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Supplementary Figure 1. TYK2 phosphorylation is elevated in splenic CD4+ T cell subsets in EAU and EAE models
(A) Expression of p-TYK2 in CD4+ T cells and naive CD4+ T cells, Th1, Th17, and Treg subsets from the spleens of naive mice and EAU mice. (B) Corresponding levels of total TYK2 in the same splenic CD4+ populations from the EAU model. (C) Expression of p-TYK2 in CD4+ T cells and indicated subsets from the spleens of naive mice and EAE mice. (D) Corresponding levels of total TYK2 in splenic CD4+ populations from the EAE model. Data are presented as mean ± SEM (n = 5). Statistical significance was determined by unpaired two-tailed Student’s t-test or two-way ANOVA followed by post-hoc multiple comparisons test (*p < 0.05, **p < 0.01, and ***p < 0.001, ****p < 0.0001, ns, not significant).

[image: ]
















Supplementary Figure 2. TYK2 inhibition from day 7 ameliorates clinical severity and suppresses pathogenic T cell responses in established EAU. 
(A) Schematic of the treatment regimen. TYK2i or vehicle was administered daily starting from the onset of clinical symptoms (day 7 post-immunization). (B) Representative fundus photographs and FFA images at day 0 (healthy baseline), day 7 (pre-treatment baseline), and day 14, as well as retinal H&E sections with corresponding clinical and histopathological scores in vehicle- and TYK2i-treated mice. (C, D) Representative flow cytometry plots and summary data showing the proportions of IFN-γ+, IL-17A+, GM-CSF+, and Foxp3+ CD4+ T cells in the dLNs (C) and spleen (D) of the indicated groups. Data are presented as mean ± SEM (n = 5). Statistical significance was determined by unpaired two-tailed Student’s t-test (*p < 0.05, **p < 0.01, and ***p < 0.001, ****p < 0.0001, ns, not significant). 
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Supplementary Figure 3. TYK2 inhibition attenuates disease progression and systemic T cell activation in the EAE model.
(A) Schematic of the EAE induction and treatment protocol with vehicle or a selective TYK2i. (B) Body weight changes in EAE mice treated with vehicle or TYK2i. (C, D) Representative flow cytometry plots and summary data showing the proportions of CD69+, effector CD4+ T cells (CD4+CD44+CD62L–), naive CD4+ T cells (CD4+CD44–CD62L+), CXCR3+, and CCR6+ in CD4+ T cells from the dLNs (C) and spleen (D) of vehicle- and TYK2i-treated mice. (E, F) Representative flow cytometry plots and summary data showing the proportions of IFN-γ+, IL-17A+, and Foxp3+ in CD4+ T cells from the dLNs (E) and spleen (F) of vehicle- and TYK2i-treated mice. Data are presented as mean ± SEM (n=6). Statistical significance was determined by unpaired two-tailed Student’s t-test or two-way ANOVA with repeated measures followed by post-hoc multiple comparisons test (*p < 0.05, **p < 0.01, and ***p < 0.001, ****p < 0.0001, ns, not significant).  
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Supplementary Figure 4. TYK2 inhibition from day 14 attenuates disease progression and systemic T cell activation in the EAE model.
(A) Schematic of the EAE induction and treatment protocol with vehicle or a selective TYK2i, administered from day 14. (B) Clinical scores in EAE mice treated with vehicle or TYK2i. (C) Representative H&E and LFB staining of spinal cord sections with summary histopathological scores. (D) Body weight changes in EAE mice. (E, F) Representative flow cytometry plots and summary data showing the proportions of CD69+, effector CD4+ T cells (CD4+CD44+CD62L–), naive CD4+ T cells (CD4+CD44–CD62L+), CXCR3+, and CCR6+ in CD4+ T cells from the dLNs (E) and spleen (F) of vehicle- and TYK2i-treated mice. (G, H) Representative flow cytometry plots and summary data showing the proportions of IFN-γ+, IL-17A+, and Foxp3+ in CD4+ T cells from the dLNs (G) and spleen (H) of vehicle- and TYK2i-treated mice. Data are presented as mean ± SEM (n=5). Statistical significance was determined by unpaired two-tailed Student’s t-test or two-way ANOVA with repeated measures followed by post-hoc multiple comparisons test (*p < 0.05, **p < 0.01, and ***p < 0.001, ****p < 0.0001, ns, not significant).  
