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Abstract: Blood stasis syndrome is one of the core clinical syndrome of rheumatoid arthritis (RA), but the
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biological connotation of this syndrome is not clear, and there is a lack of disease improved animal models that
match the characteristics of this disease and syndrome. The aim of this study was to screen the candidate biomarker
gene set of blood stasis syndrome of RA, reveal the biological connotation of this syndrome, and explore and
evaluate the preparation method of the improved animal model based on the characteristics of "disease-syndrome-
symptom". The study was approved by the ethics committee of Guang'anmen Hospital, Chinese Academy of
Traditional Chinese Medicine (No. 2019-073-KY-01) and the First Affiliated Hospital of Tianjin University of
Traditional Chinese Medicine (No. TYLL2021[K]018), and the study subjects gave their informed consent. Animal
welfare and experimental procedures followed the regulations of the Experimental Animal Ethics Committee of the
Chinese Academy of Traditional Chinese Medicine (No. IBTCMCACMS21-2207-01). The whole blood samples
were collected clinically from RA patients with blood stasis syndrome (3 cases) or other syndromes (7 types,
3 cases/type), and healthy volunteers (4 cases), and then transcriptome sequencing, KEGG, gene set enrichment
analysis (GSEA) and weighted correlation network analysis (WGCNA) analysis were performed. 126 pivotal genes
were screened, and their functional annotation results were significantly enriched in "immune-inflammation"
related pathways and lipid metabolism regulation (sphingolipids, ether lipid metabolism and steroid biosynthesis).
Syndrome-symptom mapping of hub gene set to the TCM primary and secondary symptoms, Western phenotypic
symptoms and pathological links showed that joint tingling, abnormal joint morphology, petechiae and abnormal
blood circulation are representative of blood stasis syndrome of RA. The results of the improved animal model
showed that the rats in the collagen-induced arthritis + adrenaline hydrochloride (CIA+Adr) 3 model group had
increased blood rheology, coagulation, platelet function and endothelial function abnormalities compared with the
CIA-alone model group, suggesting that the rats with blood stasis syndrome of RA may be in a state of "blood
stasis". The results of the study can help to advance the objective study of the evidence of blood stasis syndrome in
RA, and provide new ideas for the establishment of an animal model that reflects the clinical characteristics of the
disease and syndrome.
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Figure 1
enrichment bubble map; C: Expression profile gene based GSEA en

Exploring the biological basis of RA with blood stasis syndrome. A: DEGs heat map; B: DEGs based KEGG pathway

richment score curve; D: Gene expression profile removal batch benefit;

E: Soft threshold screening; F: Module eigenvector clustering; G: Biomodule and clinical phenotype correlation analyses. RA: Rheumatoid

arthritis; DEGs: Differential expressive genes; KEGG: Kyoto encycl

opedia of genes and genome; GSEA: Gene set enrichment analysis
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Figure 2 Exploring the biological basis of RA with blood stasis syndrome. A: The results of pathway enrichment; B: The results of

syndrome-symptom mapping analysis
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Figure 4 The microcosmic indicator test results of characteristics of "disease-syndrome-symptom". A: Plasma viscosity; B: Erythrocyte

cumulative pressure; C: Platelet count; D: Fibrinogen; E: Serum levels of eNOS; F: Serum levels of iNOS; G: Serum levels of VEGF; H:

Mechanical pain sensitivity; I: Cold pain sensitivity; J: Hot pain sensitivity. eNOS: Endothelial nitric oxide synthase; iNOS: Inducible nitric
oxide synthase; VEGF: Vascular endothelial factor. n =6, X £5. 'P<0.05, "P<0.01, ""P<0.001 vs NC group; “P < 0.05, P < 0.01 vs CIA group
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Figure 5 The Sankey chart of clinical relevance of modified animal models and the selection basis
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