




















Supplementary Figures and Tables
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[bookmark: OLE_LINK3]Supplementary Fig.1. Design purification and LNPs encapsulation of mRNA encoding human Collagen III protein
(A) Schematic representation of the construction process for mRNAs.
(B) Gel electrophoresis verifying the size of the hCOL3A1/FLUC mRNA product synthesized via IVT from the plasmid.
(C) Deconvoluted mass spectrum of in vitro transcribed mRNA. Note: The x-axis represents the molecular weight of the sample (amu), and the y-axis represents the ion flow intensity detected (Intensity, cps).
(D) HPLC chromatogram confirming the successful purification of hCOL3A1 mRNA.
(E) Standard curve plot depicting dsRNA contamination in IVT mRNA.
(F) Calculation of dsRNA concentration in the sample and its percentage of total IVT mRNA.
(G) Characterization of LNPs-encapsulated hCOL3A1 mRNA.
(H) Representative DLS particle size distribution curve of hCOL3A1 mRNA-LNPs .
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[bookmark: OLE_LINK67][bookmark: OLE_LINK66]Supplementary Fig.2. Cellular Photoaging Model Establishment and the Impact of UVB Energies on HFF-1 Cell Viability
(A) Schematic diagram illustrating the experimental design for UVB-irradiated HFF-1 cells.
(B) Representative images showing the morphology of HFF-1 cells 24 hours after three rounds of UVB irradiation at different energy levels. Scale bar: 20μm.
(C) Quantitative analysis of HFF-1 cell viability following UVB irradiation at various energy levels. Data are presented as mean ± SEM (n = 3). 
(D) Quantitative analysis of HFF-1 cell viability after pre-treatment or post-treatment with different concentrations of hCOL3A1 mRNA following UVB irradiation. Data are presented as mean ± SEM (n = 3). 
Note: *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001, ns = not significant, as determined by one-way analysis of variance (ANOVA).
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Supplementary Fig.3. Establishment and Evaluation of Animal Photoaging Model 
(A) Schematic diagram illustrating the establishment of a UVB-irradiated photoaging model. 
(B) Representative images showing the whole dorsal skin of nude mice subjected to UVB irradiation at four and eight weeks, compared to the no UVB control group.
(C) Schematic diagram illustrating the evaluation of the TEWL test after UVB irradiation of the nude mice's dorsal skin. 
(D) Quantification of the TEWL rate in dorsal skin post-UVB irradiation is presented as mean± SEM (n=6). Each mouse underwent the TEWL test eight times. 
Note: *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001, ns: not significant, by unpaired t-test. 
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Supplementary Fig.4. Exploration of Drug Concentrations
(A) Representative images of skin tissue stained with Masson and Sirius Red following intradermal injection of varying concentrations of hCOL3A1 mRNA post-UVB irradiation. Scale bar: 50μm.
(B) Quantification of dermal thickness from Masson staining and quantification of collagen I+III proportions from Sirius Red staining in (A). Data are presented as mean ± SEM, derived from five non-overlapping visual fields per sample. Note: *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001, ns: not significant, by one-way analysis of variance (ANOVA).
Supplementary Table 1. Primer sequences. 
	Target gene
	Primer sequences: 5’-3’

	Human GAPDH
	CAACAGCCTCAAGATCATCAGC
GTCATGAGTCCTTCCACGATACC

	Human P21(CDKN1A)
	ATGTGGACCTGTCACTGTCTTG
CTTCCTCTTGGAGAAGATCAGC

	Mouse GAPDH
	AACTTTGGCATTGTGGAAGGGCTCA
TTGGCAGCACCAGTGGATGCAGGGA

	Mouse COL3A1
	GACCTAAGGGCGAAGATGGC
GAAGCCACTAGGACCCCTTTC

	Mouse COL1A1
	GCTTGATCTGTATCTGCCACAA
CCCTCGACTCCTACATCTTCTG


Supplementary Table 2. Human COL3A1 Sequence
See the attached supplementary Excel file
Supplementary Table 3. FLUC Sequence
See the attached supplementary Excel file
Supplementary Table 3. 5‘-UTR-hCOL3A1 CDS-3×FLAG tag-3‘-UTR-3’-poly(A) tail sequence
See the attached supplementary Excel file
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