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ABSTRACT

Objective: To develop a gold nanoparticles complex conjugated with interferon-gamma
(IFN-g) and methionine along with application of hyperthermia using near-infrared laser
beams for the treatment of cancer cells.
Methods: Gold nanorods (10 nm) were conjugated with IFN-g and methionine using
carbodiimide family and characterized after purification by dialysis bags. Breast cancer
cells were cultured and incubated with gold nanorods at different concentrations followed
by irradiation with near-infrared laser beam. Samples were then evaluated for their
viability in order to determine the effect of treatment and variables by MTT assy.
Results: Zetasizer results confirmed the conjugation of gold nanorods with methionine
and IFN-g. The median percentage of cell viability in 0.30 mg/mL concentration of gold
nanorods was 82%. The cell viability reached to 85% at the same concentration of gold
nanorods, which existed in the assayed complex. The results of MTT assay showed that
the 0.60 mg/mL concentration of gold nanoparticles complex was toxic on tumor cells
(P < 0.05). After exposure to hyperthermia, the viability of cells at 6 min decreased to
77% in 0.30 mg/mL concentration of gold nanorods complex.
Conclusions: The size and concentration of gold nanorods was not cytotoxic. However,
their presence during irradiation near-infrared laser increased the number of dead cells
during the treatment of cells.
1. Introduction

Cancer is a leading cause of disease worldwide [1]. Cancer is a
potentially fatal disease caused mainly by environmental factors
that mutate genes encoding critical cell regulatory proteins. The
resultant aberrant cell behavior leads to expansive masses of
abnormal cells that destroy surrounding normal tissue that can
spread to vital organs resulting in disseminated disease,
commonly a harbinger of imminent patient death [2]. An
estimated 12.7 million new cancer cases occurred in 2008.
Lung, female breast, colorectal and stomach cancers accounted
for 40% of all cases diagnosed worldwide. In men, lung cancer
was the most common cancer (16.5% of all new cases in men).
Breast cancer was by far the most common cancer diagnosed in
women (23% of all new cases in women) [1].

Current cancer therapy usually involves intrusive processes
including application of catheters to allow chemotherapy, initial
chemotherapy to shrink any cancer present, surgery to then
remove the tumor(s) if possible, followed by more chemo-
therapy and radiation. The purpose of the chemotherapy and
.
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radiation is to kill the tumor cells as these cells are more sus-
ceptible to the actions of these drugs and methods because of
their growth at a much faster rate than healthy cells, at least in
adults. Current research areas include the development of car-
riers to allow alternative dosing routes, new therapeutic targets
such as blood vessels fueling tumor growth and targeted thera-
peutics that are more specific in their activity. Clinical trials have
shown that patients are open to new therapeutic options and the
goal of these new chemotherapeutics is to increase survival time
and the quality of life for cancer patients. In all cases, the
effectiveness of the treatment is directly related to the treatment's
ability to target and to kill the cancer cells while affecting as few
healthy cells as possible [3]. Today, nanotechnology can help the
diagnosis and treatment of cancer cells by detecting and
destroying them in nanometer dimensions [4].

The use of nanoparticles as a drug for the treatment of ma-
lignant cells does not have any adverse effect on healthy cells and
tissues [5]. Among the applications of nanoparticles, treatment of
malignant tumors by thermotherapy is more common. Gold
nanostructures have been extensively studied in a variety of
applications due to their interesting electrical, conductive and
optical properties. Among these nanostructures, spherical gold
nanoparticles during the last 20 years have been used to
research photothermal cancer therapies. The other types of gold
nanoparticles can be noted gold nanorods [6].

By deformation of gold nanospheres to cylindrical nanotubes,
they can recognize and destroy the malignant tumors in the deeper
parts of the skin condition that is observed in breast cancer by
selectively applying a beam of laser with half of the power and it
was used previously without destroying healthy cells. When gold
was attached to the cancer cells, it would reflect light and
distinguish cancer cells from healthy cells easily. Gold nano-
particles can also absorb the laser beam very easily and thus
malignant cells coated with this particle will be destroyed quickly.
By deformation of the gold nanoparticles from sphere shape to
rod-shape, we can use optical spectra at lower frequency. In other
words, near-infrared light can be used instead of visible light and
it is commonly used for gold nanospheres [7,8].

