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T
he therapeutic efficacy of chemo-
therapeutic agents largely depends
on adequate local delivery to the tu-

mor site. Most chemotherapeutic agents

show a high efficacy with a variety of solid

tumors.1�3 However, nonspecific delivery

leads to significant normal tissue toxicities

and limits dosages of anticancer drugs to

levels far below those required to destroy

most malignant lesions. To overcome these

problems, various targeted drug deliveries4

and combined treatments5�7 to enhance

the cytotoxic effect of chemotherapeutic

agents have been studied. One combined

treatment with chemotherapy is thermo-

chemotherapy. Heat treatment, called hy-

perthermia, has been demonstrated to

augment the cytotoxicity of some

chemotherapeutic agents, resulting in the

same results with lower doses of the

drug.8�10 In traditional thermochemother-

apy, however, the heat is usually provided

by hot water baths,11 microwave,12 and ul-

trasound,13 so that undesirable side effects

are often caused due to nontargeted

heating.

Recently, near-infrared (NIR) resonant
nanomaterials such as gold (Au) nanoshell
particles,14�16 Au nanocages,17,18 Au
nanorods,19,20 and single-walled carbon
nanotubes,21,22 have been widely studied
as heat carriers for local heating. These ma-
terials strongly absorb NIR light and convert
it into cytotoxic heat; thus, they can be uti-
lized for tumor-selective treatments.17�21 In
addition, nanomaterial-based hyperthermia
can be combined with chemotherapy, as in
traditional thermochemotherapy. T. S. Hauck
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Figure 1. Schematic diagram of DOX-loaded PLGA�Au H-S NPs. The drug is en-
capsulated within biocompatible and biodegradable PLGA NPs, and a Au layer is
deposited on these NPs. Since these NPs are NIR resonant and PLGA is biodegrad-
able, heat is generated upon NIR irradiation and the drug loaded in the PLGA NPs is
released through the open half of the shell when the interior is exposed.

ABSTRACT To facilitate combined doxorubicin and photothermal treatments, we developed doxorubicin-

loaded poly(lactic-co-glycolic acid)-gold half-shell nanoparticles (DOX-loaded PLGA�Au H-S NPs) by depositing

Au films on DOX-loaded PLGA NPs. As the PLGA NPs biodegraded, DOX was released, and heat was locally generated

upon near-infrared (NIR) irradiation due to NIR resonance of DOX-loaded PLGA H-S NPs. Compared with

chemotherapy or photothermal treatment alone, the combined treatment demonstrated a synergistic effect,

resulting in higher therapeutic efficacy and shorter treatment times. Since our NPs selectively deliver both

heat and drug to tumorigenic regions, they may improve the therapeutic effectiveness with minimal side

effects.
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et al. combined Au nanorod hyperthermia with chemo-

therapeutic drugs and demonstrated a superadditive or

synergistic effect.23 However, nanomaterial-based hyper-

thermia delivers only the heat to the tumorigenic region

and not the drugs. If both heat and drugs can be deliv-

ered simultaneously to the tumorigenic region, the thera-

peutic efficacy is expected to be significantly improved

with minimal side effects. Therefore, treatments that de-

liver both heat and drugs simultaneously to the tumori-

genic region are highly desirable.

Here, we report the use of drug-loaded poly(lactic-

co-glycolic acid)�Au half-shell nanoparticles (PLGA�Au

H-S NPs) (Figure 1) for tumor-specific delivery of heat

and drugs in human cervical cancer
(HeLa) cell line. The drug is encapsu-
lated within biocompatible and biode-
gradable PLGA NPs, and a Au layer is de-
posited on these NPs. Since these NPs
are NIR resonant and PLGA is biodegrad-
able,24 heat is generated upon NIR irra-
diation and the drug loaded in the PLGA
NPs is released through the open half
of the shell when the interior is exposed.
Furthermore, it is possible to increase
the rate of drug release by NIR irradia-
tion, because PLGA is degraded more
rapidly at elevated temperatures. In this
study, we used doxorubicin as a chemo-
therapeutic agent and compared the
combined treatment of doxorubicin and
NIR irradiation with chemo- or photo-
thermal treatment alone. The chemo-
photothermal treatments exhibited a
clear synergistic effect.

