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Advances in nanobiotechnology have presented numerous possibilities of
more effective diagnostic and therapeutic options. In particular, gold
nanoparticles have demonstrated the potential for application in
molecular imaging and treatment of cancers, including drug delivery
system of certain target molecules, enhancement of radiation therapy,
and photothermal treatment. This review discusses the properties,
mechanism of action, and clinical application of gold nanoparticles.
Although the safety of nanoparticles is yet to be ascertained, there is no
doubt that in the future, nanotechnology will play an important role in the
development and enhancement of a wide range of diagnostic and
treatment modalities.
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Nanotechnology is a representative of fusion research
and fusion technologies, born from the interdisciplinary
fusion of several scientific fields such as chemistry, physics, engineering, and molecular biology. The development
of nanotechnology has opened new doors of application,
among them, the integration of nanoparticles into biology.
Nanoparticles exhibit unique structural, chemical, biological, mechanical, electrical, and magnetic properties,
which allow a wide range of applications in the field of
biomedicine.1 Currently, nanotechnology potential applications in biomedicine include drug delivery,2-4 diagnosis
including cancer cells,5-8 and therapeutic including cancer
treatment.9,10
Nanoparticles are categorized based on their composition; gold, iron oxide, carbon, dielectric materials, and
liposomes, and shape; solid nanoparticles, nanoshells,
nanocages, Nanowires and nanotubes.11 Gold nanoparticles are among the nanometerials with high potential
for application in the biomedicine field. They are easily
produced in multiple nanoparticles that exhibit multiple
surface functionalities, have versatile surface chemistry
properties, are relatively biocompatible, and have low
toxicity.11-15 These unique properties open many possibilities for their application making them the first choice
for researchers in the biomedicine field. Currently, there
are ongoing research studies on gold nanoparticles
application in intravascular drug delivery, and gene
transmission,16 photothermia,9,11 and ionizing radiation
enhancement.17,18 Although nanotechnology, in general,
is relatively necessary to be prove its feasibility and safety,
it is a field that has enormous potential with a lot to be
explored. The clinical trials on the application of gold
nanoparticles in head and neck cancer is a major milestone, in addition, our experience thus far has enabled us
to discover more possible applications than we had hypothesized. In the future, more research including the use
of gold nanoparticles should be performed in otolaryngology. Herein, I present the potential of nanotechnology application in biomedicine.

FEATURE OF GOLD NANOPARTICLES
Unique optical and physical properties of gold nanoparticles as well as its tailored surface functionalization provide an opportunity for developing cancer theragnostics
through different mechanisms.2 First, when nano-sized
particles are injected into the body, a large number of
particles accumulate in the tumor cells enabling tumor
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tracking and clear identification, and high drug uptake
and penetration into the tumor. Second, because gold
nanoparticles respond to light of a specific wavelength, it
is possible to take images of both the tumor and tumor
cells; In addition, their ability to dissipate heat from the
particle surface facilitates hyperthermal treatment. These
mechanisms underlie simultaneous therapeutic and diagnostic applications.

GOLD NANOPARTICLES OPTICAL PROPERTIES
USEFUL FOR CELL IMAGING
Surface plasmon resonance

When gold nanoparticles are stimulated by external
light, the phenomenon that the conduction band electrons
on the surface of the particles vibrate on the surface of
the particles and collide with each other is called surface
plasmon resonance (SPR). Gold nanoparticles irradiated
by light show two reactions to the energy received from
light: light scattering and light absorption. Light scattering
is a phenomenon that energy received from light excites
electrons on the surface of a particle vibrates and light of
the same wavelength is emitted; light absorption is that
the absorbed energy is converted into heat. In particular,
nanoparticles have a characteristic maximum wavelength, “Peak frequency”, at which light is absorbed and
scattered, and it is dependent on size, shape, composition,
and surrounding environment. This wavelength can be
tuned to the visible and infrared regions with appropriate
size and shape changes (Fig. 1). By utilizing such characteristics, it is possible to produce nanoparticles with a
high level of sensitivity at a specific wavelength, applicable
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Fig. 1. Light absorption spectrum of gold nanoshell with a 120 nm
silica core with 12-15 nm gold shell and transmission electron
microscopy feature of gold nanoshell (small box).
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Fluorescent image of gold nanoparticles

Surface plasmon resonance can modify the optical
properties of materials close to the nanoparticles. Thus,
when gold nanoparticles bind to a substance, they can
diminish its fluorescence. However, when the material is
separated by a certain distance from the nanoparticles,
the fluorescence of the material increases again. In a cell
culture model of oral squamous cell carcinoma, it was
discovered that when gold nanoparticles were cultured
like cells, the original autofluorescence of cancer cells
was reduced by about 15%.18 This phenomenon is known
to occur due to the strong light absorption of nanoparticles.

