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ABSTRACT
It reported that heat generated by near-infrared laser irradiation of gold nanorods (AuNRs) 
effectively inhibited tumor cells, and the conjugate of epidermal growth factor receptor mono-
clonal antibody (EGFRmAb) and gold nanorods could selectively binded to the surface of cancer 
cell membrane expressing EGFR. However, there are few research reports on EGFRmAb-AuNRs in 
laryngeal squamous cell carcinoma. Therefore, our study aimed to investigate the photothermal 
effect of EGFRmAb modified AuNRs in inducing tumor cell death in an animal model of laryngeal 
squamous cell carcinoma. We showed that the conjugates of EGFRmAb and AuNRs selectively 
entered laryngeal squamous cell carcinoma cells. We analyzed the parameters of laser irradiation 
by controlling the near-infrared to optimize the condition and procedure of targeted treatment in 
nude mice treated with EGFRmAb and AuNRs. In addition, we examined the safety of the 
combined therapy. Test results showed that EGFRmAb-AuNRs inhibited the growth of Hep-2 
and CNE-2 cells but not normal epithelial cells, and the semi-inhibitor concentration of 
EGFRmAb in Hep-2 and CNE-2 cells was 4 pmol/ml and 2 pmol/ml, respectively. AuNRs injected 
into the tumor and irradiated by near-infrared laser effectively inhibited tumor growth in nude 
mice without toxic effect in mice. We further confirmed that the apoptosis and necrosis rates of 
tumor cells in mice were highest under 3 W/cm2 near-infrared laser irradiation and AuNRs 
minimum concentration of 280 μg/kg. In conclusion, we developed a new method of targeting 
EGFRmAb combined with AuNRs to achieve photothermal effect in the treatment of laryngeal 
squamous cell carcinoma.
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Introduction

Laryngeal squamous cell carcinoma is an aggres-
sive cancer characterized by metastatic potential 
and high mortality [1]. In recent years, the inci-
dence of laryngeal squamous cell carcinoma has 
increased significantly worldwide [2]. Most of the 
patients are commonly diagnosed in the middle 

and late stages [3]. Therefore, it is necessary to 
develop effective treatment model to improve the 
survival rates of patients.

Gold nanorods (AuNRs) are one of the most 
important noble metal nanomaterials easy to pre-
pare and have good stability [4]. The experiments 
in vitro showed that instantaneous heat generated 
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by near-infrared laser irradiation of AuNRs was 
sufficient to destroy tumor cells effectively [5]. In 
addition, AuNRs can encapsulate tumor-specific 
labels or antibodies on the surface of the particles 
to enhance the targeting of AuNRs to tumor tis-
sues, so that AuNRs efficiently aggregate into 
tumor tissues [6]. These characteristics make 
AuNRs an ideal tool for plasma photothermal 
therapy and targeted cancer therapy [7]. AuNRs 
have been widely used in the treatment of head 
and neck tumors [8].

AuNRs have a strong affinity with antibodies, 
proteins, and DNA fragments, and the resulting 
conjugates can further target cancer cells [6,9]. 
Epidermal growth factor receptor (EGFR) is 
a tyrosine kinase receptor overexpressed in head 
and neck malignant tumors [10,11]. Therefore, 
EGFR is considered to be an important biological 
therapeutic target [12]. Some studies showed that 
the conjugates of EGFR monoclonal antibodies 
and AuNRs can selectively bind to the membrane 
surface of cancer cells expressing EGFR [13–15]. 
EGFR monoclonal antibody (EGFRmAb) has been 
extensively studied as a functionalized antibody 
commonly used with AuNRs [16,17]. Our previous 
studies have shown that the functionalization of 
EGFRmAb did not change the optical properties of 
AuNRs, but increased the ability of AuNRs to map 
high expression of EGFR protein in laryngeal 
squamous cell carcinoma (Hep-2) cells. The 
photothermal effect of functionalized AuNRs can 
induce apoptosis of Hep-2 cells by controlling the 
irradiation rate and time of near-infrared [13,14]. 
However, few studies have focused on the optimal 
treatment mode of EGFRmAb-AuNRs for laryn-
geal squamous cell carcinoma.

