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1. Introduction
Laryngeal cancer is one of the most common malignant 
tumors of otolaryngology–head and neck surgery, and 
93%–99% of all cases are diagnosed as squamous cell 
carcinoma. The 5-year survival rate of patients has been 
increased due to greatly improved surgery, radiotherapy, 
and chemotherapy. However, surgery easily leads to 
disability by severely damaging the laryngeal function, 
radiotherapy only works for early laryngeal cancer, and 
chemotherapy has intolerable toxic side effects (Misono et 
al., 2014; Haapaniemi et al., 2016; Wolf et al., 2017; Zahoor 
et al., 2017). Therefore, researchers have endeavored to 
find new therapies for the treatment of laryngeal cancer.

Gold nanorods (GNRs) are rod-like shaped plasmonic 
nanoparticles. As the most studied anisotropic gold 
nanoparticles, GNRs have been widely applied in 
biomolecular detection, medical imaging, disease 
treatment, and drug delivery. Near-infrared (NIR) 

wavelengths are the “optical window” for biological 
tissues and so GNRs probes help NIR light to penetrate 
subcutaneous deep tissues for imaging and photothermal 
therapy. Most laser therapies depend on endoscope and 
fiber-optic bundles to transmit light into tumor tissues 
and to function selectively through intravenous injection 
of photosensitizers. Metals, especially gold nanoparticles, 
can be easily modified as ideal candidates for targeted 
therapy.

Particularly, antibody-based therapies are efficient 
and specific. Epidermal growth factor receptor (EGFR), 
which is a polypeptide chain consisting of 1186 amino acid 
residues, has tyrosine protein kinase activity and is widely 
distributed on the surfaces of most normal cells. Currently, 
high EGFR expressions have been detected in various 
tumor tissues, especially in head and neck squamous cell 
carcinoma (detection rate: 98.3%). Anti-EGFR monoclonal 
antibody (anti-EGFR mAb) is specifically localized on 
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oral squamous cell carcinoma and cervical cancer cells 
overexpressing EGFR (Zhong et al., 2013; Suman et al., 
2014).

In the present study, laryngeal cancer cells (HEP-2) 
and lung normal epithelial cells (BEAS-2B) treated with 
GNRs were irradiated by NIR light at different powers, 
aiming to evaluate the targeted inhibitory effects of anti-
EGFR mAb/GNRs. The findings provide reliable evidence 
for future targeted therapy of laryngeal cancer.

2. Materials and methods
2.1. Cell lines, tissues, and reagents
HEP-2 and BEAS-2B cells were purchased from the 
American Type Culture Collection (USA). After approval 
by the ethics committee of our hospital, laryngeal epithelial 
tissues and laryngeal squamous epithelial carcinoma 
tissues were collected from patients. GNRs and anti-EGFR 
mAb/GNRs were provided by the National Center for 
Nanoscience and Technology (China). Goat anti-mouse 
AP secondary antibody and β-actin mouse monoclonal 
antibody were bought from Sigma (USA). RPMI 1640, 
DMEM, penicillin, streptomycin, fetal bovine serum, and 
MTT were obtained from HyClone (USA).
2.2. Cell resuscitation and culture
A tube of cryo-preserved cells was taken out of a liquid 
nitrogen container, rapidly immersed in a 37 °C water 
bath, and shaken for 1–2 min using tweezers. Then 10 
mL of complete culture medium was added to a culture 
dish, into which the cells were added, gently pipetted until 
uniformity was achieved, cultured in a 37 °C incubator 
containing 5% CO2, digested with 0.25% trypsin when the 
adherence rate reached 80%, and passaged. 
2.3. Western blot
Cells were digested, collected by centrifugation, 
resuspended by adding RIPA (50 mM pH 7.5 Tris-HCl, 150 
mM NaCl, 1% NP-40, 0.5% sodium deoxycholate, 0.1% 
SDS), ultrasonicated, and centrifuged at 12000 rpm and 4 
°C for 10 min. Each sample (50 µg) was subjected to SDS-
PAGE and electronically transferred to a nitrocellulose 
membrane that was then blocked in 5% skimmed milk 
at room temperature for 1 h, incubated overnight with 
primary antibody at 4 °C, washed, incubated with 
secondary antibody at 37 °C for 1 h, developed by ECL 
reagent, and scanned. Relative protein expression level was 
corrected by internal reference and analyzed by Quantity-
One.
2.4. Detection of cytotoxicity of GNRs and anti-EGFR 
mAb/GNRs by MTT assay
Cells in the logarithmic growth phase were collected, 
added to 96-well culture plates at the density of 104/well 
(100 µL each well), and incubated at 37 °C in a 5% CO2 
atmosphere. After cell adherence, GNRs and anti-EGFR 

