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The Helicobacter pylori Protein HP-NAP: from a bacterium a new hope
for the treatment of metastatic melanoma
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Background: Immune checkpoint inhibitors and small-molecule targeted drugs have significantly improved the prognosis of patients with advanced melanoma. However, the
toxicity is severe and patients nearly invariably develop resistance. Several studies show that the Helicobacter Pylori Neutrophil Activating Protein (HP-NAP) has pro-inflammatory
and immunomodulatory properties that make it a potential candidate for the therapeutic applications, including vaccine and drug development [1]. By activating cytotoxic Thl
responses, HP-NAP inhibits the growth of bladder cancer [2]. In addition, expression of secreted HP-NAP by oncolytic measles virus and adenovirus has been shown to enhance the
anti-tumor activity of the viruses in the treatment of metastatic breast cancer and neuroendocrine tumors, respectively [3-4]. Methods: In the zebrafish model, we examined

the therapeutic efficacy of HP-NAP against human metastatic melanoma. Specifically, human melanoma cells were xeno-transplanted into zebrafish embryos and tracked in the
presence or absence of HP-NAP. Macrophages behaviour and their drug-induced depletion were analysed exploiting macrophage-expressed transgenes. Results: We observed that
HP-NAP administration in zebrafish embryos efficently inhibited tumor growth and metastasis (fig 1) and this was accompanied by a strong recruitment of macrophages at the
tumor site (fig 2-3). Considering that the adaptive immune system is not completely developed in embryos until three weeks after fertilization, we hypothesized that HP-NAP
exerted its antitumor effect through the activation of pro-inflammatory/anti-tumor macrophages (fig 4-5). Our hypothesis found confirmation in the observation that the depletion
of macrophages in zebrafish, with clodronate liposomes (L-CLOD) or L-Leucine Methyl Ester (L-LME), almost completely abrogated the ability of HP-NAP to counteract tumor
growth. Conclusions: Our results show that HP-NAP exerts a robust anti-tumor activity not only by modulating a cytotoxic adaptive immune response, but also by recruiting anti-
tumor macrophages and support the notion that HP-NAP might become a new biological therapeutic agent for the treatment of metastatic melanomas.

1) HP-NAP counteracts melanoma growth and metastasis in vivo 2) The anti-tumor effect of HP-NAP does not rely on a direct action
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experimental workflow. B. Representative fluorescence stereoscope images of embryos injected with M121224 D. For cell cycle analysis, cells were seeded in 24-well plate and incubated in medium with or without
cells and treated with HP-NAP or vehicle at 9dpf/7dpi . Arrowheads indicate metastases. Scale bar: 500 um. The HP-NAP for 48 h; after DNA staining with propidium iodide, fluorescence was measured by flow
tumor mas s and metastasis is reduced in HP-NAP treated embryos. C. Scatter plots show that the tumor size cytometry and data are expressed as percent of G1, S, and G2/M cells . No difference in cell cycle

(AU: Arbitrary Unit) is significantly reduced in HP-NAP treated embryos. At 9dpf D. The percentage of between HP-NAP treatment and controls was revealed.
metastasis at 9 dpf is lower in larvae treated with HP-NAP with respect to vehicle. E. Kaplan-Meier curves show

that the survival of animals at 9dpf treated with HP-NAP is higher compared to control.

* p< 0.05; ***, p<0.001.

3) HP-NAP promotes the recruitment of macrophages at the 4) HP-NAP modulates the macrophages polarization
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C. Scatter plots show that the tumor size at 4 dpi is significantly reduced in HP-NAP treated fish with respect to
vehicle. *, p< 0.05, ** p<0.005,**** p<0.0001.

5) Macrophages are essential for the anti-tumor activity of HP-NAP
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