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Synthesis of PF prodrug
1. Synthetic scheme of the disulfide (SS) intermediate
[image: ]
Bis(2-hydroxyethyl) disulfide (3.0 g, 19.45 mmol) and 4-nitrophenyl chloroformate (8.6 g, 42.8 mmol) were sequentially dissolved in anhydrous dichloromethane (DCM, 8 mL), followed by the addition of N, N-diisopropylethylamine (DIEA, 2.5 g, 19.45 mmol). The reaction mixture was stirred at 500 rpm at 45 °C, and the reaction progress was monitored by analytical thin-layer chromatography (TLC). Upon completion, the reaction mixture was successively washed with 5% aqueous citric acid to remove residual DIEA, saturated aqueous sodium carbonate to remove the p-nitrophenol byproduct, and saturated aqueous sodium chloride. The organic layer was dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure. The crude product was purified by silica gel column chromatography to afford a pale-yellow viscous oil. The product was further precipitated three times using ice-cold diethyl ether and subsequently dried to yield the desired SS intermediate as a white solid powder (3.04 g, 32.29 % yield).

2. Synthesis of SS-PF-04691502
[image: ]
PF-04691502 (50.0 mg, 0.12 mmol), the disulfide (SS) intermediate (170.6 mg, 0.35 mmol), and 4-dimethylaminopyridine (DMAP, 14.30 mg, 0.12 mmol) were sequentially dissolved in anhydrous dichloromethane (DCM, 3 mL). The reaction mixture was stirred at 500 rpm at 45 °C, and the reaction progress was monitored by analytical thin-layer chromatography (TLC). Upon completion, the reaction mixture was successively washed three times with 5% aqueous citric acid, three times with saturated aqueous sodium carbonate, and three times with saturated aqueous sodium chloride. The organic phase was then dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure. The crude product was purified by silica gel column chromatography to afford SS-PF-04691502 (58.8 mg, 65.2 % yield). 

