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Application research and design strategy on smart responsive
mesoporous silica anti-tumor nanodelivery systems
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Abstract: Malignant tumors are major diseases that endanger human health. Due to their complex and variable
microenvironment, most anti-tumor drugs cannot precisely reach the focal tissue and be released in a controlled
manner. Intelligent responsive nano carriers have become a hot spot in the field of anti-tumor drug delivery
systems. As an excellent nano material, mesoporous silica has the advantages of non-toxic, stable, adjustable pore
volume and pore diameter, and easy functional modification on the surface. By virtue of its perceptive response to
the tumor microenvironment or physiological changes, it can achieve the targeted drug release or controlled drug
release of the drug delivery system in the tissue, making it an ideal carrier for intelligent response drug delivery
system. In this paper, we review the design strategies and current research status of smart responsive anti-tumor
drug delivery systems based on mesoporous silica, in order to provide a reference for the development of anti-
tumor drug nanoformulations.
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Figure 1 Classification of smart responsive mesoporous silica

delivery system based on different response types
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Table 1 Overview of research on endogenous stimulus-responsive mesoporous silica smart-responsive drug delivery systems
Stimulus Responsive linker Model drug Blocking cap Advantage Ref.
pH Polyethyleneimine (PEI)  Doxorubicin (DOX) PEI, anisamide (AA) Targeted drug release through endocytosis mediated  [27]
by fenpropathrin thereby specifically identifying
tumor cells
Hydrazine bond DOX Hyaluronic acid (HA) Targeting CD44 receptor in cancer cells, mediating ~ [28]
endocytosis, pH response triggers drug release
Chitosan (CS) Fluorouracil (5-FU) Chitosan-glucuronide Glucuronide-based targeting of colon cancer cells [29]
coupling (CHS-GCA) for pH-responsive smart drug release
Redox -S-S- DOX DNA aptamer (AS1411); Targeting breast cancer cells, enhancing cancer cells  [30]
potential small interfering RNAs  uptake rate, glutathione (GSH) triggers smart drug
(siRNAs) release
-Se-Se- DOX Bovine serum albumin  The introduction of selenium bonds not only [31]
enables redox-responsive real-time monitoring of
drug delivery, but also reduces the toxicity to
normal cells
-S-S- DOX Carbonic anhydrase IX  Targeting tumor sites to induce apoptosis of cancer ~ [32]
anti (A-CAIX Ab) cells for GSH-triggered smart drug release
-S-S- 6-Mercaptopurine Oligosaccharide A targeted drug delivery system that covalently [33]
(6-MP) hyaluronate (0HA) links a biologically active drug and a targeting
ligand to the inside and outside of mesoporous silica
to construct a stimulus-responsive targeting drug
delivery system
Enzymes Azo bonds DOX CS Intelligent drug release in response to colonic [34]
enzyme specificity, laying the foundation for
colonic site-specific drug delivery studies
Collagen Cisplatin Collagen Self-driven targeting of lung cancer cells for drug [35]
release reduces the toxic side effects of traditional
chemotherapy drugs
HA DOX HA; triphenylphosphine Multi-stage targeting of cancer cells and intelligent ~ [36]
(TPP) mitochondrial drug release to effectively kill cancer
cells
Hypoxia Nitroimidazole (NI) DOX 4-Nitroimidazole-$- The drug delivery system can selectively deliver [37]
cyclodextrin (NI-CD) drugs to hypoxic tumor cells, and is an effective
hypoxia-targeted cancer therapy drug delivery
system
Azobenzene DOX Azobenzene; F68 A hypoxia-responsive silica with an azobenzene [38]
polymer as a movable gate, which will expand the
unique trigger of silica in the field of medicine and
biomedicine due to the application of low oxygen
concentration in many pathological conditions
p-Cyclodextrin (f-CD, DOX 4-PA The hypoxia-responsive mesoporous silica [39]
SNAC); 4-(phenylazo) nanoparticles have good biocompatibility and low
benzoic acid (4-PA, SNA) toxicity, and are potential drug delivery systems for
treating diseases with hypoxia characteristics
Glucose HA Glucose oxidase; Polylysine; HA Novel anti-tumor smart responsive delivery system  [40]
paclitaxel (PTX) combining starvation therapy with chemotherapy
ATP Mucin-1 (MUC1); ATP DOX MUCI; FA A mesoporous silica nanoparticle-based dual [41]
aptamer (FA) receptor-targeted tumor smart responsive drug
delivery system
FA DOX FA, AS1411 adaptor Tumor cell-specific recognition and internalization [42]
(TA) of an ATP-smart responsive nanocarrier for real-
time monitoring of drug delivery
Zinc dipyridamole DOX TDPA-Zn®'; peptide Real-time monitoring of drug release by monitoring  [43]

