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Abstract: The use of nanocarriers to deliver drugs to tumor tissue is one of the most important
strategies in cancer therapeutics. Recently, gold nanorods (GNRs) have begun to be used in cancer
therapy because of their unique properties. The purpose of this study was to show the potential
that GNRs have against human nasopharyngeal carcinoma CNE-1 cells, using near-infrared (NIR)
laser light. Transmission electron microscopic and ultraviolet-visible spectroscopic investigations
confirmed the efficient uptake of the GNRs by CNE-1 and human rhinal epithelia cells. The in
vitro NIR photothermal therapy for the CNE-1 and rhinal epithelia cells was designed in three
groups: (1) control, (2) laser alone, and (3) GNRs with laser. Fluorescence microscopy images
indicated that, at some GNR concentrations and some intensities of NIR laser, GNRs with laser
therapy could induce cell death for CNE-1 cells while keeping the rhinal epithelia cells healthy.
Therefore, the results of this study suggest that using GNRs with NIR laser therapy can selectively
destruct CNE-1 cells while having no effect on normal (rhinal epithelia) cells.
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Introduction
Nasopharyngeal carcinoma is a squamous cell carcinoma that can occur in the epithelial
lining of the nasopharynx, and it is one of the most common head and neck cancers
in Southeast Asia and southern China.' Radiotherapy is the standard treatment for
nasopharyngeal carcinoma; however, this treatment is not suitable for patients with
advanced nasopharyngeal carcinoma.? Recently, investigations have indicated that
radiotherapy in combination with chemotherapy is an effective method for nasopha-
ryngeal carcinoma therapy; however, some patients require more effective treatment
options or novel therapeutic strategies.> Over the past decade, a significant develop-
ment in nanotechnology for cancer treatment has been made: nanoscale gold possesses
unique size- and shape-dependent properties, a nontoxic nature, stability, and strong
light scattering and absorption properties.* Gold nanorods (GNRs), nanoparticles,
nanocages, and nanoshells have demonstrated potential as phototherapeutic agents,
with each of these indicating strong absorption properties in near-infrared (NIR) laser
light due to surface plasmon resonance oscillations.™” Using pulsed NIR laser light
to heat GNRs seems to be a promising strategy for tumor therapy.** Pulsed NIR laser
light in the presence of GNRs can kill cancerous cells selectively by heating.
Although the use of pulsed NIR laser light in the presence of GNRs to kill some can-
cerous cells (eg, skin cancer cells, squamous cancer cells) has been investigated,’ its use
in nasopharyngeal carcinoma therapy and its effects on normal rhinal epithelia cells have
not been reported previously. In the present study, uniformly sized GNRs were prepared
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and were stabilized with cetyltrimethylammonium bromide.'®!"
The GNRs were then administrated to both human nasopharyn-
geal carcinoma and human rhinal epithelia cells through NIR
irradiation and the effect on both cell types was investigated.
The purpose of this study was to show the potential that GNRs
have against CNE-1 cells, using NIR laser light.

Material and methods

Materials

Human nasopharyngeal carcinoma CNE-1 cells were obtained
from Shanghai Institutes for Biological Sciences of Chinese
Academy of Sciences (Shanghai, China). Epidermal growth
factor, vascular endothelial growth factor, triiodothyronine,
vitamin A acid, insulin, MTT [3-(4,5)-dimethylthiahiazo(-
z-y1)-3,5-di-phenytetrazoliumromide], eosin, and hema-
toxylin were purchased from Sigma-Aldrich (St Louis,
MO). Amphotericin B and hydrocortisone were obtained
from Shanghai Pharmaceuticals Holding Co, Ltd (Shanghai,
China). Hangzhou Sijiqing Biological Engineering Materi-
als Co, Ltd (Hangzhou, China) provided fetal calf serum.
Trypsin, phosphate buffered saline (pH7.4), neutral balsam,
and ethanol were purchased from Chinese Medicine Co,
Ltd (Shanghai, China). Human anti-keratin antibodies were
detected using an enzyme-linked immunosorbent assay kit
from Elivision (Fuzhou Maixin Biotechnology Development
Co, Ltd, Fuzhou, China). Holmarc Opto-Mechatronics Pvt, Ltd
(Kochi, India) provided laser equipment with a power density
of 10-500 mW. All biochemicals and chemicals used were of
analytical grade. The Ministry of Education Key Laboratory
of Macromolecule Synthesis and Functionalization, Zhejiang
University, Hangzhou, China, provided GNRs with an optical
resonance peak at 780 nm.

