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Cisplatin is broad-spectrum chemotherapeutic agent that has been widely used for the treatment of a va-
riety of malignant tumors including breast cancer. However, the cisplatin chemoresistance, which derives
from the inactivation by glutathione (GSH) depletion, remains a scientific issue to solve. Here, we re-
port a novel type of smart disulfide switchable nanoparticles complexing cisplatin (switch NPs-cisplatin)
that is rationally designed, and engineered by synthesizing a hyaluronic acid disulfide bonded polyaspar-
tic acid (HA-ss-Pasp) and complexing cisplatin. The results showed that the switch NPs-cisplatin had a
nanoscale of particle size (150 nm), higher drug encapsulation efficiency (>90%), and suitable drug re-
lease profile. They demonstrated evident pH responsiveness and GSH responsiveness, and targeting effect
in the resistant breast cancer cells. Furthermore, they were able to block the cisplatin depletion by GSH in
the resistant cancer cells, thereby circumventing the chemoresistance. Consequently, switch NPs-cisplatin
displayed a remarkable killing effect in the resistant breast cancer cells in vitro, and in the resistant breast
cancer-bearing mice. In conclusion, switch NPs-cisplatin could be used as a smart formulation of cisplatin
for overcoming the chemoresistance of breast cancer. The present study also offers a universal drug de-

livery carrier platform for highly efficient but low systemic toxic chemotherapy.
© 2023 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Cisplatin [1], carboplatin [2] and loplatin [3] belong to plat-
inum agents, among which cisplatin is the representative of the
first generation of platinum agents, while carboplatin and loplatin
are the representatives of the second and the third generation of
platinum agents, respectively. Although all three agents are broad-
spectrum antitumor drugs, cisplatin has the broadest antitumor
spectrum and has been widely used for the treatment of a vari-
ety of malignant tumors, including head-neck squamous cell car-
cinoma [4], ovarian cancer [5], non-small cell lung cancer (NSCLC)
[6], breast cancer [7], etc. The meta-analyses suggested that cis-
platin had 11% higher survival advantage over carboplatin in the
treatment of solid tumors like lung cancer [6]. Accordingly, cis-
platin has been recommended to clinical uses more often. How-
ever, cisplatin chemoresistance often occurs in the clinical treat-
ment [8]. Cisplatin resistance may derive from the acquired re-
sistance by pre-target resistance [9,10], on-target resistance [11],
post-target resistance [12] and off-target resistance [13]. Therefore,
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how to overcome the chemoresistance remains a scientific issue to
solve.

The evidence has shown that the chemoresistance of cisplatin is
closely related to biological factors in the body such as glutathione
(GSH), methionine, metallothionein [14]. Among all these factors,
glutathione is a crucial cause for the loss of efficacy in the treat-
ment of tumors. GSH is a low molecular weight peptide that is
abundant in cancer cells. As a free radical scavenger, it plays a
vital role in maintaining the balance of cell oxidation [15,16]. In
the body, GSH often undergoes various reactions in cells through
the actions of y-glutamylcysteine synthetase and glutathione syn-
thetase [17]. Studies have found that GSH is involved in the pre-
target resistance of cisplatin. GSH content inside the drug-resistant
cancer cells can be 13-50 fold higher compared with that in drug
sensitive cells. It is due to the fact that, in the presence of high
concentrations of GSH and GSH transferase in cancer cells, CI~ ion
in cisplatin can be easily occupied by the sulfydryl (-SH) in GSH.
Accordingly, cisplatin would lose the active site of the drug, lead-
ing to the inactivation of cisplatin [18].

To solve the issue of cisplatin inactivation, scientists have tried
many methods, such as developing prodrugs [19], changing the
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way of drug delivery [20], and constructing nanocarriers [21]. Pro-
drug represents a compound that is inactive or less active in vitro
by modifying the chemical structure of a drug, but transforms
and releases the active drug to exert its efficacy in vivo. For ex-
ample, platinum(IV) complexes are often used as prodrugs of cis-
platin or its derivatives. Other methods such as changing the route
of administration can increase the local delivery and retention of
the drug. In particular, nanoparticle drug delivery system exhibits
a broad development prospect. Nanoparticles can circumvent the
disadvantages of free platinum drug, and ideal nanocarriers can ef-
fectively encapsulate the drug and prevent the interaction of plat-
inum from degradation in delivery process [22,23]. However, regu-
lar platinum nanoparticle may still face the glutathione depletion
in the cancer cells due to the existence of rich glutathione concen-
tration in cancer cells.