RESULTS AND DISCUSSION
Prior to the experiments with doxo-

rubicin (DOX)-loaded PLGA�Au H-S
NPs, we prepared PLGA�Au H-S NPs
with no drug and PLGA (Mw � 20000)�
Au H-S NPs containing rhodamine as a
model drug and investigated their be-
havior in HeLa cells. Figure 2 panels a
and b show transmission electron
microscope (TEM) images of HeLa cells
incubated in medium containing
PLGA�Au H-S NPs (30 �g/cm2) for �4
to 12 h, in which 30 �g/cm2 was calcu-
lated using the relation of NPs concen-
tration (100 �g/mL) � added volume
(3 mL)/bottom area of culture well (9.6
cm2). NPs were taken up by the cell via
endocytosis and accumulated within
vesicles, although some NPs were found
inside an organelle enclosed by a bi-
layer. Figure 2 panels c and d present
the time-lapse images, captured using

a confocal microscope of HeLa cells treated with
rhodamine-loaded PLGA�Au H-S NPs (17.7 �g/cm2 �

100 �g/mL � 200 �L/1.13 cm2) with and without NIR ir-
radiation of 0.7 W/cm2. The intensity of the red spot
(marked by a white circle) decreased during NIR irradia-
tion, while it remained nearly unchanged in the ab-
sence of NIR irradiation, indicating that the drug was re-
leased more rapidly with NIR irradiation (Figure 2e).

Next, we fabricated DOX-loaded PLGA�Au H-S NPs
using PLGA with the molecular weight of 5000. Accord-
ing to the results shown in Figure 2 panels d and e,
rhodamine was not nearly released within 4 h without
NIR irradiation, so that we lowered the molecular

Figure 2. (a) TEM image of HeLa cells incubated with PLGA�Au H-S NPs taken at the mo-
ment of endocytosis. (b) TEM image of HeLa cell with PLGA�Au H-S NPs accumulated in
vesicles and organelles. Time lapse confocal images of rhodamine-loaded PLGA (MW �
20000)�Au H-S NPs taken up into a HeLa cell with 0.7 W/cm2 NIR irradiation (c) and with-
out NIR irradiation (d). The red spot marked by a white circle corresponds to rhodamine-
loaded PLGA�Au H-S NPs. (e) Fluorescent intensity of rhodamine time estimated from the
data in Figure 2c,d.
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weight of PLGA to enhance the rate of drug release.26

Figure 3a depicts the absorption spectra measured us-

ing a ultraviolet�visible/NIR spectrometer for

PLGA�Au H-S NPs and DOX-loaded PLGA�Au H-S

NPs. DOX-loaded PLGA�Au H-S NPs revealed a pro-

nounced surface plasmon resonance absorption in the

NIR region, although compared with PLGA�Au NPs

without DOX (� � 800 nm), the absorption peak of

DOX-loaded PLGA�Au NPs was slightly shifted to the

shorter wavelength (� � 790 nm) presumably owing to

loaded DOX, whose absorption peak was located at

� � 490 nm.

