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Renal cancer is one of the most common malignancies in urological tumors; it is necessary to develop a noninvasive and highly
targeted thermal ablation method for the treatment of renal tumors. IR780 has been shown to be an effective photothermal
agent for tumor thermal ablation. This study was designed to explore the feasibility of applying hyaluronic acid-IR780
nanoparticles (HA-IR780 NPs) for targeted thermal ablation of renal tumors using an in situ renal tumor model. The size of the
nanoparticles was 172 ± 8:2 nm; it showed a stable spherical nanostructure with good monodispersity. HA-IR780 NPs showed
high photothermal efficiency, with the 20 μg/mL HA-IR780 NPs showing a maximum temperature increase of 24.5°C with
6min of 808 nm laser irradiation. NIR imaging showed that the nanoparticles exhibited targeted accumulation in renal tumor
tissues. The treatment efficacy of the HA-IR780 NPs showed that renal tumors treated with the HA-IR780 NPs and laser
irradiation were effectively ablated. Our results showed that the HA-IR780 nanoparticles that mediated the photothermal effect
could generate tumor-specific heat for the destruction of a renal tumor in a minimally invasive way, which provides a novel
strategy for thermal ablation of renal tumors.

1. Introduction

Renal cancer is one of the most common malignancies in
urology. Radical nephrectomy and nephron-sparing surgery
are the major treatments for renal cancer [1–5]. In recent
years, radiofrequency ablation (RFA) has been widely used
in the treatment of renal tumors, due to its minimally
invasive and high treatment efficiency. RFA is a process
where needle electrodes are placed in the tumor tissues; the
radiofrequency energy was output by the needle to generate
heat with a local temperature of 95~100°C and damage the
tumor lesions [6–9]. RFA has many advantages when
compared with traditional surgery, but it also has many
disadvantages: nonuniform heat production in the tumor,
tumor dissemination through the RFA catheter, and adjacent
organs damaged by high temperature [8, 10]. Therefore, it is

necessary to develop a noninvasive and highly targeted ther-
mal ablation method for the treatment of renal tumors.

Photothermal therapy (PTT) is an effective method for
treating tumors; photosensitizers can generate heat during
laser irradiation, efficiently killing tumor cells and resulting
in the ablation of tumors [11, 12]. When compared with
radiofrequency ablation, photothermal therapy can uni-
formly generate heat at targeted tumor sites, is noninvasive,
and provides a new strategy for thermal ablation of renal
cancer [13–16]. Hyaluronic acid (HA) is one of the compo-
nents in the human body and plays an important role in
modulating the immune system and scavenging ROS. HA
has good water solubility, biodegradation, low toxicity, and
low immunogenicity; it is a good carrier for drug delivery
[17–24]. IR780 is a lipophilic, cationic small molecule near-
infrared (NIR) photosensitive agent that belongs to the
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near-infrared heptarchy cyanine dye group and has a molec-
ular weight of 667Da; it also can generate heat under NIR
laser irradiation [25, 26].

In this study, we prepared hyaluronic acid-IR780 nano-
particles (HA-IR780 NPs) (shown in Scheme 1) using
hyaluronic acid as the carrier according to our previous
reports [15]. We characterized the HA-IR780 NP nanoparti-
cles by dynamic light scattering (DLS), transmission electron
microscope (TEM), and UV-visible spectrophotometer. The
NPs were irradiated with an NIR laser to investigate its
photothermal properties. The cellular uptake of the NPs in
renal cancer cells was performed, and photothermal toxicity
of the HA-IR780 NPs in renal cancer cells was also investi-
gated. We established a stable orthotopic renal tumor model,
the biodistribution of the NPs was observed by NIR imaging,
and the antitumor efficacy of the HA-IR780 NPs in the
orthotopic renal tumor model was evaluated.

2. Materials and Methods

2.1. Materials. The following were the materials used: IR780
(Sigma-Aldrich, USA), 1-ethyl-3(3-dimethylaminopropyl)
carbodiimide (EDC), N-hydroxysuccinimide (NHS), amino
thiophenol (ATP) (J&K Scientific Ltd., China), hyaluronic
acid (Mw = 10 kDa) (Nanjing Sunlida Biological Technology
Co., Ltd., China), cell counting kit-8 (CCK-8) (Dojindo Lab-
oratories, Japan), N,N-dimethylformamide (DMF), and
formamide (Shanghai Lingfeng Chemical Reagent Co., Ltd.,
China). All of the Balb/c mice (male, 6~8 weeks, 18~20 g)
were from Yangzhou University Medical Center.

