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Photodynamic therapy (PDT) is a new and rapidly developing treatment modality for clinical
cancer therapy. Semiconductor polymer dots (Pdots) doped with photosensitizers have been
successfully applied to PDT, and have made progress in the field of tumor therapy. However, the
problems of severe photosensitivity and limited tissue penetration depth are needed to be
solved during the implementation process of PDT. Here we developed the Pdots doped with
photosensitizer molecule Chlorin e6 (Ce6) and photochromic molecule 1,2-bis(2,4-dimethyl-5-
phenyl-3-thiophene)-3,3,4,5-hexafluoro-1-cyclopentene (BTE) to construct a photoswitchable
nanoplatform for PDT. The Ce6-BTE-doped Pdots were in the green region, and the tissue
penetration depth was increased compared with most Pdots in the blue region. The reversible
conversion of BTE under different light irradiation was utilized to regulate the photodynamic
effect and solve the problem of photosensitivity. The prepared Ce6-BTE-doped Pdots had small
size, excellent optical property, efficient ROS generation and good photoswitchable ability. The
cellular uptake, cytotoxicity, and photodynamic effect of the Pdots were detected in human colon
tumor cells. The experiments in vitro indicated that Ce6-BTE-doped Pdots could exert excellent
photodynamic effect in ON state and reduce photosensitivity in OFF state. These results
demonstrated that this nanoplatform holds the potential to be used in clinical PDT.
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1. Introduction

Photodynamic therapy (PDT) is a new type of
cancer therapy. Essentially, the implementation
process of PDT requires photosensitizers that
selectively accumulate in tumor cells, light sources
that specifically excite photosensitizers, and local
irradiation of tumor tissues.'™ Under light source
irradiation, the activated photosensitizer can
transfer energy to oxygen molecules to produce cy-
totoxic reactive oxygen species (ROS) such as sin-
glet oxygen ('O,), which could exhibit anti-tumor
therapeutic effects.®” In contrast with conventional
cancer treatments, PDT possesses unique advan-
tages including minimally invasive nature, tolerance
of repeated doses, fast treatment process, and
without additional damage to surrounding tissue.’
At present, PDT has been applied in treatment of
superficial bladder cancer, early and obstructive
lung cancer, head and neck cancer, skin cancer and
so on, and can also be used as adjuvant therapy
after surgery to prevent tumor recurrence and me-
tastasis. Although PDT has many unique advan-
tages, it is limited in practical clinical applications
due to poor solubility of photosensitizers, poor
tumor selectivity and limited tissue penetration
depth.”® With the fast development of nanotech-
nology, researchers have developed a series of
nanoparticles loaded with photosensitizers,” such
as polymer nanoparticles,'’'! upconversion nano-
particles,''* gold nanoparticles,'”'® mesoporous
silica nanoparticles,' "' inorganic quantum dots?"*!
and so on, trying to solve the above problems related
to photosensitizers.

Organic semiconductor polymers have been
widely used in organic optoelectronic devices. They
have excellent optical properties, such as larger
optical absorption cross-section, higher fluorescence
quantum efficiency and ultrafast radiative transi-
tion rate and so on, which are particularly suitable
for the development of nanofluorescence techni-
ques.?” At present, hydrophobic organic semicon-
ductor polymers can be prepared into water-soluble
nanoparticles by nanoprecipitation method.?* The
mechanism of this method is to induce organic
semiconductor polymers to fold into stable semi-
conductor polymer dots (Pdots) in water through
the sudden changes of solvents. As a kind of nano-
materials, Pdots have many unique advantages for
biomedical applications, including small size (5-30 nm),
high brightness (fluorescence intensity of a Pdot is

