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[bookmark: OLE_LINK56][bookmark: OLE_LINK79][bookmark: _Hlk177304909][bookmark: _GoBack]Supplementary Figure 1. (A) the IgG controls of the immunofluorescence staining. (B) Representative immunohistochemical (IHC) images of GSDMD in each group. And statistical analysis the proteins expression and the fold between the two groups, respectively (mean ± SEM, n = 3). Scale bar: 500 μm (100 x); Scale bar: 200 μm (200 x).(C) Representative immunohistochemical (IHC) images of GSDMD in different intensities of UV. (D) The expression of NLRP3, GSDMD, Cle-GSDMD, Caspase1, cleaved Caspase1, IL-1β and cleaved IL-1β in dorsal skin of each group (mean ± SEM, n = 5). P value was determined by Mann–Whitney T test. **P< 0.01, ***P< 0.001. 
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[bookmark: OLE_LINK130][bookmark: _Hlk145018450][bookmark: _Hlk145019237]Supplementary Figure 2. Rt-PCR and the Quantification of WB. (A) The expression levels of Nlrp3, Gsdmd, Aim2, Caspase1 and Il1b in all groups (mean ± SEM, n = 3). (B-H) The expression of NLRP3, GSDMD, Cle-GSDMD, Caspase1, cleaved Caspase1, IL-1β and cleaved IL-1β in all groups (mean ± SEM, n = 4). P value was determined by Mann–Whitney T test. *P< 0.05, **P< 0.01, ***P< 0.001.
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[bookmark: _Hlk156570390][bookmark: OLE_LINK3][bookmark: OLE_LINK31]Supplementary Figure 3. Ctsb was selected as the key factor in the regulation of UV-induced Pyr-Fbs. (A) Bubble chart, based on common DEGs, showed the results of KEGG enriched analysis, in which NOD-like receptor signaling pathway is the top 1 notable signal pathway (red) for the aggregate. (B) Circle Graph pointed specific dependence relationships between the 5 KEGG pathways and the corresponding DEGs. (C) Heatmaps of 7 genes associated with NOD-like receptor signaling pathway in Co-expression DEGs, respectively, based on skin tissue RNA sequencing in mice and GSE22083. (D) The expression levels of Ccl5, Ccl2, Myd88, Stat1, Ctsb, and Irf7 in mouse skin (mean ± SEM, n = 3). (E, F) Representative IHC images of the protein expression levels of CTSB in the skin tissues. Scale bar: 500 μm (100 x). And statistical analysis CTSB expression and the between the two groups (mean ± SEM, n = 3). (G, H) WB of CTSB in the dorsal skin of each group, and statistical analysis CTSB expression and the fold between the two groups (mean ± SEM, n = 5). (I, J) WB of CTSB in Fbs under different UV exposure doses, and statistical analysis CTSB expression and the fold in all groups (mean ± SEM, n = 4). (K) Fbs are transfected with antisense oligodeoxynucleotide (ASO) RNA as a control (ASO-NC, 100pmol) or ASO-Ctsb (ASO-1, ASO-2, and ASO-3; 100pmol) for 48 hours, and Ctsb mRNA was determined by rt-PCR (mean ± SEM, n = 3). (L) Fbs are transfected with pcDNA3.1-NC as a control (NC; 5 μg/ul) or pcDNA3.1-Ctsb (OE-Ctsb; 5 μg/ul) for 48 hours, and Ctsb mRNA was determined by rtPCR (mean ± SEM, n = 3). (M, N) Fbs are transfected with pcDNA3.1-NC, ASO-NC, ASO-2 or pcDNA3.1-Ctsb for 48h, and WB detects the expression level of CTSB after UV exposure 12 hours (mean ± SEM, n = 4).
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Supplementary Figure 4. The NOD-like receptor signaling pathway download form KEGG database. Highlighting up-regulation in red and down-regulation in blue.
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[bookmark: _Hlk145019385]Supplementary Figure 5. Rt-PCR and the Quantification of WB. (A) The expression levels of Nlrp3, Gsdmd, Aim2, Caspase1 and Il1b in different groups (mean ± SEM, n = 3). (B-H) The expression of NLRP3, GSDMD, Cle-GSDMD, Caspase1, cleaved Caspase1, IL-1β and cleaved IL-1β in different groups (mean ± SEM, n = 4). P value was determined by Mann–Whitney T test. *P< 0.05, **P< 0.01, ***P< 0.001.(I-L) The expression levels of Cd86, Cd80, Il6, and Tnf in macrophage (mean ± SEM, n = 3).
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Supplementary Figure 6. Fabrication and Characterization of the microneedle system (A) Schematic diagram of the process of antisense oligodeoxynucleotide microneedle (MNs-ASO) fabrication. (B) Scanning electron microscope image of a microneedle array with the height and base diameters of the needles labeled. Scale bar, 200 µm. (C) Physical image of microneedles. (D) Puncture force and (E) Yield force of MNs with HA alone and HA mixed GelMA with 30%, 60% and 90% substitution. (F) TEM images of the internal structure of HA alone and HA mixed GelMA with 30% substitution hydrogels. Scale bars = 1 μm.
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[bookmark: _Hlk145022809][bookmark: OLE_LINK47]Supplementary Figure 7. Rt-PCR and the Quantification of WB. (A) The expression levels of Nlrp3, Gsdmd, Aim2, Caspase1 and Il1b in different groups (mean ± SEM, n = 3). (B-I) The expression of CTSB, NLRP3, GSDMD, Cle-GSDMD, Caspase1, cleaved Caspase1, IL-1β and cleaved IL-1β in different groups (mean ± SEM, n = 5). (J) The expression of GSDMD in different groups (mean ± SEM, n = 3). P value was determined by Mann–Whitney T test. ***P< 0.001. 




