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Background: Radiotherapy occupies an essential position as one of the most significant
approaches for the clinical treatment of cancer. However, we cannot overcome the short-
coming of X-rays which is the high value of the oxygen enhancement ratio (OER).
Radiosensitizers with the ability to enhance the radiosensitivity of tumor cells provide an
alternative to changing X-rays to protons and heavy ion radiotherapy.

Materials and Methods: We prepared the Au-Pt nanoparticles (Au-Pt NPs) using a one-
step method. The characteristics of the Au-Pt NPs were determined using TEM, HAADF-
STEM, elemental mapping images, and DLS. The enhanced radiotherapy was demonstrated
in vitro using MTT assays, colony formation assays, fluorescence imaging, and flow cyto-
metric analyses of the apoptosis. The biodistribution of the Au-Pt NPs was analyzed using
ICP-OES, and thermal images. The enhanced radiotherapy was demonstrated in vitro using
immunofluorescence images, tumor volume and weigh, and hematoxylin & eosin (H&E)
staining.

Results: Polyethylene glycol (PEG) functionalized nanoparticles composed of the metallic
elements Au and Pt were designed to increase synergistic radiosensitivity. The mechanism
demonstrated that heavy metal NPs possess a high X-ray photon capture cross-
section and Compton scattering effect which increased DNA damage. Furthermore, the Au-
Pt NPs exhibited enzyme-mimicking activities by catalyzing the decomposition of endogen-
ous H,O; to O, in the solid tumor microenvironment (TME).

Conclusion: Our work provides a systematically administered radiosensitizer that can
selectively reside in a tumor via the EPR effect and enhances the efficiency of treating
cancer with radiotherapy.

Keywords: radiosensitizer, nano-enzyme, TME, radiotherapy

Introduction

Radiation therapy (radiotherapy, RT) is one of the most effective therapies available for
the treatment of localized solid cancers.' During radiotherapy of a malignant tumor,
biological macromolecules of the tumor cells directly interact with the radiation to
generate free radicals which cause damage to the DNA, such as strand breaks, point
mutations, and aberrant DNA cross-linking.** In addition, the radiation causes water
molecules in the tissues to ionize and produce free radicals, which in turn interact with the
biological macromolecules to cause cell damage and death.” Theoretically, almost all
types of tumors could be effectively controlled when the local radiation dose is high
enough.® However, a high dose of radiation induces high toxicity to healthy tissues
causing side effects.” Except for the new radiation-delivery techniques that improved the
therapeutic effect, highly effective and low-toxicity radiosensitizers are necessary. The
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improvement of the physical technology, for example, bra-
chytherapy, intensity-modulated RT, image-guided RT, and
stereotactic RT has greatly improved radiation therapy.® "'
However, many problems still remain, such as the complex
tumor microenvironment containing cancer stem cells, vascu-
logenesis, and metabolic alterations.'* '

Except for tumor size, the intrinsic radio-sensitivity, cell
proliferation, and the extent of hypoxia are important factors
for controlling the tumor."> Hypoxia is one of the most
important indicators and is related to cancer therapy-
resistance.'® Hypoxia activates the Nrf2 pathway, which
leads to anti-oxidant and anti-inflammatory responses with
an aggregation of M2 macrophages and MDSCs that protect
the tumor.” Owing to the existence of the hypoxic microen-
vironment of the tumor, the therapeutic efficiency of che-
motherapy, radiotherapy and others, are reduced. In recent
years, different strategies including physical stimulation (e.g.
fractional irradiation) and chemical reaction, have been devel-
oped for relieving tumor hypoxia.'”'® However, it is difficult
to prevent the growth of a tumor using a monotherapy. Due to
the reduced side effects and enhanced therapeutic effect of
synergistic therapy, it is used to overcome the insufficient
tumor suppression effect of monotherapy.

Radiosensitizers are molecules/materials with the
ability to enhance the radiosensitivity of tumor cells
and provide opportunities to overcome the obstacles
mentioned above.” There are many kinds of radiosensiti-
zers, namely small-molecule chemicals, macromolecules,
and nanostructures.'’ One of the most important mechan-
isms for increasing radiosensitivity is to change the
hypoxic microenvironment via different kinds of radio-
sensitizers. Many tumors are resistant to radiation ther-
apy because they lack oxygen within the tumor due to
abnormal or dysfunctional blood vessels.” This state of
hypoxia leads to less DNA damage at the same radiation
dose.?!

radiosensitizer.* Chemicals and hypoxia-inducing cyto-

Therefore, oxygen is a  well-known
toxins were developed for clinical use because of their
oxygen-producing capacity through a mechanism of
damage fixation utilizing their electron affinity.**?®
able to
sensitivity mechanism by binding with the DNAs,
miRNA, mRNAs, siRNAs, proteins or peptides.”

