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Surface peptide-modified black phosphorus nanosheets: 

a novel multifunctional nanoadjuvant

The basic components of cancer vaccines include antigens and adjuvants. Antigens determine the specificity of cancer vaccines,

while adjuvants can enhance the immunogenicity of antigens and activate immune responses. Nanoplatforms can effectively

enhance the lymph node targeting, antigen presentation and immune activation of vaccines. Black phosphorus nanosheets (BPs)

are novel two-dimensional nanomaterials with good biodegradability and biosafety. However, the immunogenicity and application of

BPs themselves remain to be further studied. Here, we developed a method for peptide modification on the surface of BPs. FKF

tripeptide modification increases the loading capacity of BPs for antigens peptide, forming a simplified component nanovaccine

(FKF-OVAp@BP). Surface peptide modification improved the lymph node enrichment and T cell activation of BPs. The

photothermal effects of BPs also effectively enhanced their ability to activate immune responses. In addition, FKF-OVAp@BP had a

good synergistic effect with immune checkpoint therapy.
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Scheme 1. Black phosphorus nanosheets (BPs) as novel adjuvant nanomaterials

for cancer vaccines.
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Figure 1. BPs serve as a high loading platform for peptide antigen.

Figure 2. BPs promote antigen uptake and comprehensive immune activation of

cytotoxic T lymphocyte (CTL) responses in vivo.

Figure 3. The use of photothermal effects in BP vaccination produced an NIR-

improved antitumor effect of BP nanovaccine treatment, which synergized with

checkpoint blockade therapy.