Based on the above research report, we 
hypothesized that the combination of EGFRmAb 
and Aurs simultaneously improved the therapeutic 
efficiency of laryngeal squamous cell carcinoma by 

adjusting the near-infrared laser irradiation para-
meters. In this study, AuNRs were functionalized 
by EGFRmAb as modifier, and the temperature of 
photothermal interaction of AuNRs was controlled 
by adjusting the parameters of near-infrared laser 
irradiation. The cell lines of Hep-2, CNE-2, NP-69 
and BEAS-2B were used to explore the safety of 
EGFRmAb-AuNRs. Furthermore, we used Hep-2 
and CNE-2 nude mice transplanted tumor model 
to construct an ideal model of EGFRmAb-AuNRs 
targeting and aggregating tumor tissue. Based on 
this model, by controlling the parameters of near- 
infrared laser irradiation, the therapeutic mode of 
AuNRs photothermal therapy for laryngeal squa-
mous cell carcinoma was optimized.

Materials and methods

Cell culture

NP-69 and BEAS-2B cell lines were purchased 
from Yunnan Oncology Research Institute and 
Hep-2 and CNE-2 cell lines were purchased from 
Chinese Academy of Sciences. BEAS-2B [18], Hep- 
2 [18] and CNE-2 [19] cell lines were cultured in 
RPMI-1640 medium supplemented with 10% fetal 
bovine serum (FBS). NP-69 [20] cell lines were 
cultured in DMEM-F12 medium supplemented 
with 10% FBS at 37°C in an incubator containing 
5% CO2. DMEM-F12 and 1640 RPMI medium 
were purchased from GBICO (MA, USA). 
AuNRs were obtained from Beijing National 
Center for Nanotechnology (Beijing, China). 
EGFRmAb was purchased from Sigma-Aldrich 
(MO, USA); Merck KGaA (Darmstadt, Germany).

Animals

Two hundred female BALB/c-nude mice (age, 4– 
6 weeks; weight, 18–22 g, n = 5) were purchased 
from Fukang Biological Company Co. Ltd. 
(Beijing, China). Mice were exposed to constant 
temperature (25 ± 2°C) and humidity (45–50%) at 
the Laboratory Animal Center of Kunming 
Medical University. All experimental procedures 
were conducted in accordance with the institu-
tional guidelines for the care and use of laboratory 
animals, and were approved by the Institutional 

Table 1. Weight of Hep-2 tumor-bearing mice and tumor 
volume before treatment.

Group Weight(g) Tumor volume(mm3)

Control 20.17 ± 0.98 130.21 ± 70.36
NIR 19.83 ± 0.75 133.30 ± 68.72
AuNRs.it + NIR 20.00 ± 0.89 128.97 ± 50.36
AuNRs.iv+ NIR 20.17 ± 0.75 148.94 ± 43.28
EGFRmAb.iv 19.83 ± 0.41 133.30 ± 33.04
EGFRmAb-AuNRs.iv+ NIR 19.67 ± 0.82 137.54 ± 21.25
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Animal Care and Use Committee of Kunming 
Medical University.

MTT assay [21]

Different concentrations of EGFRmAb-AuNRs 
were prepared by dissolving EGFRmAb in HEPEs 
buffer. Hep-2 and CNE-2 cells were cultured in 
logarithmic phase and then treated with 0.1 pmol/ 
ml, 0.2 pmol/ml, 0.3 pmol/ml, 0.4 pmol/ml, 0.5 
pmol/ml, 0.6 pmol/ml, 0.7 pmol/ml, 0.8 pmol/ml 
EGFRmAb-AuNRs, respectively. For BEAS-2B and 
NP-69 cells the concentration of EGFRmAb- 
AuNRs was adjusted to 1 pmol/ml, 2 pmol/ml, 3 
pmol/ml, 4 pmol/ml, 5 pmol/ml, 6 pmol/ml, 7 
pmol/ml and 8 pmol/ml. After 24 h, 48 h and 
72 h near-infrared laser irradiation, 5 mg/ml 
MTT solution was added to each pore. Samples 
were incubated at 37°C for 4 h, then 150 μl DMSO 
was added to each pore and the plates were shaken 
for 10 minutes. OD was measured at 578 nm.