Synthesis and characterization of GNRs
The GNRs were synthesized in cetyltrimethylammonium
bromide solution and silver nitrate using a seed-mediated
growth method."”” The GNRs were characterized through
ultraviolet-visible (UV-Vis) spectroscopy and high-resolution
transmission electron microscopy. The GNR solution was
drop cast onto a carbon-coated copper grid, the solvent was
evaporated, and the GNRs were then scanned using a 300 kV
transmission electron microscope (Hitachi-800; Hitachi
High-Technologies Corporation, Tokyo, Japan).

Primary nasal epithelial establishment

and cell culture
Nasal mucosa samples were taken from patients at Sir Run
Run Shaw Hospital, School of Medicine, Zhejiang University,

undergoing resection of the inferior turbinate to treat an upper
airway obstruction — samples were taken with the permission
of the patients. The tissue was rinsed three times in Roswell
Park Memorial Institute 1640 medium containing 20 mM of
L-glutamine and 50 mg/mL of gentamicin. The epithelium
was detached mechanically from the lamina propria and
digested for 18 hours at 4°C in trypsin solution (0.15%)
and ethylenediaminetetraacetic acid (1%). The suspension
was followed by centrifugation at 1500 rpm for 5 minutes
to remove the supernatant and obtain the rhinal epithelia
cells. The cells were cultured in Dulbecco’s Modified Eagle
Medium containing fetal calf serum (10%), insulin (5 mg/L),
triiodothyronine (20 mg/L), hydrocortisone (0.36 mg/L),
vascular endothelial growth factor (3.75 mg/L), epider-
mal growth factor (25 mg/L), vitamin A acid (100 mg/L),
penicillin (100,000 IU/L), streptomycin (100 mg/L), and
amphotericin B (2.5 mg/L). The rhinal epithelia cells were
then seeded at a density of 4 x 103 on a polystyrene 96-well
cell culture plate. Cultures were maintained at 37°C with
5% carbon dioxide in air, and new media were used after
48 hours. The CNE-1 cells were cultured in the same way
as the rhinal epithelia cells. The morphology of the cells
was checked qualitatively with a fluorescence microscope
(Carl Zeiss AG, Oberkochen Germany), cell viability was
determined by fluorescent dye exclusion, and cell prolifera-
tion was measured by manual cell counting.

Cellular uptake of GNRs

In this study, CNE-1 and rhinal epithelia cells were used to
investigate the cellular uptake and effects of pulsed laser
therapy with GNRs. CNE-1 (4 x 10°) and rhinal epithe-
lia cells were incubated with different concentrations of
GNRs (5.00 x 107#, 2.50 x 10, 1.25 x 107, 6.25 x 107,
3.13 x 10~ mol/L) and at different time intervals (0, 15, and
30 minutes and 1, 2, 4, 6, 8, 12, and 24 hours). The cells
were then viewed under the fluorescent microscope' and
the absorption of the GNRs was evaluated using a UV-Vis
spectrophotometer (Kejing, Shanghai, China).

In vitro NIR photothermal therapy

of CNE-1 cells

As mentioned, the CNE-1 cells (4 x 10°) were incubated with
different concentrations of GNRs. Then, a spot about 2 mm
in diameter in each well was exposed to NIR laser light of
780 nm (diode laser 25.4 W/cm?) and irradiation with dif-
ferent laser power densities (100, 200, 300, and 400 mW) at
30-second intervals for 2, 3, and 6 minutes. Twenty-four hours
after laser irradiation, cells were stained with fluorescent dye
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Figure | (A) Transmission electron microscopy image and (B) optical absorption spectra peak of gold nanorods (GNRs).
Abbreviations: HS-@, | |-mercaptoundecyl phosphorylcholine coated; CTAB@, cetyltrimethylammonium bromide coated.

to enable determination of the cell viability using the fluo-
rescent microscope. The samples were then observed under a
phase contrast microscope (Leica Microsystems, Wetzlar,
Germany) at 40x magnification and the cells were counted.

Statistical analysis

All statistical analysis was performed with SSPS software
(v 10.0; SPSS Inc, Chicago, IL). Unless otherwise specified,
the values were expressed as the mean plus or minus the
standard deviation.

Results and discussion

Preparation, characterization,

and cellular uptake of GNRs

High-resolution transmission electron microscopy images
of GNRs (Figure 1A) indicated that the GNRs prepared
were monodispersed and were about 50 nm in length.
Optical UV-Vis and NIR absorption spectra indicated that
the GNRs had a peak plasmon resonance of 780 nm, with a

Figure 2 Transmission electron microscopy images of cell uptake of gold nanorods
within 5 hours: (A) human rhinal epithelia and (B) human nasopharyngeal carcinoma
CNE-1 cells.

second extinction peak present at 520 nm due to remaining
colloidal gold (Figure 1B). No apparent aggregation or
change in the UV-Vis and NIR spectra was observed when
the GNRs were stored in phosphate buffered saline at 4°C
over a period of 4 weeks. The cellular uptake of GNRs over
5 hours was investigated. Figure 2 shows that the GNRs
were taken up by rhinal epithelia and CNE-1 cells within
5 hours. Figure 3 shows that the CNE-1 cellular uptake of
GNRs was more than the uptake by rhinal epithelia cells
after 4 hours.

