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Progress in dual-responsive nanocarriers based on acid
sensitivity for anticancer drug

Xiujuan Lu, Xinhao Guo, Dong Wan, and Jie Pan

School of Chemistry and Chemical Engineering, Tiangong University, Tianjin 300387, China

Abstract: In order to achieve better tumor treatment, researchers have designed dual and multiple responsive smart
nanocarriers in the tumor microenvironment. Among them, the research based on acid-sensitive dual-responsive nanocarriers is
the most extensive and common one. Intelligent nanocarriers have initially achieved long circulation in body, effective
accumulation in tumor cells, and controlled drug release in tumor microenvironment, with increased anti-tumor effect of drug
and reduced damage to normal tissues. However, there are still many problems to be solved in current research, such as high
price, complicated nanocarriers structure, and unclear mechanisms of drug delivery in the body, all hampering nanocarriers
from clinical applications. This article introduces the progress of nanocarriers in recent years from the dual responsive aspects
including acid-temperature, acid-magnetism, acid-redox, acid-enzyme, acid-light and acid-ultrasound, to provide reference for
further clinical application of nanomedicine.
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Table 1 Advantages and disadvantages of some common pH and temperature dual stimulus-responsive
polymers
Polymer Advantage Limitation Reference
B-LP/PNIPAM-co-AAc Simple structure, easy to control Larger particle size than [8]
proportion and change performance expected
P(NIPAM-co-AA)@BMMs Cheap and low cytotoxicity No active targeting, long cycle [9]
problem
PNIPAM@B-CD-DOX-BI-Fe;0,@mSiO, Non-toxic side effects, targeting Complex synthesis process is [10]
tumor not
therapy conducive to industrialization
SiO,-PMAA-b-PNIPAM High drug loading, low cytotoxicity Stability issues [11]

F2 —LENRH pH MENERHWERSWRRS

Table 2 Advantages and disadvantages of some common pH and magnetic dual stimulus-responsive polymers

Polymer Advantage Limitation Reference
HPMC/Fe;0, High efficacy and low toxicity SReenssp:ng?:;giSts?J::vironmental [16]
ZSaIecan-g-PPH/Fe304@SiO Low-toxicity, biocompatibility Internal circulation problem [14]
Fes0,@PGMA-Hy Simple preparation and high drug loading Biodegradability issues [15]
GCIO-DOX High drug loading, long circulation in the body (Ijjei;i:clija:glc:ti;?:f/tir\i/ilize G [12]
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Table 3 Advantages and disadvantages of some common pH and redox dual stimuli-responsive polymers

Polymer Advantage Limitation Reference
y-PGA-S-S-CS-DOX Good cell affinity, harmless and degradable Active targeting problem [5]
Zr-MOF/AMC Cell imaging, deliver drugs to cancer cells more  Biodegradability issues [20]

precisely
PEG-b-PLL(Pt(IV)+CAD) Combination chemotherapy No active targeting [21]
PAE(-SS-mPEG)-g-Chol  The extended blood circulation time and higher ~ Tumor site accumulation problem [22]

serum stability
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Table 4 Various abnormally expressed enzymes at tumor sites and their application in drug delivery systems

Enzymes Cells Cracking the substrate Function Reference
MMP2/MMP9 4T1 GPLGVRGDG Remove PEG and promote cell uptake [27]
DU-145 PLGLAG Connect iRGD to HPMA copolymer [28]
HT1080 GPLGVRG Trigger the delivery of intracellular PTX to HT1080 cells [29]
Cathepsin B HelLa GFLGR7RGDS Tumor-targeting peptide exposed [30]
B-galactosidase SK-BR-3 Galactoside Selective delivery of anticancer drugs [31]
Lipase SKOV3 Monostearin Enhance drug penetration [32]
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Table 5 Some common photoresponsive compounds

Light-sensitive material Chemical structure Function Reference
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