100-10,000 times higher than that of a common
fluorescent probe), low toxicity (non-toxic to cells at
a dose of 1mg/L), excellent water solubility, and
without heavy metal components, thus attract
great attention of researchers.”” By loading func-
tional molecules and modifying targeting molecules,
Pdots have been applied in specific cell labeling,?*2°
in vivo fluorescence imaging,”” ! photoacoustic
imaging,*>** biosensing,**** drug delivery,*® and
tumor therapy.?” Currently, the Pdots doped with
photosensitizers have also been successfully applied
to PDT, and have made progress in the field of
tumor therapy. Pdots can not only be served as a
carrier to load hydrophobic photosensitizers, to
solve the solubility problem of photosensitizers;
Pdots can also be used as a matrix to absorb light
and occur Forster resonance energy transfer
(FRET) with the photosensitizers, thereby amplify
ROS generation and kill tumor cells.**

In our previous researches, a variety of Pdots
doped with photosensitizers were designed and
constructed, and successfully applied to biological
studies in vivo and in vitro.>” Although Pdots doped
with photosensitizers can effectively exert the pho-
todynamic effect while implementing tumor fluo-
rescence imaging, the following problems should be
properly solved to achieve the clinical application:
(1) Severe photosensitivity: most organic semicon-
ductor polymers have a wide absorption spectrum,
and can usually be excited by visible light. As a
result, Pdots can easily be activated to produce
ROS during non-treatment period, causing skin
photosensitivity and damage to surrounding heal-
thy tissues. (2) Limited tissue penetration depth:
most Pdots are generally excited by visible light,
while the chromophores of biological tissues can
absorb light strongly in the visible spectrum, thus
affect the imaging and therapeutic effects of Pdots
in deep and solid tumors.

To solve the problems above, the semiconductor
polymer  Poly{[2,7-(9,9-bis-(2-octyl)-fluorene)]-
alt-[5,5-(4,7-di-4-hexylthiophen-2-yl)benzo|c]
[1,2,5] thiadiazole)]} (PFDTBT) in the green region
was selected to be served as a carrier and a light
absorbing matrix, and its tissue penetration depth
was increased compared with most semiconductor
polymers in the blue region.*® Subsequently, photo-
sensitizer molecule Chlorin e6 (Ce6) and photochromic
molecule  1,2-bis(2,4-dimethyl-5-phenyl-3-thiophene)-
3,3,4,5-hexafluoro-1-cyclopentene (BTE) were doped
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into PFDTBT to prepare Ce6-BTE-doped Pdots by
nanoprecipitation method. BTE can exhibit strong
absorption bands in the visible region and have ef-
fective quenching effect after ultraviolet-induced
photocyclization (closed-ring form), which can con-
vert to open-ring form and have no quenching effect
under a different light irradiation.”’ Therefore, the
reversible conversion of BTE under different light
irradiation was utilized to regulate the photody-
namic effect induced by Ce6-BTE-doped Pdots.
This photoswitchable nanoplatform could exert the
photodynamic effect in ON state and reduce the
photosensitivity in OFF state, holding the potential
to be applied in clinical PDT.

2. Experimental
2.1. Material

Chlorin e6 (Ce6), 1,2-bis(2,4-dimethyl-5-phenyl-3-
thiophene)-3,3,4,5-hexafluoro-1-cyclopentene
(BTE) were purchased from J&K Chemical Ltd.
Poly(styrene-co-maleic anhydride) (PSMA), tetra-
hydrofuran (THF), 3-[4,5-dimethylthiazol-2-yl]-2,5-
diphenyltetrazolium bromide (MTT), dimethyl
sulfoxide (DMSO), 9,10-anthracenediyl-bis(methylene)
dimalonic acid (ADMA) were purchased from Sigma-
Aldrich. Lactate dehydrogenase (LDH) release
assay kit was purchased from Beyotime biotech-
nology. Annexin V-FITC/PI apoptosis detection kit
was purchased from KeyGEN technology. Cell culture
medium, fetal bovine serum, penicillin/streptomycin
and trypsin were purchased from Invitrogen.