3. Synthesis of the PF prodrug
[image: ]
SS-PF-04691502 (50.0 mg, 0.065 mmol), cholesterol (75.3 mg, 0.195 mmol), and 4-dimethylaminopyridine (DMAP, 15.9 mg, 0.13 mmol) were sequentially dissolved in anhydrous dichloromethane (DCM, 3 mL). The reaction mixture was stirred at 500 rpm at 45 °C for 48 h, and the completion of the reaction was confirmed by analytical thin-layer chromatography (TLC). Upon completion, the reaction mixture was successively washed three times with 5% aqueous citric acid, three times with saturated aqueous sodium carbonate, and three times with saturated aqueous sodium chloride. The organic phase was dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure. The crude product was purified by silica gel column chromatography to afford the PF prodrug (52.1 mg, 78.2 % yield).
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Fig.S1. Principal component analysis of transcriptomic profiles in parental (Huh7-N) and rapamycin-resistant Huh7 cells (Huh7-R).
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Fig.S2. Heatmap of PI3K-Akt signaling pathway-related genes in Huh7-N and Huh7-R cells based on GSEA analysis.
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Fig.S3. IC₅₀ values of different PI3K/mTOR inhibitors and rapamycin in Huh7-N and Huh7-R cells.
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Fig.S4. Effects of different PI3K/mTOR inhibitors on apoptosis in Huh7-R cells. (A) Representative flow cytometry plots of Annexin V-FITC/PI staining. (B) Quantification of apoptotic cells. Ctrl: Control; Apitolisib: Api; Bimiralisib: Bim; Dactolisib: Dac; VS-5584: VS; PF-04691502: PF; GDC0084: GDC; GNE-477: GNE; Voxtalisib: Vox; Rapamycin: Rapa. Data are presented as mean ± SD (n = 3). Statistical significance was assessed by one-way ANOVA with Tukey's post hoc test: **p < 0.01; ***p < 0.001; and ****p < 0.0001. 
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Fig.S5. Effects of different PI3K/mTOR inhibitors on T-cell function. Quantification of the MFI of IFN-γ in CD4⁺ T cells following treatment with the indicated inhibitors. Ctrl: Control; Apitolisib: Api; Bimiralisib: Bim; Dactolisib: Dac; VS-5584: VS; PF-04691502: PF; GDC0084: GDC; GNE-477: GNE; Voxtalisib: Vox; Rapamycin: Rapa. Data are presented as mean ± SD (n = 3). Statistical significance was assessed by one-way ANOVA with Tukey's post hoc test: **p < 0.01 and ****p < 0.0001. 
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Fig.S6. In vivo evaluation of the antitumor and immunoregulatory effects of different PI3K/mTOR inhibitors in cancer–transplant concomitant model. (A) Schematic illustration of the experimental design. (B) Representative images of skin allografts during the observation period. (C-E) Quantitative analysis of graft survival scores at the indicated postoperative time points. (F) Tumor growth curves during treatment. (G) Representative images of excised tumors at the experimental endpoint. (H) Tumor weights at the experimental endpoint. Data are presented as mean ± SD (n = 3). Statistical significance was assessed by one-way ANOVA with Tukey's post hoc test: **p < 0.01, ****p < 0.0001, and ns, not significant.
[image: ]
Fig.S7. 1H NMR spectrum of disulfide (SS) intermediate.
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Fig.S8. 1H NMR spectrum of SS-PF-04691502.
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Fig.S9. 1H NMR spectrum of PF prodrug.
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Fig.S10. Changes in the zeta potential of PMIProsome during 7 days of incubation in deionized water or 10% fetal bovine serum (FBS). 
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Fig.S11. Glutathione levels in Hepatoma-22 orthotopic liver tumors and adjacent non-tumor liver tissues. Data are presented as mean ± SD (n = 5). Statistical significance was assessed by one-way ANOVA with Tukey's post hoc test: ****p < 0.0001.
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Fig.S12. Effects of Rapa, PF, and PMIProsome on apoptosis in HCC cells. (A) Representative Annexin V-FITC/PI flow cytometry plots of Hepa1-6 and SNU-449 cells following the indicated treatments. (B-C) Quantification of apoptotic Hepa1-6 and SNU-449 cells, respectively. Data are presented as mean ± SD (n = 3). Statistical significance was assessed by one-way ANOVA with Tukey's post hoc test: *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001.
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Fig.S13. Effects of Rapa, PF, and PMIProsomes on PI3K/Akt/mTOR pathway-related gene expression in HCC cells. Relative mRNA expression levels of BDNF, EPHA2, SPP1, CSF3R, and EPO in (A) SNU-449 and (B) Hepatoma-22 cells following the indicated treatments. Data are presented as mean ± SD (n = 3). Statistical significance was assessed by one-way ANOVA with Tukey's post hoc test: *p < 0.05, **p < 0.01, and ***p < 0.001.
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Fig.S14. Effects of Rapa, PF, and PMIProsomes on PI3K/Akt/mTOR pathway-related gene expression in activated T cells. Data are presented as mean ± SD (n = 3). Statistical significance was assessed by one-way ANOVA with Tukey's post hoc test: *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.001.
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Fig.S15. Effects of Rapa, PF, and PMIProsome on MHC-II expression in bone marrow-derived dendritic cells. Data are presented as mean ± SD (n = 3). Statistical significance was assessed by one-way ANOVA with Tukey's post hoc test: ****p < 0.0001.
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Fig.S16. Ex vivo biodistribution of DiR-labeled formulations in Hepatoma-22 tumor-bearing mice at 3 h after administration. (A) Quantitative analysis of fluorescence intensity in major organs (heart, liver, spleen, lung and kidneys), tumors, and tumor-draining lymph nodes (tdLNs) following administration of free DiR, PFDiR, or PMIProsomeDiR. Representative ex vivo fluorescence images of major organs (B) and excised tumors (C). Data are presented as mean ± SD (n = 4). Statistical significance was assessed by one-way ANOVA with Tukey's post hoc test: *p < 0.05, and **p < 0.01.
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Fig.S17. Ex vivo biodistribution of DiR-labeled formulations in Hepatoma-22 tumor-bearing mice at day 3 after administration. (A) Quantitative analysis of fluorescence intensity in major organs (heart, liver, spleen, lung and kidneys), tumors, and tumor-draining lymph nodes (tdLNs) following administration of free DiR, PFDiR, or PMIProsomeDiR. Representative ex vivo fluorescence images of major organs (B) and excised tumors (C). Data are presented as mean ± SD (n = 4). Statistical significance was assessed by one-way ANOVA with Tukey's post hoc test: *p < 0.05, **p < 0.01, ***p < 0.001 and ****p < 0.0001.
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Fig.S18. Ex vivo biodistribution of DiR-labeled formulations in Hepatoma-22 tumor-bearing mice at day 5 after administration. (A) Quantitative analysis of fluorescence intensity in major organs (heart, liver, spleen, lung and kidneys), tumors, and tumor-draining lymph nodes (tdLNs) following administration of free DiR, PFDiR, or PMIProsomeDiR. Representative ex vivo fluorescence images of major organs (B) and excised tumors (C). Data are presented as mean ± SD (n = 4). Statistical significance was assessed by one-way ANOVA with Tukey's post hoc test: *p < 0.05, **p < 0.01, and ***p < 0.001.
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[bookmark: OLE_LINK1]Fig.S19. Hematological parameters following administration of free PF or PMIProsome in healthy mice. Peripheral blood levels of (A) red blood cells, (B) neutrophils, (C) platelets, and (D) hemoglobin were measured after treatment with different doses of free PF or PMIProsome. Data are presented as mean ± SD (n = 4). Statistical significance was assessed by one-way ANOVA with Tukey's post hoc test: ns, not significant.
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Fig.S20. Long-term safety evaluation of PMIProsome on day 30 after treatment. Serum biochemical parameters, including (A) creatinine, (B) blood urea nitrogen, (C) aspartate aminotransferase, and (D) alanine aminotransferase. Hematological parameters, including (E) red blood cells, (F) white blood cells, (G) lymphocytes, (H) neutrophils, (I) platelets, and (J) hemoglobin were measured in mice treated with low-dose PMIProsome (equivalent to 2 mg/kg PF) or high-dose PMIProsome (equivalent to 8 mg/kg PF). Data are presented as mean ± SD (n = 4). Statistical significance was assessed by one-way ANOVA with Tukey's post hoc test: ns, not significant.
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Fig.S21. Effects of Rapa, PF, and PMIProsome on PI3K/Akt/mTOR signaling in T cells from skin-allograft recipient mice. Representative flow cytometry histograms (A) and quantitative analyses of p-4EBP1 expression in CD4⁺ (B) and CD8⁺ (C) T cells isolated from the graft-draining lymph nodes. Representative flow cytometry histograms (D) and quantitative analyses of p-Akt expression in CD4⁺ (E) and CD8⁺ (F) T cells isolated from the spleen. Representative flow cytometry histograms (G) and quantitative analyses of p-4EBP1 expression in CD4⁺ (H) and CD8⁺ (I) T cells isolated from the spleen. Data are presented as mean ± SD (n = 6). Statistical significance was assessed by one-way ANOVA with Tukey's post hoc test: *p < 0.05, **p < 0.01, ***p < 0.001 and ****p < 0.0001.
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Fig.S22. Effects of Rapa, PF, and PMIProsome on dendritic cells in the spleen of skin-allograft recipient mice. (A) Proportion of CD11c⁺ cells. (B) Proportion of CD80⁺CD86⁺ cells among CD11b⁺CD11c⁺ dendritic cells. Values were normalized to the mean value of the Control group and were presented as fold changes. Data are presented as mean ± SD (n = 7). Statistical significance was assessed by one-way ANOVA with Tukey's post hoc test: ns, not significant. 
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Fig.S23. Effects of Rapa, PF, and PMIProsome on neutrophil populations in skin-allograft recipient mice. (A) Proportion of CD3-Ly6G⁺ neutrophils in the graft-draining lymph nodes (gdLNs). (B) Proportion of CD3-Ly6G⁺ neutrophils in spleen. Values were normalized to the mean value of the Control group and were presented as fold changes. Data are presented as mean ± SD (n = 7). Statistical significance was assessed by one-way ANOVA with Tukey's post hoc test: ns, not significant.
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Fig. S24. Effects of Rapa, PF, and PMIProsome on macrophage populations in the graft-draining lymph nodes of skin-allograft recipient mice. (A) Proportions of CD11b⁺F4/80⁺ macrophages in the graft-draining lymph nodes. (B-D) Mean fluorescence intensities of CD80, CD86, and CD206 in CD11b⁺F4/80⁺ macrophages, respectively. Values were normalized to the mean value of the Control group and were presented as fold changes. Data are presented as mean ± SD (n = 7). Statistical significance was assessed by one-way ANOVA with Tukey's post hoc test: *p < 0.05, **p < 0.01, ***p < 0.001; ****p < 0.0001, and ns, not significant.
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Fig. S25. Effects of Rapa, PF, and PMIProsome on macrophage populations in the spleen of skin-allograft recipient mice. (A) Proportions of CD11b⁺F4/80⁺ macrophages in the spleen. (B-D) Mean fluorescence intensities of CD80, CD86, and CD206 in CD11b⁺F4/80⁺ macrophages, respectively. Values were normalized to the mean value of the Control group and were presented as fold changes. Data are presented as mean ± SD (n = 7). Statistical significance was assessed by one-way ANOVA with Tukey's post hoc test: *p < 0.05, **p < 0.01, and ns, not significant.













