidate the effects of ISCs
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differentiation on gut microbiota, summarize the progress in the effects of gut microbiota and their
metabolites on the proliferation and differentiation of ISCs, and forecast the possible research
directions in the future, aiming to give new insights into the therapies for intestinal injury.
Keywords: gut microbiota; microbial metabolites; intestinal stem cells
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Figure 1 Structure of small intestinal epithelium. Left: The small intestinal epithelium includes the villus
and crypt. ISCs and Paneth cells are located at the base of the crypts, along with mesenchymal cells to form
the ISCs niche. The differentiated cells will migrate from the crypt to the tip of the villus, and eventually,
apoptosis enters the intestinal lumen. Right: ISCs differentiate into absorptive progenitors (Notch on) and

secretory progenitors (Notch off). The absorptive lineage contains enterocytes, and the secretory lineage
includes Paneth cells, enteroendocrine cells, tuft cells, and goblet cells.
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Figure 2 Gut microbiota and its metabolites regulate the fate of intestinal stem cells. Left: Gut microbiota
can colonize in the intestinal mucosa and intestinal crypts; Right: Gut microbiota, their metabolites
(short-chain fatty acids (SCFAs), bile acids (BAs), and tryptophan), and their cell wall components (muramyl
dipeptide (MDP) and lipopolysaccharide (LPS)) affect the ISCs proliferation and differentiation.
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Table I The effects of specific intestinal microbiota on intestinal stem cells
Ji7m 3 TR R Xof g T 4 L 4 5 W ] 2% 30k
Microbiota Effects on ISCs Model References
TR WA ISCs AR %) Lor Al Bmil f ik 7B~y [23]
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Bmil) (I0s)
/> ISCs 15 TA UM H , BN IR e 5 1 B Rean /i [24]
L ) b 451 Mouse
Increase the proportion of differentiation cell types (Paneth
cells and enterocytes) at the expense of ISCs and TA cells
IR 2 11 B ve 2 PR A P HE ISCs HEFE K 73 Wh R 240 i 53 £k INREIEASE [25]
Akkermansia muciniphila Stimulate the ISCs proliferation and the differentiation of =~ Mouse and IOs
secretory cells
ek 1SCs Y58 15 52t DSS 1755 1Y i R E INREIEARTE  [26]
Increase the proliferation of ISCs and reduce DSS-induced Mouse and 10s
intestinal inflammation
il B 25 ST T 55 ISCs HYMIFHE , G2 At I I I 98 E 0 G2 0 66 I e /D B [27]
Bacillus subtilis A Mouse
Induce ISCs proliferation, reduce intestinal mucosal
inflammation, and promote mucosal barrier reconstruction
T ISCs AR5, At o BY 4 it oA NREBEAE (28]
Inhibit the proliferation of ISCs and stimulate Mouse and 10s
differentiation towards secretory cells
FURR P AT . BUBCFT I V53 ISCs., e FQ A i FIAR IR 200 i 184 58 INREIEAE [29]
MFLERFT Elicit ISCs, Paneth cells, and goblet cells proliferation Mouse and 10s
Lactic-acid-producing
bacteria (LAB):
Bifidobacterium and
Lactobacillus spp.
BBt LT I RAE, fEHE 1SCs HEFH ZNE [30]
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GG
B LT AR TR AU R BE et 1SCs 151 MEBEASEE 31
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proliferation
PR FLAT A D8 fle itk 1SCs 3478, Kb bR it g =2 NS IBEASE [32-33]
Lactobacillus reuteri D8 Accelerate ISCs proliferation and promote repair of Mouse and IOs
intestinal epithelial injury
THPFLAT I 5 5 R R i A 40 S A K A L R R [34-35]
Lactobacillus plantarum Induce the proliferation of adult midgut progenitor and Drosophila

growth of the intestine
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