2.2. Preparation and characterization
of Ce6-doped Pdots

Synthetic steps of organic semiconductor polymer
PFDTBT referred to the previous literature.*! Ce6-
doped Pdots were prepared by nanoprecipitation
method. Semiconductor polymer PFDTBT, func-
tional polymer PSMA and photosensitizer Ce6 were
dissolved in anhydrous THF with a final concen-
tration of 1mg/mL as the original solution. Then
100 uL. of PFDTBT, 30 ul. of PSMA, 0-20 uL. of
Ce6 and a certain amount of THF were mixed to
make 1mL of the solution mixture. Subsequently,
the solution mixture was quickly added to 10 mL of
Milli Q water under sonication. After sonication for
1-2 min, the solution mixture was concentrated by
nitrogen stripping under 100-120°. After that, the

Ce6-doped Pdots solution was purified with a
desalting column and filtered with a 0.22 ym filter.
Then the emission spectra of Ce6-doped Pdots (the
doping ratio of Ce6 was 020 wt.%) were detected
by a fluorescence spectrometer (Hitachi F-4500) to
explore the optimal doping ratio of Ce6. The par-
ticle size distribution, surface potential and mor-
phology characteristics of Ce6-doped Pdots were
detected by dynamic light scattering instrument
(DLS, Malvern Zetasizer NanoZS), Zeta potenti-
ometer and transmission electron microscope
(TEM, Hitachi H-600), respectively.

2.3. Preparation and characterization

of Ce6-BTE-doped Pdots

100 uL. of PFDTBT, 30 uL. of PSMA, the optimal
doping ratio of Ce6, three times Ce6 concentration
of BTE and a certain amount of THF were mixed to
make 1 mL of the solution mixture. Then Ce6-BTE-
doped Pdots were prepared by the method above.
The particle size distribution, surface potential and
morphology characteristics of Ce6-BTE-doped
Pdots were detected by dynamic light scattering
instrument, Zeta potentiometer and transmission
electron microscope. In addition, to detect the sta-
bility of the Ce6-BTE-doped Pdots, absorption and
emission spectra of Ce6-BTE-doped Pdots before
and after 14 days storage at room temperature were
detected by a spectrophotometer (Shimadzu UV-
2550) and fluorescence spectrometer.

2.4. Characterization of
photoswitchable ability

BTE was dissolved in anhydrous THF, and time-
dependent absorption spectra of BTE under ultra-
violet (UV) light irradiation (254nm, 2mW /cm?)
were detected by a spectrophotometer. When the
absorption peak of BTE reached the maximum, the
absorption spectra of BTE under green light irra-
diation (520nm, 100mW/cm?) were detected. In
the same way, the time-dependent absorption
spectra and emission spectra of Ce6-BTE-doped
Pdots under UV and green light irradiation were
detected by a spectrophotometer and a fluorescence
spectrometer. To detect the reversibility and re-
producibility of photoswitching, the Ce6-BTE-
doped Pdots were irradiated with repeated period
of UV light (60s) and green light (60s) and its
maximum emission peaks were detected.
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2.5. ROS detection

ADMA solution (500 pg/mL) was prepared with
PBS (pH = 7.4) and used as the original solution.
First, ADMA solution (20 pug/ml) was irradiated
with green light and its absorption spectra were
detected by a spectrophotometer every 1 min. Then
the Ce6-doped Pdots solution was mixed with the
ADMA solution and diluted with PBS to make the
Pdots concentration of 5 ug/mL, the ADMA con-
centration of 20 pug/mL. The solution mixture was
irradiated with UV and green light, and the ab-
sorption spectra was detected every 1 min. Similar-
ly, Ce6-BTE-doped Pdots and ADMA were mixed
and diluted, and the absorption spectra of solution
mixture under UV and green light irradiation were
detected. Finally, the absorption values of ADMA
at 259 nm were recorded every 1min to detect the
'0, generation.

