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Abstract: Chemotherapeutic agents along with other treatments, such as chemotherapy and radiotherapy,
have made significant contributions to cancer therapy, however multidrug resistance (MDR) in tumor remains an
important developmental barrier to efficient chemotherapy. In recent research, there is increasing evidence that
nitric oxide (NO) has the potential to overcome MDR. Unlike other chemosensitizers that ameliorate MDR but
are potentially toxic, NO is endogenous and biocompatible molecule, which makes it even more promising as a
cancer therapeutic. Nanoparticle-based drug delivery systems not only facilitate the delivery of multiple
therapeutic agents, but also promote the avoidance of MDR, which are promising to both efficient delivery of
NO and anti-cancer drugs in combination. Therefore, this review will discuss the mechanisms how NO reverse
MDR and the recent advances in the application of NO functionalized nanoparticles for anticancer drug delivery.
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Figure 1 Schematic presentation of the potential mechanisms of nitric oxide (NO)-releasing delivery systems combined with chemot-

herapeutics in overcoming multidrug resistance (MDR)
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Tablel Combined NO and drug delivery systems for overcoming MDR. DOX: Doxorubicin
NO/NO donor Drug Delivery system Effect Ref
NO-releasing systems for
overcoming MDR
GSNO-oligoethylene glycol- Cisplatin - The ICsp of cisplatin with the pre-treated NO cellsis around 5 [34]
methacrylate times lower than the non-pretreated ones
GSNO-CaCO;-mineralized DOX - NO release by the GSNO-MNPs efficiently improved therapeutic  [35, 36]
nanoparticles (GSNO-MNPs) activity of DOX
Nitrate functionalized D-a- DOX - DOX-based chemotherapy in tumor-bearing mice, coadministration [37]
tocopheryl polyethylene glycol with TNO; significantly extended the blood circulation time of
succinate (TNOg) DOX and enhanced its tumor accumulation and penetration, thus
resulting in better antitumor efficacy
NO-releasing systems for
chemotherapeutics delivery
S-Nitrosothiols DOX SNO-DOKX silica SNO-DOX silica nanoparticles increased the cytotoxicity of DOX [38]
nanoparticles
Diethylenetriamine Irinotecan ~ PLGA hollow Upon injection of this system into acidic tumor tissue, environ- [39]
diazeniumdiolate microsphere mental protons infiltrate the shell of the HMs and react with their
(DETA-NONOate) (PLGA HM) encapsulated NONOate to form NO bubbles that trigger localized
drug release and serve as a P-gp-mediated MDR reversal agent
N,N'-di-sec-Butyl-N,N'-dinitroso- DOX MPEG-PLGA-BNNG6- The mPEG-PLGA-BNN6-DOX nanoparticles reversed the MDR [40]
1,4-phenylenediamine (BNN6) DOX nanoparticles of tumor cells and enhance the chemosensitization for doxorubicin
therapy
S-Nitrosothiols DOX Transferrin conjugated The photothermal conversion-based NO-releasing platform [41]
Fes0,@polydopamine@  possess excellent tumor suppression functionality with few side
mesoporous silica effects upon NIR laser exposure

nanoparticles
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AU R R A 0.3% $ 5 & 1.9%, IEW T 1% K% T NO
PpAAE 22 P i TR A5 R o 0 B AT 1Y 5 EPR RS AE H
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