Transmission electron microscope [22]

Transmission electron microscope was used to 
observe the apoptosis of cancer cells. The cells of 
each group were collected, washed with PBS, and 
centrifuged to prepare cell smears. They were fixed 
with 4% paraformaldehyde and 1% osmium acid, 
and dehydrated with gradient ethanol and acetone. 
The cell smear is immersed in acetone, and then 
the cell smear is embedded with an embedding 
agent. Use a microtome to cut the slices into 
100 nm thick slices. Ultrathin sections were 
stained with uranyl acetate and lead citrate. The 
cell apoptosis was observed under a transmission 
electron microscope at an acceleration voltage of 
80 kV.

Transplantation tumor model [23]

Hep-2 and CNE-2 cells (2x106/ml) at logarithmic 
growth stage were collected and injected into the 
right anterior axilla of nude mice. Behavior ability 
and growth of tumors were observed every 
other day in nude mice. One week after injection, 
sclerosis appeared subcutaneously, indicating the 
establishment of transplanted tumor model. 
Follow-up experiments were carried out when 

the size of tumors reached about 100–200 mm3. 
Nude mice were randomly divided into 6 
groups: 1) Control group; 2) near-infrared (NIR) 
group; 3) AuNRs.it+ NIR group; 4) AuNRs.iv + 
NIR group; 5) EGFRmAb.iv group; 6) EGFRmAb- 
AuNRs.iv+ NIR group. The concentration of 
AuNRs injection was 560 μg/kg, and the main 
power of near-infrared laser irradiation was 3 W/ 
cm2 for 8 min. The mice were weighed one hour 
before near-infrared laser irradiation. 
Subsequently, near-infrared laser irradiation was 
performed every other day and AuNRs was 
injected every 2 days. The length and diameter of 
tumors and the body weight of nude mice were 
recorded. GraphPad-Prism 8.0 was used to plot 
growth curve and weight change curve.

Statistical analysis

SPSS 18.0 software was used to analyze the data. 
Each independent experiment was repeated three 
times. Student’s t-test was used for comparison 
between two groups, and one-way ANOVA was 
used for comparison between multiple groups. 
P < 0.05 was considered to be significant.

Results

EGFRmAb-AuNRs inhibited the proliferation of 
tumor cells

In this study, we mainly explored the therapeutic 
effects of different concentrations of EGFRmAb 
and AuNRs on laryngeal squamous cell carcinoma 
by irradiation with different powers of near- 
infrared lasers, and studied them at the cellular 
and animal levels. EGFRmAb is a modified sub-
stance to realize the targeted functionalization of 
gold nanorods. The treatment plan is further 
improved and optimized by adjusting the NIR 
laser irradiation parameters, and the safety and 
efficacy of in vivo experiments, in order to provide 
an important theoretical basis for clinical trials.