Supplementary Table 1. Sequences used for RNA 
	Tools
	[bookmark: _Hlk145026481]Sequence (5'-3')

	Ctsb (m)-ASO-1
	TCAACATTGTAGAAGTTGC

	Ctsb (m)-ASO-2
	ATTATCACCCCAGTCAAGG

	Ctsb (m)-ASO-3
	TTGGTGTGAATGCAGGTTC



Supplementary Table 2. Primers used for qRT-PCR
	Genes
	Forward
	Reverse

	Nlrp3
	ATTACCCGCCCGAGAAAGG
	TCGCAGCAAAGATCCACACAG

	Gsdmd
	CCATCGGCCTTTGAGAAAGTG
	ACACATGAATAACGGGGTTTCC

	Cle-GSDMD
	GTCACCAGTTCCTCAGTTGTG
	CACCTCCATTGTCCCTGTTTTAT

	Caspase1
	ACAAGGCACGGGACCTATG
	TCCCAGTCAGTCCTGGAAATG

	Il1b
	GCAACTGTTCCTGAACTCAACT
	ATCTTTTGGGGTCCGTCAACT

	Ccl5
	GCTGCTTTGCCTACCTCTCC
	TCGAGTGACAAACACGACTGC

	Ccl2
	ATTCTGTGACCATCCCCTCAT
	TGTATGTGCCTCTGAACCCAC

	Myd88
	TCATGTTCTCCATACCCTTGGT
	AAACTGCGAGTGGGGTCAG

	Stat1
	TCACAGTGGTTCGAGCTTCAG
	GCAAACGAGACATCATAGGCA

	Ctsb
	TCCTTGATCCTTCTTTCTTGCC
	ACAGTGCCACACAGCTTCTTC

	Irf7
	GAGACTGGCTATTGGGGGAG
	GACCGAAATGCTTCCAGGG

	Cd86
	TGTTTCCGTGGAGACGCAAG
	TTGAGCCTTTGTAAATGGGCA

	Cd80
	ACCCCCAACATAACTGAGTCT
	TTCCAACCAAGAGAAGCGAGG

	Il6
	TGGGGCTCTTCAAAAGCTCC
	AGGAACTATCACCGGATCTTCAA

	Tnf
	CTGGATGTCAATCAACAATGGGA
	ACTAGGGTGTGAGTGTTTTCTGT

	Gapdh
	TGGATTTGGACGCATTGGTC
	TTTGCACTGGTACGTGTTGAT





Gels and Blots image(s)
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