2.6. Cell culture and fluorescence
imaging

HCT-116 cells (human colon tumor cells) were
obtained from Cell Resource Center, Shanghai
Academy of Life Sciences, Chinese Academy of
Sciences. The cells were cultured at 37° in an in-
cubator containing 5% CO,. Cell culture medium
contained 1640 basal culture medium, fetal bovine
serum (10%) and penicillin/streptomycin  (1%).
When the confluence of cell growth reached 80%,
cells were digested with 0.25% trypsin solution and
collected by centrifugation (800rpm, 5min) for
subsequent experiments.

For cellular imaging, 2 x 10> HCT-116 cells were
placed into each well of 6-well plates for adherent
culture. After culturing for 24 h, the cells of one
group were incubated with 2-10 ug/mL of Ce6-BTE
doped Pdots for 8 h. Then the cells were washed
with PBS, and cell imaging was performed on a
fluorescence microscope (Olympus IX71). More-
over, the cells of another group were incubated with
10 pug/ml of Ce6-BTE doped Pdots for 2-10 h.

2.7. Cytotoricity and photodynamic
therapy in vitro

Cytotoxicity and photodynamic effect were evaluated

by MTT assay. Cytotoxicity of the Ce6-BTE-doped

Pdots without light irradiation was investigated be-
fore in vitro PDT study. HCT-116 cells were collected,

and 1 x 104 cells were seeded to each well of 96-well
plates. After 24 h, the cells were incubated with 0—
100 pg/mL Ce6-BTE-doped Pdots for 24h and the
conventional process of MTT assay was carried out.
MTT assay was measured by a microplate reader
(BioTek Cytation3).

MTT assay was also used to detect the photo-
dynamic effect in vitro. 1 x 104 cells were seeded to
each well of 96-well plates and routinely cultured.
The HCT-116 cells were incubated with 10 pg/mL
of Ce6-doped Pdots and Ce6-BTE-doped Pdots for
8h. After 8 h, the 96-well plates were respectively
irradiated with UV light (0-9min) and green
light (0-15min), and then were incubated for 16 h.
Next, the conventional process of MTT assay was
carried out.

LDH release assay was also carried out to eval-
uate the photodynamic effect. 1 x 10 cells were
seeded to each well of 96-well plates and routinely
cultured. The HCT-116 cells were incubated with
2-10 pg/mL of Ce6-doped Pdots and Ce6-BTE-
doped Pdots for 8h. After 8 h, the 96-well plates
were respectively irradiated with UV light (5min)
and green light (15min), and then were incubated
for 16 h. Next, the LDH release was detected by the
LDH release assay kit.

Furthermore, Annexin V-FITC/PI staining was
used to detect the photodynamic effect more accu-
rately. 2 x 10° cells were seeded to each well of
6-well plates and routinely cultured. The HCT-116
cells were incubated with 2-8 ug/mL of Ce6-BTE-
doped Pdots for 8 h and irradiated with green light
for 15min, and then were incubated for 16h.
Finally, the cells were collected and stained with
Annexin V-FITC/PI apoptosis detection kit for
flow cytometry (BD FACS Calibur, BD Accuri C6).

3. Results and Discussion

3.1. Preparation and characterization

of Ce6-doped Pdots

The synthesis of the organic semiconductor polymer
PFDTBT referred to the previous literature.*! Since
the absorption spectrum of PFDTBT was in the
green region, the tissue penetration depth was in-
creased compared with most semiconductor poly-
mers in the blue region. As we all know, Ceb6 is a
photosensitizer with excellent properties including
a large absorption coefficient in the infrared region,
a strong photodynamic response ability, and little
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Preparation and characterization of Ce6-doped Pdots. (a) Emission spectra of polymer PEDTBT and absorption spectra of

photosensitizer Ce6. (b) Emission spectra of Pdots doped with different ratios of Ce6. (c) Particle size distribution and TEM image

of Ce6-doped Pdots. (d) Zeta potential of Ce6-doped Pdots.

toxic side effects.*> However, Ce6 is an amphiphilic
compound with poor solubility in aqueous solution,
limiting its clinical application. Therefore, we
planned to establish a nanoplatform based on
Pdots, which can not only be used as a carrier for
Ceb6 to solve the solubility problem, but also served
as a light absorbing matrix to occur FRET with Ce6
for amplifying ROS generation and killing tumor
cells (Scheme 1).

