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Abstract  
Treatment methods for breast cancer are not specific and each one has its own drawbacks. For this reason, 
scientists are seeking ways in which specifically affect cancer cells. Photothermal therapy is a method that 
uses near-infrared (NIR) laser energy to create sufficient heat to destroy cancer cells. In this study, the 
photothermal effect of gold nanorods (GNRs) was investigated for breast cancer treatment in vitro and in 
vivo. GNRs with the peak absorption of 808 nm were synthesized and conjugated with Herceptin (anti-
HER2). After confirming the characteristics of the prepared conjugate, the therapeutic effect of the new 
agent was studied on SK-BR-3 cell line and BALB/c mouse model bearing breast tumor using the NIR laser. 
The cytotoxicity assay showed the biocompatibility of PEGylated GNRs-HER conjugate. Through the in vitro 
photothermal study, significant cell death was observed in breast cancer cells incubated with the conjugate 
along with the laser irradiation. Afterward, the biodistribution of the conjugate in the mouse model with 
breast tumor showed the considerable localization of new agent in breast tumor in comparison with other 
organs 24 h postinjection. The animal study showed a significant decrease in tumor growth rate as well as the 
increased lifespan of treated mice with breast tumor in comparison with the control groups. 
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INTRODUCTION
Breast cancer is a prominent cause of mortality 

in women worldwide [1-3]. Although surgery, 
chemotherapy, hormone therapy and radiation 
therapy can be successful, they have substantial 
disadvantages [4-6]. In recent years the application 
of nanoparticles for cancer therapy has found 
a great deal of interest [7, 8]. GNRs with their 
anisotropic shape exhibit two surface plasmon 
resonances: one is transverse and the other is the 
longitudinal that can be converted from the visible 
to the near-infrared (NIR) region by controlling the 
aspect ratio of the rods [9]. The use of GNRs in near-
infrared plasmonic photothermal therapy is an 
interesting approach due to their rapid fabrication 

and bioconjugation, tunable optical absorption 
and strong surface plasmon resonance in NIR 
region [10-12]. GNRs are capable of converting 
NIR laser light into the thermal heat [2]. Strong 
optical absorption and the heat generation from 
GNRs can be utilized in cancer therapy to destroy 
cancerous cells [13]. 

Active targeting enhances the GNRs localization 
within the tumor by attachment of a targeting 
moiety over-expressed in cancer cells [14]. 
Monoclonal antibodies are classic tools to target 
tumor markers such as HER2 on the surface 
of cancer cells.  HER2 regulate cell growth, 
differentiation, and survival. Overexpression of 
HER2 gene occurs in 20-25% of breast tumors. 
The number of receptors can increase 40-fold in 
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tumors. Trastuzumab (Herceptin), a recombinant 
humanized monoclonal antibody, targets the 
extracellular domain of the transmembrane HER2 
and is used in the treatment of HER2-positive 
breast cancer [15-18]. Active targeting requires 
successful conjugation of GNRs to the antibody 
using covalent bonds to ensure specific delivery 
to the tumor [19]. El-Sayed et al. in 2006 reported 
the killing effect of gold nanoparticles of spherical 
shape conjugated with anti-EGFR and laser light 
on epithelial cancer cells in vitro. [20]. At the 
same year, Huang et al. studied the effect of GNRs 
conjugated with anti-EGFR using NIR light on the 
malignant oral cancer cells in vitro. They found 
that the malignant cells require about half the 
laser energy to be destroyed then the normal cells 
after exposure to the continuous red laser at 800 
nm [21]. Eghtedari et al. in 2008 described a novel 
technique for functionalizing GNRs by covalent 
attachment of Herceptin (HER) to image the breast 
cancer in athymic nude mice. They demonstrated 
significant accumulation of GNRs within 
breast tumor [22]. Heidari et al. in 2015, used 
photothermal method successfully for the killing 
of breast cancer cells using bombesin peptide 
conjugated with GNRs [10]. There is not any 
published work about the photothermal therapy 
of breast tumor using Herceptin conjugated with 
GNRs in the animal model as far as we know. In 
this research, we constructed a novel complex, 
GNRs-HER, PEGylated with poly(ethylene glycol) to 
enhance the biocompatibility, then the therapeutic 
effect of targeted GNRs was investigated on breast 
tumor using plasmonic photothermal therapy as a 
non-invasive method.