Hyperthermia or thermotherapy is a type of cancer treatment
in which body tissue is exposed to temperatures above 45 �C,
usually with minimal injury to normal tissue [9]. This treatment
is almost always used with other forms of cancer therapy, such
as radiation therapy and chemotherapy [9,10]. Hyperthermia may
make some cancer cells more sensitive to radiation or harm other
cancer cells that radiation cannot damage. Most normal tissues
are not damaged during hyperthermia if the temperature
remains under 45 �C [9,11,12].

In this method of treatment, different ways are being used to
create heat including the use of laser irradiation. In the mean-
time, near-infrared laser has more applications. In this study, we
attempted to evaluate the treatment of human breast cancer cell
line (MCF-7) with conjugated gold nanorods. In this study, the
cancer cells death rate was compared with the survival rate of
normal healthy cells in the presence of hyperthermia induced by
near-infrared laser beam in the presence of gold nanoparticles.

2. Materials and methods

2.1. The proliferation of cell line and culture conditions

MCF-7 cells were cultured in a 25 T-flask in medium con-
taining Dulbecco's modified Eagle's medium, 10% fetal calf
serum, 100 IU/mL penicillin, and 100 mg/mL streptomycin at
37 �C with 5% CO2, 95% air and complete humidity. Once
reached ~90% confluency, cells were detached using 0.05%
trypsin/ethylene diamine tetraacetic acid and counted using try-
pan blue on a hemocytometer slide under an inverted microscope.

2.2. Conjugation of gold nanorods with
interferon-gamma (IFN-g)

For conjugation of gold nanorods and IFN-g, diethylene
triamine pentacetic acid was used as a linker. To perform the
reaction, 0.1 mg diethylene triamine pentacetic acid was initially
mixed with 0.5 mL sterile poly butylenes succinate (PBS) and
the content was added to 0.5 mL PBS containing 50 mg IFN-g
and vortexed for 10 min at room temperature. The mixture was
then kept in the refrigerator to rest for 24 h. This rest can help to
stabilize the complex. On the next day, 3 mg 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide was mixed with 1.5 mg
methionine in 0.2 mL PBS. The content was then added to
0.5 mL PBS containing 10 mg nanorods and mixed with 2 mL
syringe. The complex of nanorods, methionine and 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide was then added to our
complex of diethylene triamine pentacetic acid and IFN-g from
the previous day and mixed by vortexing for 20 min at room
temperature. The final product was purified using a dialysis bag
(Sigma, Canada) with a cut off of 1 kDa. The final complex was
kept at 4 �C until further use. The structure of conjugate was
then confirmed by UV spectroscopy. The size and charge of gold
nanorods were measured before and after conjugation by a
zetasizer machine (Zetasizer Nano S90, Malvern Instruments
Ltd., UK). The size and the charge of the complex were ex-
pected to be increased after conjugation.

Cells were treated with various concentrations of unconju-
gated (gold nanorods) and conjugated gold nanorods (the
mixture of gold nanorods, IFN-g and methionine).

2.3. Test groups

To evaluate the effects of conjugated gold nanorods on MCF-
7 cell line, cells were incubated at a concentration of
2 × 104 cell/well on 96 well plates [13]. Cells on each plate were
divided into 3 groups and repeated 6 times per group.

Group 1 contained six different concentrations of conjugated
complex including 0.08, 0.16, 0.30, 0.60, 1.20 and 2.50 mg/mL
gold nanorods. Group 2 contained six different concentrations
including 0.3, 0.6, 1.2, 2.5, 5.0, and 10.0 mg/mL of unconjugated
gold nanorods. Group 3 contained four different concentrations
of IFN-g at 12.5, 25.0, 50.0, and 100.0 mg/mL. Briefly, the
culture media was removed, 50 mL of each concentration was
added to each well and cell was incubated for 24 h followed by
MTT assay to measure the viability of cells.

2.4. Hyperthermia test

At first, the cells were exposed to near-infrared laser light at a
wavelength of 980 nm (980 nm Infrared Laser Diode Module,
China) for a period of 1–6min.All cellswere expected to survive at
this stage of experiment. Twenty-four hours after treating cells
with conjugated complex or gold nanorods alone, the medium of
all plates including the treated and untreated cells was replaced
with freshmediumand the cellswere exposed to near-infrared laser
light for a period of 1–6 min. Each test was repeated three times.
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Figure 2. Measurement of the complex's size and charge by Zetasizer
machine.
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2.5. MTT assay for evaluating cell viability

Cell survival rate and cell proliferation were evaluated based
on the ability of mitochondria to convert MTT to formazan
crystals with a pale blue color. Briefly, 10 mL ofMTT plus 100 mL
of RPMI 1640 were added to each well, except the cell-free blank
wells. Cells were incubated for 4 h at 37 �Cwith 5%CO2, 95% air
and complete humidity. After 4 h of incubation, the MTT solution
was removed and replaced with 50 mL of dimethylsulfoxide and
the plates were further incubated for 20 min at 37 �C, and the
optical density of the wells was determined using a Bio-Rad plate
reader machine at a test wavelength of 570 nm and a reference
wavelength of 630 nm [14].

