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Photothermal therapy (PTT) based on nanoparticle had been widely used to antitumor treatment. However, low
photothermal conversion efficiency (PCE) is the main hurdle for antitumor treatment. To improve the PCE and
gain ideal clinical the nanoparticle with higher photothermal conversion efficiency, we have developed a highly
efficient solar absorber with MoSy/LaFs/ polydimethylsiloxane(PDMS) which can enhance the absorption of
solar irradiation engergy, however, its photothermal effect irradiated by near-infrared light has not yet been
investigated. The knowledge absence in photothermal effect will impede MoSy/LaF3/PDMS to be used for cancer
therapy in clinic. In this study, we applied LaFs-loaded, MoSy-based photothermal conversion agents (PTAs) for
improved photothermal cancer therapy. The study showed that the MoSy/LaFs; nanoflowers showed higher
photothermal conversion efficiency (PCE, 42.5%) and could more effectively inhibit cancer cell proliferation
compared to MoSy-based PTT agents in vitro. In vivo, the results further revealed that photothermal therapy using
MoSy/LaFs nanoflowers could significantly inhibit solid tumor growth. The study clearly demonstrated that
MoSz/LaFs could work at under low power NIR Laser in vitro and in vivo, resulting in a very impressive thera-
peutic effect in tumor-bearing mice. The MoSy/LaF3 nanoflowers will be prominent candidate nanoparticle for
effective inhibiting tumor growth by photothermal therapy.

1. Introduction

Cancer therapy is still facing an ordeal challenge in worldwide.
Although cancer classical therapies, including chemotherapy, surgery
and radiotherapy are available, these treatments have been impeded by
serious side effects on immune system and bone marrow hematopoietic
function [1-4]. Recently, photothermal therapy (PTT) with a new
minimally invasive therapy and low side effects has attracted much
attention in matching classical therapy of cancer [5-7]. The studies had
demonstrated that photothermal conversion agents (PTAs) can Kkill
tumor cell by converting the absorbed near-infrared (NIR) light into heat
and producing localized hyperthermia to antitumor in vitro and vivo
[8-15]. As one of a focused nanomaterials with strong NIR photothermal
absorption, excellent stability and biocompatibility, molybdenum di-
sulfide(MoS2) nanosheets with a smaller size and PEGylation
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modification has showed enhanced photothermal conversion efficiency
and used as PTAs MoS,. However, low photothermal conversion effi-
ciency (PCE) is the main hurdle for MoSy-based PTAs [16-21]. To
improve the PCE, nanoparticle modification, such as plasmic noble
metals, polymers and semiconductors have been used as surface modi-
fication materials of the MoSy-based PTAs [21-24]. Among these
various compositions, the integration of semiconductors with plasmic
noble metals could significantly enhance light absorption capacity and
amplify its optical and electrical performance [25-31].

We have developed a highly efficient solar absorber with MoSy/
LaFs/ polydimethylsiloxane(PDMS) [32]. The evaporation rate of the
solar evaporation device was 1.76 kg m~2h ! under the solar irradiation
of 0.1 W ecm™ 2. We demonstrated that the combination of solid elec-
trolyte and semiconductor could improve the solar light absorption ca-
pacity and light-to-heat conversion capacity of the material [32].
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MoS,y/LaF3/PDMS can enhance the absorption of solar irradiation
engergy, however, its photothermal effect irradiated by near-infrared
light has not yet been investigated. The knowledge absence in photo-
thermal effect will impede MoSy/LaFs/PDMS to be used for cancer
therapy in clinic. In this study, we applied LaFs-loaded, MoS,-based
PTAs for improved photothermal cancer therapy. The LaFs-loaded MoS,
nanoflowers showed enhanced photocytotoxicity of cancer cells in vitro
as compared to MoSsy nanoparticle. Furthermore, PTT results in vivo
antitumor efficacy confirmed the great therapeutic potential of
MoSs/LaFs. Therefore, our study clearly demonstrated that MoS,/LaF3
could work at under low power NIR Laser in vitro and in vivo, resulting in
a very impressive therapeutic effect in tumor-bearing mice. The exper-
imental process was illustrated in Scheme 1.