EXPERIMENTAL
Materials

Cetrimonium bromide (CTAB), Chlorid trihydrate 
(HAuCl4.3H2O), ascorbic acid, trypan blue, nitric 
acid, hydrochloric acid, N-Hydroxcysulfosuccinimide 
(sulfo-NHS), Nanothinks ACID16 (or16-
Mercaptohexadecanoic acid), EDC (N-[3-
Dimethylaminopropyl]-N’-ethylcarbodiimide) 
and MTT (Methylthiazolyldiphenyl-tetrazolium 
bromide) were purchased from Sigma-Aldrich. 
Silver nitrate (AgNO3) and sodium borohydride 
(NaBH4) were purchased from Merck, Germany. 
mPEG-SH (5000 Da) was purchased from Nanocs, 
USA. RPMI 1640 medium, DMEM medium, 
FBS (Fetal Bovine Serum), Pen-Strep solution 
and Trypsin-EDTA, Phenol red solution (0.25%) 

were purchased from Gibco (USA). Trastuzumab 
(Herceptin) was purchased from Roche Company 
(USA). All glassware was cleaned with aqua regia 
(HCl/HNO3) and rinsed twice with deionized water 
before using. 

Cell lines and culture conditions
SK-BR-3 cells (a human breast adenocarcinoma 

cell line overexpressing HER2 receptors), purchased 
from Iranian Biological Resource Center, Tehran 
and Iran were cultured in DMEM. T47D cells (a 
human breast cancer cell line not expressing HER2 
receptors) and 4T1 cells,  a mouse breast cancer 
cell line purchased from Pasteur Institute, Tehran, 
Iran, were cultured in RPMI-1640 supplemented 
with 1% Pen-Strep and 10% FBS. The cells were 
incubated in a humidified incubator containing 5% 
CO2 at 37 °C.

Synthesis and Characterization of GNRs
GNRs with a peak absorption wavelength 

of 808 nm were produced according to the 
seed-mediated growth procedure reported by 
Eghtedari et al. in 2008 [22]. Briefly, a gold seed 
solution was prepared by the addition of 7.5 ml 
of 0.1 M CTAB to 250 μl of 0.01 M gold chloride. 
Then, 600 μl of 0.01 M NaBH4 in ice-cold DI water 
was quickly added in the uncapped tube (as it may 
release some gases) and kept the seed solution at 
30°C to prevent crystal formation. Then, 4.7 ml of 
0.1 M CTAB, 200 μl of 0.01 M gold chloride and 40 
μl of 0.01 M AgNO3 were mixed together in three 
15 ml tubes to prepare the growth solution. The 
solution color was yellow/brown at the beginning 
but it became translucent upon the addition 
of 32 μl of 0.1 M ascorbic acid. Then, the seed 
solution (21 μl) was added to the unstirred growth 
solution and allowed to react at 30 °C for 1 h. The 
solution color was changed to purple/brownish. 
Transmission electron microscopy (TEM) was used 
to find the size and morphology of the synthesized 
nanoparticles using a PHILIPS EM 208 TEM. Then, 
the nanoparticles were characterized by UV-
vis spectroscopy. Measurements were made in 
triplicate for each sample [23, 24].

GNRs Biofunctionalization, Conjugation to 
Antibody and PEGylation

5 ml of GNRs solution (in CTAB) were 
centrifuged twice at 9000 rpm for 20 min and 
redispersed in DI water to remove excess CTAB 
molecules. To prevent aggregation, 50 μl of 5 mM 
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Nanothinks ACID16 (MHDA) was added to the 
GNRs solution and sonicated for 16 min at 55 °C, 
the temperature was decreased to 28 °C while 
sonication was continued for 2 h. The solution 
was centrifuged at 9000 rpm for 15 min, and the 
pellet was resuspended in phosphate buffer saline 
(PBS). Then, 50 μl EDC (10 mM) and sulfo-NHS (0.4 
mM) were added to the solution. The activated 
GNRs were produced by sonicating the mixture 
for 30 min at 4°C. Then, Herceptin (21 mg.ml-1) 
was added to 5 ml of the GNRs and sonicated at 
room temperature for 120 min. Following the 
removal of excess Herceptin by centrifugation, 50 
μl of PEG-thiol (5000 D molecular weight) ) with 
the concentration of 10 mM was added to the 
mixture to increase the blood circulation time of 
nanoparticles and the mixture was incubated at 
room temperature for 10 h. The solution of GNRs-
HER-PEG conjugate was centrifuged at 9000 rpm 
for 15 min, and re-dispersed in PBS to remove 
unbound PEG molecules [11, 25, 26]. The Fig. 1 
illustrates the conjugation process.

