Supplementary Table S1. Validation of the independent t-test results using Shapiro-Wilk normality test, Mann-Whitney U test, and Benjamini–Hochberg false discovery rate (FDR) correction
	
	Shapiro-Wilk 
p value
	Mann-Whitney U
	Benjamini-Hochberg (FDR)

	Gene
	Healthy control
	AS patient
	p value
	FDR-adjusted
p value

	TIM-3
	0.410
	 0.782
	NA
	< 0.001

	CD40-L
	0.280
	0.088
	NA
	< 0.001

	CD28
	0.953
	0.023
	< 0.001
	< 0.001

	OX40L
	0.758
	0.880
	NA
	0.738

	CD40
	0.083
	0.076
	NA
	0.009

	OX40
	0.227
	0.319
	NA
	0.241



The normality of ΔCt values was assessed using the Shapiro-Wilk test. Except for CD28 in the AS group (Shapiro-Wilk test, P = 0.023), the ΔCt values for all studied genes met the normality assumption. Therefore, we performed the Mann-Whitney U test on CD28 as a sensitivity analysis. The results were statistically significant (P < 0.001), indicating robustness of the observed differences regardless of the statistical method used. The Benjamini-Hochberg false discovery rate (FDR) correction method was used to adjust for multiple comparisons. After FDR correction, the significant differences in TIM-3, CD28, CD40, and CD40L remained statistically significant.


Supplementary Table S2. Medication profiles of patients with ankylosing spondylitis
	Medication category
	N (%)

	NSAIDs
	28 (84.8)

	Glucocorticoids
	5 (15.2)

	csDMARDs
	22 (66.7)

	Biologic therapies
	2 (6.1)




Supplementary Table S3. Spearman correlation analyses between demographic variables (age and sex) and gene expression levels in healthy controls and AS patients
	Gene
	Healthy controls (Sex) ρ (p-value)
	Healthy controls (Age) ρ (p-value)
	AS patients (Sex) ρ (p-value)
	AS patients (Age) ρ (p-value)

	TIM-3
	-0.061 (0.764)
	-0.247 (0.214)
	-0.039 (0.831)
	0.140 (0.443)

	CD40L
	0.015 (0.940)
	-0.162 (0.418)
	-0.246 (0.175)
	0.194 (0.288)

	CD28
	0.293 (0.130)
	0.503 (0.006)
	-0.479 (0.005)
	-0.139 (0.441)

	OX40L
	0.164 (0.403)
	0.129 (0.514)
	0.196 (0.282)
	0.180 (0.323)

	CD40
	-0.122 (0.538)
	0.408 (0.031)
	-0.311 (0.079)
	-0.062 (0.732)

	OX40
	-0.329 (0.088)
	-0.351 (0.067)
	-0.196 (0.275)
	-0.096 (0.594)


Spearman correlation coefficients (ρ) and corresponding p values are shown. Significant associations (p < 0.05) are shown in bold.

Supplementary Table S4. Multiple linear regression analyses of genes identified as significant in the initial (unadjusted) between-group comparisons, adjusted for age and sex.
	Gene
	Variable
	Standardized β (ΔCt)
	p value

	TIM-3
	Group
(Healthy controls vs. AS patients)
	0.493
	0.005

	
	Sex
	-0.014
	0.924

	
	Age
	-0.031
	0.834

	CD28
	Group
(Healthy controls vs. AS patients)
	0.455
	0.004

	
	Sex
	-0.262
	0.039

	
	Age
	-0.011
	0.935

	CD40L
	Group
(Healthy controls vs. AS patients)
	0.376
	0.028

	
	Sex
	-0.187
	0.182

	
	Age
	0.017
	0.909

	CD40
	Group
(Healthy controls vs. AS patients)
	0.132
	0.459

	
	Sex
	-0.255
	0.089

	
	Age
	0.093
	0.551


Multiple linear regression analyses were performed using ΔCt values as the dependent variable and disease status, age, and sex as independent variables. Because ΔCt is inversely related to relative mRNA expression, a higher ΔCt corresponds to lower expression; accordingly, a positive standardized β for disease status indicates higher ΔCt (i.e., lower mRNA expression) in AS patients relative to healthy controls. Disease status was coded as 0 = healthy controls and 1 = AS patients, whereas sex was coded as 0 = male and 1 = female. Standardized regression coefficients (β) and corresponding p-values are shown.