To estimate how fast DOX is released from DOX-

loaded PLGA�Au H-S NPs, we measured the release

profile at 37 °C, as shown in Figure 3b. Since the molec-

ular weight of PLGA was low, DOX was released rap-

idly and about 68% of DOX loaded in PLGA NPs came

out in 1 day without showing lag phase and zero order

release that belong to the typical triphasic profile of

PLGA particles. For comparison, we also measured the

release profile of DOX-loaded PLGA NPs without Au

half-shells at 37 and 42 °C (inset of Figure 3b). As ex-

pected, DOX came out more rapidly from DOX-loaded

PLGA NPs than from DOX-loaded PLGA�Au H-S NPs,

and its rate was further enhanced at 42 °C. Moreover,

the release profiles of DOX-loaded PLGA�Au H-S NPs

obtained without and with NIR irradiation are com-

pared in Figure 3b, where DOX loaded PLGA�Au H-S

NPs was initially irradiated by 1.5 W/cm2 NIR during 4

min and thereafter maintained at 37 °C. Despite the

short irradiation time, more DOX was released upon

NIR irradiation.

In addition to in vitro release experiments, we fur-

ther studied the morphology of DOX loaded PLGA�Au

H-S NP using TEM. A TEM image of DOX loaded

PLGA�Au H-S NP as prepared is presented in Figure

3c. A half-shell structure was clearly seen. Figure 3 pan-

els d and e show TEM images of DOX loaded PLGA�Au

H-S NP irradiated by 1.5 W/cm2 NIR during 4 min and

then left in water at 37 °C for 2 and 3 days, respectively.

After 3 days, the PLGA uncovered with Au was com-

pletely degraded, and only Au H-S NPs are left. This find-

ing is consistent with the in vitro release experiments

in Figure 3b.

Figure 3. (a) Visible/NIR absorption spectra of PLGA NPs, DOX-loaded PLGA NPs, PLGA�Au H-S NPs, and DOX-loaded PLGA�Au
H-S NPs. (b) DOX release profiles from DOX-loaded PLGA (MW � 5000)�Au H-S NPs without and with NIR irradiation. The in-
set shows the release profiles from DOX-loaded PLGA NPs at 37 and 42 °C. TEM images of a DOX-loaded PLGA�Au H-S NP as
prepared (c), and irradiated by 1.5 W/cm2 NIR for 4 min and then left in water for 2 days (d) and 3 days (e).
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To investigate the chemo-photothermal treatment,

we treated HeLa cells with DOX-loaded PLGA�Au H-S

NPs. Then, the cell viability was measured with and

without NIR irradiation by staining cells with calcein-AM

green fluorescent dye. Figure 4a shows a fluorescence

microscope image of HeLa cells incubated with DOX-

loaded PLGA�Au H-S NPs (70.8 �g/cm2 � 400 �g/mL

� 200 �L/1.13 cm2) for 1 d; we estimated that approxi-

mately 575 nM doxorubicin was contained within 70.8

�g/cm2 DOX-loaded PLGA�Au H-S NPs. Although HeLa

cells were exposed to doxorubicin, we found that most

of the cells were alive because of the low doxorubicin

dose. Figure 4b shows a fluorescence microscope im-

age of HeLa cells incubated with DOX-loaded PLGA H-S

NPs (70.8 �g/cm2) for 1 d and then irradiated with 0.7

W/cm2 NIR for 10 min. In contrast with the result ob-

tained without NIR irradiation (Figure 4a), a dark region

is clearly present, indicating that the cells exposed to

NIR were dead, whereas the cells not exposed to NIR

were alive. To determine whether the cell death ob-

served in Figure 4b was induced by NIR irradiation

alone or the combined effects of doxorubicin and NIR ir-

radiation, HeLa cells were also incubated with PLGA

H-S NPs (70.8 �g/cm2) without doxorubicin for 1 d and

then irradiated by 0.7 W/cm2 NIR for 10 min, as in Figure

4b. As shown in Figure 4c, most of the cells appeared

to be alive, although the green fluorescence emission

was slightly lower. From these results, we conclude that

combined doxorubicin and photothermal treatment is

more cytotoxic than chemotherapy or photothermal

treatment alone. We propose two possible origins for
this synergistic effect. First, the cytotoxicity of doxorubi-
cin is enhanced by increasing the temperature, as re-
ported by others.8�10,27 Second, cells exposed to doxo-
rubicin are more sensitive to heat than are cells not
exposed to doxorubicin, so that the cells exposed to
doxorubicin are killed by the lower heat.