Bioconjugation Confirmation 
The characteristics of the new conjugate were 

checked by two procedures. The absorption 
spectrum was obtained using a UV/Vis 
spectrophotometer (UV-Vis-NIR spectrometry, 
c0r10 model, Takfam Sazan Teif Noor, IRAN) for 
investigating the interaction of Herceptin with 
GNRs. The spectroscopy was performed in the 
range of 400 to 900 nm at the resolution of 1 nm. 
Fourier transform infrared spectroscopy (FT/IR-
6300, Jasco, USA) was performed to evaluate the 
binding of GNRs with Herceptin. The recorded IR 

spectra of Herceptin, GNRs, and GNRs- Herceptin 
conjugate were between 400 and 4000 cm−1 [23, 
27].

Optical Stability 
GNRs-HER-PEG conjugate 0.02l M GNRs 

concentration) was added to the mixture of 
human blood serum and PBS (2:1) and the optical 
absorbance was measured at 808 nm after one 
overnight. The control solution was included 
human blood serum and PBS only (2/1 ratio). 
The absorbance of GNRs-PEG-HER conjugate 
was determined by subtracting the ‘‘serum’’ 
absorbance from ‘‘the conjugate in serum’’ 
absorbance [27, 28].

Cell Toxicity Assessment
The MTT assay was used to evaluate the possible 

cytotoxicity of the prepared conjugate. The level 
of MTT cleavage by viable cells was studied by the 
absorbance of formazan at 630 nm using an ELISA 
plate reader. SK-BR-3 cell line was cultured at 5000 
cells per well in a 96-well microplate with a 100 
μl DMEM medium and incubated at 37°C one 
overnight in a 5% CO2. Then, the cell plates were 
washed with PBS and 100 μl of culture medium 
with the appropriate concentration of samples 
including PEG-GNRs, GNRs-CTAB, and GNRs-HER-
PEG were added to each well and incubated one 
overnight. Then, 10 μl of MTT dissolved in PBS (5 
mg/ml) was added to each well and incubated for 
4 h. Finally, 100 μl of dimethyl sulfoxide (DMSO) 
was added to each well and the quantity of 
formazan was measured by optical absorbance at 
the wavelength of 630 nm. 

Fig .1: Schematic representation of the conjugation of GNRs with Herceptin and the PEGylation process.
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Fig .1: Schematic representation of the conjugation of GNRs with Herceptin and the PEGylation process. 
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The percentage of survival compared with the 
untreated cells (control) was expressed as the cell 
viability [29, 30]. 

Binding Study
The specific binding of GNRs-HER-PEG conjugate 

to overexpressing HER2 receptor cancer cells (SK-
BR-3 cell line) was examined using the binding 
assay method. T47D cell line (not expressing HER2) 
was used as the control cells. The SK-BR-3 cells and 
T47D cells were cultured in DMEM and RPMI-1640, 
respectively. GNRs-HER-PEG conjugate (as the active 
targeting agent) and GNRs-PEG (as the passive 
targeting agent) with a concentration of 0.02 μM 
ml-1 were added to the cell plates and incubated at 
37 °C with 5% CO2 for 60 min. PBS was used to wash 
the cell plates for removing the unattached GNRs-
HER-PEG molecules. The cells were observed by an 
inverted microscope (Model IX70) [23, 28].

In vitro Near-infrared Photothermal Therapy 
SK-BR-3 and T47D cells were cultured in a 96-

well plate at a density of 5000 cells/well, and 
incubated overnight for cell adhesion. The medium 
was replaced with fresh medium containing the 
GNRs-CTAB, GNRs-HER-PEG, and PBS alone. After 
1 h incubation, the cells were washed 3 times 
with PBS to remove unbound particles. Then, 
the cells were irradiated by NIR laser at 808 nm 
with a power of 80 mW for 3 min. The cells were 
incubated with MTT (0.5 mg ml-1) in a medium in 
dark for 4 h and mixed with 100 μl DMSO after the 
supernatant was removed. The optical density was 
measured at 630 nm using a microplate reader 
(Starfox-2100, Awareness, USA). The percentage 
of OD value of the main group over the control 
group was considered as the cell viability [31, 32].