Polymer nanoparticles refer to nanoparticles formed by poly-
mer compounds. Commonly used polymer nanoparticle materi-
als consist of synthetic polymers, and natural polymer materi-
als such as polyaspartic acid (Pasp), hyaluronic acid (HA). Pasp
has a side chain shuttle group, and hence has unique character-
istics of biodegradability, dispersing function and chelating func-
tion [24,25]. HA is an immunoneutral linear polysaccharide ubig-
uitously in the human body. It consists of alternating units of
a repeating disaccharide, 8-1,4-p-glucuronic acid-8-1,3-N-acetyl-D-
glucosamine [26,27]. Through various chemical reactions, Pasp and
HA can be modified to alter the hydrophobicity and bioactivity
properties, and accordingly, they have been widely used in various
polymer block products [28]. Therefore, their versatility of polymer
synthesis and processing holds great promise for applications in
tissue engineering and drug delivery [29,30].

Here, we develop a novel kind of disulfide switchable nanopar-
ticles complexing cisplatin (switch NPs-cisplatin). In this nano-
delivery system, HA (10kDa), Pasp and disulfide bond com-
pound (cystamine) were used as the basic materials to synthe-
size a disulfide-rich polymer (HA-ss-Pasp). Cisplatin was cova-
lently bonded to HA-ss-Pasp polymer to form switch NPs-cisplatin.
The disulfide-rich scaffold was rationally designed to block cis-
platin depletion by GSH in cancer cells, thereby circumventing
the chemoresistance of cisplatin. Besides, the switch NPs-cisplatin
were designed with an acidic stimulus-responsiveness, being capa-
ble of masking and preventing cisplatin depletion by other macro-
molecules in human body but being a switch-on mode just in the
cancer cells. By the rational design, engineering, mechanism elu-
cidation, and functional verification in vitro and in vivo, we aim
at offering a kind of disulfide switchable nanoparticles complexing
cisplatin for circumventing chemoresistance of breast cancer.

Experimental methods include design and synthesis of disulfide
switchable nanoparticles complexing cisplatin, characterization of
switch NPs-cisplatin, cellular uptake and the mechanism in the
resistant breast cancer cells, cytotoxicity and apoptosis in breast
cancer cells and anticancer efficacy in the resistant breast cancer-
bearing mice. See experimental details in Supporting information.

Switch NPs-cisplatin were rationally designed by linking HA
with Pasp for synthesizing the disulfide-rich polymer (HA-ss-Pasp),
which was further complexed with cisplatin, and prepared into
nanoparticles by self-assembly (Fig. 1A and Fig. S1 in Support-
ing information). At first of all, hyaluronic acid (HA) was reduced
by sodium cyanoborohydride to obtain the open-loop HA. Sec-
ondly, open-loop HA was reacted with cystamine hydrochloride
to form a hyaluronic acid conjugate (HA-ss). Thirdly, HA-ss was
further linked with Pasp using EDC (1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride) and NHS (N-hydroxysuccinimide)
by amidation reaction to form HA-ss-Pasp (Figs. S2A and B in Sup-
porting information). Finally, HA-ss-Pasp was conjugated with cis-
platin through complexation to obtain the end product of switch
NPs-cisplatin.
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Fig. 1. Design and synthesis of disulfide switchable nanoparticles complexing cis-
platin. (A) Synthesis route. (B) TEM analyses. Transmission electron microscope
(TEM) images of switch NPs-cisplatin in different conditions: (i) PBS pH 7.4; (ii)
after incubated in 10 mmol/L GSH for 24 h; (iii) after incubated in PBS (pH 5.5) for
24 h. The results indicate that the switch NPs-cisplatin has pH responsiveness, and
GSH responsiveness.

To verify the conjugation between cisplatin and Pasp, the study
was performed by thermal gravimetric analysis. The results showed
that, when temperature was below 300°C, the water loss curve
of Pasp (Fig. S2C(i) in Supporting information) was declined more
rapidly, as compared to that of Pasp-cisplatin (Fig. S2C(ii) in Sup-
porting information), indicating a successful complexation of Pasp-
cisplatin.