2.2. Preparation of the HA-IR780 NPs. For the preparation
method of HA-IR780 NPs, refer to our previous report [15].
Briefly, the mixture of 4-aminothiophenol (15μmol) and
IR780 (7.5μmol) dissolved in DMFwas stirred at room temper-
ature overnight to obtain IR780-NH2. Then, NHS (50μmol),
EDC (50μmol), and HA (5μmol) were dissolved in formamide
solution to get HA-NHS ester. The mixture of HA-NHS ester
and IR-780-NH2 (IR780 : HA = 1mol : 1mol) was stirred at
room temperature overnight to get amphiphilic HA-IR780
conjugates. The unreacted IR780 was removed by using
Sephadex LH-20 (GE Healthcare). Finally, HA-IR780 conju-
gates were dispersed in PBS to obtain the HA-IR780 nano-
particles. The nanoparticles were purified using an
ultrafiltration membrane (molecular weight ~30 kDa) to
remove the free small molecules; then, the nanoparticles were
filtered through a filter membrane (0.22μm). Finally, the
HA-IR780 NP dispersions were stored at 4°C.

2.3. Characterization of the HA-IR780 NPs. TEM (Hitachi H-
7650) and DLS (Brookhaven Instruments Corporation, USA)
were used to measure the diameter and morphology of the
HA-IR780 NPs. The average diameter of HA-IR780 NPs in
PBS (pH 7.4, 37°C) at different time points was measured
by DLS to investigate its stability. The UV-vis spectra
(UV2450, Shimadzu Corporation) of HA-IR780 NPs were
also measured. The HA-IR780 NPs (5, 10, and 20μg/mL)
were irradiated with the NIR laser (808 nm, 1W/cm2) to
investigate its photothermal properties.

2.4. In Vitro Cellular Uptake Behaviour of the HA-IR780 NPs.
The renal cell lines (RENCA) were cultured in medium (1640
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Scheme 1: The synthetic process of HA conjugates.

2 Journal of Nanomaterials



Gibco medium, 10% foetal bovine serum, 1% streptomycin,
and 1% penicillin) in a CO2 incubator at 37

°C. To evaluate
the cellular uptake of HA-IR780 NPs, the cells were seeded
in a 12-well compartment glass (2 × 104/well). After culturing
for 24 h, the medium was replaced with fresh medium con-
taining the HA-IR780 NPs (2μg/mL). Then, the medium
was removed, and cells were washed with PBS after 3 h of
coincubation. Subsequently, cells were fixed with 4% parafor-
maldehyde, and the cell nucleus was stained with DAPI. The
fluorescence (DAPI and IR780) in the cells was observed using
a confocal laser scanning microscope (CLSM, Leica TCS SP5,
Germany; emission: 700~800nm, excitation: 633nm).

2.5. Photothermal Toxicity of the HA-IR780 NPs In Vitro. To
evaluate the photothermal cytotoxicity of the HA-IR780 NPs
with NIR laser irradiation, the RENCA cells were seeded in a
96-well compartment glass (1 × 104/well). After culturing for
24 h, the medium was replaced with fresh medium contain-
ing different concentrations of HA-IR780 NPs. Then, the
medium was removed after 3 h of coincubation, cells were

washed with PBS, and the fresh medium was added. Subse-
quently, the cells were irradiated with the NIR laser
(808 nm, 1W/cm2) for 2min. After culturing for 24 h, the
CCK-8 assay was performed to evaluate the cell viability.

2.6. The Establishment of an Orthotopic Renal Tumor Model
in Mice. Balb/c mice were used according to the protocols
approved by the Nanjing University Laboratory Animal Cen-
ter. Briefly, 0.2mLRENCAcells (1 × 107) in PBSwere injected
into the right flank of the mice subcutaneously. After the
tumor grew to about 300mm3, the tumor was removed from
the mice and cut into small tumor tissue blocks (∼1mm3).
Then, to establish the orthotopic renal cancer model, mice
were anesthetized and fixed on an operating floor. A small left
flank incisionwasmade to expose the kidney; one tumor block
was seeded into the subcapsular space of the kidney; then, the
incision was sutured with 5-0 silk. After few days, the orthoto-
pic renal tumorwas confirmedwith the naked eye by exposing
the kidney directly.
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Figure 1: Characterization of the HA-IR780 NPs: (a) size distribution and TEM image of the HA-IR780 NPs, (b) size stability of the HA-
IR780 NPs, (c) UV-vis-NIR absorbance spectrum of the HA-IR780 NPs, and (d) photothermal effect of the HA-IR780 NPs in vitro.
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2.7. In Vivo Biodistribution of the HA-IR780 NPs. The IR780
fluorescent signal was detected with the IVIS Lumina imag-
ing system (Xenogen Co., USA) to evaluate the distribution
of the HA-IR780 NPs in the orthotopic renal tumor model.
The mice were intravenously injected with HA-IR780 NPs
(2.5mg/kg) or PBS; NIR imaging (emission spectrum: 780–
900nm, excitation wavelength: 735 nm) was performed at
2 h, 12 h, 24 h, and 48 h after injection. The distribution of
the HA-IR780 NPs in the tumor and major organs (liver,
lung, kidney, spleen, and heart) was evaluated. The mice were
sacrificed 48 h after the injection, and the main organs were
isolated; NIR imaging of major organs was performed. IVIS
Living Imaging Software was used to analyze the obtained
NIR images, and semiquantitative biodistribution analysis
was also performed.

