Transcriptomic and metabolomic alterations reveal central mechanisms in difficult-to-treat rheumatoid arthritis
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Introduction. Persistent pain remains an unmet need in rheumatoid arthritis (RA), particularly in the difficult-to-treat (D2T) subgroup. D2T RA is heterogeneous, but CNS processes may be involved in symptom persistence. Peripheral blood mononuclear cell (PBMC) transcriptomics combined with metabolomics can reflect CNS-related alterations. 

Aims. We aimed to characterize PBMC transcriptomic and plasma metabolomic profiles in RA patients to identify pathways related to therapy resistance and to investigate interactions between pain and inflammation. 
Methods. PBMC and plasma from 44 RA patients (28 D2T, 16 non-D2T) and 29 healthy controls (HCs) were separated for PBMC transcriptomic (total RNA sequencing) and plasma metabolomic (Biocrates MxP Quant 500) analysis.
Results. RA patients showed distinct transcriptomic profiles compared to HCs (269 DE genes: 174 up, 95 down), including LTK (p=0.003), TLR4 (p=0.005), and CXCL5 (p=0.035). Enrichment analysis indicated roles in immune regulation and oxygen transport. Comparing D2T to non-D2T RA, 87 DE genes were found (17 up, 70 down), such as NRG1 (p=0.015), NEGR1 (p=0.017), and S100B (p=0.026), enriched for CNS processes: neurogenesis, memory, cognition, behavior (all p<0.001). Metabolomic profiling revealed alterations in lipids and amino acids distinguishing D2T from non-D2T patients. Integrated transcriptomic–metabolomic analysis highlighted overlapping inflammatory (e.g., sphingolipid metabolism, B-cell signaling) and neuronal pathways (e.g., neuroactive ligand–receptor interaction, axon guidance).
Discussion Our analysis revealed distinct transcriptomic and metabolomic alterations in D2T RA, potentially linked to neuroinflammatory and neuroplastic processes. These results may improve understanding of therapy resistance and identify potential targets for novel treatments. HUN-REN–PTE Chronic Pain Research Group (14017), OTKA K138046 and K131479, TKP2021-EGA-29, National Brain Research Program, Richter Gedeon PhD Scholarship (LGT)