2. Experimental section
2.1. Materials

Lanthanumnitrate (La(NOs)3-nH50), Polyvinylpyrrolidone (K30)
and Molybdenum (VI) dioxide bis(acetylacetonate) (C10H;4Mo0QOg) were
purchased from DingGuo Biotechnology Co., Ltd. D-Cysteine (99.0%), 3-
(4, 5- Dimethylthiazol- 2-yl)- 2, 5-diphenyltetrazolium bromide (MTT)
were bought from Sigma-Aldrich Inc. Penicillin (100 IU/mL) and
streptomycin (100 IU/mL), Calcein-AM/PI Double Staining Kit, RPMI-
1640 cell culture medium and Fetal Bovine Serum (FBS) were from
Gibco. Hela cervical cancer and H22 hepatoma cell line were purchased
from Bio-Rad Life Sciences Development Co. Ltd. (Beijing, China). 6-8
week female BALB/c mice with certificate No. 2016-0001 in conformity
with SCXK were purchased from Experimental Animal Center, Medical
College of Norman Bethune (Changchun, China).

2.2. Synthesis of the LaFs nanoparticle

Both 1.2 mmol La (NO3)3 and 0.778 pg polyvinylpyrrolidone (K30)
were put into 18 mL ethylene glycol. Then, 3.6 mmol of NH4F solved in
12 mL of ethylene glycol with stirring for 0.5 h. After continuously
stirring, the formed mixture was removed into a stainless steel reactor
and sealed tightly at 200 °C for 2 h. The suspensions were purified by
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centrifugation and dispersed in ethanol. For the preparation of MoSy/
LaF3 nanoflowers, 0.088 mol of LaF3 nanoparticle was solved in 30 mL
water and mixed with 8 mmol of D-Cysteine. 4 mmol of C;0H;4Mo0QOg
and 1 mL of Hexamethylene imine were dissolved in 30 mL ethyl ace-
tate. Then, the two solutions were mixed and placed in the stainless steel
reaction kettle at 180 °C overnight. The nanocomposite was purified
with DI water and ethanol.

2.3. Characterization

The final product was evaluated with Bruker D8 Advance XRD. SEM
pictures weregotten by an FEI Tecnai G2-Twin electron microscope.
TEM images were gained by a JEM-2100 F electron microscope. The UV-
Vis-NIR spectra were tested by a Shimadzu UV-2550. The Raman mea-
surements were performed by the HORIBA T64000.

2.4. Photothermal conversion properties test

To explore the photothermal effects, MoSy/LaF3 nanoflowers with
different concentrations were measured by laser irradiation (808 nm
NIR, 1.2 W cm™2). The photostability of MoSy/LaF; nanoflowers was
examined for five laser on-off cycles. The volume for each experiment
was 500 pL. The PCE was calculated by the equation as follows:

N=[hS(Tmax-Tsur)-Qol/[I(1-10")]"

In equation, S is the surface area and h is the heat transfer coefficient.
Tmax is the equilibrium maximum temperature, Tgy is the surrounding
temperature. Qo is the heat absorption of water; I is the laser power
density (1.2 W cm™2), and A is the optical density of MoSy/LaF; nano-
flowers at 808 nm.

2.5. Hemolysis test

Fresh red blood cells (RBCs) were kept in a venous blood specimen
collection test tube. RBCs were washed with PBS several times via at
2500 rpm for 10 min. The RBCs were diluted in PBS buffer (1:10 V/V).
Then, 200 pL of diluted whole blood was mixed with 800 pL of the
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Scheme 1. Scheme representation of the construction of LaFs; nanoparticle decorated MoS, nanoflowers as a NIR photothermal therapy.
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sample solution and incubated for 3 h. The deionized water mixture was
positive control, and the PBS buffer mixture was negative control. Af-
terward, all samples were isolated at 2500 rpm for 10 min, and then, the
supernatants were tested at 516 nm by an automatic microplate absor-
bance reader. The hemolysis ratio was recorded as the following
equation:

Hemolytic rate = (ODsample-ODnegative
'ODnegative sample) x 100% [33].

sample)/ (ODpositve sample

2.6. In vitro cytotoxicity detection

MTT was used to quantitative analysis the cytotoxicity of MoSy/LaF3
nanoflowers and its phototherapy antitumor effect. Cancer cells (Hela
cell line) seeded into 96-well and cultured for 24 h. The medium was
replaced with fresh culture medium containing serial concentrations of
MoSy/LaFs nanoflowers were added into each well. For phototherapy
antitumor test, the cells were treated by 808 nm NIR for 5 min
a.2w cm’z), these cells were cultured for 24 h and then added by
20 pL of MTT (5 mg/mL) in PBS. The cells were further incubated for 4 h
and generated MTT formazan. The formazan crystals in 96-well were
dissolved in DMSO (150 pL) for 15 min. The samples were determined at
610 nm on a microplate absorbance reader.