2.8. Photothermal Therapeutic Efficacy of the HA-IR780 NPs
in an Orthotopic Renal Tumor Model. To measure the intra-
tumoral temperature, the HA-IR780 NPs (5mg/kg IR780) or
PBS were intravenously injected into orthotopic renal
cancer-bearing mice. 24 hours after injection, mice were
anesthetized and the renal tumor was exposed by a small left
flank incision; the intratumoral temperature changes under
the laser irradiation (808 nm, 1W/cm2) were recorded. To
investigate the treatment efficacy of the NPs, orthotopic renal
cancer-bearing mice were divided into four groups (4 mice in
each group), including the PBS group, PBS with laser irradi-
ation group, HA-IR780 NP group, and HA-IR780 NPs with
laser irradiation group. Mice were intravenously injected
with HA-IR780 NPs (5mg/kg IR780) or PBS. The tumors
were irradiated with the NIR laser (808 nm, 1W/cm2) for
8min after 24 h injection (day 0). The body weight was
measured every two days. The mice were sacrificed at day
12, photographs of kidneys and tumors were taken with a
camera, the tumor size was measured, and the kidneys were
collected for H&E staining.

2.9. Statistical Analysis. A two-sided Student t-test for two
groups and one-way ANOVA for multiple groups were used
for statistical analysis. P < 0:05 was considered statistically
significant.

3. Results and Discussions

3.1. Preparation and Characterization of the HA-IR780 NPs.
The HA-IR780 nanoparticles were prepared according to
our previous reports. The HA was chemically conjugated
with IR780 to obtain a HA-IR780 conjugate via 4-
aminothiophenol. HA-IR780 conjugate is amphiphilic, due
to its hydrophobic IR780 segment and hydrophilic HA seg-
ment. Therefore, the HA-IR780 conjugates self-assembled
into nanoparticles with a hydrophobic core and a hydrophilic
shell in aqueous solutions. From Figure 1(a), DLS showed
that the particle size of the HA-IR780 nanoparticles was
evenly distributed between 150 and 180nm with an average
particle size of 172 ± 8:2nm. TEM revealed that the NPs were
spherical in shape with good monodispersity. Figure 1(b)
shows that the stability of the HA-IR780 NPs and the size
of the NPs remained consistent (~180 nm) at 24 hours.

Figure 1(c) shows UV/vis absorption bands between 706
and 836 nm of the HA-IR780 NPs with a maximum wave-
length at 796nm in ethanol. When compared with free
IR780, the absorption peak of the HA-IR780 NPs was a
10 nm redshift. This is because the structure of IR780 was
changed by chemical modification. Figure 1(d) shows the
photothermal efficiency of the HA-IR780 NPs in vitro. When
the concentration of HA-IR780 NPs was 5, 10, and 20μg/mL,
the temperature increase was 15.8°C, 20.3°C, and 24.5°C with
6min of 808 nm laser irradiation (1W/cm2), respectively.
The tumor cells can receive irreversible damage from the
NPs with this temperature increase.

3.2. In Vitro Cellular Uptake Behaviour of the HA-IR780 NPs.
The cellular uptake of the HA-IR780 NPs by the RENCA cell
lines that was observed by confocal microscopy is shown in
Figure 2. The cancer cells treated with the HA-IR780 NPs
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Figure 2: Cellular uptake of the HA-IR780 NPs. Confocal images of
the RENCA cells after 3 h of incubation with the HA-IR780 NPs
(blue: DAPI, red: IR780).
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Figure 3: In vitro photothermal therapy of the HA-IR780 NPs. The
cytotoxicity of the HA-IR780 NPs in the RENCA cells with or
without laser irradiation (808 nm, 1W/cm2) for 2min.
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(2μg/mL) showed a strong red colour in the cytoplasm, and
the cancer cells that were treated with PBS showed no red
colour in the cytoplasm. This indicated that a large number
of the HA-IR780 NPs were taken up by the cancer cells.