Tumor Model
Inbred BALB/c mice of 5 to 8 weeks old were 

purchased from Pasteur Institute, Karaj, Iran 
and housed in our animal research facility in 
accordance with free access to food and water. 
For solid tumor induction in the mouse model, 4T1 
cells were inoculated subcutaneously with 5 × 105 
viable cells into the left side of abdominal region 
(between leg and hand) of the mice. Animals 
were used in experiments on days 12 to 14 after 
the inoculation of cells when tumor volume was 
approximately 0.5 cm3. All the animal studies were 
confirmed by Animal Care Committee of Tarbiat 
Modares University, Tehran, Iran.

Biodistribution Study
After the tumors had reached a proper size in 

the mice, the biodistribution of GNRs-HER-PEG 
conjugate in blood, vital organs and tumor was 
studied. 200 μl of GNRs-HER-PEG were injected 
via the tail vein (5 mice for each time points). 
The mice were sacrificed by CO2 gas suffocation 
at 6, 12 and 24 h time points, major organs and 
tumor were dissected, weighed and dissolved 
by adding 10 ml of HCl and 4 ml of HNO3 at 75°C 
for 40 min and filtered with 0.45 μm Teflon filter. 
After evaporating the solution, a few ml of 0.5 N 
hydrochloric acid was added and the sample was 
monitored for GNRs using an atomic absorption 
spectrophotometer (VARIAN, model AA240FS). 
The uptake of GNRs-HER-PEG conjugate in each 
organ was determined as a mean percentage of 
injected doses per gram of organ tissues (%ID/g) 
[23, 33].

In vivo Near-infrared Photothermal Therapy
Through a subcutaneous injection of 5 × 105 

cells suspended in the flank region, the mice 
bearing 4T1 tumor were successfully established. 
After two weeks, 25 mice with similar tumor sizes 
were separated into five groups including GNRs-
HER-PEG conjugates plus laser, GNRs-HER-PEG 
conjugate alone, Herceptin alone, laser alone and 
PBS alone (control). 100 μl of each trial solution 
was injected via the tail vein of the mice. The tumor 
region was irradiated with 808 nm continuous-
wave laser with a power of 80 mW for 10 min (just 
in laser plus groups) 24 h after the injection. The 
tumor morphology was recorded with a digital 
color camera during the treatment and the tumor 
size was measured using a caliper every day. The 
formula: V=L×W2/2 was used to measure the 
tumor volume. In this equation, V, L and W are 
tumor volume, length, and width, respectively. 
The relative tumor volume was calculated as V/V0 
(V is the tumor volume at the day of measuring 
and V0 is the tumor volume when the treatment 
was initiated). In addition, the effect of treatment 
on the survival time of treated mice was studied in 
all the groups too [34-36]. 

Statistical Analysis
The results were analyzed in SPSS (version 16.0) 

by analysis of variance (ANOVA) and Fisher’s least 
significant difference (LSD) test. P-value < 0.05 
was considered statistically significant. All the 
experiments were repeated 3 times.
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RESULTS AND DISCUSSION
Characterization of Synthesized GNRs

The TEM image showed that the synthesized 
GNRs were approximately 11 nm in width and 42 
nm length (3.9 aspect ratio), with a longitudinal 
plasmon absorption maximum around 808 nm. 
According to the study performed by UV/Vis 
spectroscopy, the synthesized GNRs had two SPR 
wavelengths: A higher wavelength band near 808 
nm, and a lower wavelength band near 520 nm. 
Fig. 2a shows the absorption spectrum and Fig. 2b 
shows TEM image of the produced GNRs. 

Characterization of GNRs-HER Conjugate
The successful conjugation of GNRs with 

Herceptin was approved by UV–Vis and FTIR 
spectroscopies. As seen in Fig. 3, the spectrum 
of GNRs shows a 6 nm shift in the SPR peak after 
binding GNRs to Herceptin. The shift may be due 
to the altered refractive index of the nanoparticles 
environment caused by the presence of biological 
molecules. A redshift of 5 nm was found in 
the absorbance peaks between the GNRs-HER 
and GNRs-HER-PEG conjugates too. The shift 
demonstrates successful binding of PEG molecules 
to GNRs surfaces. No broadening in the plasmon 
band after binding of Herceptin to GNRs shows 
no aggregation of GNRs during the process. Fig. 
4 illustrates the FTIR spectra of MHDA and GNRs-
MHDA-HER conjugate. The peak at 1730 cm−1 is 
related to the C=O stretching frequency of the 
carboxylic acid group of the MHDA molecule (Fig. 
4a). After the conjugation process, and binding of 
Herceptin amino group to the carboxyl group of 

MHDA, the appearance of the characteristic peaks 
of the monosubstituted (secondary) amides, 
R-CO-NH-R, carbonyl stretching of amide I band 
at 1640 cm−1 demonstrated that Herceptin amine 
groups and MHDA carboxyl groups successfully 
have connected to each other and formed the 
amide bond (Fig. 4b).

