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자동 생성된 설명]
Supplementary Figure 1. Validation of senescence induction in cancer cells. (a) Assay of Senescence associated β-Galactosidase (SA-β-Gal) (left) as a senescence marker, were performed on H460 cells exposed to 8 Gy IR and incubated for 4 days (referred to as IR-CS). The percentage of positive cells was quantified (right). (b) Protein levels of p21 and p53 were used as markers for IR-CS in the tumor spheroid shown in Fig. 1a, b, and c. (c, d) SA-β-Gal assays (left) and subsequent quantification of positive cells (right) are shown for: (c) Doxo-CS: H460 cells were treated with Doxorubicin (Doxo) at 50 ng/ml for 4 days. (d) PTEN-loss-CS: H460 cells were transfected with PTEN siRNA. Statistical significance is displayed as means ± SD. Student’s t-test was used for statistical analysis (**: p-value <0.01; ***: p-value <0.001). Scale bars: panel a, b, c _50 µm; panel d_ 200 µm.
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Supplementary Figure 2. Active intracellular transport mediates the increase in membrane-bound PD-L1 levels induced by Doxo-CS or PTEN-loss-CS. (a, c) Immunofluorescence staining displayed PD-L1 and specific ER markers (HSP90B1). Cell nuclei were counterstained with DAPI (blue). White arrow: ER position, yellow arrow: cell membrane position. (a) Doxo-CS: H460 cells were treated with Doxorubicin 50 ng/ml for 2 days. (c) PTEN-loss-CS: Senescence in H460 cells triggered by PTEN knockdown. (b, d) Flow cytometry analyses were employed to measure cell surface PD-L1 levels in Doxo-CS or PTEN-loss-CS of H460 cells. Cells were gated based on FSC (forward scattered light) and SSC (side scattered light). Membrane PD-L1 is represented as a histogram. Quantification of flow cytometry results was based on MFI from three independent experiments. Statistical significance is presented as means ± SD. Student’s t-test was used for statistical analysis (***: p-value <0.001). Scale bar for all panels: 10µm.
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Supplementary Figure 3. Increased RPN1 transcription levels in senescence induced by doxorubicin or PTEN knockdown. (a) qRT-PCR analysis showing RPN1 mRNA levels in Doxo-CS (treated with Doxorubicin at 50 ng/ml for 2 days). (b) qRT-PCR analysis showing RPN1 mRNA levels following PTEN-loss-CS. Statistical significance is represented as means ± SD. Student’s t-test was used for statistical analysis (***: p-value <0.001).
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Supplementary Figure 4. RPN1 is instrumental in elevating PD-L1 expression in both Doxo-CS and PTEN-loss-CS. (a, b) Western blot analyses demonstrate the protein expression of various markers including PD-L1 in senescent H460 cancer cells. (a) Cells were transfected with either Cont siRNA (Cont si) or RPN1 siRNA (RPN1 si), followed by treatment with Doxorubicin (50 ng/ml for 4 days). (b) H460 cells transfected with PTEN siRNA (PTEN si) underwent further transfection with either Cont si or RPN1 si.
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Supplementary Figure 5. RPN1 Knockdown does not affect cell proliferation or cell death in CT26 cells used for in vivo validation. (a) Viable cell counts, post-transfection with either Cont si or RPN1 si and with or without IR treatment (8 Gy for 4 days), were determined using trypan blue staining. (b) Using the same samples as in panel (a), the percentage of dead cells was assessed. For a Positive Control (P.C.), cells were treated with Doxo at 3 μg/ml. Statistical significance is represented as means ± SD. Student’s t-test was used for statistical analysis (NS: not significant).
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Supplementary Figure 6. IR-treatment induces tissue senescence with regression of CT26 tumor. CT26 cancer cells were inoculated subcutaneously into BALB/c mice on day 0. On day 10, mice received 12 Gy of radiation. On day 16, mice were sacrificed and tumors were extracted for analysis. Excised tumor tissues were subjected to SA-β-Gal staining. Scale bar: 1 cm
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Supplementary Figure 7. Examination of protein expression changes in response to RPN1 levels in tumor tissues exposed to IR. The tumors shown in Figure 6a-c were harvested from mice and homogenized using a tissue dissociator. Samples from each group were divided into two sets. Subsequently, levels of specified proteins in the tissue lysates were assessed via Western blotting. 










	siRNA
	Sequence (5'-3')

	Control
	CCUACGCCACCAAUUUCGUdTdT

	RPN1 #1
	CUCAAGAAAGACACGUACAdTdT

	RPN1 #2
	GAUUGUUGCCUACAAGAAAdTdT

	RPN1 #3
	GUGCUUCAUCCGUAUCCAAdTdT

	RPN2
	GACAACCGGUAUAUUGACAdTdT

	PTEN
	CCACCACAGCUAGAACUUAdTdTdTdT

	PGM3
	UCUGAAGGGCUUGACUGUAdTdT

	ALG9
	AAUGCCAUUAUUUAGUGGAdTdT

	MGAT4B
	CUCGUACCUGACUGACACUdTdT

	DPAGT1
	UUGCCCUCUGCUGACUACUdTdT

	MOGS
	UGCCACCAACCAGUCCAGGdTdT

	DDOST
	GUCACUGACCUAGUGGAGUdTdT

	FAM134B
	AGCUAUCAAAGACCAGUUAdTdT

	Rab5
	GACACUUGUUUCAUUGGAAdTdT

	Rab11
	AAUGUCAGACAGACGCGAAAAdTdT

	Mouse RPN1
	GAGUGAGCCUUUGUAUUCCUUAAAUdTdT



Supplementary Table 1. Sequences of siRNAs






	Gene 
	Forward (5'-3')
	Reverse (5'-3)

	PD-L1
	AAGGCGCAGATCAAA GAGAGCC
	CAACCACCAGGGTTTGGAACTG

	STT3A
	GAAGCAACAGGATTCCACCTACC
	CAATGGACGGAGAAGAGTAGGC

	STT3B
	GCAGGTGCTGTGTTCCTTAGTG
	GTCGTAGGTTGATGCTCAGACAC

	B3GNT3
	AGGCACAGACTCACGGAGACAT
	GTTGAGCACGAAGCTGGCGTTG

	PGM3
	GGAGGCAATCAATGACCTGGTG
	CCAAGCTCACTTCATGTGCAAGG

	ALG9
	GCTTTGGCTCTCCTAGTCCTAC
	CCTCTTTGTGAGGCTGGATGAAG

	MGAT4B
	TGATGTACGCGCAGTCCAAAGG
	TCATCCAGTCCTCTGAAGGCTG

	DPAGT1
	GACAGGCAAACTGGAGATGAGC
	CCATCTTCAGTCTCACTCTGGTG

	MOGS
	CACCACTGAGTTCGTCAAGAGG
	CCTTGCCATCTGTCACCACATAG

	DDOST
	TACGCTCATCGTGGCTGACACT
	CCAGCACCAAAGGGTTATCAGG

	RPN1
	CTGACTGTGAAGATCATCCTGCC
	GTCCAGATAGGTGTAGTGCAGC



Supplementary Table 2. Sequences of primers for qRT-PCR
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