To characterize the structure of switch NPs-cisplatin, the studies
were performed by infrared (IR) spectroscopy and 'H nuclear mag-
netic resonance (NMR) spectroscopy, respectively. The result from
IR study showed that the characteristic peaks were at 1715.00 cm™!
for HA (red shadow), and 1000.00-1200.00 for Pasp (blue shadow),
indicating a successful synthesis of HA-ss-Pasp (Fig. S2A). Besides,
the results from NMR study showed that the characteristic peaks
were at 3.0-4.0ppm, around 2ppm for HA (red shadow), and
around 2.5ppm for Pasp (green shadow), further demonstrating
the successful synthesis of HA-ss-Pasp (Fig. S2B).

Cisplatin is a cell cycle non-specific agent that disrupts DNA
function and inhibits cell mitosis [31,32]. It has a wide antitumor
spectrum and is widely used in digestive tract tumors [33], res-
piratory tract tumors [34], gynecological tumors [35], and head-
neck malignant tumors [36]. Its prominent toxic and adverse re-
actions in the clinical uses have been evidenced with renal toxi-
city [37,38] that is mainly manifested as transient renal damage,
and with digestive tract adverse reactions [39] that are manifested
as nausea, vomiting, diarrhea and other digestive tract reactions.
Furthermore, cisplatin demonstrates strong drug resistance, which
is caused by the interaction of multiple resistant factors, one of
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which is the cisplatin depletion by GSH, resulting in the loss of ef-
ficacy of cisplatin. Moreover, GSH has a higher concentration in the
resistant cancer cells [40], further undermining the efficacy of cis-
platin. Consequently, we design the disulfide switchable nanoparti-
cles complexing cisplatin (switch NPs-cisplatin) that aim at block-
ing the cisplatin depletion by GSH, in addition to covering the di-
rect exposure of cisplatin in normal tissue, and diminishing the
toxic and adverse reactions in the treatment of breast cancer.

In the rational design, Pasp is selected as the biocompatible
scaffold material because its side chain group carboxyl is able to
react with many drugs, such as cisplatin [41,42], hydroxycamp-
tothecin [43], and to be easily modified on polymer blocks [44,45].
In the study, mild condition (ambient temperature) and simple
synthetic methods (redox and amidation reactions) are optimized
and applied for the potential industrial production. By linking Pasp
with a disulfide bond to hyaluronic acid (HA) (Fig. 1, Figs. S1 and
S2), the scaffold material is self-assembled into nanoparticles by
the preparation processing.

To optimize and characterize the switch NPs-cisplatin, the par-
ticle size and zeta potential were evaluated by dynamic light scat-
tering (DLS) method, and the encapsulation efficiency was mea-
sured by ultraviolet spectroscopy. The results from the formulation
screening showed the particle size and zeta potential values were
changed with different feeding ratios (Table S1 in Supporting in-
formation). Based on the screening, the ratio of Pasp to HA was
optimized at a value of 1:1, and the particle size, polydispersity in-
dex, zeta potential and encapsulation efficiency for the switch NPs-
cisplatin were 152.945.5nm, 0.267 +£0.007, —11.24+0.5mV, and
93.4%, respectively (Fig. S3A and Table S2 in Supporting informa-
tion).

To understand the critical micelle concentration (CMC) of
switch NPs-cisplatin, the study was performed by ultraviolet spec-
troscopy using pyrene as a probe. The results showed that, with
the increase of switch NPs-cisplatin concentration (C) in the aque-
ous system, the profile of pyrene absorbance ratio versus IgC ex-
hibited a linear rise, while occurred an inflection point at a cer-
tain concentration, followed by a precipitous decline, indicating
that the formation of switch NPs-cisplatin happened at 0.01 mg/mL
CMC (Fig. S3B in Supporting information).

To study the drug release of switch NPs-cisplatin, the studies
were performed in pH 7.4 PBS and pH 5.5 PBS by ultraviolet spec-
troscopy, respectively. The results showed that the release profile
exhibited an immediate rise at 0.5h (up to 80% cumulative release
of cisplatin at 20h) in the pH 5.5 PBS but a minimal increase, fol-
lowed by a flat line (below 10% cumulative release of cisplatin at
20h) in the pH 7.4 PBS (Fig. S3C in Supporting information).