Recently, the introduction of nanotechnology has pro-

Macromolecules are regulate the radio-

vided momentum and expanded the horizon for the
development of radiosensitizers.?” In recent years, heavy-
metal nanomaterials with high atomic numbers (Z) have
shown promise as radiosensitizers because they can

absorb, scatter, and emit radiation energy.”®?* An excel-
lent candidate is gold nanomaterials (AuNPs) because
they have tunable morphologies, they are easy to modify,
they have good biological safety, and they have excep-

sensitization 29-32

tional radiation capabilities.
Furthermore, AuNPs are good for drug delivery and
cancer therapy.®® In addition, various catalase-like nano-
materials have been developed for catalyzing the decom-
position of hydrogen peroxide (H,0O,) into oxygen, which
alleviates tumor hypoxia, and overcomes the hypoxia-
induced radioresistance.®®  Therefore, to develop
a simple and effective strategy for relieving the hypoxic
tumor microenvironment is essential to improving the
therapeutic efficacy of radiotherapy.

In the present study, we designed a nanoparticle com-
posed of the metallic elements Au and Pt (Au-Pt NPs). The
Au-Pt NPs exhibited enzyme-mimicking activities, which
resulted in synergistic radiosensitivity for reinforced tumor
therapy. The new Au-Pt NPs with nanozymes were synthe-
sized in one step at room temperature. The nanoparticles
produced had a uniform nanosphere shape and were very
stable in physiological solutions. After intravenous admin-
istration, the Au-Pt NPs passively targeted the tumor and
rapidly accumulated in it because of the enhanced perme-
ability and retention (EPR) effect. Not only do the Au-Pt
nanozymes possess a radiosensitivity ability to enhance the
energy deposition of the X-rays but are also able to catalyze
the reaction that converts H,O, to O,. In addition to attenu-
ating tumor hypoxia, the Au-Pt NPs significantly inhibited
tumor growth under 8 Gy of X-ray irradiation compared to
the control group. This demonstrated that the Au-Pt NPs
improved the therapeutic efficiency of radiotherapy.
Therefore, our work developed a novel radiosensitizer with
low toxicity, for enhanced tumor radiotherapy by alleviating
the tumor hypoxic microenvironment. Our findings highlight
the great potential of applying Au-Pt NPs in the future

clinical treatment of cancer.

Materials and Methods

Synthesis of Au-Pt NPs

L-proline 0.0384 g, 20 uL of HAuCl, and H,PtClg solu-
tion (1mol/L) were dispersed in 10 mL of deionized water.
The pH value of the solution was adjusted to 9 by adding
NaOH. Next, ascorbic acid (10 mmol L™") was added drop
by drop. The products were obtained by allowing the
solution to react for 20 min at room temperature. Finally,
C18PMH-PEG (10 mg) was added to 10 mL of an Au-Pt
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solution. Au-Pt-PEG-PMH was obtained by stirring the
solution for 24 h at room temperature. After 2 h of ultra-
sonication, the mixture was dried by rotary evaporator.
Ten mL of deionized water was added to dissolve the
solid which yielded PEGylated Au-Pt nanoparticles (Au-
Pt NPs). The Au-Pt nanoparticle that were obtained were
further purified through centrifugation at 6000 rpm for 10
min to remove any incompatible nanomaterials. In addi-
tion, the Au-Pt NPs were washed three times through
ultrafiltration filters with 100 kDa MWCO to remove any
unbound PEG.

Determining the Characteristics of the
Au-Pt NPs

The hydrodynamic diameters and Zeta potentials of the Au-
Pt NPs suspended in PBS and 10% FBS were measured by
dynamic light scattering (DLS) (Malvern Instruments, UK).
The morphology was determined using high-angle annular
dark-field scanning transmission electron microscopy
(HAADF-STEM), and the characteristics were described
from elemental mapping images using a transmission elec-
tron microscope (TEM, JEM-1230, Japan).