mAb/GNRs solutions at the final concentrations of 0.01, 
0.02, 0.04, 0.08, 0.16, and 0.32 nM were added (100 μL 
each well). Each concentration was tested in triplicate. 
PBS was used as a negative control. Subsequently, the 
cells were incubated at 37 °C in a 5% CO2 atmosphere for 
16–48 h, observed under an inverted microscope, washed 
carefully two or three times with PBS, and incubated with 
MTT solution (20 μL each well, 5 mg/mL, i.e. 0.5% MTT) 
for another 4 h. The culture medium was then carefully 
sucked out. Afterwards, 150 μL of DMSO was added to 
each well, and the culture plate was shaken at low speed for 
10 min to completely dissolve crystals. The absorbance of 
each well was detected at 595 nm by a microplate reader. 
Cell viability = OD experimental group/OD negative control ´ 100%.
2.5. Detection of cell viability after NIR photothermal 
therapy by MTT assay
Cells (HEP-2 or BEAS-2B) in the logarithmic growth 
phase were collected, added to 96-well culture plates at 
the density of 104/well (100 μL each well), and incubated 
at 37 °C in a 5% CO2 atmosphere. Then the cells were 
divided into an irradiation group, a 0.04 nM GNRs 
group, and a 0.04 nM anti-EGFR mAb/GNRs group. 
Each concentration was tested in triplicate. For the three 
groups, 450 μL of fresh culture medium, 450 μL of 0.04 nM 
GNRs solution, and 450 μL of 0.04 nM anti-EGFR mAb/
GNRs solution were added consecutively, and the cells 
were cultured for 8 h. Irradiation conditions: Irradiation 
by NIR light (0.8–4 w/cm2) at 808 nm for 5 min, culture 
for 24 h, and incubation with MTT solution (20 μL each 
well, 5 mg/mL, i.e. 0.5% MTT) for another 4 h. The culture 
medium was then carefully sucked out. Afterwards, 150 μL 
of DMSO was added to each well, and the culture plate 
was shaken at low speed for 10 min to completely dissolve 
the crystals. The absorbance of each well was detected at 
595 nm by a microplate reader. Cell viability = OD experimental 

group/OD negative control ´ 100%.
2.6. Detection of cell apoptosis after NIR photothermal 
therapy by flow cytometry
HEP-2 cells in the logarithmic growth phase were collected, 
added into 96-well culture plates at the density of 104/well 
(100 μL each well), and incubated at 37 °C in a 5% CO2 
atmosphere. Then the cells were divided into an irradiation 
group, a 0.04 nM GNRs group, a 0.04 nM anti-EGFR mAb/
GNRs group, a 0.04 nM GNRs + irradiation group, and a 
0.04 nM anti-EGFR mAb/GNRs + irradiation group. Each 
concentration was tested in triplicate. For the irradiation 
group, 450 μL of fresh culture medium was added, and 450 
μL of GNRs or anti-EGFR mAb/GNRs solution was added 
to the other groups. The cells were thereafter cultured for 
8 h. Irradiation conditions: Irradiation by NIR light (2.4 
w/cm2) at 808 nm for 5 min. Subsequently, the adherent 
cells were digested by trypsin, and the suspending cells 
were collected. After the culture medium was discarded, 
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the cells were suspended by adding PBS, gently mixed with 
10 μL of annexin V-FITC and 10 μL pf PT, incubated at 
room temperature in the dark for 20 min, and detected by 
flow cytometry.
2.7. Statistical analysis
Each experiment was independently performed in 
triplicate. All data were analyzed by SPSS 22.0, and the 
results were expressed as mean ± standard deviation. 
Comparisons between two groups were conducted by the 
t test, and those among multiple groups were carried out 
by one-way analysis of variance. P < 0.05 was considered 
statistically significant.