To study the pH responsiveness and GSH responsiveness of
switch NPs-cisplatin, the studies were performed by DLS and TEM,
respectively. The results from DLS measurements showed that the
particle size was increased by 2.5 times in pH 5.5 PBS solution,
increased by 5.7 times in the pH 7.4 PBS containing 10 mmol/L
GSH, and increased by 6.6 times in pH 5.5 PBS solution contain-
ing 10mmol/L GSH, as compared to that in pH 7.4 PBS solution
(Figs. S3D(i) and (ii) in Supporting information). The results from
TEM observations results showed that the particles exhibited the
intact spherical nanoparticles in pH 7.4 PBS solution, but the dis-
sociated particle fragments in pH 7.4 PBS solution containing GSH
(10mmol/L), and the loose foggy particles in pH 5.5 PBS (Fig. 1B).

The obtained nanoparticles are stable in the normal body fluid
environment (about pH 7.4), while they become unconsolidated in
the acidic tumor masses (pH 5.5), and are cleavable in the cancer
cells (by rich GSH, approximately 40 mmol/L [15]) (Fig. 1B, Tables
S1 and S2).

To investigate the cellular uptake effect, the studies were per-
formed on the drug-resistant breast cancer cells (MCF-7/adr) by
flow cytometry (FCM). The result from FCM showed that the up-
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take effect of fluorescence-labeled switch NPs Cou was significantly
higher (up to 2 folds) than free coumarin (Fig. S4A in Supporting
information).

To further observe the cellular uptake effect, the studies were
performed on the resistant MCF-7/adr cells by confocal laser scan-
ning microscopy (CLSM). The results showed that, under a di-
rect observation, the fluorescence intensity of switch NPs Cou
uptake was evidently stronger than that of free coumarin (Fig.
S4B(i) in Supporting information). The results from 2.5D dia-
gram and fluorescence quantification analyses by Image] showed
that the cellular uptake of switch NPs Cou was 3 folds higher
than that of free coumarin (Fig. S4B(ii) in Supporting informa-
tion). To reveal the uptake mechanism, varying formulations were
employed for comparisons by FCM, including switch NPs Cou
plus colchicine (macropinocytosis inhibitor), switch NPs Cou plus
methyl-S-cyclodextrin (MBCD, caveolin/lipid raft-mediated endo-
cytosis inhibitor), switch NPs Cou plus quercetin (non-clathrin and
non-caveolin inhibitor), and switch NPs Cou plus 4°C condition
(ATP energy inhibitor). The results showed that low temperature
(4°C), MBCD, quercetin, and colchicine could significantly decrease
the cellular uptake of switch NPs Cou by over 90%, by 70%, by 30%,
and by 20%, as compared to that of switch NPs Cou alone, respec-
tively (Fig. S4C in Supporting information).

The results from the cellular uptake demonstrate that the
switch NPs exhibit the strongest uptake effect, indicating an ev-
ident targeting effect on the resistant breast cancer cells. It has
been reported that the disaccharide unit of hyaluronic acid can
specifically bind with the CD44 receptor on the surface of cancer
cells [46], and the resistant breast cancer cells have been identified
as highly expressed CD44 receptor [47]. Accordingly, the hyaluronic
acid coating layer on the surface of switch NPs-cisplatin provides
the premise for the targeting effect. Meanwhile, the uptake mech-
anism study reveal that the switch NPs could be internalized by
the resistant cancer cells through caveolin/lipid raft-mediated ac-
tive transport [48], in which ATP provides the power for the endo-
cytosis.

To verify the GSH depletion by disulfide-rich scaffold (HA-ss-
Pasp) in the GSH solution, the changes of GSH concentration were
measured by GSH detection kit. To investigate the GSH depletion
by HA-ss-Pasp in the resistant MCF-7/adr cells, the changes of GSH
concentration were further measured by GSH detection kit, us-
ing buthionine-sulfoximine (BSO) as a positive control. The results
showed that both BSO and disulfide-rich HA-ss-Pasp significantly
decreased the GSH level of the resistant cancer cells, as compared
to the blank control (Fig. S4D in Supporting information).

To further directly observe the GSH depletion by HA-ss-Pasp,
the studies were performed on the resistant MCF-7/adr cells
by viewing GSH fluorescence intensity using CLSM. The results
showed that the GSH depletion by HA-ss-Pasp in the resistant can-
cer cells could be evidently observed, in viewing the decrease of
the fluorescence intensity (10 pmol/L BSO > 5 pmol/L HA-ss-Pasp
> 10 pmol/L HA-ss-Pasp) (Fig. 2). The results from 2.5D diagram
and quantification with the software Image] showed that the GSH
levels were decreased 1.3 folds by BSO, and 4.7 folds by HA-ss-
Pasp, as compared to that by blank control (Fig. S4E in Supporting
information), confirming a significant GSH depletion effect.