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Supplementary Figure 5. Assessment of systemic safety and organ toxicity following TYK2 inhibition in EAU mice. 
(A) Body weight changes in EAU mice treated daily with vehicle or TYK2i throughout the observation period. (B) Representative H&E-stained sections of liver and kidney tissues harvested from vehicle- and TYK2i-treated mice at the study endpoint. Data are presented as mean ± SEM (n = 7). Statistical significance was determined by two-way ANOVA with repeated measures followed by post-hoc multiple comparisons test (ns, not significant).
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Supplementary Figure 6. Impact of TYK2 inhibition on systemic T cell homing receptors and functional markers of Treg.
(A, B) Representative flow cytometry histograms and summary data showing the proportions of CXCR3+ and CCR6+ cells within the CD4+ T cell population from the dLNs (A) and spleen (B) of vehicle- and TYK2i-treated EAU mice. (C, D) Representative flow cytometry plots and summary data showing the proportions of ICOS+, CTLA-4+, and Helios+ CD4+ T cells from the dLNs (C) and spleen (D). (E) Representative flow cytometry plots and summary data showing the proportions of IFN-γ+, IL-17A+, and Foxp3+ cells among peripheral blood CD4+ T cells. Data are presented as mean ± SEM (n = 7). Statistical significance was determined by unpaired two-tailed Student’s t-test (*p < 0.05, **p < 0.01, and ***p < 0.001, ****p < 0.0001, ns, not significant).
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Supplementary Figure 7. Induction and characterization of EAE through adoptive transfer of CD4+ T cells.
(A) Schematic of the adoptive transfer experimental design using MOG35–55-restimulated CD4+ T cells. (B) Clinical scores in naive mice following adoptive transfer. (C) Representative H&E and LFB staining of spinal cord sections with summary histopathological scores. (D) Body weight changes in naive mice. (E) Proportions of IFN-γ+, IL-17A+, and Foxp3+ CD4+ T cell subsets in the dLNs of naive mice. Data are presented as mean ± SEM (n=5). Statistical significance was determined by unpaired two-tailed Student’s t-test or two-way ANOVA with repeated measures followed by post-hoc multiple comparisons test (*p < 0.05, **p < 0.01; ns, not significant).
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Supplementary Figure 8. TYK2 inhibition reduces the proportion of highly pathogenic IFN-γ+IL-17A+ CD4+ T cells across multiple experimental models.
Representative plots and summary data showing IFN-γ+IL-17A+ CD4+ T cell proportions in  (A) IRBP-restimulated cultures (related to Fig. 4), and (B) anti-CD3/CD28-stimulated PBMCs (related to Fig. 7) ,(C–F) dLNs and spleens of EAU mice (C–D related to Fig. 3; E–F related to Supp. Fig. 2), (G–J) dLNs and spleens of EAE mice (G–H related to Supp. Fig. 3; I–J related to Supp. Fig. 4). Data are mean ± SEM (n = 5–7). Statistical significance was determined by unpaired two-tailed Student’s t-test (*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001).
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Supplementary Figure 9. Sub-clustering and transcriptomic characterization of the Th17 cell population.
(A) t-SNE visualization illustrating the sub-clustering strategy and transition from CD4+ T cells to the identified Th17 cell cluster. (B) Heatmaps display the expression profiles of lineage-specific marker genes used for the classification and validation of immune cell subsets. (C) Volcano plot showing DEGs within the CD4+ Th17 cell subset between vehicle and TYK2i groups. (D) Functional enrichment analyses showing the top GO and KEGG terms associated with the significantly downregulated DEGs within the CD4+ Th17 cell subset. 