Detection of O,

To investigate the efficiency with which oxygen is gener-
ated in vitro, the Au-Pt NPs (50 pg/mL), H,O, (2 mmol/L)
were added to 3 mL of PBS (pH 6.75) at room tempera-
ture. An oxygen probe (JPBJ-608 portable Dissolved
Oxygen Meters, Shanghai REX Instrument Factory) was
used to measure the dissolved oxygen concentration
every minute for 18 minutes.

Cell Line and Animals

Cells of the human vascular endothelial cell line HUEVC and
murine breast cancer cell line 4T1 were provided by the
central laboratory of Taizhou People’s Hospital (purchased
from the Cell Bank, Shanghai Institutes for Biological
Sciences, Chinese Academy of Sciences, Shanghai) and
grown in the recommended cell culture medium under the
standard conditions. Female BALB/c mice (6—8 weeks) were
maintained according to the protocols approved by the
Nantong University Laboratory Animal Center. All animal
protocols were in accordance with the National Institute’s
Health Guide for the Care and Use of Laboratory Animals.

In vitro Cell Experiments

The cell cytotoxicity was determined by the 3-(4,5-dimethyl-
2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT)
assay (Sigma) following the standard protocol. The surviving
fraction (SF) of the clone formation assay was calculated
after the cells were irradiated with 0, 2, 4, 6 or 8 Gy X-rays
and kept in culture for 10 days. Fluorescence images were
obtained of the phosphorylated HyAX (YH,AX) in the 4T1
murine breast cancer cells after irradiation for 24 h and trea-
ted with Au-Pt NPs. The radiation source was a RS 2000 with
0.3 mm copper filter, irradiating at 160 kV at 25 mA and
a dose rate of 1.203 Gy/min. The fluorescence images were
analyzed using Living Imaging software. Live/dead cell dis-
crimination was performed using the Live/Dead Fixable
Aqua Dead Cell Stain Kit (Life Technologies) or the Sytox
Red Dead Cell Stain (Life Technologies). Cell surface stain-
ing was done for 20-30 minutes. Cells were spun down and
stained with a 1:200 final concentration of the antibodies in
50% of a 2.4G2 (Fc block) and 50% of a FACS Buffer (PBS
+ 1% FBS, 2mM EDTA) for 15 min. Flow cytometric ana-
lyses were performed to determine the percentage of apopto-
tic cells. Cells suspended in PBS containing 1% FBS were
incubated with anti-mouse antibody against Annexin V-FITC
and PI for 20 min at room temperature in the dark and then
evaluated using a flow cytometer. All flow cytometry ana-
lyses were performed using an LSRFortessa (BD
Biosciences) or an LSR-II (BD Biosciences). The flow data
were analyzed using FlowJo v.10 (Tree Star, Inc.).

Pharmacokinetic Parameters and

Biodistribution in vivo

At different points in time, post injection of the Au-Pt
NPs, 20 puL of blood was drawn from the right orbital
venous plexus for the Inductively Coupled Plasma
Optical Emission Spectrometer (ICP-OES) analysis. The
ICP-OES signals in blood samples were measured using
a gamma counter. At 24 h post injection, the mice were
sacrificed, and all major organs and tumors were col-
lected. Then, fluorescence of organs and tumors were
measured using a gamma counter. In vivo CT imaging,
100 puL of PBS and 100 pL of Au-Pt NPs (20 mg/kg)
were injected into the tumor site in situ. Mice were
anesthetized and scanned using a Philips CT imager. CT
images were obtained from the Philips 256 CT scanning
system.
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Antitumor Efficacy in vivo

The 4T1 tumor-bearing BALB/c mice were randomly
allocated to four groups: (a) control group (PBS); (b) Au-
Pt NPs; (c) X-ray; (d) Au-Pt NPs + X-ray. When the tumor
volume reached 60 mm? at 24 h post-injection of PBS and
Au-Pt NPs (20 mg/kg), the mice were exposed to X-ray (8
Gy). The tumor sizes and weight were recorded every
other day after treatment. The mice were defined as dead
when the tumor volume exceeded 1000 mm® (Volume =
length*width?/2). These mice were sacrificed on day 16 to
collect the tumors for the hypoxia staining and crucial
organs for the hematoxylin & eosin (H&E) staining.