(TDPA-Zn*")

polymers

the change of luminescence resonance energy
transfer (LRET) signal during drug release
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Figure 2 A: Design idea of pH-responsive mesoporous silica drug delivery system. B: Glutathione (GSH)-based redox-responsive mesopo-

rous silica drug delivery system for tumor targeting. C: Enzyme-mediated release mechanism of smart-responsive mesoporous silica from

colon cancer. D: Hypoxia-responsive mesoporous silica nanoparticle targeted tumor drug delivery system. A-CAIX Ab: Anti-carbonic anhy-

drase IX antibody; F68: Pluronic F68; DAB: 4,4’-Azodianiline
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Figure 3 Schematic illustration of MSNs-GOx/PLL/HA nanoparticles synergistically targeting tumor starvation therapy. A: The prepara-

tion processes of MSNs-GOx/PLL/HA nanoparticles; B: The cellular process containing the CD44-mediated cellular internalization, degra-

dation of HA by HAase together with the exposure of PLL at HAase-rich tumor milieu, endosomal or lysosomal escape, cytoplasmic release

of GOx and PTX and the intracellular reaction of GOx with glucose. GOx: Glucose oxidase; MSNs: Mesoporous silica nanocarriers; PLL:

Poly (L-lysine); HA: Hyaluronic acid; HAase: Hyaluronidase; PTX: Paclitaxel
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Table 2 Overview of studies on mesoporous silica exogenous stimulus-responsive drug delivery systems

Stimulus Responsive linker Model drug Blocking cap Advantage Ref.
Light Graphene oxide DOX Graphene oxide Photoresponsive targeted cancer therapy with important [49]
applications in controlled drug release, targeted drug
delivery, and chemotherapy
Azobenzene DOX Azobenzene; Targeted delivery of anti-cancer drugs based on external [50]
o -cyclodextrin light stimulation responsive nanovalves
Graphene oxide Antimicrobial Graphene oxide; folic This drug delivery system provides both protection against [51]
peptide acid antimicrobial peptides and intelligent tumor-targeted drug
PA-Cl1b release
Magnetic Paramagnetic iron DOX Thermosensitive Synergistic effect between intracellular heat therapy and [52]
oxide polymers (NIPAM, chemotherapy triggered by alternating magnetic fields to
NHMA, MBA) significantly inhibit tumor growth

Triiron tetraoxide

Camptothecin Iron (III) tetraoxide; 2,3- High cellular uptake rate for precise delivery of drugs to [53]

dimercaptosuccinic acid cancer cells for various biomedical applications

Triiron tetraoxide DOX Polyethylene glycol;
folic acid
Temperature N-Isopropylacrylamide DOX PNIPAM

polymer (PNIPAM)
DNA single strand DOX

DNA single strand

Smart drug release through specific binding to FA [54]
receptors overexpressed on cancer cells for specific

targeting of tumors

High temperature sensitivity and biocompatibility of the [55]
system, prolonging its retention time in the blood

A novel temperature-responsive nanocarrier with [56]
reversible DNA valves

Thermosensitive Imatinib Thermosensitive Significantly inhibits the growth of leukemic cancer cells [57]
polymer PNIPAM-b-  mesylate polymer PNIPAM-b- by targeting them through a temperature-responsive
glycine glycine mediated drug delivery system
Ultrasound  Polyethylene glycol DOX PEG A novel intelligent graded ultrasound-responsive [58]
(PEG) mesoporous silica that facilitates cancer cell uptake and
thus enhances anticancer effects
Sodium alginate (SA) Rhodamine  Cross-linking of sodium Reversible ultrasound responsive smart drug release and [59]
(RhB) alginate with calcium good biocompatibility, providing an effective method for
chloride remote ultrasound stimulation responsive smart drug
release mode
Perfluoropentane DOX Lipids This smart responsive drug delivery system offers high [60]

drug loading and cellular uptake rates
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Figure 4 A: Design of near-infrared light-responsive mesoporous silica nanoparticles in vivo targeted tumor drug delivery system. a: The
preparation processes of MSN@Cy7-PA-C1b@FA-GO nanoparticles; b: MSN@Cy7-PA-C1b@FA-GO targets tumors in vivo. B: Design

concept of magnetically responsive mesoporous silica drug delivery system. a: The synthetic route of core-shell mesoporous silica; b: Prepa-

ration of magnetically responsive mesoporous silica nanoparticles. C: Design strategy for DNA valve-mediated temperature reversible smart

responsive mesoporous silica drug delivery system. a: Scheme of different critical temperature for different DNA valves; b: Temperature-

responsive DNA-gated nanocarriers for controlled release. D: Design of ultrasonic-responsive mesoporous silica delivery system
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