The GSH depletion by switch NPs is designed for blocking the
cisplatin depletion by GSH in the resistant cancer cells. The results
reveal that the disulfide-rich scaffold material is able to reach this
purpose, namely, to reduce the inactivation of cisplatin due to its
complexing with GSH in the resistant breast cancer cells. In the
study, buthionine-sulfoximine (BSO) is included as a positive con-
trol due to the fact that it is a GSH synthase inhibitor, which re-
sults in the decrease of GSH in the cells by preventing the syn-
thesis of intermediate dipeptide from glutamic acid of GSH [49].
The results indicate that the disulfide-rich scaffold of switch NPs-
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Fig. 2. Confocal laser scanning microscopy observation on GSH depletion. The re-
sults from the cellular uptake demonstrate that the switch NPs exhibit the strongest
uptake effect, and disulfide-rich scaffold of switch NPs-cisplatin exerts a stronger
effect than the positive control in viewing the GSH depletion status.

cisplatin exerts a stronger effect than the positive control in view-
ing the GSH depletion status.

To evaluate the cytotoxicity of switch NPs-cisplatin in the re-
sistant MCF-7/adr cells, the studies were performed by cell count-
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ing kit-8 (CCK8) kit. The results showed the switch NPs-cisplatin
exhibited significantly stronger killing effect than free cisplatin in
the resistant MCF-7/adr cells, ether in serum-free or in serum-
containing culture medium (Figs. 3A and B). The killing effect of
switch NPs-cisplatin displayed stronger cytotoxicity than free cis-
platin in the resistant MCF-7/adr cells in serum-containing culture
medium due to the fact that part of free cisplatin was depleted by
the serum components. The results from the half inhibitory con-
centration (ICsg) measurements showed that the ICs5y values were
247 ng/mL for switch NPs-cisplatin, and 9.91ng/mL for free cis-
platin in the resistant MCF-7/adr cells in the serum-free culture
medium. Besides, the ICsq values were 1.64 pg/mL for free cisplatin
in the non-resistant MCF-7 cells in the serum-free culture medium,
indicating that the drug resistance was increased by 6 folds (re-
sistance index, 6.04) in the MCF-7/adr cells (Fig. S5 in Supporting
information). Results from the evaluation on the controls showed
that both BSO and blank HA-ss-Pasp did not affect the survival of
the cancer cells (Fig. 3C).

To evaluate the inducing apoptosis by switch NPs-cisplatin in
the resistant MCF-7/adr cells, the studies were performed by FCM.
The results for FCM diagram showed that the switch NPs-cisplatin
evidently enhanced apoptosis of the resistant cancer cells, as com-
pared to free cisplatin (Fig. 3D), and that the apoptosis rates in-
duced by switch NPs-cisplatin and by free cisplatin were 24.31% +
0.38%, and 14.31% =+ 1.22%, respectively (Fig. 3E). The results from
microscopy showed that the switch NPs-cisplatin resulted in more
severe damages of the resistant MCF-7/adr cells, exhibiting par-
tially shrunk shape (in apoptotic form) and mostly swollen round
shape (in necrotic form) (Fig. S6 in Supporting information).

The overall killing effect of chemotherapeutic agent could be
reflected by the cytotoxicity that may derive from both the di-
rect necrosis by DNA damage and the apoptosis by the pro-
grammed suicide of the cancer cells [50]. The results from cyto-
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Fig. 3. Cytotoxicity and apoptosis in the resistant breast cancer cells. (A) Killing effect in the resistant breast cancer cells in serum-free culture medium. (B) Killing effect in
the resistant breast cancer cells in serum-containing culture medium. (C) Cytotoxic evaluations of HA-ss-Pasp and BSO in the resistant breast cancer cells. (D, E) Inducing
apoptosis of the resistant breast cancer cells. (D) Dot plots for the induced apoptosis. (E) Quantification for the induced apoptosis.



