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Abstract
Compared with conventional drug nanocarriers, multifunctional drug delivery systems exhibited characteristic advantages. In
this study, we developed a multifunctional drug delivery system possessing stimuli-responsive drug release and cellular imaging.
Amphiphilic polymers, methoxypolyethylene glycol-cystamine-tetraphenylethene (mPEG1k-SS-TPE), were synthesized by
combining methoxypolyethylene glycol (mPEG1k) and tetraphenylethene (TPE) using reduction-sensitive disulfide bonds that
can be disconnected by high level of inherent glutathione (GSH). Size distribution and morphology of mPEG1k-SS-TPEmicelles
were evaluated. Meanwhile, the reduction-sensitivity of mPEG1k-SS-TPE micelles was surveyed compared with that of
mPEG1k-TPE micelles. Nile Red was encapsulated into mPEG1k-SS-TPE micelles to visually observe intracellular drug delivery
against SW480 cells. Paclitaxel (PTX) was chosen to be loaded into micelles to evaluate the cytotoxicity against HCT116, HT-
29, and SW480.
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Introduction

Chemotherapy is one of the most commonly used methods in
cancer therapies. Unfortunately, many chemotherapeutic
agents often cause severe side effects because of non-
specific distribution. To overcome this issue, many
nanocarriers, including micelles [1–3], liposomes [4–6], and
organic or inorganic nanoparticles [7–10], have been explored
to enhance the anticancer activity and reduce the side effects
of these chemotherapeutic agents. These nanocarriers can ac-
cumulate in tumor tissues during blood circulation based on
the enhanced permeation and retention (EPR) effect [11–13].

After the drug delivery systems reach the desired target
sites, rapid release of the loaded drugs is required to achieve
efficacy. Therefore, it is desirable to construct drug delivery
systems with stimuli-responsive release mechanisms. Stimuli-
responsiveness of drug delivery systems is often endowed by

introducing stimuli-responsive chemical bonds, like GSH-
sensitive disulfide bonds. GSH is a thiol tripeptide that is
composed of glutamic acid, cysteine, and glycine, capable of
reducing disulfide bonds [1, 14–16]. The tumor intracellular
GSH concentration (2–10 mM) is known to be substantially
higher than the level in the cellular exterior (2–20 μM)
[17–19]. This dramatic variation of the GSH concentration
makes it possible to design intracellular GSH-responsive drug
release.

Recently, molecules with aggregation-induced emission
(AIE) attracted the interest of the researchers [20, 21]. As
reported, AIE molecules exhibited strong fluorescence in an
aggregated state, but weak fluorescence in a free state [22–24].
It is more interesting when AIE molecules were combined
with amphiphilic polymers and used to design DDSs. It has
been reported that TPE-mPEG was synthesized by conjugat-
ing TPE with mPEG (MW 2000) [25]. After self-assembly in
water, TPE-mPEG micelles displayed AIE fluorescence,
which can be used to trace intracellular drug delivery.

Inspired by these researches, we combined PEG and TPE
with disulfide bonds to generate poly(ethylene glycol) methyl
ether-disulfide-tetraphenylethene (mPEG1k-SS-TPE).
Poly(ethylene glycol) methyl ether (MW 1000) was selected
to provide hydrophilic segments, thus leading to smaller crit-
ical micelle concentration (CMC). The hydrophobic TPEmoi-
ety was introduced as the hydrophobic moiety to entrap hy-
drophobic anticancer drugs. TPE, as the typical AIE building
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block, has been widely used for construction of efficient lu-
minescent materials [26–28]. Contrary to traditional chromo-
phores with aggregation-caused quenching (ACQ) effect,
TPE shows high emission efficiency when it is aggregated
in poor solvents, while weak emission efficiency when it is
in good solvents. The switching on or off of AIE micelles
dynamically reflects the real-time state and location of intra-
cellular micelles. Besides, TPE exhibited better chemical sta-
bility due to its chemical structure and photostability (except
for UV irradiation) [25]. On the basis of these properties, TPE
was firstly conjugated with cystamine to generate TPE-SS-
NH2. Then, mPEG1k-OH was activated by succinic anhydride
to produce mPEG1k-COOH that was further modified with
TPE-SS-NH2 (Scheme 2). The generated mPEG1k-SS-TPE
can self-assemble into micelles, which exhibits significant
fluorescence (Scheme 1). PTX can be encapsulated into mi-
celles. After entering into tumor cells, PTX-loaded mPEG1k-
SS-TPE micelles can be degraded by high level of GSH, and
thus PTX can be released to inhibit tumor growth.