2.6. Statistical analysis

To determine the effect of treatment in different groups, all
data were collected and analyzed using a t-test of SPSS 17.0
software and the charts were drew in Excel 2007.

3. Results

3.1. Confirmation of the complex structure

3.1.1. UV spectrophotometry
To confirm the structure of conjugated and unconjugated

gold nanorods, a UV spectrophotometer was used which indi-
cated a peak absorbance at 520 nm wavelength corresponding to
gold nanorods alone (Figure 1, red peak). IFN-g, however,
created peak absorption at 240 nm wavelength (Figure 1, blue
peak). After conjugation of gold nanorods with IFN-g, two
different peaks were appeared at 240 nm and 520 nm wave-
length respectively, confirming the attachment of IFN-g to gold
nanoparticles (Figure 1, green peak).
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Figure 1. UV spectrophotometry of the conjugated and unconjugated gold
nanorods.
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Figure 3. MTT assay evaluations on viability BSR cell line.
3.1.2. Measurement of size and charge of the complex by
a Zetasizer machine

IFN-g was negatively charged due to its carboxylic group
that was detected using a Zetasizer machine (Figure 2A). After
conjugation of IFN-g with gold nanorods, we expected an ex-
change of electrons with the positively charged gold nanorods
that were detected with the Zetasizer machine (Figure 2B). In the
mean time, the size of the complex including gold nanorods and
IFN-g was increased to 42.9 nm whereas the size of gold
nanorods alone was 10 nm confirming the attachment of the
protein to gold nanorods (Figure 2C). As it was expected, the
size and charge of complex was increased after conjugation.
3.2. MTT assay on kidney adenocarcinoma of hamster
(BSR) cell

The MTT was performed to evaluate the toxicity effect of
pure gold nanorods on normal BSR cells. Data were obtained
at a wavelength of 570 nm with a reference wavelength of
630 nm and evaluated using SPSS software. Cells were first
treated with different concentrations of gold nanorods for 24 h.
MTT assay results revealed that gold nanorods were signifi-
cantly toxic to the cells at the concentration of 2.50 mg/mL and
higher. Therefore, all none toxic concentrations lower than
2.50 mg/mL were used for the rest of the experiments. The
complex was prepared based on different concentrations of
gold nanorods and 5.00 mg/mL IFN-g. Only at the highest
concentration of 2.50 mg/mL, the complex showed toxicity to
normal cells (Figure 3).
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3.3. Effects of conjugated and unconjugated gold
nanorods on MCF-7 cancer cells

As compared to normal BSR cells, unconjugated gold
nanorods demonstrated similar effects at the concentration
of 10.00, 5.00 and 2.50 mg/mL, and two lower concentra-
tions (1.20 and 0.60 mg/mL) had toxicity effect on MCF-
7 cells and only 0.30 mg/mL concentration which was its
lowest had no toxicity effect on MCF-7 cells. Interestingly,
nontoxic concentrations of unconjugated gold nanorods
were significantly toxic to MCF-7 cells when conjugated
with IFN-g at 0.60 and 1.20 and 2.50 mg/mL. The con-
centration of 0.30 mg/mL had no toxicity effect on MCF-
7 cells (Figure 4).
Figure 7. Cancer cell at different concentrations of complex before laser
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Figure 4. MTT assay evaluations on viability of MCF-7 cell line.
3.4. MTT assay of IFN-g on BSR and MCF-7

As seen in the Figure 5, the effect of IFN-g on normal cells was
similar to cancer. It means that IFN-g in higher concentration had
a low toxicity effect on cells and at lower concentrations it didn't
show any toxicity.
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Figure 5. MTT assay of IFN-g on BSR and MCF-7.

irradiation.