Stability 
The new conjugate must remain intact in 

blood sufficiently enough time after injection to 
be accumulated at the tumor site. The optical 
absorbance of GNRs-HER-PEG conjugate and 
blood serum plus conjugate were studied at 
808 nm after 24 h incubation. As it can be seen 
in Fig. 5, widening of the longitudinal plasmon 
resonance band is not observed. This finding 
demonstrated the high stability of the new agent 
in blood serum.

Cell toxicity 
The toxicity of the GNRs-HER-PEG conjugate, 

GNR-PEG, and GNRs alone was assessed using 
the MTT assay. Fig. 6 demonstrates cell viability of 
SK-BR-3 cells after incubation with the prepared 
conjugate for 24 h (within the GNRs concentration 
of 20 μg ml-1). GNRs exhibited high cytotoxicity 
against the treated cells, indicating that they were 
highly toxic due to the presence of CTAB. The 
GNRs-HER-PEG and GNR-PEG showed little or no 
toxicity at the same concentration (almost 94% 
and 96% viability, respectively; P < 0.05). These 
results confirm that our fabricated conjugate is 
well-tolerated by the normal cells.

Fig. 2: a) UV–vis spectrum of synthesized GNRs using the seed-mediated growth method. b) TEM image of GNRs.
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Fig. 3: UV/vis spectra of GNRs-MHDA, GNR-MHDA-HER and GNR-MHDA-HER-PEG conjugate. The red shifting after each 
step indicates the successful fabrication of GNRs.
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Fig. 3: UV/vis spectra of GNRs-MHDA, GNR-MHDA-HER and GNR-MHDA-HER-PEG conjugate. The red shifting after each step indicates 
the successful fabrication of GNRs. 

 

  

Fig. 4: FT-IR spectra: a) MHDA and b) GNR-MHDA-HER.
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Fig. 4: FT-IR spectra: a) MHDA and b) GNR-MHDA-HER. 
 

  

Fig. 5: Optical serum stability. The GNRs-HER-PEG showed a high level of optical stability after incubation in human serum for 24 h.
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Fig. 5: Optical serum stability. The GNRs-HER-PEG showed a high level of optical stability after incubation in human serum for 24 h. 
 

 

  



129Int. J. Nano Dimens., 9 (2): 123-133, Spring 2018

M. Kalantari et al. 

Fig. 6: Cell viability of SK-BR-3 cells after incubation with GNRs-HER-PEG, GNR-PEG and GNR alone for 24h.
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Fig. 6: Cell viability of SK-BR-3 cells after incubation with GNRs-HER-PEG, GNR-PEG and GNR alone for 24h. 
 

 

  

Binding Study
The dark spots bonded to the surface of SK-BR-3 

cells shows the selective binding of the GNRs-HER-
PEG conjugate to the cells (Fig. 7a). The SK-BR-3 
cells were labeled with the new agent due to the 
specific binding of Herceptin to the overexpressed 
HER2 receptors in comparison with T47D cells, not 
expressing HER2 receptors (Fig. 7b). This finding 
proves the specific interaction of the new agent 
with breast cancer cells.

Photothermal Therapy In vitro using GNRs-HER-
PEG Conjugate

We used MTT assay investigate the effects of 
GNRs-HER-PEG conjugate on SK-BR-3 and T47D 
cells during laser treatment. As seen from Fig. 8, 
after the photothermal treatment, about 30% of 
SK-BR-3 cells exposed to the prepared conjugate 
plus NIR laser irradiation were dead; while T47D 
cells and the other groups (GNRs-HER-PEG 
without the laser, laser alone, and control groups) 
demonstrated no considerable damages to the 
cancer cells. There were seen a large number of 
cell death in both cell lines treated with GNRs due 
to the high toxicity of CTAB.

Biodistribution Study
Biodistribution of GNRs-HER-PEG conjugate 

was performed using BALB/c mice bearing breast 
tumor at 6, 12, and 24 h after intravenous injection. 
As shown in the Fig. 9, the uptake of conjugate in 
the tumor tissue increases as time passes. After 24 
h post-injection, the percentage of the conjugate 
in the tumor was reached to maximum (~9% 
injected dose/gram) which approved the capability 
of the conjugate to target the breast tumor. So, 
24 h post-injection was fixed as the best time for 

NIR laser irradiation on the tumor location in the 
animal study (p-value <0.05). It was also observed 
that almost 7% of the conjugate was uptaken by 
the liver due the reticuloendothelial system (RES).