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Supplementary Figure 10. In vivo TYK2 inhibition selectively suppresses pathogenic STAT signaling while preserving the IL-2/STAT5 axis in the dLNs of EAU mice. 
(A, B) Representative flow cytometry histograms and summary gMFI data showing the induction of p-TYK2 (unstimulated vs. stimulated) and the subsequent inhibition of p-STAT1 and p-STAT2 (vehicle vs. TYK2i) following stimulation with IFN-α (A) or IFN-β (B) in CD4+ T cells and in Th1 and Th17 subsets. (C) Levels of p-TYK2 induction and p-STAT3 inhibition following IL-23 stimulation in CD4+ T cells and in the Th1 and Th17 subsets. (D) Levels of p-TYK2 induction and p-STAT4 inhibition following IL-12 stimulation in CD4+ T cells and in the Th1 and Th17 subsets. (E) Levels of p-TYK2 induction and p-STAT5 inhibition following IL-2 stimulation in CD4+ T cells and Foxp3+ Treg. Cell populations are distinguished by color: CD4+ T cells (purple), Th1 subsets (red), Th17 subsets (blue), and Foxp3+ Tregs (red). Data are presented as mean ± SEM (n = 5). Statistical significance was determined by unpaired two-tailed Student’s t-test (*p < 0.05, **p < 0.01, and ***p < 0.001, ****p < 0.0001, ns, not significant).
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Supplementary Figure 11. Selective modulation of cytokine-induced STAT signaling in CD4+ T cell subsets from AU patients.
(A, B) Representative flow cytometry plots and summary gMFI data showing the induction of p-TYK2 (unstimulated vs. stimulated) and the subsequent inhibition of p-STAT1 and p-STAT2 (vehicle vs. TYK2i) following stimulation with IFN-α (A) or IFN-β (B) in Th1 and Th17 subsets within PBMC cultures from uveitis patients. (C) Levels of p-TYK2 induction and p-STAT3 inhibition in patient-derived Th1 and Th17 subsets following IL-23 stimulation. (D) Levels of p-TYK2 induction and p-STAT4 inhibition in patient-derived Th1 and Th17 subsets following IL-12 stimulation. (E) Levels of p-TYK2 induction and p-STAT5 inhibition in patient-derived Foxp3+ Tregs following IL-2 stimulation. Cell populations are distinguished by color: Th1 subsets (red), Th17 subsets (blue), and Foxp3+ Tregs (red). Data are mean ± SEM (n = 5). Statistical significance was determined by unpaired two-tailed Student’s t-test (**p < 0.01, and ***p < 0.001, ****p < 0.0001, ns, not significant).
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Supplementary Figure 12. Flow cytometric gating strategy for TYK2 and STAT signaling molecules.
[bookmark: OLE_LINK27](A) Gating logic for total CD4+ T cells. Following the identification of the CD4+ T cell population, the expression levels of TYK2, p-TYK2, and p-STAT1–5 were quantified within this gate. (B) Gating logic for CD4+ T cell subsets. Within the total CD4+ T cells gate, specific functional subsets were identified, including naive T cells (defined as CD44−CD62L+ in mice and CD45RA+CCR7+ in humans), Th1 (T-bet+), Th17 (RORγt+), and Treg (Foxp3+) cells. The activation profiles of TYK2, p-TYK2, and p-STAT1–5 were subsequently determined within each respective subset to evaluate lineage-specific signaling responses.
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Supplementary Figure 13. Gating strategies for retinal infiltrating cells and systemic T cell characterization.
(A) Gating strategy for retinal tissues. Leukocytes were identified as the CD45+ population, from which CD4+ T cells were sequentially gated as the parent population for effector cytokine analysis. (B) CD4+ T cells served as the primary gate for multidimensional immunophenotyping, encompassing lineage-specific markers, surface activation/memory profiles, and functional readouts.
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