Figure 1(a) shows the spectral overlap between
the polymer PFDTBT and the photosensitizer Ce6,
indicating the possibility of FRET occurring, which
was a requirement for amplifying the generation of

ROS. Figure 1(b) shows the emission spectra of
Pdots doped with different ratios of Ce6. With the
increase of doping ratio (0-20 wt.%), the emission
peak of Ceb increased initially and then decreased.
When the doping ratio was 5%, the emission peak
value of Ceb reached the maximum, indicating the
efficiency of FRET between PFDTBT and Ce6 was
the highest, therefore the optimal doping ratio of
Ceb was set as 5%. Subsequently, the particle size
distribution, surface potential and morphological
feature of Ce6-doped Pdots were detected. In Fig. 1(c),
the particle size distribution of Ce6-doped Pdots was
20-30 nm. Transmission electron microscopy image
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showed that Ce6-doped Pdots were distributed
evenly with uniform size, and these Pdots were
suitable for the following biological experiments.
Figure 1(d) shows that the Zeta potential of Ce6-
doped Pdots was —35.5mV, which was consistent
with the basic characteristics of Pdots.

3.2. Preparation and characterization

of Ce6-BTE-doped Pdots

As a photochromic molecule, BTE is essentially a
diarylethene, which has many advantages of good
thermal stability, strong fatigue resistance, fast re-
sponse time, and high quantum yield. Based on
these excellent properties, BTE has been used as a
quencher for various fluorescent nanoparticles. BTE
generally has no quenching effect in the open-ring
form, however, when irradiated with UV light, the
open-ring form can convert to the closed-ring form
through photocyclization. The closed-ring form of
BTE has a high absorption peak in the visible re-
gion, which can effectively quench the fluorescence
emitted from most fluorophores. Nevertheless, when
BTE is irradiated with a different light, it returns to
the open-ring form and no longer has the quenching
effect. Therefore, we planned to utilize the reversible
conversion of BTE under different light irradiation

Preparation and photodynamic effect of Ce6-BTE-doped Pdots.

to obtain the photoswitchable Pdots, trying to solve
the problem of photosensitivity in PDT. As shown in
Scheme 2, Ce6-BTE-doped Pdots were prepared by
nanoprecipitation with Ce6 and BTE loading si-
multaneously according to a certain ratio. In this
nanoplatform, when irradiated with UV light, BTE
was a closed-ring form and the absorption peak in-
creased in the visible region, which could not only
interfere the FRET between PFDTBT and Ce6, but
also quench the fluorescence of Ce6, thereby Ce6-
BTE-doped Pdots could not exert the photodynamic
effect (OFF state). On the contrary, when irradiated
with green light, BTE converted to an open-ring
form and the absorption peak decreased, which did
not affect the FRET and the fluorescence of Ce6,
thus Ce6-BTE-doped Pdots could exert the photo-
dynamic effect (ON state).”

