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Abstract: This study aimed to investigate the anti-aging effects and underlying molecular mechanisms
of reserve mesenchyme cells (RMCs) derived from the velvet antler of the sika deer on hydrogen
peroxide-induced senescent human dermal fibroblasts (HDFs). An HDF senescence model was
established by treatment with 200 pmol-L " H2O: and confirmed via SA-p-galactosidase staining.
Senescent HDFs were then co-cultured with RMCs, and subsequent assays evaluated -cell
proliferation, migration, superoxide dismutase (SOD) activity, and malondialdehyde (MDA)

content. The 4D-DIA proteomics technology was used to identify differential proteins between co-
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culture medium and senescent HDF medium, and bioinformatics enrichment analysis was performed.
Functional analyses revealed that, compared with the model group, RMCs co-—culture significantly
enhanced HDFs proliferation and migration (P<Z0.01) , increased SOD activity (P<Z0.05) , and
decreased MDA levels (P<C0.05). Using 4D-DIA proteomics, 289 differentially expressed proteins
were identified in the conditioned media of the co-culture versus senescent HDF alone, with key
molecules such as ATP1IA1, COL7A1, IGF2R, and MMP3 showing significant expression changes.
KEGG enrichment analysis highlighted the proteasome, PPAR signaling pathway, extracellular
matrix-receptor interaction, and focal adhesion pathways as principal regulatory axes. These findings
suggest that velvet-antler-derived RMCs from the sika deer alleviate oxidative stress-induced
dysfunction in senescent HDFs. It was speculated that RMCs may exert their effects by enhancing
proteasome-mediated clearance of damaged proteins, activating PPARYy to suppress inflammation and
oxidative stress, promoting COL7Al-dependent dermal-epidermal junction reconstruction, and
inhibiting MMP3-mediated extracellular matrix degradation, thus maintaining HDF homeostasis and
function. This work provides experimental evidence and a theoretical foundation for developing deer
antler-derived secretome-based strategies for skin anti-aging.
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Fig. 3 [Effects of different treatments on the proliferation and migration of human dermal fibroblasts
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Fig. 4 Effects of different treatments on intracellular SOD activity and MDA content in human dermal fibroblasts
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Table 1 Differentially expressed proteins associated with anti-aging

Z R4S Abbreviation £ FRak 3 B Name or annotation A B A% EL Fold Change P1{H P value
ATP1Al B /B2 ATP BF 3 o-1 3.5934 0.038 1
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IGFBP3 Je sy AR RN THGHEM 3 0.349 3 0.020 1
MMP3 R EEEAE3 0.268 0 0.0287
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Fig. 5 Differential expression analysis of proteins
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Table 2 Signaling pathway analysis of anti-aging associated differentially expressed proteins
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Pathway ID Pathw Number of differential proteins P val Typical protei
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hsa04512 200 M A0 I S5 52 R AR T 8 0.000 1 COL1A1.COL6A1
ECM -receptor interaction

hsa04510 A& BE Focal adhesion 10 0.002 3 ACTN4 FLNA
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