Surface-enhanced raman scattering

Raman scattering is a phenomenon that when light
with a specific frequency is irradiated to a molecule the
scattered light transformed by the natural vibration energy of the molecule is generated. Since the generated
scattered light represents the intrinsic properties of the
molecule, the molecular structure of a material can be
inferred.
The surface plasmon resonance of gold nanoparticles
amplifies Raman scattering of adjacent molecules to
generate surface-enhanced Raman scattering, and the
Raman scattering generated at this time is amplified by
several million times, enabling detection of cancer cells in
in-vivo animal experiments.21

USE OF GOLD NANOPARTICLES IN DRUG
DELIVERY
Gold nanoparticles of 10 to 140 nm in size injected intravenously have the property of gathering around a malignant tumor when immune system cannot recognize it,
and this phenomenon is called an enhanced permeability
and retention (EPR) effect.23 Malignant tumors create a
large number of new blood vessels to supply the nutrients
needed for rapid growth, but those new blood vessels
created are more permeable than normal blood vessels
because their morphology is immature. Small nano-sized

particles can move through the walls of the immature
and highly permeable blood vessels and are retained in
the tumor due to reduced lymphatic drainage.
However, simple gold nanoparticles, cause an immune
response and are removed by the reticuloendothelial system as soon as they enter the body. To keep the nanoparticles in the bloodstream for a long time, it is necessary
to put a protective film around the nanoparticles using
a polymer such as polyethylene glycol (PEG) so that the
nanoparticles can be sent to the tumor through the EPR
effect, and such a method is called ‘Pegylation’.3
Since gold easily binds to sulfur molecules, gold
nanoparticles can easily bind to a wide variety of substances by utilizing the reducing power of the thiol group.
Taking advantage of these properties, the toxic compound
tumor necrosis factor (TNF) can be selectively transferred
to the target site.3 In particular, when TNF is bound to
pegylation of gold nanoparticles, it exhibits selective toxicity in tumors without damage to other normal organs,
and tumor specificity is also increased by TNF ligands.24,25
Currently available tracer ligands are epidermal growth
factor,26 folate,27 transferrin,28 and single-chain variable
fragment.29-31

PHOTOTHERMAL THERAPY
Tumors are selectively destroyed by hyperthermia
at about 41-47°C because their heat-resistant capacity is reduced due to inadequate blood supply compared
to normal cells. The high temperature loosens the cell
membrane and elicit irreversible cell destruction through
protein denaturation. However, the hyperthermia methods used in the past have shown many limitations in
selectively destroying only the tumor and preserving the
surrounding normal tissues, so their application has been
limited.32
Along with the discovery of the laser, thermal treatment using a laser was attempted for clinical application.
However, a laser beam with a strong and small beam size
penetrated deeply into the tissue but was limited due to a
large disadvantage of non-selectivity.
There is photodynamic therapy known as photochemotherapy, which started as a method to increase such a
target-specificity.33-39 a photosensitizer that reacts to light
of a specific wavelength in the visible or near-infrared
region convert normal oxygen in the tissue into toxic and
activated oxygen, which cause direct destruction of tumor
cells and closure of surrounding blood vessels. However,
the main limitation of photodynamic therapy is that the
photosensitizer remains in the body for too long. During
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in imaging of cancer cells and photothermal treatment.
Therefore, the concept of utilizing optical properties of the
gold nanoparticles such as light scattering, light absorption, and surface plasmon resonance can make promising platforms for a wide range of technologies including
fluorescence,18 photo-absorption and -scattering,19 photoacoustic imaging,20 and surface-enhanced Raman scattering (SERS).21,22

