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The combination of chemotherapy and radiotherapy (chemoradiotherapy) is a promising strategy, exten-
sively studied and applied clinically. Meanwhile, radiosensitizers play an important role in improving clinical
radiotherapy therapeutic efficacy. There are still some disadvantages in practical applications, because
radiosensitizers and drugs are difficult to deliver spatio-temporally to tumor sites and work simultaneously
with low efficiency for DNA damage and repair inhibition, leading to an inferior synergistic effect. Herein,
a suitable radiosensitizer of nano-enabled coordination platform (NP@PVP) with bismuth nitrate and cis-
platin prodrug is developed by a simple synthetic route to improve the effectiveness of chemo-radiation
synergistic therapy. When NP@PVP is internalized by a tumor cell, the bismuth in NP@PVP can sensitize
radiation therapy (RT) by increasing the amount of reactive oxygen species generation to enhance DNA
damage after X-ray radiation; meanwhile, the cisplatin in NP@PVP can inhibit DNA damage repair with
spatio-temporal synchronization. NP@QPVP is demonstrated to exhibit higher sensitization enhancement

Received 28th January 2021, ratio (SER) of 2.29 and excellent tumor ablation capability upon irradiation in vivo in comparison with cis-
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platin (SER of 1.78). Our strategy demonstrates that the RT sensitization effect of bismuth and cisplatin
DOI: 10.1039/d1bm00157d based NP@PVP has great anticancer potential in chemo-radiation synergistic therapy, which is promising
rsc.li/biomaterials-science for clinical application.
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Scheme 1 Schematic representation for (a) the facile synthesis of nano-enabled coordination platform (NP@PVP) with bismuth and cisplatin
prodrug and (b, c) the mechanism of enhanced chemo-radiotherapy efficacy under X-ray irradiation.
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Fig. 1 Synthesis strategy and structural characterization of NP@PVP. (a) Hydrodynamic diameter measured by DLS and corresponding TEM image
of NP@PVP. (b) XPS spectrum of NP@PVP. (c) EDS analysis of NP@PVP. (d) High-resolution TEM image of NP@PVP. (e) HAADF-STEM image and EDS
element scanning maps of NP@PVP.
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Fig. 4 Biodistribution and tumor accumulation of NP@PVP in vivo. (a) Fluorescence images of serum after intravenous (i.v.) injection of NP@PVP/
Cy5. (b) Blood circulation curve of NP@PVP/Cy5 after i.v. injection (n = 3 per group). (c) Fluorescence images of mice after i.v. injection of Cy5 or
NP@PVP/Cy5. (d) Images of ROS generation in vivo. (e) Corresponding DCF fluorescence intensity of tumors after being treated with PBS, NP@PVP,
cisplatin + RT and NP@PVP + RT. The error bars represent the means + SD. **P < 0.01, ***P < 0.001.
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Fig. 5 Excellent tumor inhibition of NP@PVP in vivo. (a) Tumor growth changes of mice and (b) tumor inhibition ratio with various treatments of
PBS (1), PBS + RT (ll), cisplatin (Ill), cisplatin + RT (IV), NP@PVP (V), and NP@PVP + RT (VI). Tumor weight (c) and pictures of the tumors (d) after treat-
ments. (e) Mice body weights during the antitumor therapy period. The value of aspartate aminotransferase (AST; f), alanine aminotransferase (ALT;
g), alkaline phosphatase (ALP; h), and lactate dehydrogenase (LDH; i) in mice after antitumor treatment. Data are shown as the mean + SD (n = 5),
**P < 0.01, ***P < 0.001.
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