Materials and methods

Materials

Methoxy polyethylene glycol (mPEG1k-OH, MW 1000
Da) and succinic anhydride were bought from Shanghai

M c l i n B i o c h em i c a l T e c h n o l o g y C o . , L t d .
D i c y c l o h e x y l c a r b o d i i m i d e ( D C C ) a n d N -
hydroxysuccinimide (NHS) were purchased by Shanghai
Aladd in Biochemica l Technology Co. , L td . 4-
Dimethylaminopyridine (DMAP) and cystamine
dihydrochloride were purchased from Shanghai Meryer
Chemical Technology Co., Ltd. 4-(1,2,2-Triphenyl
vinyl)benzoic acid (TPE-COOH) was purchased from
Energy Chemical. PTX was purchased from Tianjin
Shiensi biochemical Technology Co., Ltd. Glutathione
(GSH) and glutathione ethyl ester (GSH-OEt) were pur-
chased from Sigma-Aldrich. All solvents including di-
chloromethane (DCM), tetrahydrofuran (THF), methanol,
and chloroform were purchased from General-Reagent
and used as received.

Synthesis of TPE-NHS

TPE-COOH was activated by DCC/NHS method. Briefly,
TPE-COOH (1.5 g, 4 mmol) and NHS (0.56 g, 4.8 mmol)
were dissolved in 20-mL DCM completely. Then, DCC (1.2
g, 6 mmol) was dissolved in 20-mL DCM and mixed with
TPE-COOH/NHS solution. After reaction for 12 h, the reac-
tion mixture was filtrated and washed with saturated NaCl
solution. The collected organic phase was dried with anhy-
drous Na2SO4 for 4 h. TPE-NHS was obtained after filtration
and concentration as white solid (1.4 g, yield 74.0%).

Scheme 2 Synthetic routes of
mPEG1k-SS-TPE
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Synthesis of TPE-SS-NH2

Before synthesis of TPE-SS-NH2, cystamine dihydrochloride
(1.0 g, 4.4 mmol) was dissolved in 10-mL NaOH solution (1
mM) and the aqueous solutionwas stirred at room temperature
for 4 h. Exaction with DCM was performed twice. After
discarding the aqueous phase, organic phase was collected
and dried with anhydrous Na2SO4. After filtration, cystamine
solution was collected and TPE-NHS (1.0 g, 2.1 mmol) in
DCM was added slowly. The reaction was stirred at room
temperature for another 8 h. TPE-SS-NH2 was obtained by
column chromatography (DCM/methanol 40/1) (0.71 g, yield
66.3%).

Synthesis of mPEG-COOH

Succinic anhydride was used to modify mPEG-OH. In brief,
mPEG-OH (5.0 g, 6.7 mmol) and succinic anhydride (1.7 g,
16.7 mmol) were suspended in DCM. The suspension was
refluxed at 40 °C. DMAP (0.08 g, 0.7 mmol) was added into
the reaction mixture. With the progress of the reaction,
succinic anhydride gradually dissolved, and the reaction grad-
ually became clear and yellow. After reaction for 24 h, thin-
layer chromatography (TLC) assay exhibited that the reaction
was complete. Afterwards, the reaction mixture was cooled
and washed with saturated NaCl solution. After evaporation
of DCM, the residue was re-dissolved in saturated NaCl solu-
tion and stirred at 60 °C for 30 min. After cooling down to
room temperature, the aqueous solution was extracted with
DCM for 3 times. The collected organic phase was washed

with saturated NaHCO3 solution and dried with anhydrous
Na2SO4. The final product was obtained by filtration and con-
centration as oil liquid (4.8 g, yield 84.3%).