For more quantitative evaluation of therapeutic effi-
cacy, we measured the viability of treated HeLa cells us-
ing cell-counting kit-8 (CCK-8). In Figure 5a, the mea-
sured viability is plotted as a function of incubation
time for HeLa cells treated with different concentra-
tions of DOX-loaded PLGA H-S NPs (60, 120, and 180
�g/cm2),25 where 0.65, 1.3, and 1.95 �M doxorubicin
were estimated to be contained in 60, 120, and 180 �g/
cm2 DOX-loaded PLGA�Au H-S NPs, respectively. For
the control experiment, the cells were incubated with
PLGA�Au H-S NPs (180 �g/cm2) containing no doxoru-
bicin. No cytotoxicity was observed in the cells treated
with PLGA�Au H-S NPs, indicating that PLGA H-S NPs
were biocompatible. However, when cells were incu-
bated with DOX-PLGA H-S NPs, the viability decreased
to �60 to 80% after 1 d, depending on the particle con-
centration, and decreased further with increasing the
incubation time. In addition, we also treated HeLa cells
with different concentrations of free DOX (0.97, 1.3, and
1.95 �M) and measured the cell viability at 1 day after
treatements, as shown in Figure 5b. Compared with
DOX-loaded PLGA�Au H-S NPs containing same quan-
tity of doxorubicin, free DOX resulted in the lower vi-
ability due to a sustained release of DOX from PLGA
NPs.

The amount of heat induced upon NIR irradiation
depends upon the NIR intensity and irradiation time,
as well as upon the NP concentration. Therefore, we
fixed the NIR intensity at 0.7 W/cm2 and investigated
the influence of NIR irradiation times and NP concentra-
tions on the viability of HeLa cells treated with
PLGA�Au H-S NPs to investigate the effect of photo-
thermal treatment. Figure 5c shows the cell viability of
HeLa cells incubated with 120 �g/cm2 PLGA H-S NPs for
4 h and then irradiated by 0.7 W/cm2 NIR for different
lengths of time. The cell viability decreased, as the NIR
exposure time increased, particularly when the cells
were exposed to NIR light for longer than 6 min; at this
time period, the viability was reduced to below 20%. Be-
cause the temperature of the medium was raised to
about 43 and 44 °C by 5 and 6 min-NIR irradiation, re-
spectively, the HeLa cells were considered to be signifi-
cantly damaged above 44 °C.

To see if the damage caused by NIR irradiation
was reversible or irreversible, we also measured cell
viability at various times after NIR irradiation for
HeLa cells incubated with different concentrations
of PLGA�Au H-S NPs (60, 120, and 180 �g/cm2) for
4 h and irradiated by 0.7 W/cm2 NIR for 4 min (Fig-
ure 5d). After NIR irradiation, the cells were incu-

Figure 4. Fluorescence microscope images of HeLa cells
treated with DOX-loaded PLGA�Au H-S NPs for 1 d without
NIR irradiation (a) and with 0.7 W/cm2 NIR irradiation for 10
min (b). The dashed curve indicates the region exposed by
NIR light. (c) Fluorescence microscope image of HeLa cells in-
cubated with PLGA�Au H-S NPs containing no doxorubicin
and then irradiated with 0.7 W/cm2 NIR light for 10 min.
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bated again at 37 °C before measuring the viability.

At 60 �g/cm2, the cell viability decreased to about

80% at 14 h, but increased back to about 90% dur-

ing the next 6 h. For 120 and 180 �g/cm2, however,

the cell viability decreased continuously with time.

Because the temperature of the medium increased

to about 40, 42, and 47 °C upon NIR exposure for 60,

120, and 180 �g/cm2, respectively, these results sug-

gest that a high dose of heat led to irreversible dam-

age to the cells, whereas the reduced viability in-

duced by the low dose of heat was recoverable. In

these experiments, we used 96-well plates with a

well diameter of 6.38 mm. Because the beam diam-

eter of NIR light was about 6 mm, we assumed that

most of the cells in the well were exposed to NIR

light.