Figure Sl(a) shows the absorption spectra
changes of BTE under UV light irradiation. With
the extension of irradiation time, the absorption
peak of BTE in the visible region gradually in-
creased and reached the maximum when irradiated
for 90s. Figure S1(b) shows the absorption spectra
changes of BTE under green light irradiation after
exposed to UV light. The absorption peak of BTE
gradually decreased with the extension of irradia-
tion time, when irradiated with green light for 120 s,
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the absorption peak of BTE almost returned to the
baseline. These experiments showed that BTE
possessed the ability to convert between the two
forms sensitively and flexibly, which was the basis
for the construction of photoswitchable Pdots.
Figures 2(a) and 2(b) show the absorption spectra
of Ce6-BTE-doped Pdots under UV and green
light irradiation, respectively, and there was no
significant change in the absorption spectra.
Furthermore, the emission spectra changes of Ce6-
BTE-doped Pdots under UV light irradiation were
shown in Fig. 2(c), indicating that with the exten-
sion of irradiation time, the emission peak of Ce6-
BTE-doped Pdots gradually decreased and reached
the minimum after irradiation for 75s. However,
when Ce6-BTE-doped Pdots were irradiated with
green light after exposed to UV light, the emission
peak of Ce6-BTE-doped Pdots gradually recovered
with the extension of irradiation time (Fig. 2(d)).
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The experimental results above indicated that
Ce6-BTE-doped Pdots could be switched easily
between ON/OFF state under UV and green light
irradiation, making it possible to establish the
photoswitchable nanoplatform. In order to further
detect the cyclic photoconversion of Ce6-BTE-
doped Pdots, they were irradiated with UV and
green light circularly. As shown in Fig. S2, the Ce6-
BTE-doped Pdots were switched reversibly between
ON/OFF state for five cycles, indicating the good
fatigue resistance. Figures 2(e) and 2(f) show that
Ce6-BTE-doped Pdots were distributed uniformly,
their particle size distribution was 20-30 nm and
Zeta potential was —32.8 mV. Moreover, the spec-
troscopy of Ce6-BTE-doped Pdots after 14 days
storage was compared with before to check the
colloidal stability. The results showed that there
was no significant change in the absorption and
emission spectra after 14 days storage, confirming

—— UVO0s
—— UV 75s
— greenlight 30s

= —— greenlight 60s
L“; 104 —— greenlight 90s
c
kel
g 084
2
o
2 o6
<
0.4
0.2
0.0 T T T T T T T
250 300 350 400 450 500 550 600 650 700 750
Wavelength(nm)
(b)
2600+ ___ULVos
—~ 24004 ——UV 75s
S 2200 —greenlight 30s
© —_ light 60s
T 20004 greenlig
2 —— greenlight 90s
% 1800
S 1600
2
£ 14004
£ 12004
I}

1000 4
800
600
400
2004

T T T T 1
650 700 750 800 850

Wavelength(nm)

(d)

550 600

Preparation and characterization of Ce6-BTE-doped Pdots. Absorption spectra (a) and emission spectra (c) of Ce6-BTE-

doped Pdots under UV irradiation. Absorption spectra (b) and emission spectra (d) of Ce6-BTE-doped Pdots under green light
irradiation after exposed to UV. (e) Particle size distribution and TEM image of Ce6-BTE-doped Pdots. (f) Zeta potential of Ce6-

BTE-doped Pdots.
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stability of Ce6-BTE-doped Pdots

3.3. ROS detection

'0, is the main cytotoxic substance of type II
photochemical reaction in PDT, which can kill
tumor cells and destroy tumor tissues.” Therefore,
detection of 'O, generation plays an important role
in evaluating the therapeutic effect of PDT. In this
experiment, we selected ADMA as a probe to detect
the 'O, generation of Pdots. Since 'O, can induce
photodegradation of ADMA, the absorption value
changes at 259 nm of ADMA can be used to calcu-
late the 'O, yield. First, the absorption spectra of
ADMA alone under light irradiation were measured,
to exclude the possibility of photodegradation in-
duced by light irradiation. As shown in Fig. 3(a),
there was no significant change in the absorp-
tion spectra of ADMA, indicating that only green
light irradiation did not cause ADMA photo-
degradation. Figures 3(b) and 3(d) show that Ce6-
doped Pdots and Ce6-BTE-doped Pdots induced
significant photodegradation of ADMA under green
light irradiation, indicating that Ce6-BTE-doped
Pdots could produce abundant O, in ON state and
was comparable to Ce6-doped Pdots. Figures 3(c)
and 3(e) show the absorption spectra changes of
ADMA, when Ce6-doped Pdots and Ce6-BTE-
doped Pdots mixed with ADMA were irradiated
with UV light. The results indicated that Ce6-
doped Pdots produced a small amount of 'Os,
whereas Ce6-BTE-doped Pdots did not produce 'O,
in OFF state. Subsequently, in order to display
the 'O, generation more intuitively, a statistical
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(Continued)