3.3. Photothermal Toxicity of the HA-IR780 NPs In Vitro. The
photothermal therapy effect of the HA-IR780 NPs in the
RENCA cells was evaluated. Figure 3 shows the remarkable
cytotoxicity of the HA-IR780 NPs when the cells were
exposed to 808 nm laser irradiation; especially at IR780 con-
centrations of 4μg/mL, the survival rate of the RENCA cells
was only 3.1%. Without laser irradiation, the control group
showed low cytotoxicity of the HA-IR780 NPs on the
RENCA cells. The results suggested that the HA-IR780 NPs
can effectively kill cancer cells via the photothermal effect.

3.4. In Vivo Biodistribution of the HA-IR780 NPs. We estab-
lished the orthotopic renal tumor model in Balb/c mice.
The distribution of the HA-IR780 NPs in orthotopic renal
tumor-bearing mice was evaluated with the IVIS Lumina
imaging system. Figure 4 shows the NIR fluorescence of the
HA-IR780 NPs that was detected in the tumor region (left
kidney) at 2 h postinjection. The HA-IR780 NPs tended to
accumulate in the tumor region over time, with remarkable
accumulation in the tumor region after 24 h and 48 h injec-

tion. The distribution of the HA-IR780 NPs in the tumor
and major organs (liver, lung, kidney, spleen, and heart)
was evaluated at 48 h after the injection. The results showed
that the tumors had a stronger NIR fluorescence signal,
which confirmed the accumulation of the HA-IR780 NPs in
the tumor. The results indicated excellent tumor-targeting
property of the HA-IR780 NPs. This excellent tumor-
targeting property of the NPs is probably due to the EPR
effect on the tumor of the NPs.

3.5. Photothermal Therapeutic Efficacy of the HA-IR780 NPs
in an Orthotopic Renal Tumor Model. Next, we measured
the intratumoral temperature under the laser irradiation
(808 nm, 1W/cm2) at 24 h after the intravenous injection of
the NPs (Figure 5(b)). Temperature changes in the tumor
area were measured during 8min laser irradiation. The tem-
perature of the tumor area was significantly increased in the
HA-IR780 NP groups within 8min laser irradiation, and
the tumor area had a maximum temperature of 49:8 ± 1:69
°C. However, the temperature of the tumor area was not sig-
nificantly changed in the PBS groups.

At day 0, the tumor volume was 66:8 ± 38:42mm3,
54:795 ± 14:76mm3, 59:43 ± 10:10mm3, and 68:1 ± 27:28
mm3 in the PBS group, PBS with laser irradiation group,
HA-IR780 NP, group and HA-IR780 NPs with laser
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Figure 4: In vivo biodistribution of HA-IR780 NPs in orthotopic renal tumor-bearing mice: (a) NIR imaging of orthotopic renal tumor-
bearing mice injected with HA-IR780 NPs; (b) fluorescence images of the major organs and renal tumor at 48 h after injection of the NPs;
(c) semiquantitative biodistribution analysis of the HA-IR780 NPs in mice.
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irradiation group, respectively (Figure 5(a)). At day 12, the
tumor size was 926:9 ± 211:82mm3, 950:1 ± 151:22mm3,
849:7 ± 132:07mm3, and 28:7 ± 18:02mm3 in the PBS
group, PBS with laser irradiation group, HA-IR780 NP
group, and HA-IR780 NPs with laser irradiation group,
respectively (Figure 5(c)). The clear visual images of pre-
/posttreatment orthotopic renal cancer are shown in
Figure 6. All renal tumors were sliced and stained with
H&E; the PBS, PBS with laser, and HA-IR780 NPs without
laser groups showed large tumors located in the kidneys.
However, in the HA-IR780 NPs with laser irradiation group,
only very small residual tumors were located in the kidneys.
In addition, there was no significant difference in body

weight after the various treatments (Figure 5(d)). The results
indicated the excellent photothermal effect on renal tumor
ablation.

4. Conclusion

We designed the HA-IR780 conjugates, which could self-
assemble in water to form HA-IR780 nanoparticles for
photothermal ablation of renal tumors. We established a
stable orthotopic renal tumor model; the HA-IR780 nano-
particles demonstrated good-tumor targeting property and
excellent photothermal effect for renal cancer treatment in
the orthotopic renal tumor model.
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Figure 5: Photothermal therapy for orthotopic renal tumor-bearing mice: (a) tumor volume of mice pretreatment; (b) temperature changes
in the tumor area under laser irradiation (808 nm, 1W/cm2, 8min) after mice were injected with HA-IR780 NPs; (c) tumor volume at 12 days
after different treatments; (d) body weight of mice after different treatments.
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