To further study the PTT effect of MoS,/LaF3 nanoflowers on tumor
cell, Fluorescence staining observation was carried out using Calcein-
AM/PI kit. Hela cells at a density of 1 x 10> were seeded into 24-well
plate. Different concentrations MoS,/LaFs nanoflowers dispersed in
RPMI-1640 was cocultured with cells for 6 h. Then, the NIR irradiation
1.2 Wcm’z) was conducted on cells for 5 min. For Calcein-AM/PI
imaging, the samples were isolated and tested with a calcein-AM/PI
kit. Fluorescent images were taken by confocal microscope.

2.7. Photothermal therapy in vivo

H22 hepatocellular carcinoma cells were harvested and resuspended
in the PBS. H22 hepatocarcinoma cells (1 x 10° cells per mouse) was
injected on BALB/c mice by subcutaneous injection. When the tumor
size reached ~350 mm?®, tumor-bearing mice were separated into four
groups (n =4): PBS group, PBS with irradiation group, MoS,/LaF3
nanoflowers group and MoSy/LaF3 nanoflowers with irradiation group
(808 nm, 1.2 W cm’2,10 min) were injected subcutaneously with the
dosage of a 250 pg mL~. Thermal imaging was monitored by Fluke-
Ti10. Volume (mm?®) = (L*W?)* 0.5 (I and W defined the length and
width, respectively) tumors were measured every two days after irra-
diation. The BALB/c mice were euthanized at the end of two weeks. The
tumors and the major organs were excised and sliced for histology
research.
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3. Results and discussions
3.1. Synthesis and characterization

Scheme 1 demonstrated the synthesis of MoS,/LaF3 nanoflowers as a
NIR photothermal agent for antitumor. (i, ii) Self-assembly of MoS; with
LaF3 nanoparticle hierarchical nanostructure. (iii) injection of the MoSy/
LaF3 nanoflowers to the tumor. (iv) NIR-trigged antitumor phototherapy
in vivo.

TEM observations showed the morphology and structure of the
nanocomposite. Ultrathin MoS,/LaF3 nanoflowers were overlapped and
curled (Fig. 1a). Fig. 1b showed that the LaF3 nanoparticle was modified
on a thin MoS; layer and looked blurred and dark. From Fig. 1c, the
lattice fringes of MoSz nanosheet and LaFs nanoparticle could be
observed. LaF3 exhibited an interlayer distance of (113) planes of
0.251 nm and (220) planes of 0.273 nm. These results revealed a well-
defined crystal structure, suggesting that the decoration of LaF3 nano-
particle on the surface of MoS; nanosheet.

SEM result confirmed that MoS,/LaF3 nanoflowers had hierarchical
flowerlike structures (Fig. 2a-b). The nanoflowers presented a nano-
flakes assembly structure in the range of 310 — 810 nm size diameter
and assembling to form clusters. The magnification view in Fig. 1b
showed that the hierarchical nanoflower consisted of ultrathin nano-
flakes that thickness was less than 12 nm. XRD result in Fig. S1 indicated
successful synthesis crystalline structure of MoS,/LaF3 nanoflowers. The
characteristic peaks of sample LaF3 at the as-prepared showed diffrac-
tion peaks at 27.511 and 44.747 matched with (113) and (111) of a
hexagonal LaFs (JCPDS 32-0483). No other impurity peaks were
observed. Simultaneously, two diffraction peaks of layer-expanded
MoS; appeared in the low-angle region corresponding to the (001)
and (002) reflections. From the Raman spectra of MoS;, one charac-
teristic Raman peak of 376 cm ™! was observed. The peak corresponded
to the E!5 g modes of 2 H-MoS,, which was indicated as an opposite
vibration between two S atoms and one Mo atom [34]. No shift was
observed in Raman spectra of MoSy/LaF3 nanoflowers (Fig. S2). In the
UV—vis spectrum (Fig. 3a), MoS,/LaF3 nanoflowers also displayed the
same absorption peak of MoS,. These results indicated that LaF3 depo-
sition did not alter the crystal phase of the MoS; nanoflowers, such
assembled structures enhanced NIR absorbance, because of the increase
in optical path length and the improvement irradiation time.

