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[ Abstract | Rheumatoid arthritis (RA) is a chronic autoimmune disease characterized
by joint inflammation and bone destruction, accompanied by gut microbiota dysbiosis,
neuroimmune dysfunction, and systemic inflammatory amplification. Increasing evidence
from the gut-joint axis indicates that microbial dysbiosis disrupts intestinal barrier integrity,
enhances permeability, and promotes the translocation of microbial products and antigens,
thereby triggering systemic inflammation and autoimmune responses. Meanwhile, alterations
in microbial metabolites, including short-chain fatty acids, bile acids, and tryptophan
derivatives, drive disease progression by regulating mucosal homeostasis, inflammatory
resolution, and the Th17 cells/Tr cells balance. Persistent dysbiosis further activates
peripheral immunity and promotes the recruitment of pro-inflammatory cells and mediators
to the synovium, resulting in synovial hyperplasia, cartilage degradation, and bone erosion.
Concurrently, gut-derived metabolic signals, vagal afferents, and immune mediators
modulate central nervous system function and neuroinflammation, whereas brain-derived
stress responses regulate intestinal barrier function, microbial composition, and gut immune
homeostasis via the hypothalamic-pituitary-adrenal (HPA) axis and the autonomic nervous
system, collectively exacerbating systemic inflammation. Thus, a dynamic cross-system
network linking the gut, brain, and joints is established, involving neural pathway coupling,
immune cell migration and recruitment, endocrine regulation, and metabolic messenger-
and inflammatory axis-mediated interactions. Microbiota-directed strategies restore
microbial homeostasis and barrier integrity to reduce the initiation of inflammation;
metabolic interventions rebalance immune and bone homeostasis through key signaling
pathways, e. g., tryptophan and short-chain fatty acid pathways; neuroimmune regulation
attenuates inflammatory amplification via the cholinergic anti-inflammatory pathway and
HPA axis modulation; and multi-target approaches integrate the advantages of microbiota,
metabolism, neural, and local inflammatory control to improve therapeutic efficacy. This
review elucidates RA from the integrated perspective of the gut-brain-joint axis, providing
mechanistic insights into systemic inflammation and supporting the development of novel

therapeutic strategies.

[ Key words| Rheumatoid arthritis; Gut-brain-joint axis; Intestinal flora; Neuroim-

munomodulation; Inflammation; Hypothalamic-pituitary-adrenal axis; Review
[J Zhejiang Univ (Med Sci), 2026, 55(4): 338-351.]

[ FEB&IE ] X KR X7 £ (rheumatoid arthritis, RA) ; %8 B4 T 28 feL (helper T cell
Th za fiet) ; 38 7 P T 28 I8 (regulatory T cell, Tr 28 et ) ; AMP &AL 849 %% & Ji ik B (AMP-
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activated protein kinase , AMPK) ; 35 %2 & #& (aryl hydrocarbon receptor, AhR) ; i J& 3% 5%
B ¥ a (tumor necrosis factor-at, TNF-a) ; G % & 1% 3% % 4k (G protein-coupled receptor,
GPR) ; # B T kB (nuclear factor-k B, NF-kB) ; NF-«kB & 4k & 1% B F (receptor activator
of NF-kB, RANK) ; RANK Az 4k (RANK ligand, RANKL) ; F £ i — s 4k — B LI 4
(hypothalamic-pituitary-adrenal axis, HPA %# ) ; % J% 3£ & & (immunoglobulin, Ig) ; a7
JA 2% T Bk 12 a8, 22 4K (nicotinic acetylcholine receptor, 7nAChR) ; % J& 85 X 5 4k
(farnesoid X receptor, FXR) ; 2 &, % & 4 2 B ¥ 2 £ 5 /> 4k (absent in melanoma 2
inflammasome , AIM2) ; 2 ¥ 8 48 5% I8 )L &2 4k yt (retinoid-related orphan receptor yt,
RORyt) ; i =2 L] ARNT #%% & (brain and muscle ARNT-like 1,Bmall) ; 3k 4E &
& Jit A2 (forkhead box protein A2, FOXA2) ;15 5 3 A FHEFR T3 (signal

transducer and activator of transcription 3,STAT3)
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Table 1 Therapeutic strategies for theumatoid arthritis based on the gut-brain-joint axis mechanism
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