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Advances in tumor microenvironment responsive and regulatory
drug delivery system
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Abstract: The complexity of tumor microenvironment brings both challenges and opportunities for targeted
drug delivery. On the one hand, using the special characteristic as stimuli, we can construct a variety of responsive
drug delivery systems for tumor targeting. On the other hand, the abnormal vasculature and dense extracellular ma-
trix in solid tumor become formidable barriers to the nanoparticles delivery, which greatly reduces the drug de-
livery efficiency. Lots of researches focus on regulating the tumor microenvironment to make it more conducive to
drug delivery. In this review, we will highlight the recent advances both in tumor microenvironment responsive na-
no-drug delivery systems design and tumor microenvironment regulation to improve tumor targeted delivery ef-
ficiency, and discuss the existing problems and future development.
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Figure 1  Acid-responsive transferrin dissociation and glucose transporters (GLUT) mediated exocytosis for increased blood-brain barrier
transcytosis and programmed glioma targeting delivery. Adapted from Ref. 19 with permission. Copyright©2018, John Willy and Sons.
A: Preparation of acid-responsive programmed targeted delivery system of P-aminophenyl-«-D-mannopyranoside (MAN) decorated doxo-
rubicin-loaded dendrigraft poly-L-lysine with acid-cleavable transferrin (Tf) coating outside (DD-MCT); B: Schematic illustration of DD-
MCT programmed target transferrin receptor (TfR) on blood-brain barrier (BBB) and then target GLUT on glioma cells after transcytosis
across BBB; C: Schematic illustration of process of the acid-responsive cleavage of Tf from DD-MCT in endothelial cell and transporter-
mediated exocytosis of detached DD-MCT for increased transcytosis
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Figure 2 Schematic illustrations of the mechanism of the matrix
metalloproteinase (MMPs)-responsive drug-delivery system (ITCC
N-G-C) in the tumor microenvironment. Adapted from Ref. 21
with permission. Copyright©2015, John Willy and Sons
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Figure 3 Bacteria-driven hypoxia targeting for combined bio-
therapy and photothermal therapy (pDA-VNP). Adapted from Ref.
29 with permission. Copyright©2018, American Chemical Society
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Figure 4 Tumor-specific multiple stimuli-activated dendrimeric
nanoassemblies (DNs). Adapted from Ref. 38 with permission.
Copyright©2017, American Chemical Society
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Table 1 Tumor microenvironment stimuli-responsive nanocarrier. PEG-Dlinkm-PDLLA: Tumor-pH-labile linkage-bridged copolymers of
clinically validated poly(d, I-lactide) and poly(ethylene glycol); RGD-DOX-DGL-GNP: Dendritic poly-L-lysine (DGL) and gelatin NP
(GNP) ; AuNPs-A&C: Ala-Ala-Asn-Cys-Lys modified AuNPs (AuNPs-AK) and 2-cyano-6-aminobenzothiazole modified AuNPs (AuNPs-
CABT); CS-ss-D-pen: Chitosan (CS) was conjugated with a copper chelator, D-penicillamine (D-pen) through the formation of a disulfide
bond; SL@BRNPs: PEGylated bilirubin nanoparticles (BRNPs) encapsulated dimer-7-ethyl-10-hydroxycamptothecin (d-SN38) and dimer-
lonidamine (d-LND); NLG919@DEAP-"PPA-1: NLG919, an inhibitor of idoleamine 2,3-dioxygenase, DEAP, 3-diethylaminopropyl isothio-

cyanate, PPPA-1, D-peptide antagonist of programmed cell death-ligand

Strategy Nanocarrier Stimulus Advantage Ref.

pH DD-MCT; Acid Acid-responsive transferrin dissociation to [19, 20]

PEG-D linkm-PDLLA increase blood-brain barrier transcytosis;
safe and effective drug delivery

Endogenous enzymes ITCCN-G-C; MMP-2; Ligand re-emergence; size shrinking for [21-24]
RGD-DOX-DGL-GNP;  legumain deep tumor penetration; size aggregation
AUNPs-A&C for increased gold nanoparticle retention

Hypoxia response pDA-VNP The hypoxia in the tumor cores Penetrate to the hypoxia in the tumor cores  [29, 30]

The reductive environment ~ CS-ss-D-pen; The different concentrations of Deep penetration; drug release [34, 35]
SL@BRNPs glutathione (GSH) in tumor cells

pH; endogenous enzymes;  NLG919@DEAP- Acid; MMP-2; the different Tumor-targeted delivery; on-demand drug [37,38]

the reductive environment ~ °PPPA-1; DNs concentrations of GSH in tumor  release; deep penetration; functional

cells
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