analysis of the ADMA absorption value at 259 nm
was carried out (Fig. 3(f)). The experimental results
demonstrated that Ce6-BTE-doped Pdots pos-
sessed the ability to produce a large amount of ROS
in ON state, which was comparable to Ce6-doped
Pdots and promising for photodynamic cancer
therapy. Moreover, the 'O, yield of Ce6-BTE-doped
Pdots in OFF state was significantly lower than
that of Ce6-doped Pdots, which was helpful to
reduce the photosensitivity during PDT.

3.4.

Cellular uptake of Pdots is necessary for exerting
photodynamic effect. Since Pdots have excellent
fluorescence property, it becomes easier to monitor
the uptake of Pdots by tumor cells. We designed
dose-dependent and time-dependent experiments to
evaluate the cellular uptake efficiency of Ce6-BTE-
doped Pdots. As shown in Fig. 4(a), tumor cells
were incubated with different doses of Ce6-BTE-
doped Pdots, and the intracellular red fluorescence
gradually enhanced with the increase of incubation
dose, indicating the cellular uptake was dose-de-
pendent. With the incubation dose of 10 ug/ml, the
fluorescence intensity in tumor cells reached the
maximum. Figure 4(b) shows the time-dependent
fluorescence imaging of tumor cells incubated with
Ce6-BTE-doped Pdots. Intracellular red fluores-
cence was gradually enhanced with increasing the
incubation time, and the fluorescence intensity
reached the maximum with the incubation time for
8—10h. The results above demonstrated that the
cellular uptake of Ce6-BTE-doped Pdots was dose-
dependent and time-dependent, and effective

Cell fluorescence imaging
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Fig. 3. ROS detection. (a) Absorption spectra of ADMA alone under green light irradiation. Absorption spectra of ADMA mixed
with Ce6-doped Pdots under green light irradiation (b) and UV irradiation (c). Absorption spectra of ADMA mixed with Ce6-BTE-
doped Pdots under green light irradiation (d) and UV irradiation (e). (f) Absorption value changes of ADMA at 259 nm.

cellular uptake was achieved with relatively low  carried out to detect the cytotoxicity of Ce6-BTE-
incubation dose and short incubation time. doped Pdots. In Fig. 5(a), tumor cells were incu-
bated with 0-100 ug/ml Ce6-BTE-doped Pdots for
24h, and the Ce6-BTE-doped Pdots exhibited
negligible cytotoxicity. Meanwhile, MTT assay was
also used to detect the photodynamic effect in vitro.
Cytotoxicity is an important factor for evaluating  As shown in Fig. 5(b), tumor cells were, respec-
the biocompatibility of Pdots. MTT assay was  tively, incubated with Ce6-BTE-doped Pdots and

3.5. Cuytotoricity and photodynamic
therapy in vitro

4ug/ml

Fluorescence  Bright field

Merge

Fig. 4. Cell fluorescence imaging. (a) Dose-dependent cell fluorescence imaging of Ce6-BTE-doped Pdots. (b) Time-dependent cell
fluorescence imaging of Ce6-BTE-doped Pdots.
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Fluorescence  Bright field

Merge

Fig. 4. (Continued)