Synthesis of mPEG1k-SS-TPE

mPEG1k-COOH (0.68 g, 0.62 mmol), DCC (0.0.19 g, 0.93
mmol), and NHS (0.11 g, 0.93 mmol) were dissolved in
15-mL DCM and stirred at room temperature for 4 h. TPE-
SS-NH2 (0.51 g, 1.0 mmol) in 10 mLwas added. The reaction
was performed for another 12 h. TLC assay showed the reac-
tion was complete. After filtration and extraction with saturat-
ed NaCl solution, mPEG1k-SS-TPE was obtained by column
chromatography (DCM/methanol 30/1) (0.66 g, yield 66.1%).

To further investigate the properties of mPEG1k-SS-TPE,
mPEG1k-TPE was synthesized by conjugation of mPEG1k-
OH with TPE-NHS.

Characterization of polymers

The chemical structure of polymers was detected by 1H NMR
on Bruker (500 MHz) in CDCl3 or DMSO-d6. The critical
micelle concentration (CMC) of amphiphilic polymers was
determined by a simple method based on AIE effect. Briefly,
the solution with different concentration of mPEG1k-SS-TPE
or mPEG1k-TPE in methanol was prepared and added into
brown vial. After volatilization of methanol, same volume of
pure water was added. Then, the solution was processed by
ultrasound for 30 min and incubated at 37 °C in the dark for
24 h before fluorescence measurement. The fluorescence

Scheme 1 Preparation of the
PTX-loaded mPEG1k-SS-TPE
micelles and intracellular release
behavior
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absorbance values at 480 nm were collected to calculate the
CMC.

Preparation of micelles

Micelles based on mPEG1k-SS-TPE were prepared by thin-
film hydration method. Briefly, mPEG1k-SS-TPE ormPEG1k-
TPE was dissolved in DCM and evaporated to form thin film.
After being dried under vacuum for 4 h, ultrapure water was
added to hydrate at room temperature for 4 h. Micelles were
obtained after filtration through 0.45-μm Millipore filter
membrane.

Characterization of micelles

Size distribution and morphology of micelles were dem-
onstrated by dynamic light scattering (DLS) and transmis-
sion electron microscopy (TEM), respectively. The stabil-
ity of micelles was monitored by DLS. The reduction
sensitivity of mPEG1k-SS-TPE micelles was determined
by DLS and TEM. Photos of mPEG1k-SS-TPE micelles
treated with GSH were taken to visually observe the re-
duction sensitivity.

Drug encapsulation and release

PTX-loaded mPEG1k-SS-TPE micelles (PTX-PSSTMs)
were prepared by solvent evaporation method [29].
Briefly, 15-mg PTX and 100-mg mPEG1k-SS-TPE were
dissolved in chloroform. Then, the solution was evaporat-
ed to form a thin film at 60 °C. PTX-PSSTMs were ob-
tained by hydrating the film with ultrapure water. At last,
the solution was filtrated through 0.45-μm Millipore filter
membrane, following dialysis against pure water for 24 h
with three times of changing water. As comparison, PTX-
loaded mPEG1k-TPE micelles (PTX-PTMs) were prepared
by the same method. Nile Red–loaded mPEG1k-SS-TPE
and mPEG1k-TPE micelles were prepared with the same
method. The drug loading content (DLC) and drug load-
ing efficiency (DLE) were measured according to the re-
port [30], and calculated as follows:

DLC% ¼ weight of PTX loaded

weight of PTX loaded micelles
� 100% ð1Þ

DLE% ¼ weight of PTX loaded

weight of PTX in feeding
� 100% ð2Þ

PTX release in vitro was simulated in phosphate buffer
solution (PBS, 0.2 M, pH 7.4) containing 0.1% Tween 80.
And different amount of GSH was added to make a final
concentration of 20 μM, 2 mM, or 10 mM GSH. PTX-

loaded micelles were added into dialysis bag (MW 2000)
that was sealed and incubated at 37 °C in release medium
for 48 h. At predetermined time, 2-mL medium was with-
drawn to measure PTX concentration and an equal vol-
ume of fresh medium was immediately added.

Cellular uptake

SW480 cells were seeded in 6-well plates (3.0 × 105 cells/
well), maintained in 2-mL DMEM with 10% FBS and 50 U/
mL penicillin and 50 U/mL streptomycin, and incubated at 37
°C in the atmosphere containing 5% CO2 for 24 h. After that,
the growth mediumwas replaced with 2-mLmedium contain-
ing Nile Red–loaded mPEG1k-SS-TPE or mPEG1k-TPE mi-
celles. After further incubation for 0.5 h, 1 h, and 2 h, cells
were washed with PBS for three times. The fluorescence im-
ages of cells were observed by a fluorescence microscopy and
the cells were measured by flow cytometry for quantitative
analysis.

Cytotoxicity

To investigate the cell viability of free PTX, PTX-PTMs, and
PTX-PSSTMs, HCT116, HT-29, and SW480 cells were seed-
ed in 96-well plates and incubated for 24 h. After that, cells
were treated with free PTX, PTX-PTMs, and PTX-PSSTMs
containing PTX from 0.25 μg/mL to 8 μg/mL for 48 h. Cell
viability was measured via MTT assay. Briefly, MTT (5 mg/
mL, 10 μL) was added to each well and incubated with cells
for another 4 h. DMSO (100 μL) was added to dissolve
formazan crystals. The cell viability of blank mPEG1k-TPE
and mPEG1k-SS-TPE micelles was determined by the same
procedure. The absorbance (OD value) of each well was mea-
sured at 570 nm by a plate reader. Cell viability was calculated
as follows:

Cell viability% ¼ ODsample−ODblank

ODcontrol−ODblank
� 100% ð3Þ

where ODsample means the OD value from wells treated
with drugs, ODcontrol from wells treated with growth medium,
and ODblank from wells without cells but culture medium.

To further demonstrate the influence of GSH on cyto-
toxicity of PTX-PSSTMs, cells were pre-treated with
10 mM GSH-OEt for 2 h. Then culture medium contain-
ing different PTX formulations (PTX 4 μg/mL) was
added and cells were incubated for 8 h. After that, cul-
ture medium with drugs was replaced with fresh medium
without drugs and cells were incubated for another 40 h.
At last, typical MTT assay was conducted to measure the
cell viability.
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Results and discussion

Synthesis of mPEG1k-SS-TPE

The synthetic route of mPEG1k-SS-TPE was depicted as
shown in Scheme 2. Firstly, TPE-COOH was activated by
DCC/NHS method to produce TPE-NHS (Fig. 1A). The
signal peak b (δ 2.88) directly proved the successful acti-
vation. Then, TPE-SS-NH2 was successfully synthesized
by conjugating cystamine with TPE-NHS, which was
proved by the disappearance of peak b and emergence
of peak d, e, and c in Fig. 1B. To conjugate TPE-SS-
NH2 with mPEG, mPEG1k-OH was modified with
succinic anhydride to generate mPEG1k-COOH that was
characterized in Fig. 1C. Peak i (δ 2.64) was assigned to
be methylene of succinic acid. At last, TPE-SS-NH2 was
reacted with activated mPEG1k-COOH to generate
mPEG1k-SS-TPE. As shown in Fig. 1D, main signal
peaks assigned to mPEG1k-SS-TPE were listed, suggest-
ing successful synthesis of mPEG1k-SS-TPE. Specifically,
the signal peak at δ 8.07 ppm was attributed to the gen-
erated amido bonds (–CONH–), which was the direct ev-
idence demonstrating successful synthesis of mPEG1k-SS-
TPE compared with 1H NMR spectrum of TPE-SS-NH2

in Fig. 1B. mPEG1k-TPE, without disulfide bonds, were
successfully synthesized and characterized in Figure S1.