this period, the patient is very sensitive to light, so it must
be blocked from light.
Photothermal therapy is a variation of photodynamic
therapy, and its basic concept is similar to that of photodynamic therapy. When a photothermal material reacts
to a specific wavelength, electrons present on the surface
of the material become excited, and heat is generated in
surrounding tissues by energy generated while the excited electrons are stabilized. Such the heat can be used
to destroy tumor cells. Currently, the available photoabsorbers include indocyanine green,40,41 naphthalocyanines,32 and porphyrins coordinated with transition metals.42 However, such dye-based materials have a problem
of losing fluorescence after the light irradiation.
Recently, with the development of nanotechnology, various nanoparticles have used for photothermal treatment.
The light absorption of metallic nanoparticles is 4-5 times
more than that of the conventional light-absorbing dyes.
Such strong light absorption can reduce the destruction of
surrounding normal tissues because it enables effective
treatment using less energy lasers. In addition, the metal
nanoparticles show high stability to light and do not lose
the fluorescence unlike in the dyes. The metal nanoparticles currently in use include gold nanosphere,16,43-45
gold nanorod,11,46 gold nanoshell,9,10,47,48 Gold nanocage,49
carbon nanotube.50 The metal nanoparticles have shown
strong light absorption in the visible and near-infrared
regions, which is suitable for photothermal treatment. As
described above, by adjusting the size, shape, and composition of the gold nanoparticles, the most energy can
be absorbed in the visible and near-infrared regions. In
particular, nanospheres, nanorods, and nanoshells are
very useful because of their ease of manufacture, various
applicability, and adjustable optical properties.
Since making colloidal gold for the first time, it has
become possible to produce particles that can be sized,
and there have been many studies on the relationship
between these particles and light. Gold nanospheres create a strong surface plasmon resonance phenomenon in
response to light in the visible light region. As the particle
size increases, the wavelength of the reacting light moves
to the longer side, and when the nanoparticles are fused
or clumped together, they react to light in the near-infrared region. This concept has spurred great interest for research on gold nanoparticles, whose reaction frequency
can be adjusted by varying nanoparticles size and shape.
As a result, near-infrared rays that have higher transmittance in tissues can be used for photothermal treatment.
Gold nanoshell which is a modification of gold nanospheres, allows frequency adjustments. The gold
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nanoshell structure consists of a 100-200 nm silica core
surrounded by a thin gold shell made of 5-20 nm gold.
These nanoshells show strong light absorption and light
scattering to near-infrared rays.51 This optical property
can be adjusted according to the ratio of the thickness
of the gold shell to the diameter of the silica core of the
nanoshell, and as the ratio decreases, the wavelength responds to longer light.52
The discovery of gold nanoparticles, which can effectively generate heat with low-energy light in response
to specific wavelengths, will be a major milestone in the
use of photothermal treatment in cancer treatments.
Considering that most cancers are deep-seated in the
body, photothermal treatment using near-infrared rays is
a promising option owing to its good tissue permeability
and minimal damage to normal tissues. Near-infrared
rays can penetrate approximately 10 cm inside the breast
tissue and about 4 cm inside deep muscle tissues.53 Notably, the efficacy of nanoparticles in phototherapy is also
dependent on the type of nanoparticles and light source.
The method of transmission may vary depending on the
tumor origin and site; it can be passed through a blood
vessel or directly infused into the tumor to destroy the tumor cells or to irradiate the cancer cells that remain after
surgery.
Although there are no controversies surrounding the
method of light transmission, there are ongoing research
on methods of selectively moving gold nanoparticles into
tumors. Among the promising methods is the use of preengineered macrophages; macrophages are pre-engineered in vitro and act as vectors by ingesting nanoparticles and then latter moving them through the blood
vessels into the tumor cells (Fig. 2).10,54-61 However, It is
thought that the specificity of the delivery of nanoparticles
can be enhanced by further studies on which substances
among the chemokines secreted from tumor cells promote the chemotaxis of macrophages.

APPLICATION IN THE FIELD OF RADIATION
ONCOLOGY
Gold has high radiation absorption capability providing an excellent platform for enhancing ionizing radiation. It has been reported that tumor radiation exposure
increases by 200% or more with gold nanoparticles.62
Furthermore, other animal study demonstrated gold
nanoparticles enhanced radiation therapy to have excellent therapeutic effects against tumors compared to
the use of radiation therapy alone.16 Thus, the radiation
therapy with gold nanoparticles may enhance the effect
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Fig. 2. Photothermal effect killing tumor cells. The tumor cells die
around gold nanoshells-loading macrophages (arrow) by irradiating
with near-infrared laser for 5 minutes.

of radiotherapy as well as achieve effective photothermal
treatment.63

POTENTIAL HAZARDS OF NANOPARTICLES
The limitation of nanoparticles, which is expected to be
applicable to diagnosis or treatment of various diseases,
is that sufficient studies have not been conducted on the
potential dangers of nanoparticles in vivo. These particles
pose a risk of causing various lesions in the respiratory,
cardiovascular and gastrointestinal systems.64
Because nanoparticles have a large surface area compared to their volume, they are very active and can induce
various catalytic reactions. In addition, since it can easily
move through the cell membrane, sufficient research
should be conducted on the physiological action of the
particles. In particular, although it is possible in animal
experiments, studies on the dangers in humans in vivo
are limited, so studies on this should be sufficiently conducted in the future.

CONCLUSION
The clinical application of nanoparticles with constant
and adjustable optical features is expected to be very
encouraging in the future. The development of a very
sensitive short-term method that goes beyond several
diagnostic techniques currently in use, or more tumorspecific chemotherapy, radiation therapy, and photothermal therapy can be applied as primary or auxiliary
therapy. The possibility of nanoparticles acting as toxic
substances in the body is still unresolved, but if the use
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