3. Results
3.1. EGFR expressions in HEP-2 cells, laryngeal cancer 
tissues, paracancerous tissues, and normal control 
tissues detected by western blot
Western blot showed that EGFR expressions in HEP-2 
cells and laryngeal cancer tissues were significantly higher 
than those in paracancerous and normal control tissues (P 
< 0.05) (Figure 1). 
3.2. Cytotoxicities of GNRs and anti-EGFR mAb/GNRs 
detected by MTT assay
The MTT assay showed that the inhibitory effects of GNRs 
and anti-EGFR mAb/GNRs on the viability of HEP-2 and 

BEAS-2B cells were enhanced with increasing dose. Anti-
EGFR mAb/GNRs were more cytotoxic to HEP-2 cells and 
less cytotoxic to BEAS-2B cells than GNRs (Figure 2). 
3.3. Cell survival rates after NIR irradiation detected by 
MTT assay
As exhibited in Figures 3 and 4, NIR irradiation inhibits 
cell proliferation, which is enhanced by rising irradiation 
power, accompanied by continuously dropping survival 
rate. For HEP-2 cells, the irradiation, GNRs, and anti-EGFR 
mAb/GNRs groups had significantly different survival 
rates (P < 0.05), and the rate of the anti-EGFR mAb/GNRs 
group was significantly lower than that of the GNRs group 
(P < 0.05). For BEAS-2B cells, the three groups had similar 
survival rates (P > 0.05) at the irradiation power of ≤2.4 w/
cm2. The survival rates of the GNRs and anti-EGFR mAb/
GNRs groups were significantly lower than that of the 
irradiation group at 3.2 and 4.0 w/cm2 (P < 0.05), but the 
first two groups had similar results (P > 0.05). 
3.4. Cell apoptosis after NIR irradiation detected by flow 
cytometry
Flow cytometry exhibited that the apoptosis rate of the 
anti-EGFR mAb/GNRs group was significantly higher 
than that of the GNRs group, and the apoptosis rate 
of the irradiation + anti-EGFR mAb/GNRs group also 
significantly exceeded that of the irradiation + GNRs 

Figure 1. EGFR expressions detected by western blot. *Compared with paracancerous tissues, P < 0.05; #compared with normal tissues, 
P < 0.05.

Figure 2. Cytotoxicities of GNRs and anti-EGFR mAb/GNRs detected by MTT assay.
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group (P< 0.05) (Figure 5). Thus, anti-EGFR mAb/GNRs 
promoted HEP-2 cell apoptosis more evidently than GNRs 
did.
3.5. Cleaved PARP and cleaved caspase-3 expressions 
detected by western blot
The anti-EGFR mAb/GNRs group had significantly higher 
expressions of cleaved PARP and caspase-3 than those of 
the GNRs group, and the expressions of the irradiation + 
anti-EGFR mAb/GNRs group also significantly exceeded 
those of the irradiation + GNRs group (P < 0.05) (Figure 
6). Hence, GNRs facilitated cell proliferation and apoptosis 
mainly by promoting the expressions of apoptosis-related 
proteins, further verifying that anti-EGFR mAb/GNRs 

promoted HEP-2 cell apoptosis more effectively than 
GNRs did.

4. Discussion
EGFR is the first discovered cancer-related cell surface 
receptor. Discovering the active form of EGFR proto-
oncogene encoding EGFR kinase established the 
relationship between this proto-oncogene and cancer. 
For over 20 years afterwards, abnormal regulation of 
EGFR receptor has been closely related to the formation 
of a variety of human cancers. High expressions of EGFR 
have been detected in various types of tumors such 
as colorectal cancer, breast cancer, pancreatic cancer, 

Figure 3. HEP-2 cell survival rates after NIR irradiation detected by MTT assay. *Compared 
with irradiation group, P < 0.05; compared with GNRs group, P < 0.05.

Figure 4. BEAS-2B cell survival rates after NIR irradiation detected by MTT assay. 
*Compared with irradiation group, P < 0.05.



LIU et al. / Turk J Biol

148

prostate cancer, and nonsmall cell lung cancer, and the 
detection rate reaches up to 98.3% in head and neck 
squamous cell carcinoma. Over the years, there has been 
controversy about the relationship between EGFR protein 
expression and clinical characteristics such as tumor 
growth rate, degree of histological differentiation, lymph 
node metastasis, and prognosis of patients (Jayaseelan et 
al., 2013; Sujitha and Kannan, 2013; Annadhasan et al., 
2014). Accordingly, EGFR is an important tumor marker. 
Considering that the overexpression of EGFR in many 
tumors is closely related to the progression and prognosis 
of many tumors, therapy targeting EGFR and mutants is 
of great concern. A large number of studies have shown 
that EGFR can be used as a target for treating cancers, 
especially those with high EGFR expressions (Singh et al., 
2013; Li et al., 2014).