Characterization of micelles

The critical micelle concentration (CMC) is a key factor to
demonstrate the stability of micelles for prolonged blood cir-
culation. In this case, CMCs of mPEG1k-SS-TPE and
mPEG1k-TPE were measured based on the AIE effect as the
reports [25]. At the low concentration, polymers were in a free
state in aqueous solution, and there was almost no fluores-
cence in the solution. However, when the concentration
reached a critical value, the hydrophobic segments of poly-
mers began to aggregate and the fluorescence of the solution
increased significantly. As shown in Fig. 2A, CMCs of
mPEG1k-SS-TPE and mPEG1k-TPE were measured to be
17.6 μg/mL and 21.2 μg/mL, respectively. The CMC of
mPEG1k-SS-TPE was slightly smaller than that of mPEG1k-
TPE. To further evaluate the AIE effect, the fluorescence of
mPEG1k-SS-TPE in different H2O/THF solution was detected
as shown in Fig. 2B. With the increase of water content,
mPEG1k-SS-TPE aggregated gradually. When water fraction
was up to 50%, significant fluorescence was visually
observed.

Micelles based onmPEG1k-SS-TPEwere prepared by thin-
film hydration method. The size distribution and morphology
of mPEG1k-SS-TPE micelles were investigated by DLS and
TEM as shown in Fig. 2 C and D, respectively. DLS results
revealed micelles with particle size of 95.2 ± 5.4 nm (PDI

Fig. 1 1H NMR spectrum of TPE-NHS in DMSO-d6 (A), TPE-SS-NH2 in DMSO-d6 (B), mPEG1k-COOH in CDCl3 (C), and mPEG1k-SS-TPE in
DMSO-d6 (D)
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0.101 ± 0.006) with Zeta potential 1.6 ± 2.5 mV on average
(Figure S2). And sphere appearance can be observed from
TEM photos. The particle size observed by TEM was smaller
than that measured by DLS, which is caused by the shrinkage
of hydrophilic shell of micelles during preparation of TEM
samples.

Reduction responsiveness

To characterize the reduction-responsive behavior, mPEG1k-
SS-TPE or mPEG1k-TPE micelles were treated with 2 mM
GSH and the scattering light intensity (SLI) was measured at
predetermined time intervals. As shown in Fig. 3A, mPEG1k-
TPE micelles had relatively stable SLI values, while mPEG1k-
SS-TPE micelles exhibited gradually decreased SLI values,
indicating disassembly of mPEG1k-SS-TPE micelles.
Figure 3B demonstrated changes of size distribution of
mPEG1k-SS-TPE micelles before and after 2 mM GSH treat-
ment. Two signal peaks can be detected after GSH treatment,
indicating degradation of mPEG1k-SS-TPE micelles. Besides,
TEM photo of mPEG1k-SS-TPE micelles treated with GSH
was taken as shown in Fig. 3C. Some aggregation was ob-
served that was possibly formed by TPE residues. The fluo-
rescent photos of mPEG1k-SS-TPE or mPEG1k-TPE micelles

treated with GSH were taken under irradiation at 365 nm as
shown in Fig. 3D. After 6 h, no significant difference was
observed by naked eyes. After 12 h, decreased fluorescence
was observed in mPEG1k-SS-TPE micelles. All these results
suggested mPEG1k-SS-TPE micelles can degrade at 2 mM
GSH.