In vivo Photothermal Therapy
After confirming the photothermal outcome 

in vitro, the in vivo photothermal treatment 
study was performed. For this purpose, the mice 
bearing 4T1 tumor were divided randomly into 
five treatment groups (n=5). 

After two weeks when the tumor volume was 
approximately 0.5 cm3, the tumor size and animal 
survival were monitored for 21 days following the 
beginning of treatments. As shown in Fig. 10, the 
tumor growth was significantly suppressed after 
the mice treated with GNRs-HER-PEG conjugate 
followed by laser irradiation at the wavelength of 
808 nm. Meanwhile, the tumor size in Herceptin 
alone, laser alone and the conjugate without laser 
and control groups continued to grow rapidly 
(p-value<0.05). 

The effect of treatment on survival of the mice 
in different groups was studied too. The survival 
of the photothermally treated group was longer 
(approximately 86%) than the control group. The 
control mice died after 20 ± 3 days on average while 
the mice treated with GNRs-HER-PEG, died at the 
day 37 ± 4 after treatment on average (Fig. 11). 

Representative photos of mice bearing 4T1 
tumors after treatment with GNRs-HER-PEG plus 
laser (Fig. 12a) indicated that the growth of the 
tumor is suppressed significantly in comparison 
with control group (Fig. 12b). These results clearly 
showed evidence of tumor growth inhibition by 
the photothermal therapy method using GNRs-
HER-PEG conjugate.
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Fig. 7: Selective binding study. a) SK-BR-3 incubated with GNRs-HER-PEG. The dark spots can be seen attached to the cells. A number of 
specific binding was shown with arrows. b) T47D cells incubated with GNRs-HER-PEG. For these cells, specific binding was not observed 

(Total magnification is 200X). 
 

 

  

Fig. 7: Selective binding study. a) SK-BR-3 incubated with GNRs-HER-PEG. The dark spots can be seen attached to the cells. A 
number of specific binding was shown with arrows. b) T47D cells incubated with GNRs-HER-PEG. For these cells, specific binding 

was not observed (Total magnification is 200X).

Fig. 8: The viability percentage of SK-BR-3 and T47D cells after incubation with GNRs-HER-PEG conjugate and being irradiated 
with 808 nm laser (p-value < 0.05).

8 
 

0

20

40

60

80

100

120

GNR-CTAB GNR-HER-PEG 
no laser

GNR-HER-PEG 
and laser

control

va
ia

bi
lit

y 
%

SK-BR-3

T-47D

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Fig. 8: The viability percentage of SK-BR-3 and T47D cells after incubation with GNRs-HER-PEG conjugate and being irradiated with 808 nm 
laser (p-value <0.05). 

 

 

 

 

  

Fig. 9: Biodistribution data of GNRs-HER-PEG in BALB/c mice bearing breast tumor in blood, vital organs and tumor at different 
time post injection, measured by atomic adsorption spectroscopy (n=5).
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Fig. 9: Biodistribution data of GNRs-HER-PEG in BALB/c mice bearing breast tumor in blood, vital organs and tumor at different time post 
injection, measured by atomic adsorption spectroscopy (n=5). 
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Fig. 10: Tumor volume measurement at several time points in different mice groups after the treatment (A). The tumor volumes in 
different groups were normalized to their initial sizes. Laser wavelength =808 nm; power density =80 mW; irradiation time =10 min. 

There was no statistical difference among groups in tumors volumes at the onset of treatment.
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Fig. 10: Tumor volume measurement at several time points in different mice groups after the treatment (A). The tumor volumes in different 
groups were normalized to their initial sizes. Laser wavelength =808 nm; power density =80 mW; irradiation time =10 min. There was no 

statistical difference among groups in tumors volumes at the onset of treatment. 
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Fig. 12: In vivo photothermal therapy. The photos show two representative mice bearing 4T1 tumors treated with GNRs-HER-PEG 
plus laser (Fig. 12a) and PBS only as a control (Fig. 12b). The photos illustrate the success of the prepared conjugate as a photother-
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CONCLUSION
In summary, the present study reports the 

successful fabrication of GNRs-HER-PEG conjugate 
offering targeting capability to track and attach to 
the breast cancer cells. The results clearly showed 
the evidence of tumor growth inhibition by the 
prepared photothermal agent significantly in the 
mouse model. 
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