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[bookmark: OLE_LINK12]Figure S1. Correlation between circulating exhausted CD8+ T cells and clinical features. (A) Flow cytometry was used to evaluate the production of IFN-γ, TNF-a, and IL-2 in CD44+PD-1+ exhausted CD8+ T cells 4.5 hours after stimulation with PMA/ionomycin in PBMCs from T1D patients(n=45) and healthy controls(n=47). (B) IFN-γ, TNF-a, and IL-2 levels in TPEX and TEX from T1D patients. (n=45). (C)The frequencies of circulating exhausted CD8+ T cells in type 1 diabetic patients within 2 years from diagnosis (n =22) and in those with a disease duration >2 years from diagnosis (n =37). (D) The percentage of changes of circulating exhausted CD8+ T cells subsets in type 1 diabetic patients followed 6 months investigation (n=10). (E) The frequency of circulating exhausted CD8+ T lymphocytes was measured in both rapid (n = 7) and slow (n = 5) T1D progressors. *P<0.05; **P<0.01; ****P<0.0001. two-sided Student’s t-test (A-C, E); two-sided paired Student’s t-test (D).
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[bookmark: _Hlk182684586][bookmark: _Hlk182684821]Figure S2. Quantification, functionality and Co-receptor expression of exhausted CD8+ T cells in NOD mice aged 8-13 weeks(n=10/group). (A, C and E) Immune checkpoint expression in non-exhausted and exhausted CD8+ T cells from the lymph nodes and spleen in NOD mice. (B, D and F) Immune checkpoint expression in exhausted CD8+ T subsets from Lymph nodes in NOD mice. (G and H) T-bet and Eomes are expressed on non-exhausted and exhausted CD8+ T cells from the lymph nodes and spleen in NOD mice. (I) T-bet and Eomes are expressed on exhausted CD8+ T subset from Lymph nodes in NOD mice. (J) CD36 expression on non-exhausted and exhausted CD8+ T from the lymph nodes and spleen in NOD mice. (K) CD36 expression on exhausted CD8+ T subsets from Lymph nodes in NOD mice. Mann-Whitney test (A-K). Data represent at least two independent experiments.
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[bookmark: _Hlk186993205]Figure S3. Exhausted CD8+ T cells exhibit changes in glucose, lipid, and mitochondrial metabolism in NOD mice aged 8-13 weeks(n=8/group). (A) 2-NBDG, (B) Bodipy 493, (C) MTG and (D) MTR expression of on non-exhausted and exhausted CD8+ T cells from Lymph nodes or spleen or TPEX and TEX populations from Lymph nodes in NOD mice. (E) normalized ΔΨm (MTR/MTG ratio) TPEX and TEX populations from Lymph nodes in NOD mice. (F)Cytoc, (G)ATP5O and (H)MitoSOX red on non-exhausted and exhausted CD8+ T from Lymph nodes and spleen or TPEX and TEX populations from Lymph nodes in NOD mice. *P<0.05; **P<0.01; ***P<0.001; ****P<0.0001. Mann-Whitney test (A-H). Data represent at least two independent experiments.
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[bookmark: _Hlk186993306]Figure S4. Induction of TEX cells by blockade of Mitochondrial fission. CD44+PD-1+ exhausted CD8+ T cells (n=8/group). (A) TPEX and TEX cells (B)were measured by flow cytometry from CD8+ T cells after 4 h of anti-CD3/anti-CD28 or IGPR restimulation cultured under indicated conditions. Flow cytometry was used to evaluate IFN-⁧ and TNF-⁡ expressions in CD8+ T cells from TPEX (C) and TEX (D) cells after 4 hours of anti-CD3/anti-CD28 or IGPR restimulation under specific conditions *P < 0.05, **P<0.01, ***P < 0.001, ****P < 0.0001. one-way ANOVA(A-D). Data represent at least two independent experiments.
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[bookmark: _Hlk186993348][bookmark: _Hlk182686316]Figure S5. Single-cell RNA sequencing was performed on CD8+ T cells from NY8.3 mice 7 days after they were treated with anti-CD3mAb and IGRP206-214. n = 2 biologically independent samples. (A)Pathway enrichment analysis of the up-regulated differentially expressed genes between Teff cells treated with anti-CD3 mAb and Teff cells treated with IGRP206-214. (B) AUCell scores for T cell signalling pathways in five CD8+ T cell subsets from various treatment groups. (C) Interactions between individual cell subgroups and others. The link size reflects the strength of the interaction. (D) Bubble plots depict ligand-receptor pairings from various CD8+ T cell subsets in different treatment groups.
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[bookmark: _Hlk186993392]Figure S6. Blockade of Mitochondrial fission improves immunotherapy efficacy of anti-CD3 mAb in vitro(n=4/group). (A) Scheme designed for experimentation. CD8+ T cells from NY8.3 mice aged 8-13 weeks were sorted and activated with IGRP206-214 overnight in the presence of IL-2. After washing, the cells were divided into five groups. Each group was then expanded with IL-2 (for activation) or co-cultured with IL-2 and IGRP206-214 (for 'continuous' activation) for 5 days, with media changes on a frequent basis to prevent nutritional depletion. This continuous post-activation expansion stage was conducted on round-bottomed plates using one of the following treatments: anti-CD3 monoclonal antibody (mAb), OA, Mdivi-1 (OAM), or a combination of all three. Flow cytograms (B) and assessment (C-E) of CD44+PD-1+ exhausted CD8+ T cells. TPEX and TEX cells were produced similarly in (A). Flow cytograms (F and I) and Levels of IFN-⁧ and TNF- in TPEX (G and H) and TEX (J and K) cells, as shown in (A). Data represent mean ± SD. *P < 0.05, **P<0.01, ***P < 0.001, ****P < 0.0001. one-way ANOVA (C-E, J-H, J-K). Data represent at least two independent experiments.
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