Effect of GNRs on cellular cytotoxicity

In order to avoid destroying normal tissue cells of rhinophar-
yngocele, the authors investigated some normal tissue cells
(rhinal epithelia cells, fibroblasts, and human umbilical vein
endothelial cells) that had taken up different concentrations
of GNRs after 24 hours. Figure 4 shows that the normal
tissue cells were not destroyed under the GNR concentra-
tion of 3.125 x 10~ mmol/L. This result suggests efficient
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Figure 3 Absorption of gold nanorods (GNRs) detected using a laser in the
ultraviolet, visible, and near-infrared spectral range (near-infrared laser power
density: 200 mW).
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1.2 Table | The effects of gold nanorods (GNRs) with near-infrared
o ] (NIR) laser irradiation on different cell types
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Figure 4 Cytotoxicity of gold nanorods.
Abbreviation: HUVECs, human umbilical vein endothelial cells.

treatment may be achieved under this GNR concentration in
NIR photothermal therapy for CNE-1 cells.

Effect of GNRs with NIR therapy on cells
The authors calculated the safe GNR concentration through
the study outlined in the previous paragraph. Following
this, the safe NIR laser power density threshold for
photothermal therapy was investigated. In order to seek
suitable therapy conditions, the authors investigated the
effects of GNRs and different intensities of NIR laser on
both CNE-1 and normal tissue cells. Both Figure 5 and
Table 1 show that different laser power densities achieved dif-
ferent therapy efficacy in CNE-1 cells and did not destroy the
normal cells such as rhinal epithelia cells for different times.

CNE-1

Rhinal epithelia

None

Gold nanorods

Figure 5 Effects of photothermal therapy on different cell types, with cells irradiated
with a laser at 200 mW for 2 minutes: (A) human nasopharyngeal carcinoma
CNE-1 cells with gold nanorods and laser, (B) human rhinal epithelia cells with gold
nanorods and laser, (C) CNE-I cells with laser only, and (D) rhinal epithelia cells
with laser only.

Both Figure 6 and Table 1 show that a 200 mW NIR laser
and a GNR concentration of 2.00 x 10~* mol/L for 2 minutes
achieved efficient treatment.

The therapy mechanism of CNE-I cells

It has long been recognized that primary tumor cells
are unusually sensitive to radiation. GNRs with strong
light-enhanced absorption in NIR regions and plasmon
resonance, thus enhancing their properties to heat, which
was an improved class of promising agents for selective
therapy against tumors.'*!> The NIR laser therapy in the
presence of GNRs seemed to induce cancer cell apop-
tosis and cause selective tumor cell destruction through
heating, as the normal tissue cells (rhinal epithelia cells)
internalized GNRs less than the CNE-1 cells in 24 hours
(Figure 3). When the NIR laser irradiated, the CNE-1 cells
had higher light absorption than the normal tissue cells
(rhinal epithelia cells) through the mitochondria-dependent
pathway (Figures 5 and 6, Table 1).'"?° This could pos-
sibly have been because the cells uptake of GNRs arrived

CNE-1

Rhinal epithelia }ed

2 min 6 min

Figure 6 Effects of gold nanorods and laser (100 mW) therapy of two different
durations on different cell types: human nasopharyngeal carcinoma CNE-| cells
irradiated for (A) 2 and (B) 6 minutes, and human rhinal epithelia cells irradiated for
(C) 2 and (D) 6 minutes.
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at mitochondria.'® These results suggested that the NIR
laser in the presence of GNRs could selectively destroy
CNE-1 cells while keeping the normal tissue cells (such
as rhinal epithelia cells) healthy.

Conclusion

When NIR laser irradiated, GNRs can be used to kill
CNE-1 cells selectively, by apoptosis of CNE-1 cells through
the mitochondria-dependent pathway. The results of this
study confirm that, by controlling the GNR concentration,
the NIR laser energy, and the therapy duration, GNRs can
selectively destroy nasopharyngeal carcinoma cells while
keeping normal cells, such as rhinal epithelia cells, healthy
(as normal). Destruction of the CNE-1 cells was achieved by
laser light irradiation and GNRs, while the same method did
not affect the rhinal epithelia cells. This study has confirmed
that photothermal therapy with pulsed NIR laser light in the
presence of GNRs is a potential therapeutic method for the
selective destruction of human CNE-1 cells.
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