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ABSTRACT

Today, use of nanotechnology for cancer therapy is an active field of research. Ear-
ly detection, accurate diagnosis, and individual treatment are the aims which have
turned nanotechnology to an attractive area for research. Among metallic nanoma-
terials, gold nanostructures have unique properties which make them remarkable
candidates for biomedical approaches. Surface plasmonic resonance (SPR) effect of
gold nanostructures leads to maximum absorption at particular electromagnetic wave
length. This wavelength changes with the shape and size of the particles, so optical
properties of gold nanostructures are adjustable. In this review, we will summarize
the application of gold nanostructures in the treatment of cancer especially as the
agent in Plasmonic photothermal therapy (PPTT) and photosensitizer in photody-
namic therapy (PDT).
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Introduction

ancer is a consequence of cells growth out
of control in a particular part of the body.
Generally, it follows from DNA damage
of normal cells. The body is often able to repair the
damaged DNA, but in cancer cells, this damage is not
restored. Some types of cancer cells transfer to other
organs by blood vessels or lymphatics and begin to
grow in new locations, which is called metastasis'.
Treatment of cancer in its early stages is often effort-
less, but when metastasis occurs, it becomes compli-
cated. So, finding new methods for the early diagno-
sis of cancer is an active field of research.
Common methods for cancer therapy including
surgery, chemotherapy, and radiotherapy are not
comprehensive and each of them has their special in-
dications'. Although surgery is the best strategy for
cure at the early stage of cancers, when metastasis
occurs, it is not the best option any more. In addition,
the removal of some tumors in sensitive areas will
not be a viable method. In radiotherapy, ionization
radiation causes damage to DNA of cancer cells to
remove them, but it may have long-term side effects,
such as damage to normal surrounding cells, forma-
tion of scar tissue, and immune suppression. Chemo-
therapy is a systemic therapy which has advantages
for metastasized cancers, but it has undesirable sys-
temic toxic side effects as well*’.

Today, nanotechnology is an active field of can-
cer-related research. Early detection, accurate diag-
nosis, and individual treatment could be achieved
using different nanomaterials*.

Another technique for cancer therapy is heat induc-
tion in the specific target region, termed as hyper-
thermia, to destroy cancer cells through heat sources,
such as near infrared or visible light, radiofrequency
waves, microwaves, and ultrasound waves’. In this
technique, cancer cells are eliminated when their

temperature reaches above 41°C°.
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Plasmonic photothermal therapy (PPTT) and photo-
dynamic therapy (PDT) are two strategies of hyper-
thermia. In PPTT, as a minimally-invasive method,
photon energy is transformed to thermal energy;
consequently, ablation of malignant cells occurs’. In
order to avoid overheating of the tumor and its sur-
rounding normal cells and have localized hyperther-
mia, nanoparticles are demonstrated to absorb the
light and act as local heat sources’. In PDT, three
components including photosensitizer drug and the
drugs activating light and oxygen are involved. In
this technique, photosensitizer drug is activated
through light with specific wavelength and, even-
tually, the generation of cytotoxic reactive oxygen
species (ROS) causes necrosis and apoptosis in can-
cer cells®. In 1978, Dougherty et al. performed the
first modern demonstration of this mechanism in
cancer therapy®.

PDT has some advantages over conventional
chemotherapy and radiotherapy. In the absence of
light, PDT drug itself is minimally toxic, so drug
accumulation in normal tissues does not make tox-
icity, unlike chemotherapy drugs. By focusing the
light on the target area, treatment is performed local-
ly. Unlike radiotherapy, non-ionizing radiation used
in PDT does not make destructive effects on healthy
tissues’.

There are some materials that have the potential
to be used as agents or sensitizers in PPTT and PDT,
among which gold nanostructures and carbon nano-

structures are the best candidates’ .

Optical properties of gold nanoparticles

Gold nanostructures have unique optical prop-
erties and what causes gold particles to have the
potential to be used in this field is a phenomenon
known as surface plasmon resonance (SPR) relat-
ed to the oscillation of surface free electrons in the
gold particles. If the frequency of this oscillation is
equal to that of incidence electromagnetic radiation,
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resonance occurs and electromagnetic radiation
energy is converted into heat energy'’. Regularly,
UV-visible absorption spectroscopy is used to
characterize the optical properties and electron-
ic structure of nanoparticles. Absorption band de-
pends on the diameter and aspect ratio of gold nan-
oparticles'®, so by optimizing the particle diameter
and adjusting the wave length of electromagnetic
wave with it, adequate heat could be induced in
the particles. In gold nanospheres, there is a sin-
gle absorption peak in the visible range (510- 550
nm), which undergoes a red shift by increasing
the particle size. Thus, gold nanostructures are

tunable particles for hyperthermia approaches'.

Source of light

For in-vivo study, there is a need to use the wave-
length of light that has satisfactory penetration into
the body. Hemogolobin and water are two major
light absorbers in the body which have the mini-
mum absorption in the range of 650-900 nm. So, in
order to achieve optimum penetration in the body,
NIR light as well as agents with SPR peaks in this
range can be used'®. Approximately in all studies on
PPTT, diode lasers with the wavelength range of

805- 810 nm have been used as a light source”'”’.

Other gold nanostructures

The SPR peak of small gold nanospheres is in
the visible region which does not have maximum
penetration into the body. Other types of gold na-
nostructures, including nanorods, nanoshells, and
nanocages, have remarkable optical properties in
biomedical applications". The SPR peak of gold na-
noshells varies from visible to NIR regions through
changing the ratio of the core diameter and shell
thickness; therefore, by designing this ratio, gold
nanoshell can be constructed with desired SPR peak
in NIR region®.
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Source of light

To obtain temperature distribution, magnetic res-
onance temperature imaging (MRTI) which applies
proton resonance frequency shift method can be
used. In this technique, the temperature resolution
is less than 1°C and, unlike IR thermography, data
in depth can be obtained as well as the surface data’.
Thermal imaging is another method that is used for

in-vivo temperature measurement'®.
In-vivo study

An in-vivo investigation by Hisch et al. in 2003
revealed that, after the administration of gold na-
noshells and NIR light irradiation in the solid tu-
mor, irreversible tissue damage occurred due to
the significant temperature increase, while control
subjects did not show any damage'. In 2008, Mel-
ancon et al.** used hollow gold nanoshells with an
average diameter of 30 nm for in-vitro and in-vivo
studies. In the NIR region, this structure exhibited
effective photothermal results. Also, Melancon et
al.'” showed that SPIO@silica-Au nanoshells under
810 nm of continuous-wave diode laser irradiation
(power= 1 W) caused a temperature increase of
16°C after 15 min. Robinson et al. in 2010" used
single-walled carbon nanotubes (SWNTs) and gold
nanorods, separately, in terms of the effect of diode
laser in 808 nm for photothermal therapy outcome.
Ke et al. in 2014" acquired nanoscale capsules
(SPIO-embedded perfluorooctylbromide nanocap-
sules) in order to increase the enhanced permea-
bility and retention (EPR) effect by avoiding the
rapid clearance of NPs from the bloodstream. For
obtaining comprehensive diagnostic information,
this theranostic nanocapsule combined real-time
ultrasound and high-resolution MR imaging agents.
In 2011, Melancon et al.** examined the magnetic/
optical properties of SPIO@ AuNS through in-vitro
and in-vivo studies. They used this material as an
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MRI contrast agent and an agent in phototherapy in
the presence of NIR light; finally, they suggested
multimodal SPIO @ AuNS as a promising thera-

nostic nanoplatform.
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