3.2. Photothermal conversion effect

To investigate the photothermal effect of MoSy/LaF3 nanoflowers in
vitro, MoS,/LaF3 nanoflowers at different concentrations (0 —1 mg/mL)
were subjected to 808 nm irradiation at 1.2 W cem™2 for 300s. In
contrast to the water control, MoS,/LaF3 nanoflowers concentration
varied from 31.25 to 1000 pg/mL. Its maximum temperature increased

Fig. 1. Typical TEM image(a) and HRTEM image of MoS,/LaF3 nanoflowers(b-c).
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Fig. 3. (a) UV-vis spectra of MoS, and MoSy/LaFs. (b) Temperature elevation profiles of MoS,/LaF; nanoflowers (500 pg mL™1) with different power density
(0.6-1.4 W cm ™ 2). (¢) Temperature elevation profiles of MoSy/LaF3 nanoflowers with different concentrations (31.25-1000 pg mL 1) under irradiation of 808 nm
laser (1.2 W cm™~2) for 300 s (d) The photothermal stability of MoS,/LaF3 nanoflowers (500 pg mL™!) over five ON/OFF cycles under irradiation of 808 nm laser
(1.2 W cm ™2, 300 s), followed by natural cooling. (e) Photothermal effect of MoS,/LaF3 nanoflowers (500 pg mL 1Y) under NIR irradiation (808 nm, 1.2 W cm~2) for
300 s and natural cooling. (f) The time constant for heat transfer of MoS,/LaF3 nanoflowers obtained cooling time from (c).

from 41.6 °C to 77.9 °C after 300 s laser exposure, the results revealed a
concentration-dependent temperature increase (Fig. 3c). The photo-
stability of MoS,/LaF3 nanoflowers (500 pg/mL) was also studied dur-
ing five cycles (1.2 W cm ~2) NIR laser irradiation. Almost no
appreciable temperature change could be observed in Fig. 3d. The
photostability result confirmed that the MoSy/LaF; nanoflowers
possessed good photothermal stability and were suitable for photo-
therapy in vitro and in vivo. To calculate PCE, the MoSy/LaFs nano-
flowers (250 pg/mL) was evaluated by measuring the temperature
under NIR laser, depicted in Figs. 3e-3f. By the method reported by
Roper [35], PCE () of MoSy/LaFs nanoflowers was calculated as
342.5%. The comparison of the temperature change curve in the same
situation, MoSy/LaF3 nanoflowers showed higher PTT effects in vitro
(Fig. S3). When the proportion of LaFs3 further increased, the PCE was
improved, it suggested that the amount of LaF3 regulated MoSz-based
nanocomposite PTT effects (Fig. S4). Previous studies showed that

27.8% of PCE for single layered MoS, nanosheets [36] and 37.5% for
MoS; nanoparticle [37]. MoSy acted as a material for biomedical ap-
plications. However, the high surface energy of a few layers of nano-
sheets tend to inevitably stack and aggregate, which limits the
application severely. LaF3 decrease interface electron scatting and in-
crease high electron mobility, meanwhile, LaF3 nanoparticles binding on
surface of MoS, nanosheets improved the MoS; nanosheets colloidal
stability and biocompatibility. Consequently, MoSy/LaF3; nanoflowers
can quickly reach a higher temperature at low dose in a short time, thus
can induce tumor cells death while minimizing damage to healthy cells.