The tumor tissues were removed for the frozen section.
The sections were incubated overnight with an anti-
pimonidazole mouse monoclonal antibody (100 times dilu-
tion, Hypoxyprobe Inc.). Then, an Alexa Fluo 488
conjugated goat-anti-mouse antibody (100 times dilution,
Jackson Inc.) was used as the secondary antibody to com-
bine with the primary antibody. All sections were analyzed
and imaged by CLSM (OLYMPUS).

Results and Discussion

Synthesis and Characterization

The synthesis procedures are shown in Scheme 1. The Au-
Pt NPs were synthesized through a co-reduction of H,
PtClg and HAuCl,; by L-ascorbic acid as a chelating
agent to slow down the kinetics of the reduction reaction
in a one-pot method. To improve the biocompatibility of
the Au-Pt NPs, polyethylene glycol (maleic anhydridealt-
1-octadecene) (C18-PMH-PEGs,) was used to modify it
via stacking. According to the TEM mages (Figure 1A),

./ Q C18PMH-PEG
00— —
® o
Q Au-Pt
[—— Au-Pt NPs

Scheme | Schematic illustrations for the fabrication of Au-Pt NPs and synergistic
radiotherapy by employing tumor microenvironment.

the Au-Pt NPs were uniformly dispersed and formed sphe-
rical aggregations with a diameter of about 150 + 20 nm.
The ultraviolet absorption spectrum showed that there was
no characteristic peak of Au-Pt NPs (Figure S1). The
energy-dispersive spectroscopy (EDS) elemental mapping
images (Figure 1B) showed that the Au and Pt atoms were
uniformly distributed in the spherical aggregations. Au and
Pt as high atomic number elements, would absorb, scatter,
and emit radiation energy to enhance the radiation dose
deposition at the interface of the surrounding tissue.*> The
prepared Au-Pt NPs maintained uniform dispersion and
good stability in 10% fetal bovine serum (FBS), which
indicated potential for its biological application (Figure 1C
and E). The Zeta potential of Au-Pt (—18.9 mV) and Au-Pt
NPs (—21.1 mV) were similar (Figure 1D).

More importantly, we found that Au-Pt NPs catalyzed
the reaction of H,O, to O,. After different concentrations
of Au-Pt were added to H,O, solutions (pH 6.75) the
change in the oxygen concentration was measured using
a portable dissolved oxygen meter. The oxygen content did
not change in the presence of only H,O,. However, the
oxygen production rate increased gradually with an
increase in the concentration of Au-Pt, which indicated
the excellent CAT-like activity of Au-Pt NPs (Figures 1F
and S2). Excessive reactive O, species (such as H,0,
derived by cancer cells) is one of the oxidative stresses
within the tumor microenvironment. The triggering off
hypoxia stimulates autophagy and glycolysis through
HIFla and NF«B signaling, which promotes tumor growth
and metastasis.>>¢ Increasing the decomposition of H,O,
in TME by various nanomaterials would increase the ther-
apeutic effect of treating tumors with phototherapy, che-

modynamic therapy, and radiotherapy.’’*®

In vitro Enhanced Radiotherapy

According to the MTT assay, the Au-Pt NPs exhibited
negligible toxicity to human umbilical endothelial vein
cells (HUEVC) and 4T1 cells at different concentrations
of Au-Pt NPs at 24 h after treatment (Figure 2A).
Furthermore, X-Rays alone (0—4 Gy) also exhibited lim-
ited toxicity to HUEVC cells and 4T1 cells (Figure 2B).
On the other hand, the results showed that cells cultured
without Au-Pt NPs exhibited excellent viability after
irradiation with X-rays. The MTT assay revealed that Au-
Pt NPs are an excellent radiosensitizer for X-ray-
triggered in vitro cancer RT (Figure 2C). The relative
cell viability of the 4T1 cells after irradiation and 24
h after treatment with Au-Pt NPs decreased greatly
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Figure | The schematic procedure and characterization of Au-Pt NPs. (A) TEM image, (B) the high-angle annular dark-field scanning transmission electron microscopy
(HAADF-STEM) and elemental mapping images, (C) Hydrodynamic diameters of Au-Pt NPs in 10% FBS and PBS measured by DLS, (D) Zeta potential of Au-Pt NPs, (E)
Hydrodynamic diameters of Au-Pt NPs 10% FBS and PBS at different times, (F) Oxygen generation in H,O, solution (3.2 mM) with different concentrations of Au-Pt NPs at

pH 6.75.
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Figure 2 Relative cell viability of HUEVC cells and 4T | cells treated with Au-Pt NPs (A) and irradiation (B) for 24 h. (C) Relative cell viability of 4T cells after irradiation
for 24 h treated with Au-Pt NPs. (D) Clonogenic cell survival curve was generated for 4T cells. (E) Representative immunofluorescence images of phosphorylated H,AX