Ce6-doped Pdots, and the cell viability apparently ~ with green light for 15min, the cell viability (%)
decreased with the extension of green light irradia-  reduced to 30-40%, which displayed the excellent
tion time. When tumor cells were incubated with  photodynamic effect in ON state and was compa-
10 ug/mL Ce6-BTE-doped Pdots and irradiated rable to Ce6-doped Pdots. In Fig. 5(c), with the

yv Il Ce6-BTE-doped Pdots

[ Ce6-doped Pdots
1004
B 24h . Il Ce6-BTE-doped Pdots 3
green light pom Ce6-doped Pdots o
100 100 .é‘ 1
é, 80 é‘ 804 =
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> >
O 404 o} | 20
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Fig. 5. Cytotoxicity and in vitro photodynamic effect. (a) Cell viability of tumor cells incubated with 0-100 ug/mL Ce6-BTE-
doped Pdots for 24 h. Cell viability of tumor cells incubated with Ce6-BTE-doped Pdots and Ce6-doped Pdots under green light
irradiation (b) and UV irradiation (c). LDH release of tumor cells incubated with Ce6-BTE-doped Pdots and Ce6-doped Pdots
under green light irradiation (d) and UV irradiation (e).
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Fig. 6.

extension of UV light irradiation time, Ce6-doped
Pdots exhibited more severe toxicity than Ce6-
BTE-doped Pdots, indicating that Ce6-BTE-doped
Pdots could reduce the photosensitivity in OFF
state.

Subsequently, LDH release experiment was used
to evaluate the photodynamic effect in wvitro. Cell
membrane damages caused by apoptosis or necrosis
generally lead to the release of enzymes, including
LDH, which is widely used to evaluate cell mem-
brane integrity and cell damage. For Fig. 5(d),
tumor cells were respectively incubated with Ce6-
BTE-doped Pdots and Ce6-doped Pdots and irra-
diated with green light. With the increase of incu-
bation dose, the LDH release (%) increased
significantly, indicating that both of the two kinds
of Pdots could effectively kill tumor cells. As shown
in Fig. 5(e), the LDH release (%) caused by Ce6-
BTE-doped Pdots under UV light irradiation was
significantly lower than that of Ce6-doped Pdots,
indicating Ce6-BTE-doped Pdots did not exert ob-
vious photodynamic effect in OFF state.

Furthermore, Annexin V-FITC/PI staining is
usually used to detect cell apoptosis or necrosis.
Thus, we carried out Annexin V-FITC/PI staining
to evaluate the photodynamic effect of Pdots (Fig. 6).
Tumor cells were incubated with Ce6-BTE-doped

’\O
LDC>
lnD
-
o
©
6 A
Q1-LR

350, 1. 2%
— LBLRLLLLL 4IIIIIII éllllll I6“”I. 72
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Pl

Annexin V-FITC/PI staining of tumor cells incubated with Ce6-BTE-doped Pdots and irradiated with green light.

Pdots and irradiated with green light, and the
percentage of late apoptosis or necrosis gradually
increased with the increase of incubation dose.
When the incubation dose was 8ug/ml, the per-
centage of late apoptosis or necrosis reached 81%,
indicating that Ce6-BTE-doped Pdots had a good
photodynamic effect in ON state.

4. Conclusion

Photodynamic therapy has achieved rapid devel-
opment due to its unique advantages, but the pro-
blems of severe photosensitivity and limited tissue
penetration depth limit the clinical application of
photodynamic therapy. This study used a semi-
conductor polymer PFDTBT in the green region
that has increased tissue penetration depth to con-
struct a nanoplatform with photoswitchable prop-
erties, and in wvitro experiments proved that the
nano-platform has a great photodynamic therapy
effect and excellent photoswitchable properties,
which is conducive to reducing phototoxicity
of photodynamic therapy and beneficial to the
practical clinical application of photodynamic
therapy. Outside of this nanoplatform, our research
group plans to explore more sensitive and stable
photodynamic therapeutic nanoplatforms with

2240007-11
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photoswitchable properties, and the performance of
the nanoplatforms in vivo experiments.
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