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[ Abstract | Objective To systematically isolate and characterize exosomes derived from the mouse melanoma
cell line B16F10, reveal their protein profile through proteomic analysis, and evaluate their potential role in oxidative stress
regulation and melanin synthesis. Methods Exosomes were isolated from the culture supernatant of BI6F10 cells and
characterized in terms of physical properties and identification using nanoparticle tracking analysis, transmission electron
microscopy, and Western blotting. Label-free quantitative proteomic analysis of exosomal proteins was performed using liquid
chromatography-tandem mass spectrometry (LC-MS/MS), followed by functional annotation using bioinformatics methods.
Results High-purity exosomes, with typical cup-shaped morphology and an average size of approximately 114.3 nm,
were successfully obtained. Proteomic analysis identified 2 249 proteins. Kyoto Encyclopedia of Genes and Genomes
pathway enrichment analysis indicated significant involvement in key pathways such as the insulin signaling pathway and the
apoptosis pathway. Exosomes derived from B16F10 cells were enriched in various antioxidant proteins (e.g., peroxiredoxin
1 and glutathione S-transferase pi 1) and key enzymes for melanin synthesis (e.g., tyrosinase-related protein [TYRP] 1,
TYRP2, and tyrosinase). Protein-protein interaction network analysis highlighted TYRP1 and TYRP2 as hub proteins.
Conclusion B16F10-derived exosomes are naturally loaded with a potent antioxidant protein network and functional enzyme
systems for melanin synthesis. This unique molecular composition suggests a dual synergistic mechanism for their potential
therapeutic role in vitiligo: the antioxidant components can remodel the redox microenvironment to favor cell survival, while
the melanogenic enzymes can directly supplement the core machinery to rapidly restart pigment synthesis. These findings

provide a crucial molecular theoretical basis and a library of candidate molecules for developing novel exosome-based, cell-
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free therapeutic strategies, such as vitiligo treatment.
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uniprot.org/proteomes/UP000000589, 2025 47,
21701 2 H, BRE ARG ) AZ%, WEFEEER
Tfii & Carbamidomethylation(C, 57.02). RJ ZZ (&4
Oxidation(M, 15.9) Hl Acetyl(protein N-term, 42.01),
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B S8, T C57BL/6 /N B AT I35 3 2 R v S
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(K 1C. 1D) o x40 M 2 76 AR Py 0 e S A s e
PE 5 H R A 36 B S P R A v B — B IESE T
B16F10 2 ifiAE Ry R A 3R WS B A (4 T Sk

B 1 B16F10 ZBfR9ERFIGIE
Fig1 Culture and identification of B16F10 cells
A: Microscopic imaging of B16F10 cells, scale bar=20 um; B:

Morphology of B16F10 cells from different passages following
digestion and centrifugation; C: Observation and dissection of
a black subcutaneous tumor on the mouse back at 12 d post-

inoculation; D: The resected black tumor tissue.
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2 BI6F10 4Hffl EXO KJIREFIRAES 7
Fig2 Isolation and characterization of EXO derived from B16F10 cells

A: Schematic diagram of B16F10 exosome isolation using chemical precipitation; B: Representative transmission electron microscopy

image of exosomes, showing the typical cup-shaped morphology with bilayer membrane structure; C: Nanoparticle tracking analysis

profiling: size distribution and average concentration; D: Western blotting analysis of exosomal marker proteins (CD63, TSG101,

CD9, and CD81). EXO: Exosome; a.u.: Arbitrary unit.

23 BI16F10-EXO % & % % T &5 % 5 KEGG
WA 45 F R, BI6F10-EXO H 3t % 5
2 249 AR T, APk SEER (Y o i i T ATt
I3, HAE53F o 73 600467 600, HECH
54 000, B16F10-EXO & i 53F o0 i B —
FE R EE (B 3A) |, il T A 4 A [a] 58 15 1

AEYEETRe 2 2 R A

5L T DAVID £ 5 2, %) % % #| 1Y B16F10-
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0.05 H & 05 HEA 1T 20 RO . T3 (K
3B) R, XEEEHREESE TN AR GHE
6, FEARAHERS R S @B (mmu04910) | 41
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M T (mmu04210) . mTOR {55 % ( mmu04150 )
DU M AR2FBUE - 6 A (mmu05208 ) SRS, X
SO AR S A N B E A, R BT RE

T 5 (0 R A P 25 PR 8 LA L -5 ] L 240 L ) A
VR R4 3 SR

mmu04922: Glucagon signaling pathway
mmu04114: Oocyte meiosis
mmu04660: T cell receptor signaling pathway
mmu00230: Purine metabolism ')
1500 - mmu04150: mTOR signaling pathway [
mmu04611: Platelet activation ) Number of proteins
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Fig3 Proteomic profiling and KEGG pathway analysis of B16F10-derived exosomes

A: Molecular weight distribution of exosomal proteins; B:KEGG pathway enrichment analysis of the exosomal proteome. KEGG:

Kyoto Encyclopedia of Genes and Genomes.
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