(YH2AX) in 4T cells after irradiation for 24 h treated with Au-Pt NPs.

compared to X-Ray treatment alone. When combined
with Au-Pt NPs treatment, the relative cell viability of
groups irradiated with X-rays (4 Gy) decreased to 45%
(with 100ug/mL Au-Pt NPs) and 22% (with 200ug/mL
Au-Pt NPs). The colony formation assay revealed that at
the same X-ray irradiation intensity, the clone formation

numbers were reduced in the presence of Au-Pt NPs,
which demonstrated its enhanced antigrowth effects
(Figure 2D). The double-strand DNA breaks were eval-
uated by y-H2AX staining because these breaks are con-
sidered to be the major cause of X-ray induced cell
death.*® Low signals of the y-H2AX foci were detected

International Journal of Nanomedicine 2021:16

submit your manuscript

243

Dove


http://www.dovepress.com
http://www.dovepress.com

Yang et al

Dove

for cells incubated with PBS and Au-Pt NPs alone. In
contrast, a higher level of DNA damage was observed for
cells irradiated with X-rays. However, cells irradiated
with X-rays and treated with Au-Pt NPs appeared to
have a higher level of DNA damage, which was further
evidencing of the radio-sensitizing function of our nano-
particles (Figure 2E). All of these assays indicated that
the cooperation of Au-Pt NPs and irradiation with X-rays
can inhibit the proliferation of cancer cells.

Furthermore, the pathways of cell death were assessed
using live/dead dye and the Annexin V-FITC Apoptosis
Detection Kit. The 4T1 cells were stained with live/dead
dye as described in the surface marker staining protocol
above. The signals of the PI (red) showed a dramatic
increase in tumors injected with Au-Pt NPs and irradiated
with X-rays compared to the tumors treated with FBS and
Au-Pt NPs alone (Figure 3A). A flow cytometry-based
apoptosis assay was performed to determine whether there
is synergy between the Au-Pt NPs and X-rays in affecting
apoptosis. The apoptosis/necrosis of the 4T1 cells treated
with PBS, and X-rays were about 9.12% and 25%, respec-
tively. The apoptosis/necrosis of the combination therapy
group was more than 37%. Our results showed that Au-Pt
NPs significantly affect apoptosis of 4T1 cells treated with
X-rays compared with the control groups (Figure 3B and C).

PBS Au-Pt NPs

A

PBS X-Ray

Pharmacokinetics and Biodistribution

At different points in time post the intravenous injection
(i.v.) of Au-Pt NPs, mouse blood samples were collected
and the radioactive counts measured (Figure 4A). The nano-
particles were demonstrated to have a long blood circulation
half-life (t;, = 0.5 h). The ICP-MS signals were observed in
many organs, especially in the liver of mice, because of the
clearance of the nanoparticles by the reticuloendothelial
system (RES) (Figure 4B). The tumor uptake of the Au-Pt
NPs was determined to be 6.5% ID/g at 24 h post injection.
We used CT imaging to study the in vivo behaviors of the
Au-Pt NPs because they exhibited the ability to be detected
with CT fluorescence imaging (Figure S3). Mice bearing
4T1 tumors were thus injected intravenously with Au-Pt
NPs, then imaged with a CT imaging system. The time-
dependent increase of the CT signals (Figure 4C) was
observed in the tumor after the intravenous injection with
Au-Pt NPs, which indicated the efficient uptake of Au-Pt
NPs by the tumor because of the EPR effect.