3.3. Photothermal effect assay in vitro

The cell viability is an indispensable requirement for MoS,/LaF3
nanoflowers photothermal therapy. Hela, human cervical cancer cells,
was used to access the safety and efficacy of PTAs in vitro antitumor. The
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MTT assay was used to quantify tumor cell proliferation ability.
Compared with control group (blue and green), MoS,/LaF3 nanoflowers
with NIR group exhibited killing tumor cell (Fig. 4a). It was noted that
MoSy/LaF3 nanoflowers with NIR at 250 pg/mL inhibited tumor cell
viability significantly. Meanwhile, from Fig. 4a, even concentration as
high as 1000 pg/mL and the cell viability of MoSy/LaF3; nanoflowers
group maintained around 95%. The cell viability showed no apparent
change with increasing MoSy/LaF3 nanoflowers concentrations without
NIR. MoS,/LaF3 nanoflowers hence appeared to be very biocompatible.
It is necessary to investigate the hemocompatibility of MoSy/LaFs
nanoflowers. Before the test in vivo, we needed to confirm the blood cell
compatibility of MoSy/LaF3 nanoflowers by suspending RBCs in
different concentrations of the nanocomposite. From Fig. 4b, no depo-
sition of undamaged cells could be found in the water-treated sample
after centrifugation, except for hemoglobin releasing from the damaged
cells into the water. In contrast, the MoS,/LaF3 nanoflowers treated
samples exhibited the precipitation of red cells without obvious hemo-
lytic phenomenon occurring. The hemolysis ratio of MoS,/LaF3 nano-
flowers was less than 5%, further implying MoS,/LaF3 nanoflowers had
excellent compatibility. Low cytotoxicity and good blood compatibility

Colloids and Surfaces B: Biointerfaces 214 (2022) 112462

in vitro allowed MoS,/LaF3 nanoflowers to test in vitro. We also explored
the capability of the MoS,/LaF3 nanoflowers in photothermal effects on
killing tumor cell. Fluorescence imaging was conducted to test the PTT
effects in vitro. Hela cells were co-labeled with Calcein-AM/PI. This
permitted us to identify between dead cells (red) and live cells (green).
In addition, the early stage of apoptosis cells showed yellow fluores-
cence(Fig. 4c). Live cells were significantly found in PBS groups, MoS;
and MoS,/LaF3 nanoflowers without NIR irradiation. Cells treated with
MoS; showed a small amounts of cell death, surrounded by the early
stage of apoptosis cells and living cells. The results suggested that the
photothermal effect of MoS; alone could not completely kill those cells
under this condition. The reason could be attributed to the lower PCE (1)
of the MoS; (Fig. S4). In comparision, the highest number of dead tumor
cells was observed at 250 pg/mL of MoSy/LaF3 nanoflowers with NIR
laser irradiation treatment (Fig. 4c). These in vitro results suggested that
the improvement of photothermal therapy MoS; decorated with LaFg
was better and would be benefits for PTT in vivo.
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Fig. 4. (a) The cytotoxicity of Hela cells treated with various concentrations of MoS,/LaF3 nanoflowers; PBS NIR irradiation and the negative control of MoS,/LaF3
nanoflowers without NIR. Results in triplicate + standard deviation. (b) Hemolysis test. RBCs treated with MoS,/LaF3 nanoflowers at different concentrations for 3 h,
using DI water as negative control and PBS as the positive control. Inset: Observation Photos for of hemolysis tests comparition without centrifugation(up) and with
centrifugation (down) (c) Fluorescence imaging of Hela cells incubated with 250 ug mL~"! of MoS,/LaF3 nanoflowers, MoS, and PBS respectively, for 4 h, irradiation
of the laser (808 nm, 1.2 W cm ~2) for 300 s, without irradiation (up) and with irradiation (down). The cells were detected with calcein-AM/PI kit. Live cells (green
fluorescence) and dead cells (red fluorescence) scale bar: 100 pm test. (For interpretation of the references to colour in this figure legend, the reader is referred to the

web version of this article.)
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3.4. Photothermal antitumor therapy in vivo

H22 (hepatocellular carcinomacell) is mice grafted tumor cell lines
and widely applied to make the mouse tumor models for screening
anticancer drugs in vivo. As we know, BALB/c are usually used as grafted
mice tumor model for further photothermal effect study in vivo. Once
tumor volume was ~350 mm?, BALB/c mice were divided into four
groups, female BALB/c mice were injected subcutaneously with PBS,
PBS with NIR irradiation, MoS,/LaF3 nanoflowers and MoS,/LaF3
nanoflowers with NIR irradiation (808 nm, 1.2 W cm -2, Compared
with intravenous injection, the subcutaneous injection of nanoparticle is
prone to a relative decrease in toxicity that correlate to inflammatory
responses. Tumors were irradiated for only 10 min after PBS or MoSy/
LaF3 nanoflowers injection. Accordingly, the temperatures were simul-
taneously recorded by the Fluke thermography camera (Fig. 5a). For the
MoS,/LaFs nanoflowers group treated with NIR irradiation, the tem-
perature in the tumor site reached 62.5 °C (Fig. 5b), which was sufficient
to induce enough heat to kill the tumor cell. In vitro experiments, the
effect of MoS; photothermal killing on H22 cells was not obvious, and
there were still many live H22 cells remaining after NIR irradiation
(Fig. 4c). Therefore, MoS, group was not been established for in vivo
experiments, and the investigation of photothermal effect in mice was
mainly focused on MoSy/LaFs. Correspondingly, PBS without NIR
group, PBS with NIR group, MoS, without NIR group, and MoS; with
NIR group were established in the tumor inhibition experiment. Thus,