For combined doxorubicin and photothermal

treatment, we incubated HeLa cells with different

concentrations of DOX-loaded PLGA�Au H-S NPs for

4 h and irradiated them with 0.7 W/cm2 NIR for 4

min. Subsequently, we incubated them again for

20 h and then measured their viability using CCK-8

(Figure 6a). As expected from the results obtained

using the calcein-AM assay, the chemo-photo-

thermal treatments resulted in lower viabilities than

did chemo- or photothermal treatment alone. More-

over, the combined treatments shortened the time

required to decrease the cell viability below 50%.

Figure 5. (a) Cell viability versus incubation time for HeLa cells treated with different concentrations of DOX-loaded PLGA�Au
H-S NPs. The results of HeLa cells treated with PLGA�Au H-S NPs are included as a control. (b) Cell viability for HeLa cells
treated with different concentrations of free DOX and DOX-loaded PLGA�Au H-S NPs containing same quantity of doxoru-
bicin (0.97, 1.3, and 1.95 �M). (c) Cell viability versus NIR irradiation time for HeLa cells treated with 120 �g/cm2 PLGA�Au H-S
NPs. The results of untreated HeLa cells are included as a control. (d) Cell viability versus additional incubation time for HeLa
cells incubated with different concentrations of PLGA�Au H-S NPs for 4 h, irradiated with 0.7 W/cm2 NIR for 4 min, and
then further incubated before measuring viability.
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The viability of cells treated with 120 �g/cm2 DOX-
loaded PLGA�Au H-S NPs decreased to about 40% in

3 d without NIR irradiation (Figure 5a). However,
when the cells treated with 120 �g/cm2 DOX-loaded
PLGA�Au H-S NPs were exposed to 0.7 W/cm2 NIR
for 4 min, the cell viability was reduced to about 20%
in only one day (Figure 6a). In Figure 6b, the thera-
peutic efficacies calculated by subtracting the cell vi-
ability from 100% are compared with the additive
therapeutic efficacies of chemo- and photothermal
treatments, which were estimated using the relation
of Taddiive � 100 � (fchemo � fphotothermal) � 100, where
f is the fraction of surviving cells after each treat-
ment.8 For 120 and 180 �g/cm2, the measured thera-
peutic efficacy of chemo-photothermal therapy was
higher than the additive therapeutic efficacy of
chemo- and photothermal therapy, demonstrating
the synergistic effect of chemo-photothermal
treatment.

CONCLUSION
In summary, we fabricated DOX-loaded PLGA�Au

H-S NPs that can deliver both drug and heat simulta-
neously to a selected tumorigenic region. When NPs
were incubated with HeLa cells, they were endocytosed
and accumulated within vesicles and organelles. Fur-
thermore, drug loaded in PLGA NPs was released more
rapidly upon NIR irradiation, confirming the occurrence
of photothermally controlled drug delivery. To investi-
gate the therapeutic effects of chemo-photothermal
treatment, we mesured the cell viability using
calcein-AM and CCK-8 assays of HeLa cells treated with
DOX-loaded PLGA�Au H-S NPs and then irradiated
with NIR light. Compared with chemo- and photother-
mal treatment alone, the combined treatment yielded
higher cytotoxicity, which was greater than the sum of
the independent treatments, thus demonstrating a syn-
ergistic effect. Furthermore, the treatment time was de-
creased by the combined treatment. For HeLa cells
treated with DOX-loaded PLGA�Au H-S NPs, but not ir-
radiated by NIR light, viability decreased slowly due to
the sustained release of doxorubicin from PLGA NPs.
However, once the treated cells were exposed to NIR
light, viability decreased rapidly. In these in vitro stud-
ies, the NPs were not conjugated with targeting ligands,
because it is difficult to quantify the number of tar-
geted NPs in the cells (which influences the amount of
heat) if the conjugated NPs are targeted to specific cells
and then washed out. However, if these NPs were to
be conjugated with targeting ligands, as reported pre-
viously,28 selective cell targeting might be possible.