M. Chen, Y. Xie, Q. Luo et al.

A B
12 - —e- Saline @
3 |-e-BSO <100

o " 5 =

\510 -e- Cisplatin 2 g

= 8 -o- Cisplatin+BSO i

; -0~ HA-ss-Pasp :-% 60
Switch NPs-cisplati 2

_g 61 —e- Switc s-cisplatin £ 5

< s

> 4 g 20

5 El

E 2 = 0

=

=

0

Fig. 4. Anticancer efficacy in the resistant breast cancer-bearing mice. (A) Tu-
mor volume. (B) Tumor inhibition ratio. The results indicate that the switch NPs-
cisplatin remarkably enhance the anticancer efficacy as compared to free cisplatin.
In addition, the switch NPs-cisplatin are able to ameliorate the liver fibrosis and
pulmonary congestion of animals as compared to free cisplatin.

toxicity demonstrate that the switch NPs-cisplatin have stronger
killing effect than free cisplatin in the resistant breast cancer cells,
confirming that the smart nanoparticles could effectively enhance
the therapeutic effect, and be able to overcome the chemoresis-
tance of cisplatin. The results from apoptosis and cell morphology
observation further verify that, in addition to the direct necrosis
by DNA damage, the switch NPs-cisplatin also initiate more strong
apoptosis of the resistant breast cancer cells, then potentiating the
therapeutic effect.

To evaluate the anticancer efficacy of switch NPs-cisplatin, the
MCF-7/adr cells were inoculated into Balb/c mice for establish-
ing the resistant breast cancer-bearing mice (No. LA2021252), and
varying formulations were administrated at day 12, 15 and 18
by intravenous injection via tail vein (physiological saline, free
cisplatin, HA-ss-Pasp and switch NPs-cisplatin), and by peritu-
moral injection (BSO), respectively (Fig. S7A in Supporting informa-
tion).The results showed that the switch NPs-cisplatin could nearly
fully inhibit the growth of tumor masses (Fig. 4A), and that the tu-
mor inhibition ratios were 92% for switch NP-cipalin, 47% for free
cisplatin, 55% for free cisplatin plus BSO, 9% for BSO, and 5% for
HA-ss-Pasp, respectively (Fig. 4B).

To preliminary evaluate the formulation safety, the body weight
changes of the resistant breast cancer-bearing mice were moni-
tored once daily since the day of drug administration. The results
showed that all formulations did not significantly affect the body
weight, except for free cisplatin that resulted in significant body
weight loss (Fig. S7B in Supporting information).

Besides, the blood routine indicators were also analyzed. The
results showed that the formulations did not influence the indi-
cators, except for free cisplatin, and free cisplatin plus BSO which
caused an increase of neutrophils while a decrease of lymphocytes
in the resistant cancer-bearing mice (Table S3 in Supporting infor-
mation). To further understand the effects of switch NPs-cisplatin
on the organs, the major organ tissues (heart, liver, spleen, lung
and kidney) were isolated from the resistant cancer-bearing mice
after sacrificing the animals, and studied by the hematoxylin-eosin
(HE) staining analysis. The results showed that the switch NPs-
cisplatin did not evidently affect the organ tissues. In contrast, free
cisplatin, and cisplatin plus BSO caused pulmonary congestion, and
liver fibrosis (Fig. S7C in Supporting information).

The anticancer efficacy and the preliminary safety are further
evaluated on the resistant breast cancer-bearing mice, and the re-
sults demonstrate that, either the efficacy or the safety concern,
the switch NPs-cisplatin exhibit superior strengths to free cisplatin
for the potential clinical application.

In summary, a novel type of smart disulfide switchable
nanoparticles complexing cisplatin (switch NPs-cisplatin) was ra-
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tionally designed, and engineered by synthesizing a hyaluronic acid
disulfide bonded polyaspartic acid (HA-ss-Pasp) and complexing
cisplatin. The results showed that the switch NPs-cisplatin had a
nanoscale of particle size (150 nm), higher drug encapsulation ef-
ficiency (>90%), and suitable drug release profile. They demon-
strated evident pH responsiveness and GSH responsiveness, and
targeting effect in the resistant breast cancer cells. Furthermore,
they were able to block the cisplatin depletion by GSH in the re-
sistant cancer cells, thus circumventing the chemoresistance. Con-
sequently, switch NPs-cisplatin displayed a remarkable killing ef-
fect in the resistant breast cancer cells in vitro, and in the resis-
tant breast cancer-bearing mice. In conclusion, switch NPs-cisplatin
could be used as a smart formulation of cisplatin for overcoming
the chemoresistance of breast cancer. The present study also pro-
vides a universal drug delivery carrier platform for high efficient
but low systemic toxic chemotherapy.
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