In vivo Enhanced Radiotherapy

Since catalase has the ability to decompose H,O, to H,
O and O,, we assessed the ability of Au-Pt NPs to reduce
tumor hypoxia in vivo using an immunofluorescent stain-
ing assay (Figure 5A). Four h post injection of different

X-Ray

Au-PtNPs + X-Ray

1
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Figure 3 (A) LIVE/DEAD staining of 4T | cells by staining with FDA (green) and Pl (red) after different treatments (scale bar: 200 um). (B, C) Flow cytometric analysis of the
apoptosis of 4T cells by staining with Annexin V-FITC and Pl after different treatments (*P < 0.01).
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Figure 4 (A) Inductively Coupled Plasma Optical Emission Spectrometer (ICP-OES) analysis of Au-Pt NPs after tail intravenous injection for different times. (B) Organ
biodistribution according to ICP-OES signal (N = 3 animals) with Au-Pt NPs. Data represent mean * s.d. (C) The thermal images of 4T| tumor bearing mice with injection of

Au-Pt NPs for different times.

nanoparticles, BALB/c mice bearing CT26 tumors were
sacrificed and their tumors were collected for immuno-
fluorescence staining. The signals of the hypoxia-probe
(pimonidazole) showed a dramatic decrease in tumors
injected with Au-Pt NPs because of the decomposition of
H,0, that generated O, in the tumor microenvironment by
the catalase loaded inside the nanoparticles. By contrast,
similar to the untreated tumors, tumors from mice treated
with X-rays only exhibited large hypoxic areas.

Inspired by the eminent lethality of cancer cells in vitro
because of the Au-Pt NPs, the therapeutic efficacy on tumor-
bearing mice was then studied. The 4T1 tumor-bearing
BALB/c mice were randomly allocated to four groups: (a)
control group (PBS); (b) Au-Pt NPs; (¢) X-ray (8Gy); (d) Au-
Pt NPs + X-ray. When sacrificed on day 16, the tumors of the
mice from the four groups demonstrated that the size of the
tumors in the mice treated with Au-Pt NPs was smaller than
in any of the other groups (Figure S4). Compared to X-ray
treatment alone which resulted in only partly delayed tumor
growth (Tumor volume: 459.5+76.09 mm?®, Tumor weight:
0.3065+0.049 g), treatment with Au-Pt NPs, at the same level
of irradiation with X-rays, resulted in about a twofold
increase in the inhibitory effect on the growth of the tumor
(Tumor volume: 231.7+63.35 mm>, Tumor weight: 0.1662
+0.032 g) (Figure 5B and C). In addition, the mice treated
with Au-Pt NPs exhibited no loss of body weight, which
indicated that there were almost no short-term side effects
(Figure 5D). Moreover, the H&E staining of the main organs

from the mice showed no pathological change, which indi-
cated that there was no poisoning of the organisms (Figure
S5). In addition, the H&E staining was conducted to inves-
tigate any morphological changes and apoptosis of the cancer
cells in the different treatment groups. As illustrated in Figure
5E, we found that a large number of morphological changes
and apoptosis of the cancer cells were dispersed throughout
the whole tumor tissue from mice treated with Au-Pt NPs
(Figure SE). Taken together, the Au-Pt NPs amplified the
killing effect of X-rays, which lead to the effective suppres-
sion of tumor growth without any distinct damage to sur-
rounding non-tumor tissues.

Conclusions

In summary, we developed Au-Pt NPs via a simple method
that simultaneously possesses metal nanoparticle mediated
radio-sensitization, and enzyme catalytic activities.
A general mechanism in nanoparticle-based radiotherapy
was uncovered in that heavy metal NPs possesses a high
X-ray photon capture cross-section and Compton scattering
effect which escalated the damage of DNA in tumor cells.
Furthermore, our Au-Pt NPs increased the decomposition of
H,0, in TME and improved the anoxic status of the tumors
treated with X-rays and enhanced the efficacy of radiother-
apy. More importantly, in vitro, and in vivo data showed that
Au-Pt NPs could effectively inhibit tumor growth with no
significant side effects on normal tissues and organs.

Therefore, our work developed a low toxicity novel
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Figure 5 (A) Representative immunofluorescence images of tumor slices after hypoxia staining (scale bar: 100 um). The hypoxia areas were stained by anti-pimonidazole
antibody (green, FITC). (B) Relative tumor volume after various treatments indicated. (C) Tumor weight of sacrificed mice at Day 16 (*P< 0.01). (D) Change curves for the

body weight of mice. (E) H&E staining of tumor tissues at Day 16 (scale bar: 100 um).

radiosensitizer for enhanced tumor radiotherapy via attenua-
tion of hypoxia. All completed clinical trials have demon-
strated the safety of gold-based nanomaterials.*’ In a recent
clinical trial, gold-silica nanoshells (GSNs) were designed
and used for ablating prostate tumors in patients without any
obvious treatment-related side effects.*' Our findings further
highlight the great potential application of Au-Pt NPs in the
future clinical treatment of cancers.
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