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The role of short-chain fatty acids in regulating bone metabolism
and the mechanism: a review
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Abstract: The disturbance of gut microbiota contributes to pathological bone loss in the host, as the
metabolites of it diffuse from the gut to the systemic circulation to regulate bone metabolism. Among the
metabolites of gut bacteria, short-chain fatty acids (SCFAs) attract the most attention. Recent studies have
shown that SCFAs play an important part in the prevention and treatment of bone metabolism-related
diseases. This review focused on the role of SCFAs in the skeletal system, the mechanism of regulating
cells in bone tissue, and the functions in the prevention and treatment of osteoporosis, and summarized the
future research directions.
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Figure 1 Effects of SCFAs on bone resorptmnm (A) and bone formation®**®! (B)

TE: SCFA Wil I freF it Wy & B AR ) E B4, HOE e 55 B A B B 8B A B F825 . A SCFA Tl
HEMEEE 2 FR R, bRl B RS SR AR E R, BRI, SRR KT
g, NHIES B . 53 —FhE N 5 R Treg, [AIEEMIH] CTLA4/CDS80/86 £ - 4H b ] 422 fk /1t B 400 w450 i
B: TRREEHE TG . MRAESEh oIttt CDA 40N Treg 43k, BUE Wnt BLARGE BM 1 Wnt {55, IG5k i
HYIE. 75 BM 1, Treg BHIET T CDS8' T 4ifih CD28 M5 5% S, Mifidliil AP-1 fIiKFE. H4h, Treg #iE T NFAT fl SMAD
(15544 5, NFAT Fl SMAD 454 Wnt10b ()3 8 F X (FF-705 bp Fl-272 bp (2 )4 B #E Wntl0b f9#ik, SR pLE-H
Wt RIS AL E BM 355 A0 R A, AR 2 T B i 1 A

Note: Dietary fiber in short chain fatty acids is the intestinal microorganism fermentation to produce the main metabolites, osteoclasts,
and osteoblasts by adjusting it affect bone steady-state. A: SCFAs can be adjusted through both direct and indirect ways of osteoclast.
One approach is to directly induce broken bone metabolic reprogramming precursor cells, leading to enhanced glycolysis, oxidative
phosphorylation levels drop, thus inhibiting osteoclast differentiation. Another way is through the induction of Treg, indirect inhibition
CTLAA4/contact between CD80/86 cells reduce osteoclast number. B: Butyric acid enhances the intestinal spleen and bone marrow (BM)
to Treg differentiation, auxiliary CD4" cells in osteogenesis Wnt ligands activation of Wnt signaling in the BM mesenchymal cells, the
proliferation and differentiation of osteoblast in BM, treg blocking the CD8" CD28 signaling, T cells and thus inhibit AP-1 nuclear level
In addition, Treg activation of NFAT and SMAD signaling, NFAT and SMAD Wntl0b promoter regions (in =705 bp and —272 bp)
between effectively activate Wnt10b expression. This osteogenic Wnt ligand activates Wnt signal transduction in BM stromal cells,

leading to proliferation and differentiation into osteoblasts. The increase in the number of osteoblasts promotes bone formation and
improves bone structure
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Table 1 Therapeutic role of SCFAs on osteoporosis
Therapeutic agent Animal study Mechanism of action Effect on the skeletal system  References
Propionic acid and ~ OVX mice Activate the Wnt signal in pathway to Promote the osteogenic [8]
butyric acid osteoblasts differentiation of stromal
cells and the formation of
mineralized nodules, and
increase bone mass
SCFAs BALB/c mice Increase in serum IGF-1 Acute bone resorption and [34]
further normalize bone mass
Combine protein Human body Treg production increased Bone resorption decreased, [42]
supplements with a prevention and treatment of
high-fiber diet osteoporosis
Butyric acid Young mice Butyrate concentrations regulate bone Increased bone formation [34]
anabolism via Treg cell-mediated regulation
of CD8" T cell Wnt10b production
Probiotic OVX mice The expression of TNF-a and IL-1B was Change the immune state of [48]
treatments decreased and the expression of OPG, an bones, so that bone
effective inhibitor of osteoclast generation, resorption weakened
was increased in OVX mice
Prebiotic diets such  Teenagers Fermented to SCFAs to promote calcium Increase calcium absorption [49-50]
as GOS and SCF absorption in the skeletal system
Consumption of Postmenopausal ~ Bone specific alkaline phosphatase activity has positive effect on bone [51]
SCF women was significantly increased calcium retention
SCFAs C57BL/6 I mice  Change in the metabolic state of Increased bone BMD and [52]
pre-osteoclasts bone mass

Note: BMD: Bone mineral density; SCFA: Short-chain fatty acid; GOS: Galacto-oligosaccharides; IGF-1: Insulin-like growth factor-1;
SCF: Soluble corn fiber; OPG: An effective inhibitor of osteoclast formation
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