Drug encapsulation and release

PTX was encapsulated into mPEG1k-SS-TPE micelles by
thin-film hydration method. DLC and DLE of PTX-loaded
mPEG1k-SS-TPE micelles (PTX-PSSTMs) were measured
to be 8.8% and 66.7%, respectively. PTX-PSSTMs exhib-
ited sphere morphology with average size of 116 ± 3.9 nm
in Fig. 4A, larger than blank mPEG1k-SS-TPE micelles,
which was possibly caused by drug loading to extend the
hydrophobic core. To survey the influence of GSH concen-
trations on drug release, PTX-PSSTMs were incubated in
PBS containing 20 μM, 2 mM, and 10 mM GSH. As re-
ported, the concentration of GSH in the blood circulation
and in extracellular matrices is approximately 2–20 μM,
while 2–10 mM of GSH in intracellular space. As shown
in Fig. 4B, PTX-PSSTMs exhibited slower PTX release in
PBS with 20 μM GSH than that with 2 mM GSH. When

Fig. 2 CMCs of mPEG1k-SS-TPE and mPEG1k-TPE (A), fluorescent intensity and photos of mPEG1k-SS-TPE in THF containing different amount of
water (B), size distribution and Zeta potential of mPEG1k-SS-TPE micelles (C), and morphology of mPEG1k-SS-TPE micelles (D)
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PTX-PSSTMs were incubated in PBS with 10 mM GSH,
drug release was further accelerated. Specifically, cumula-
tive release for 40 h was 19.1% in 20 μM GSH condition,
while 53.1% in 2 mM GSH condition and 75.2% in 10 mM
GSH condition. However, as a comparison, when PTX
release from PTX-loaded mPEG1k-TPE micelles (PTX-
PTMs) was simulated in PBS containing 10 mM, the re-
lease profile was similar to that of PTX-PSSTMs in 20 μM
GSH condition. These results indicated that PTX release
was triggered by high level of GSH and exhibited a GSH-
dependent behavior.

Cellular uptake

To evaluate the intracellular uptake, SW480 were treated
with Nile Red–loaded mPEG1k-TPE or mPEG1k-SS-TPE
micelles. As shown in Fig. 5, blue fluorescence of AIE
micelles was easily identified. Cells exhibited obvious
blue fluorescence after 1-h incubation with mPEG1k-SS-
TPE micelles, while weak blue fluorescence was observed
after 0.5-h incubation, indicating more mPEG1k-SS-TPE
micelles internalized into cells. Interestingly, blue fluores-
cence was significantly decreased after 2-h incubation

Fig. 3 Scattering light intensity of mPEG1k-SS-TPE or mPEG1k-TPE
micelles with 2 mM GSH at different time intervals (A), size
distribution of mPEG1k-SS-TPE micelles before and after GSH

treatment (B), TEM photo of mPEG1k-SS-TPE micelles after GSH
treatment (C), and fluorescence photos of mPEG1k-SS-TPE or
mPEG1k-TPE micelles under irradiation at 365 nm (D)

Fig. 4 Size distribution and morphology of PTX-PSSTMs (A) and PTX release profiles from PTX-PSSTMs in PBS containing 20 μM, 2 mM and
10 mM GSH (B). Asterisk represents p < 0.05
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compared with 1-h incubation. Besides, it was worth not-
ing that red fluorescence of Nile Red was gradually in-
creased during 2-h incubation. However, when cells were
treated with Nile Red–loaded mPEG1k-TPE micelles for
0.5 h, 1 h, and 2 h, cells exhibited increased blue fluores-
cence but the increase of red fluorescence was not obvi-
ous compared with that of Nile Red–loaded mPEG1k-SS-
TPE micelles. The quantitative analysis of cellular uptake
by flow cytometry was shown in Figure S3. Red fluores-
cence of cells treated with both Nile Red–loaded micelles

increased gradually over time. It was noteworthy that red
fluorescence intensity resulted from Red-loaded mPEG1k-
SS-TPE micelles was higher than that from Red-loaded
mPEG1k-TPE micelles, especially for 1 h and 2 h. These
results were probably caused by the degradation of
mPEG1k-SS-TPE micelles, and increased red fluorescence
can be explained by two main reasons: (1) more micelles
entered the tumor cells by prolonging the culture time; (2)
Nile Red was released from micelles and the ACQ effect
of Nile Red weakened with the degradation of micelles.