Figure 8. Cancer cell at different concentration of complex after 6 min
laser irradiation.
3.5. Hyperthermia tested on MCF-7 cell line

Single cells irradiated with laser beams for a period of 1–
6 min in the absence of any material survived significantly
(Figure 6).
3.6. Laser irradiation on cells in the presence of gold
nanorods at different time periods

Exposure of cells to laser irradiation in the presence of toxic
and nontoxic concentration of gold nanorods alone had no
effect on cell viability on cancer cells, indicating that the
particles remained unattached to the cells because the gold
nanorods cannot bind to cells specifically and singly (Figures 7
and 8). When the concentration was 2.5, 1.2, 0.6 and 0.3 mg/
mL, the viability was 54%, 78%, 76% and 85%, respectively
(Figure 7). When the concentration was 2.5, 1.2, 0.6 and
0.3 mg/mL, the viability was 72%, 79%, 68% and 77%,
respectively (Figure 8).
3.7. Laser irradiation on cells in the presence of the
complex at different time periods

Irradiation of MCF-7 cells was in the presence of the com-
plex at 0.3 mg/mL concentration and higher, however, the death
of cell increased after 6 min of exposure. This phenomenon
could be due to the presence of methionine in the complex that
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was in favor of MCF-7 cells to use and caused the attachment of
the complex to the cells. Uptake of methionine by cancerous
cells was more than normal cells therefore the cells absorbed
more complex and the laser beams were more effective on them.
As a result, the heat generated by gold nanorods in the course of
laser irradiation could kill the cells (Figure 9).
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Figure 9. Laser irradiation on cells in the presence of the complex at
different time periods.
4. Discussion

Overall, this study can be a main consideration in order to
discuss the results including toxic or nontoxic effects of gold
nanorods on MCF-7 cell line. Effects of nanoparticles to induce
lethal hyperthermia after laser radiation are synergistic to the
effect of gold nanorods conjugated with methionin and IFN-g.
Over 80% of MCF-7 cells in the presence of gold nanorods
complex have maintained their survival and the lack of toxicity
of gold nanorods was confirmed by measuring the size and
concentrations (10 nm in size and concentration 0.3 mg/mL). In
other words, the size and concentration of nanoparticles didn't
induce cytotoxicity in MCF-7 cell line. The reports by Gomaa
and colleagues [15] and Cho et al. [16] showed that if the
appropriate size and concentration of gold nanoparticles to be
used, it would have no toxic effect on the cells. Cho et al. [16]

showed that the use of gold nanorods with a size of 10 nm
could have no toxic effect on cells, whereas, due to their
specific shape they absorb more laser light and induce heat to
destroy cancer cells. It has also been reported that the
deformation of the spheres to rod-shaped gold nanoparticles
can be replaced by the visible light spectrum that would be used
for gold nanosphere using near-infrared spectroscopy [7]. The
cell death induced by laser irradiation in the presence of
nanoparticles exacerbates hyperthermia and increases cellular
death. In the mean time, the chemicals released by the
immune system play an important role in eliminating and
destroying cancer cells [17]. It has been known that IFN-g
shows anti-proliferative effects on large numbers of tumor
cells with IFN-g receptor and induces apoptosis in these cells
[18]. The results of this study showed that IFN-g used in the
concentrations was not toxic to cells. The presence of
nanorods during irradiation by near-infrared laser increased the
number of dead cells during this process. Gold nanorods were
not able to attach to the cancer cells alone. The presence of
methionin in the complex induced the adsorption of the complex
to the cancer cell and due to the presence of gold nanorods, it
could absorb laser photons from the laser beam which would be
converted to heat and thus raise the temperature of the cells
resulting in destruction of viable cells. These results indicated a
new promising approach for treatment of cancer cells.

The laser used in this study was in the form of IR and at the
wavelength of 980 nm with a power of 37 W/cm2 and exposure
time of 1–5 min did not kill any cells. Whereas, exposing cells to
the laser for 6 min at a concentration of 0.3 mg/mL of the
complex destroyed them. Because of the annexing methionine to
the nanorods, it facilitates the attachment of the complex to the
cells which in turn produces heat after exposure to laser beams
and brings about a marked cell death. Perhaps, by increasing the
duration of laser beam exposure a larger population of tumor
cells will be destroyed. Researchers in other studies have
demonstrated the cell death after using laser beam at a wave-
length of 820 nm.

Rod-shaped gold nanoparticles allow us to use optical spectra
with lower frequency than visible light spectrum. In other words,
instead of using light spectrum that is normally used for gold
nanospheres, we can use infrared rays. Moreover, the elongated
shape of gold nanorods can possibly absorb more energy and
convert it to heat to destroy malignant cells in deeper tissues.
The results of this study can be promising for the development
of novel anti-cancer treatment in future studies.
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