 Table S1. Primers used in this study for PCR.
	Gene
	Forward primer
	Reverse primer

	GAPDH
	5' - TGGCCTTCCGTGTTCCTAC
	5' - GAGTTGCTGTTGAAGTCGCA

	TGF-β
	5' - TGATACGCCTGAGTGGCTGTCT
	5' - CACAAGAGCAGTGAGCGCTGAA

	IL-6
	5' - GGATACCACTCCCAACAGACC
	5' - ATGGTACTCCAGAAGACCAGA

	IL-1β
	5' - TTCTTTTCCTTCATCTTTGAAGAAG
	5' - TCCATCTTCTTCTTTGGGTATTGTT

	BDNF
	5' - TCATACTTCGGTTGCATGAAGG
	5' - AGACCTCTCGAACCTGCCC

	EPHA2
	5' - GCACAGGGAAAGGAAGTTGTT
	5' - CATGTAGATAGGCATGTCGTCC

	SPP1
	5' - AGCAAGAAACTCTTCCAAGCAA
	5' - GTGAGATTCGTCAGATTCATCCG

	CSF3R
	5' - CTGATCTTCTTGCTACTCCCCA
	5' - GGTGTAGTTCAAGTGAGGCAG

	EPO
	5' - ACTCTCCTTGCTACTGATTCCT
	5' - ATCGTGACATTTTCTGCCTCC
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