a

PBS +NIR

MoS,/LaF,
+NIR
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mice treated with PBS, PBS with NIR, and MoS,/LaF3 nanoflowers
groups displayed a rapid tumor-growth; for the mice treated MoS,/LaF3
nanoflowers with NIR, the proliferation of tumors were inhibited
(Fig. 5d). It is worth mentioning, body weights of all the groups at 14
days did not show any detectable change, which proved that the MoSy/
LaF3 nanoflowers did not induce acute toxic effects (Fig. 5¢). The results
were consistent with the in vitro cytotoxicity and hemolysis assay
(Figs. 4a-4b). The tumors excised from mice were photographed
(Fig. 5e). The tumors size of MoSy/LaFs nanoflowers group with NIR
irradiation were smaller than those of other treatment groups (Fig. 5e).
These results suggested the PTT effect of MoSy/LaF3 nanoflowers are
sufficient to eradicate the tumor cell and inhibit tumor growth.

3.5. Histopathology study

To investigate the toxicity of photothermal agent in vivo, major or-
gans of the mice were isolated and stained by H&E. Compared with PBS
with NIR, and MoSs/LaF3 nanoflowers with NIR, there were no signifi-
cant histopathological damages detected in the liver, spleen, heart,
kidney, and lung (Fig. 6). In additon, MoSy/LaFs in vitro (Figs. 4a-4b)
and in vivo test results (Fig. 5¢) showed good biocompatibility. These
findings demonstrated that the MoSy/LaFs nanoflowers have good
biocompatibility and safety for photothermal cancer therapy.

In previous work, it was found that the surface temperature of
13.09 mg cm™! MoS,/LaF3/PDMS assembled membrane could increase
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Fig. 5. (a) In vivo MoS,/LaF3 nanoflowers for photothermal therapy of cancer. Tumor-bearing mice treated with PBS, MoS,/LaF3 nanoflowers, respectively. Tumor
temperature was monitored under the 808 nm NIR (1.2 W cm 2, 10 min) (b) Corresponding temperature change (c) Body weights of tumor-bearing mice after
treatment. Data were recorded as the mean + SD (n = 4) (d) Tumor growth inhibition of mice after phototherapy treatments (e) The photos of isolated tumors from

mice at the end of test.
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Kidney
s

Fig. 6. Histological images of organs from mice treated with PBS+NIR and MoS, /LaF; +NIR after PTT.

by 28°C in comparision with commercial polytetrafluoroethylene
membrane under light condition and sunlight, MoS,/LaF3/PDMS dis-
played high efficiency in evaporation rate and conversion efficiency
[32]. Based on these photothermal effects property and application, we
further applied the MoSy/LaFs in treating tumor. Both In vitro and in vivo
results showed the MoS,/LaF3 had higher heating conversion potential,
the H22, the poor differentiated hepatoma was effectively destroyed.
The tumor growth significantly inhibited. This work provided a new
efficient MoSy-based-PTT strategy with high photothermal therapeutic
efficacy.

4. Conclusions

In summary, we had successfully prepared MoSy/LaF3 nanoflowers,
which was based on LaF3 nanoparticle modified with MoSy assembly,
good water solubility and high photothermal effect for cancer therapy.
MoS,/LaF3 nanoflowers also exhibited good stability and compatibility
in biological environment. The MoSy/LaF3 nanoflowers with 42.5% PCE
can efficiently convert the absorbed NIR to hyperthermia. The safe and
effective cytotoxicity in vitro achieved by PTT was observed, indicating
that LaF3 improve the MoS;-based phototherapy. Due to the enhanced
PTT in the H22 hepatocellular tumor model, the significant cancer
treatment effect was also observed in vivo tumor growth inhibition
therapy. Overall, our results not only provided a potential PTT therapy
platform, also promoted to research on other nanomaterials with better
performance for antitumor therapy.
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