METHODS

Preparation and Characterization of DOX-Loaded PLGA NPs. PLGA (100
mg, Mw � 20000 or 5000, Wako Chemicals) and doxorubicin
(2 mg, Mw � 579, Fluka) or rhodamine B (4 mg, Mw � 443, Sigma-
Aldrich) were dissolved in a 50:50 ratio in 10 mL of chloroform.
The organic solution was mixed with 20 mL of aqueous phase

containing poly (vinyl alcohol) (2%, molecular weight � 15000�
20000, Aldrich Chemical Co.) as a stabilizer. After mutual satura-
tion of the organic and continuous phases, the mixture was
emulsified for 10 min by ultrasonication at 250 W. The organic
solvent was evaporated and the DOX-loaded PLGA NPs were pu-
rified by centrifugation at 2 � 104 rpm for 30 min. The size of
the NPs, determined by dynamic light scattering (DLS), was ap-

Figure 6. (a) Comparison of cell viability following chemo, pho-
tothermal, chemo-photothermal treatments. (b) Therapeutic effi-
cacy versus NP concentration for different treatments. Therapeu-
tic efficacy was calculated by subtracting cell viability from 100%.
Additive therapeutic efficacies of chemo and photothermal treat-
ments were estimated using the relation of Taddiive � 100 � (fchemo

� fphotothermal) � 100, where f is the fraction of surviving cells af-
ter each treatment. When the efficacy of combined treatment is
compared with the efficacies of chemo- and photothermal treat-
ments and the additive value using t test, p-value is lower than
0.005.
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proximately 75 � 12 nm in diameter, and their glass transition
temperatures measured by differential scanning calorimetry (TA
Instrument, SDT-600) were about 43 and 38 °C for PLGA NPs of
Mw 20000 and 5000, respectively.

The amount of encapsulated doxorubicin was measured as
follows. The mass of the dried DOX-loaded PLGA NPs was mea-
sured and the NPs were dissolved in dimethyl sulfoxide (Alrich
Chemical Co.) to extract doxorubicin from the NPs. Then, the
amount of doxorubicin was measured using a UV spectrometer
(Optizen 2120UV, Mecasys Co.). The loading efficiency, which is
defined as the percentage of the actual mass of doxorubicin
loaded in the PLGA NPs relative to the mass of the PLGA NPs,
was estimated to be about 1.9%.

Fabrication of DOX-Loaded PLGA�Au H-S NPs. DOX-loaded PLGA�
Au H-S NPs were fabricated by depositing 15-nm-thick Au lay-
ers onto monolayers of DOX-loaded PLGA NPs, which were pre-
pared by spin-casting aqueous suspensions of NPs on a silicon
substrate, as reported by H. Park et al.24 After depositing the Au
film, Au-deposited DOX-loaded PLGA NPs were released into wa-
ter from the substrate surface by sonication and then collected
by centrifugation. The absorption peak of these DOX-loaded
PLGA�Au H-S NPs was measured with a UV�visible/NIR spec-
trometer, and was about 810 nm.

In Vitro Release Experiments. A 2 ml portion of DOX-loaded
PLGA�Au H-S NPs solution with concentration of about 200
�g/mL was loaded into a 1000 Da molecular weight cutoff mem-
brane dialysis tube. The tube was immersed in a transparent
vial filled with 5 mL of phosphate buffer solution (pH 7.4, 10 mM)
during release experiments. The release experiments were per-
formed with and without NIR 4 min irradiation at initial time of
experiment at 37 °C. The amount of released DOX was measured
through UV absorbance. All measurements were conducted in
triplicate.

