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Abstract: Attenuated Salmonella typhimurium VNP20009 is a novel oncolytic bacterium with high tumor-
targeting properties. One of its anti-tumor mechanisms is the induction of tumor cell apoptosis, although the
specific molecular mechanisms remain unclear. Melanoma, the deadliest form of skin cancer, is associated with
significant challenges, such as severe side effects and high recurrence rates in current treatments. This study used
the B16F10 mouse melanoma cell line as a model to explore the regulatory mechanism of VNP20009-induced
apoptosis in melanoma cells. The results showed that VNP20009 significantly induced apoptosis in BI6F10 cells in

a time- and concentration-dependent manner. Transcriptomic analysis revealed that the p53 signaling pathway was
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significantly enriched in the VNP20009-treated group, suggesting that this pathway might mediate the

pro-apoptotic effects of VNP20009. Further investigations demonstrated that VNP20009 induces apoptosis by

activating key genes in the p53 pathway, including PUMA, and its upstream and downstream molecules, such as

p53, CytC, CASP9, and CASP3, forming a cascade reaction. In conclusion, this study elucidates the molecular
mechanism by which VNP20009 induces apoptosis in B16F10 melanoma cells through the p53-PUMA axis,

providing new theoretical insights for melanoma treatment based on attenuated Salmonella bacteria.
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Table 1 Real-time quantitative polymerase chain reaction
(RT-gPCR) primers. PUMA: p53 up-regulated modulator of apoptosis;
CytC: Cytochrome C; CASP9: Caspase 9; CASP3: Caspase 3; F:

Forward primer; R: Reverse primer

Gene Sequence (5'-3")
S-Actin-F AGAGGGAAATCGTGCGTGAC
f-Actin-R AGGAGCCAGAGCAGTAATCTC
p53-F CTCTCCCCCGCAAAAGAAAAA
p53-R CGGAACATCTCGAAGCGTTTA
PUMA-F AGCAGCACTTAGAGTCGCC
PUMA-R CCTGGGTAAGGGGAGGAGT
CytC-F CCAAATCTCCACGGTCTGTTC
CytC-R ATCAGGGTATCCTCTCCCCAG
CASP9-F TCCTGGTACATCGAGACCTTG
CASP9-R AAGTCCCTTTCGCAGAAACAG
CASP3-F ATGGAGAACAACAAAACCTCAGT
CASP3-R TTGCTCCCATGTATGGTCTTTAC
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VNP20009 induces apoptosis in BI6F10 cells in a time- and concentration-dependent manner. A: Flow cytometric analysis of

apoptosis levels in B16F10 cells after co-culturing with different concentrations of VNP20009 for 16 h; B-E: Bar plots showing the analysis

of apoptosis rate in B16F10 cells after co-culturing for different durations (4, 8, 12, 16 h); F: Plot of the results obtained from linear

regression analysis of apoptosis rate. MOI: Multiplicity of infection
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Table 2 Results of linear regression analysis of apoptosis rate. X:

log,,(MOI); ¥: Apoptosis rate

Time/h Equation R’
4 Y=10.42X+14.72 09199
8 Y=26.69X + 1.403 0.8159
12 Y=27.68X+4.253 0.8613
16 Y=29.46X+10.05 0.912 6
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Figure 2 Results of Kyoto encyclopedia of genes and genomes (KEGG) pathway enrichment analysis and gene set enrichment analysis (GSEA).
A-D: Bubble plots of the top 20 upregulated pathways obtained by KEGG enrichment analysis, comparing the VNP20009 experimental
groups with the PBS control group. The X-axis represents the enrichment score, where larger bubbles indicate a greater number of differentially
expressed protein-coding genes involved in the pathway. The bubble color gradient ranges from blue to white to yellow to red, with smaller
P-values indicating higher statistical significance; E-~H: GSEA plots of the p53 signaling pathway obtained by comparing the VNP20009
experimental groups with the PBS control group. vnp-8 h-50: VNP20009 co-cultured for 8 h, MOI=50; vnp-8 h-100: VNP20009 co-cultured
for 8 h, MOI=100; vnp-16 h-50: VNP20009 co-cultured for 16 h, MOI=50; vnp-16 h-100: VNP20009 co-cultured for 16 h, MOI=100
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Figure 3 The expression level of PUMA (Bbc3) shows a positive correlation with VNP20009-induced apoptosis in BI6F10 cells. A-D:

Volcano plots of differentially expressed genes obtained by comparing the VNP20009 experimental groups with the PBS control group,

highlighting apoptosis-related genes in the p53 signaling pathway; E: Heatmap of differential gene expression levels showing clustering

analysis of apoptosis-related genes in the p53 signaling pathway, PUMA (Bbc3) exhibits a strong time- and concentration-dependent

expression pattern. DEGs were identified by P < 0.05 and [log,FC| > 1
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Figure 4 Regulation of PUMA and its upstream and downstream apoptosis-related genes at the mRNA expression level by VNP20009.
A-E: Relative mRNA expression levels of p53 (A), PUMA (B), CytC (C), CASP9 (D), and CASP3 (E) gene in B16F10 cells under different
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Figure 5 Regulation of PUMA and its upstream and downstream apoptosis-related genes at the protein expression level by VNP20009. A:
Western blot analysis showing the protein expression levels of p53, PUMA, CytC, CASP9, and CASP3 in B16F10 cells under different
experimental conditions; B —F: Bar plots showing the relative protein expression levels of p53, PUMA, CytC, CASP9, and CASP3 in
B16F10 cells under different experimental conditions. 7 = 3, mean = SEM. "P < 0.05, “P < 0.01, ""P < 0.001,
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Figure 6 Analysis of the molecular mechanisms underlying VNP20009-induced apoptosis in melanoma cells at the transcriptional levels.

A: Plot of the results obtained from linear regression analysis of relative mRNA expression level; B: Plot of the results obtained from linear

regression analysis of relative protein expression level
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Figure 7 Regulatory effect of p53 inhibitor on VNP20009-induced apoptosis in melanoma cells. A, B: Relative mRNA expression levels

of the p53 (A) and PUMA (B) gene in BI6F10 cells under different experimental conditions after p53 inhibition; C: Western blot analysis

showing the protein expression levels of p53 and PUMA in B16F10 cells under different experimental conditions after p53 inhibition; D, E:

Bar plots showing the relative protein expression levels of p53 and PUMA in B16F10 cells under different experimental conditions. Control:
PBS-treated group without p53 inhibitor; Control-p53in: PBS-treated group with p53 inhibitor; 8 h-50-p53in: VNP20009 co-cultured for 8 h,
MOI=50 under p53 inhibition; 8 h-100-p53in: VNP20009 co-cultured for 8 h, MOI=100 under p53 inhibition; 16 h-50-p53in: VNP20009
co-cultured for 16 h, MOI=50 under p53 inhibition; 16 h-100-p53in: VNP20009 co-cultured for 16 h, MOI=100 under p53 inhibition. n = 3,

mean = SEM. "P <0.05, ""P < 0.001, “"P < 0.000 1 vs control group
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