Laryngeal cancer is a common malignant tumor of the 
upper respiratory tract, with an incidence of about 25% 
of that of head and neck cancer. To date, there remain 
no effective therapies for this cancer. Most studies have 
reported that EGFR is highly expressed in laryngeal 
squamous cell carcinoma, but only mildly expressed in 
vocal cord polyps. Therefore, the clinical prognosis of 
laryngeal cancer can be determined through detecting 
the level of EGFR protein. The high expression of EGFR 
in laryngeal squamous cell carcinoma suggests that it 
may be a potential therapy target. In the present study, 
western blot showed that EGFR had significantly higher 
expressions in HEP-2 cells and laryngeal cancer tissue than 
in paracancerous tissue and normal laryngeal tissue (P < 
0.05). On this basis, we constructed an in vitro model of 
targeted aggregation of GNRs in laryngeal carcinoma cells 

to induce cell death by photothermal therapy. MTT assay 
was used to detect the effects of different concentrations of 
GNRs and anti-EGFR mAb/GNRs on cell viability. GNRs 
and anti-EGFR mAb/GNRs inhibited the survival of HEP-
2 cells and BEAS-2B cells, and the effects were augmented 
with rising dose. In addition, the cytotoxicity of anti-EGFR 
mAb/GNRs against HEP-2 cells was higher than that of 
GNRs, whereas its cytotoxicity against normal BEAS-2B 
cells was lower. Hence, the toxicity of GNRs after antibody 
binding was much smaller than that of GNRs themselves, 
further proving that the binding of GNRs to anti-EGFR 
mAb greatly reduced its cytotoxicity and improved its 
biocompatibility. The results herein are consistent with 
those of previous studies on gold nanoparticles (Qu and 
Lü, 2009; Basavegowda et al., 2014; Zhang et al., 2014). 
In the present study, through functional modification, 
GNRs specifically bound EGFR on the surface of cancer 
cell membrane after binding its antibody. Under NIR 
irradiation, GNRs efficiently absorbed light energy and 
converted it into heat, and so the growth of tumor cells was 
significantly inhibited, even leading to death. Regardless 
of using GNRs or anti-EGFR mAb/GNRs, the inhibitory 
effects of NIR irradiation at the same power on the growth 
of HEP-2 cells surpassed those on BEAS-2 cells, indicating 
that tumor cells were more sensitive to heat than normal 
cells, like those reported previously (Azizi et al., 2014; 
Vijayan et al., 2014; Anand et al., 2015). In other words, 
irradiating tumors using GNRs indeed had considerable 
effects (Huang et al., 2006; Chen et al., 2016). In addition, 
we found that the survival rate of HEP-2 cells in the anti-
EGFR mAb/GNRs group was significantly lower than 
that of the GNRs group (P < 0.05), suggesting that GNRs 

Figure 5. HEP-2 cell apoptosis after NIR irradiation detected by flow cytometry. *Comparison between anti-EGFR mAb/GNRs group 
and GNRs group, P < 0.05; #comparison between irradiation + anti-EGFR mAb/GNRs group and irradiation + GNRs group, P < 0.05.
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Figure 6. Cleaved PARP and cleaved caspase-3 expressions detected by western blot. *Comparison between 
anti-EGFR mAb/GNRs group and GNRs group, P < 0.05; #comparison between irradiation + anti-EGFR 
mAb/GNRs group and irradiation + GNRs group, P < 0.05.
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became targeting after binding antibody and that EGFR 
targeted HEP-2 cells.

Tumor thermal therapy heats tissue to a temperature 
that can kill tumor cells (42–43.5 °C) using physical 
methods, which is maintained for 60–120 min. Any cell 
population grows through two ways: increase of number 
and enlargement of volume. Although they may both 
occur during the development of organisms, increase of 
cell number is predominant in most cases, being both 
normal and abnormal. Therefore, the decrease in cell 
viability after GNRs treatment can also be caused by 
cell damage, death, or apoptosis (Du et al., 2014; Paul 
et al., 2015; Velusamy et al., 2015). In the present study, 
the apoptosis rate of the anti-EGFR mAb/GNRs group 
was significantly higher than that of the GNRs group, 
and the apoptosis rate of the irradiation + anti-EGFR 
mAb/GNRs group also significantly exceeded that of 
the irradiation + GNRs group (P < 0.05). Thus, obvious 
apoptosis or death did not occur in the irradiation 

group, and the promoting effects of anti-EGFR mAb/
GNRs on the apoptosis of HEP-2 cells surpassed those 
of GNRs.

In summary, GNRs enhanced the targeted 
specificity to tumor cells by functionalization with 
EGFR, accompanied by improved biocompatibility 
and stability. Normal tissue damages resulting from 
inaccurate location of photosensitizers and heat 
sensitizers in previous thermal therapies were herein 
evidently relieved, verifying that anti-EGFR mAb/GNRs 
have great potential in biomedical fields. Therefore, this 
study may provide a valuable reference for targeted 
therapy of laryngeal cancer and other malignancies.
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