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1. latroduction therapeatic efficacy. hwp«ﬂmmmommmplqﬁu

Chemotherapeutic agents always suffer from their drawbacks such as
poor selectively, solubility, stability and quick dearance from body
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such & various polymer, npolnm&pcuehnndlmmk/agmk
hyteid rials have been d as advanced drug delivery sys-
tems (DDS) [4-6). Quantum dots (QDs) are promising candidates in
panomedical ficdds due to the distinet photochemical peoperties such

[11). F mmmaqummmw
ability of MSNs hindered the complete redease of the drug. Moreover, the
drug release process only relied on the pH sensitivity of ZoO QDs, which
was not adeguate and limited the wide application of the cdls

In fact, besides the distinct pH values between the normal and

sharper spectra, photostability and high g yiedd. On dots
uuCGMWequuwhdedymqum
b of their high g yields [7,5). , Iany reports have

proved that these QDs are toxic to animals [9). 1t is desired to design and
exploee the advanced DDS based on cther safe and efficient QDs.
mmrymhwtmdbw-muzwomhmmqu
chers” eyes in biomedical applications. ZoO QDs are benign and
weally toxic, mqmmtuwwmhum
ported that 700 QDs are easy 0 peepare, low-cost, and display a
respanse to acid. Nel and co-workers found that Zn0 QDs exhibited
sigaificant cytotoxic effects after dissolution in the low pH value in the
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Considering these prop above of ZnO QDs, pH-sensltive
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cells, ghatath (GSH) Is present in the intracellular matrix
of cancer cells at levels two to three orders of magnitude higher than that
found In extmcelluler environments [12-14). Thos, pH and redox
stimadi responses can both used in the design of DDSs because of their
significant differences in coocentrations between tumewr and normal
tissues [15-17). However, as far as we know, pH and redox dual
responsive DDSs based oo MMSN have been mrely reposted.

Hereln, a noved strategy was proposed to construct the pH/GSH dual.
responsive DDS based ce MMSN with ZoO QDs as gatekeeper. Dauno-
myeln was selected as model anticancer drug to load co the designed
DDS. As shown In Fig. 1A the ZnO QD-capped MMSN nancapheres
(DNME@MMSN-55-Zn0) were effortlessly synthesized by the covalent
artactenent of carboxyl zine axide (ZrO-O00H) to the amide groups on
the cuter surface of sulfiydryl magnetse silica nanoparticles (MMSN-SS).
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Abstract
Chemotherapeutic agents and phomsensitizers often suffer from poor tumer selectivity, high side toxicity, or low water
solubility. To address these problems, various drug delivery systems (DDS) have been explored but most of them are toxic,
difficult to synthesize, or of single function. In order to design a highly biocomgatible, conveniently prepared, mult-
functional drug delivery system, herein, an aptamer of vascular endothelial growth factor (VEGF) and a cytosine (C)-DNA
fragnent were grafted on the surface of superparamagnetic iron oide nanoparticles (SION). and then a chemothen
apeutic agent daunomycin (DNM) and a photosensitizer 5, 10, 15, 20-tetra (pheryl4-N-methyl-4-pyridyl) porphyrin
mmmmmuwmhwwcsuawmmmwommmmws
displayed strong chemotherapeutichhototherap Gpability against cancer cells via mechanisms such as mitochondrial
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nlaseantdnmuf p _:Iphomd modalities into one single system and thus could be considered as an ideal
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Introduction aptamer, can form a dimede G-quadruplex structure to

The poor tumor selectivity, low water solubility, and high
side toxicity have Hmited the clinic application of many
chematherspentic agents and photosensitizens. Drug de-
Hvery systems (DDS) am proved effective in dealing with
the shove problens and thus have arousad the attentions of
many ressarchens. Among the various DDS reporied, mu-
cleic acide-based, artificial structures caich researchers’
mtmﬁqmﬂgﬂy biocompatible, ently

target high nucleolin-expressing cancer celk and thus has
been frequently used as a tether for the drug nanocarrier
Recently, AS1411 has arcused particular inferests since it
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multh-functional, and this exhibit great potential
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ar & DNA aliganucleotides (usully 20-80
mcleatides with 6-30kDa molecular weights) that can fold
into unique three-dimensional conformations. In recent
decades, aptamsens have played critical roles in DDS because

of their unique charscted stics such & programmability, flex-
ibility, and low toxicity.” For example, AS141 1, & well-atudied
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1. Iatroduction

Many chemotherapentic agents and photosensitizers suffer from
poor tumor selectivity, Jow water solubility or high side toxicity in the
clinie application. To address these issues, drug delivery systems (DDS)
have d the ticns of many hers since they are peoved
effective in dealing with the above problems and thus Amoag the re-
pumnm_nuddcmmnaugmm'qsb«mn(mw
unique ch st as prog: bility, 1 , and low
toxicity [1 .-Lmhw, @ ble and predictable Watson- Crick
base pairing endows the pucleic acids with excellent condormational
polymorphises [3, 4). In particalar, aptamer, a kind of shost

* Correponding aulice,

singlestranded  RNA/DNA

theeedl d o

oligonucieotide  with  defined
can bind with molecular targets with
high affinity. By effordiesdy integrating with other nudleic acld, apansers
can specifically recognize and lcad the therapeutic drugs through the
receptors over-expressed oo the tumor cells. For example, AS1411, a
well-studied aptamer with dimeric G-quadruplex structure, can target
the high expressing nucleolin in cancer cells and has been frequently
wed as a tether to capture the G4-ligand, such as 5,10,15,20-tetrakis
(4-N-methyl pyridiniumyl )porphyrin (TMPYP) [5). TMPYP is a broadly
wed photodynamic therapy (PDT) reagent with poor sedectivity in the
blood and low accumulation in the tumor cells (6, 7). Tan e al. have

rized the appls of AS1411 In delivering TMPYP and
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12 October 2021, Copper/zinc superoxide dismutase (SODI1) has strong antioxidant
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Acceptad on 22 Nov. 2021 | activity against the reactive oxygen species (ROS). But exogenous

DOE 10.2095Nwjpps2112-206 T8 /J SODI1 cannot enter cells because of its low biomembrane permeability.

7 i Cell-penetrating peptides (CPPs) can rapidly cross plasma membranes.
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Wa Li-Xiong permeability. This study aimed to construct a fusion protein TAT-SOD
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Cell mentalism generates reactive oxyzen species (ROS), ez, O,

and OH. These radicals are mainly from the mitochondrial electron
tansport chain and flavoprotein ROS plays an imponant role in maintaining cell
homeostasis. ROS also partcipates in redox reactions and generates metabolic sigmals.
However, too much ROS can play an important role in aging. cardiovascular diseases,
inflammation and cancer as signal molecules. ") The human body’s antioxidant system
includes antioxidant enzymes and small molecular antioxidants. The most important type of
antioxidant enzymes is superoxide dismutase (SOD).

In mammalian cells, SOD can be divided into three types according to the location of the cell.
SODI1 gene is located on chromosome 21 with a molecular weight 32KD. SOD1 mainly
exists in the cytoplasm. SOD2 gene is located on chromosome 6 with a molecular weight
96KED. which is almost completely located in the mitochondnal matrix. SOD3 gene is located
on chromosome 4 with a molecular weight of 135KD which is secreted into the extracellular
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