Supplementary Table 1. Epigenetic and Molecular Markers Associated with Methotrexate Response in Rheumatoid Arthritis
	Categories
	Subcategories
	Key Findings
	Clinical Relevance to MTX Response
	References

	Epigenetics
	DNA methylation
	Global DNA hypomethylation in T cells and monocytes; MTX increases methylation and DNMT1 expression.
	Methylation changes may serve as pharmacodynamic markers of MTX.
	[1]

	
	
	Methylation sites at 4 weeks post-treatment (e.g., GATA3, miR-182-related sites) correlate with 6-month efficacy.
	Early methylation changes can predict long-term response.
	[2]

	
	
	Baseline ADAMTSL2 hypermethylation combined with BTN3A2 hypomethylation is positively associated with treatment response (PPV 96.6%).
	Methylation profile can predict response to MTX combination therapy.
	[3]

	
	
	Baseline hypermethylation is associated with less reduction in DAS28.
	Baseline methylation levels are inversely associated with response.
	[4]

	
	
	Methylation sites identified in RA-related genes, such as GATA3 and miR-182.
	Methylation may influence MTX efficacy by regulating immune-related genes.
	[2, 5, 6]

	
	Citrullination/ACPA
	Seropositive and seronegative patients differ in disease status and treatment response.
	Results are inconsistent: some studies show better response in seropositive patients, others show no difference.
	[7-11]

	
	Acetylation
	High-dose MTX inhibits HDAC and promotes acetylation.
	Role of low-dose MTX in RA is unclear; no relevant studies available.
	[12]

	Cell-free DNA
	cfDNA levels
	cfDNA levels are elevated in RA patients and correlate with disease activity and tissue damage.
	Relationship with MTX efficacy has not been clearly established.
	[13-16]

	
	
	cfDNA levels are high in early disease (<10 years) and may decrease in late stages.
	May reflect disease stage rather than treatment response.
	[14, 16]

	
	Effect of DMARDs
	Small studies show that DMARDs (including MTX) do not alter cfDNA levels.
	cfDNA may not be a sensitive indicator of MTX efficacy.
	[15]

	
	
	TNF-α inhibitors can alter cfDNA levels.
	cfDNA may be regulated by TNF-α and indirectly affected by MTX.
	[15, 17]

	microRNA
	miR-16
	Targets TNF-α; in early RA patients, levels increase at 3 months and decrease at 12 months post-treatment.
	Higher baseline levels associated with greater DAS28 reduction at 3 months; magnitude of change correlates with long-term efficacy.
	[18]

	
	miR-155
	Inhibits MMPs; promotes inflammatory factor expression; enhances osteoclast activity.
	Responders show low baseline levels and increases at 4 months post-treatment.
	[19]

	
	miR-146a
	Inhibits osteoclastogenesis and T cell apoptosis.
	Responders show low baseline levels and post-treatment increases; negatively correlated with DAS28.
	[17, 19, 20]

	
	miR-132
	Targets IL-1β, IL-6, IFN-β.
	Levels increase in both responders and non-responders at baseline; negatively correlated with DAS28.
	[21]

	
	miR-27a
	Targets MAPK; reduces IL-6 and TNF-α; increases IL-10.
	High baseline levels associated with remission at 12 months; post-treatment declines associated with remission.
	[22]

	
	miR-126-3p
	Targets PIK3R2 and regulates the PI3K/AKT pathway.
	Upregulated after MTX combined with anti-TNF treatment.
	[23]

	
	miR-223-3p
	Targets NF-1A to regulate osteoclast differentiation.
	Upregulated after MTX combined with anti-TNF treatment.
	[24]

	
	Pharmacogenetics
	miR-24 regulates DHFR; DHFR SNP (C829T) is located in the miR-24 binding site; T allele abrogates miR-24 regulation.
	May affect therapeutic response by regulating MTX target enzyme expression.
	[25]

	
	miRNA-methylation crosstalk
	miR-301a promotes Th17 differentiation by inhibiting PIAS3; Th17 contributes to RA pathogenesis by inhibiting DNA methylation.
	May serve as a pharmacodynamic marker of MTX.
	[26]
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