Fig. 5 Fluorescence images of SW480 cells exposed to Nile Red–loaded mPEG1k-SS-TPE or mPEG1k-TPE micelles. Scale bar, 50 μm

Fig. 6 Cytotoxicity of free PTX,
PTX-PSSTMs, and PTX-PTMs
against HCT116 cells (A), HT-29
cells (B), and SW480 cells (C);
cell viability of free PTX, PTX-
PSSTMs, and PTX-PTMs (PTX 4
μg/mL) against HCT116, HT-29,
and SW480 cells pretreated with
GSH-OEt (D). Single asterisk
represents p < 0.05 and double
asterisk represent p < 0.01
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Cytotoxicity

The cytotoxicity of blank mPEG1k-TPE or mPEG1k-SS-TPE
micelles was evaluated against HCT116, HT-29, and SW480
cells as shown in Figure S4. Both mPEG1k-TPE and mPEG1k-
SS-TPE micelles exhibited almost no cytotoxicity at all tested
concentrations, indicating great biocompatibility. The cell vi-
ability of HCT116, HT-29, and SW480 cells treated with free
PTX, PTX-PSSTMs, and PTX-PTMs was demonstrated in
Fig. 6. Both free PTX and PTX-PSSTMs exhibited compara-
ble cytotoxicity against HCT116 cells with the half maximal
inhibitory concentration (IC50) of 0.56 μg/mL and 0.55 μg/
mL, respectively, as shown in Table 1. However, free PTX
exhibited slightly higher cytotoxicity against HT-29 and
SW480 cells in comparison with PTX-PSSTMs. It was worth
noting that IC50 values of PTX-PTMswere significantly lower
than that of free PTX and PTX-PSSTMs on all tested cells.
Specifically, IC50 value of PTX-PTMs against HT-29 was
more than six times that of free PTX and three times that of
PTX-PSSTMs. As reported, GSH-OEt was often used to arti-
ficially improve the intracellular GSH concentrations [31].
When cells were pre-treated with GSH-OEt to increase the
amount of GSH in tumor cells, PTX-PSSTMs exhibited
higher cell inhibition than free PTX against all tested cells as
shown in Fig. 6D, while PTX-PTMs still exhibited lower cell
inhibition than free PTX. All these results indicated that PTX
release from PTX-PSSTMs was controlled by GSH, which
was in accordance with the results of Fig. 4B.

Conclusion

In conclusion, amphiphilic polymers, mPEG1k-SS-TPE, were
synthesized and can self-assemble into nanomicelles in water.
mPEG1k-SS-TPE micelles showed narrow size distribution
and sphere morphology. After being loaded with PTX, PTX-
PSSTMs exhibited reduction-sensitive drug release profiles
compared with PTX-PMs. Visually, cellular uptake experi-
ments demonstrated efficient Nile Red delivery and self-
located AIE imaging. In addition, mPEG1k-SS-TPE micelles
exhibited decreased AIE fluorescence compared with

mPEG1k-TPE micelles, indicating degradation of mPEG1k-
SS-TPEmicelles. PTX-PSSTMs exhibited higher cytotoxicity
against SW480, HCT116, and HT-29 than PTX-PTMs. After
cells were treated with GSH-OEt, PTX-PSSTMs exhibited
higher cytotoxicity than free PTX.
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