Cell Cultures. The HeLa human cervical cancer cell line was
seeded onto 6-well or 96-well plates, or coverglass-bottom
dishes, with growth areas of 9.6, 0.32, or 1.13 cm2, respectively,
depending upon the experiment. Then, the cells were cultured in
Dulbecco’s modified essential medium (DMEM) (Sigma-Aldrich)
supplemented with 10% fetal bovine serum at 37 °C with 5% CO2

for 24 h. Next, the medium was removed and the medium con-
taining DOX-loaded PLGA�Au H-S NPs or PLGA�Au H-S NPs
was added, and the cells were incubated for specific lengths of
time, as indicated in the text.

Transmission Electron Microscopy (TEM). HeLa cells (5 � 105) were
seeded onto 6-well plates and incubated in 3 mL of medium
with PLGA�Au H-S NPs (30 �g/cm2) for �4 to 12 h. Then, the
cells were rinsed three times with phosphate buffered saline
(PBS) and a cell pellet was collected using trypsin-EDTA and cen-
trifugation. For TEM analysis, ultrathin (80 nm) sections of the
cell pellet were prepared by a standard method, as described by
D. R. Rowley et al.29 The samples were examined using TEM (JEM-
1011, JEOL).

Confocal Microscopy. HeLa cells (1 � 104) were seeded onto a
coverglass-bottom dish (1.13 cm2) and incubated in 200 �L of
the medium with rhodamine-loaded PLGA�Au H-S NPs (17.5
�g/cm2) at 37 °C in 5% CO2 for 12 h. Then, the medium was re-
placed with fresh medium without NPs and the dish was trans-
ferred to a laser scanning confocal microscope (UltraVIEW RS,
PerkinElmer) equipped with an incubator set at 37 °C with 5%
CO2. Every 30 min, a florescence image was obtained at a fixed
focal plane while the cells were exposed to continuous NIR light
of power 0.7 W/cm2 using a 808-nm coherent diode laser
(Unique mode 30k/400/20, 808 � 3 nm, Jenoptik Co.). Similar im-
ages were also measured without NIR irradiation. The cells were
stained with wheat germ agglutinin, which is a marker protein
for the surface membrane of cells (Invitrogen).

Cell Viability Evaluation of in Vitro Chemo, Photothermal, and Chemo-
Photothermal Treatments Using Calcein-AM Assay. HeLa cells (5 � 104)
were seeded onto a coverglass-bottom dish and incubated in
200 �L of the medium with PLGA�Au H-S NPs or DOX-loaded
PLGA�Au H-S NPs (70.9 �g/cm2) at 37 °C with 5% CO2 for 24 h.
Then, the cells were irradiated with 0.7 W/cm2 NIR light for 10
min for photothermal and chemo-photothermal treatments,
whereas for chemotherapy alone, the cells were not exposed to
NIR light. After treatment, the cells were stained with 1 �M

calcein-AM and cell viability was estimated with a fluorescence
optical microscope (Leica DM 2500, Leica).

Cell Viability Evaluation of in Vitro Chemo, Photothermal, and Chemo-
Photothermal Treatments Using CCK-8 Assay. HeLa cells (8 � 103) were
seeded onto 96-well plates and incubated in 200 �L of medium
with PLGA�Au H-S NPs or DOX-loaded PLGA�Au H-S NPs (60, 120,
or 180 �g/cm2). At 4 h after incubation, the cells were exposed to
0.7 W/cm2 NIR light for 4 min (except for Figure 3b) for photother-
mal and chemo-phothermal treatments, and then incubated again
at 37 °C with 5% CO2 for specific lengths of time, as indicated in
the text. After treatment, 10 �L of the CCK-8 solution was added
to each well of the plate, followed by incubation for another 1�3
h. Then, cell viability was determined by measuring absorbance at
the wavelength of 450 nm with a microplate reader. All of the mea-
surements were conducted in triplicate.
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