First, we explored the effect of EGFR MAB – 
Aurs on the proliferative activity of laryngeal squa-
mous cell carcinoma cells HEP-2 and CNE-2 and 
normal epithelial cells. The morphology of Hep-2, 
CNE-2, NP – 69 and BEAS-2B cells was observed 
under microscope (Figure 1(a)). Cell were treated 
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Figure 1. EGFRmAb-AuNRs inhibited the proliferation of laryngeal squamous cell carcinoma cells. (a)The morphology of Hep-2, CNE- 
2, NP-69 and BEAS-2B cells under a microscope. (b) The cell viability was measured by MTT after treatment with EGFRmAb-AuNRs 
and near-infrared laser irradiation for 24 h, 48 h and 72 h. (a) Hep-2 cells (b) CNE-2 cells. (c) The cell viability was measured by MTT 
after treatment with EGFRmAb-AuNRs and near-infrared laser irradiation for 24 h, 48 h and 72 h.(a) Hep-2 cells (b) CNE-2 cells. (d) 
The cell viability was measured by MTT after treatment with EGFRmAb-AuNRs and near-infrared laser irradiation for 24 h, 48 h and 
72 h.(a) NP-69 cells (b) BEAS-2b cells. (e) The cell survival rates of Hep-2, BEAS-2B, CNE-2 and NP-69 were measured by CCK-8. Data 
were expressed as mean ± SD. *P < 0.05, **P < 0.01, ***P < 0.001.
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with EGFRmAb-AuNRs of 0.1 pmol/ml, 0.2 pmol/ 
ml, 0.3 pmol/ml, 0.4 pmol/ml, 0.5 pmol/ml, 0.6 
pmol/ml, 0.7 pmol/ml, 0.8 pmol/ml for 6 h. 
Subsequently, the cells were irradiated with near- 
infrared laser irradiation for 24 h, 48 h and 72 h, 
and the cell viability was measured by MTT. The 
results showed that Hep-2 and CNE-2 cells did not 
reach half maximal inhibitory concentration 
(IC50) at multiple concentrations (Figure 1(b)). 
The concentration gradient of EGFRmAb-AuNRs 
medium was adjusted to 1 pmol/ml, 2 pmol/ml, 3 
pmol/ml, 4 pmol/ml and 5 pmol/ml. The result 
showed that the IC50 of Hep-2 and CNE-2 were 4 
pmol/ml and 2 pmol/ml, respectively (Figure 1(c)). 
NP-69 or BEAS-2B cells were treated with 
EGFRmAb-AuNRs at the concentration of 1 
pmol/ml, 2 pmol/ml, 3 pmol/ml, 4 pmol/ml, 5 
pmol/ml, 6 pmol/ml, 7 pmol/ml and 8 pmol/ml 
(Figure 1(d)). The IC50 was about 5 pmol/ml in 
NP-69 cells and 8 pmol/ml in BEAS-2B cells. The 
survival rate of Hep-2, BEAS-2B, CNE-2 and NP- 
69 cells were 62.72%, 96.65%, 67.67% and 108.95% 
in the non-irradiated group, and were 47.41%, 
88.57%, 48.24% and 76.29% in the irradiated 
group, respectively (Figure 1(e)). Taken together, 
EGFRmAb-AuNRs inhibited the growth of Hep-2 
and CNE-2 cells but not normal epithelial cells.

EGFRmAb-AuNRs conjugation increased 
apoptosis of tumor cells

The entry of EGFRmAb-AuNRs into Hep-2, 
CNE-2, BEAS-2B and NP-69 cells was observed 
under electron microscopy. As showed in 
Figure 2, Hep-2 and CNE-2 in near-infrared 
laser irradiation group showed necrosis and 
apoptosis. Incomplete cell residues and some 
intact cells were observed. Moreover, there are 
many cell fragments attached to the whole cell 
by AuNRs. Most cancer cells showed necrosis 
such as swelling of mitochondria and endoplas-
mic reticulum, cell links breaking, nuclear chro-
matin edge collection, nuclear fragmentation 
and concentration, and a small number of 
apoptotic bodies were observed. A large num-
ber of AuNRs were observed in the mitochon-
dria of the cells, and also in the cytoplasm and 
lysosomes. CNE-2 cells showed more cell frag-
ments than Hep-2 cells. However, neither 

BEAS-2B nor NP-69 cells showed necrosis or 
apoptosis. These results revealed that functio-
nalized AuNRs selectively induced cancer cell 
apoptosis and had no effect on normal cells, 
which demonstrated that the functionalized 
AuNRs was safe.

AuNRs with near-infrared photothermal therapy 
effectively reduced tumor growth in vivo

To confirm the effects of AuNRs on tumor growth 
in vivo, Hep-2 and CNE-2 cells were injected into 
the right anterior axilla of nude mice. There was 
no significant difference in body weight before and 
after the injection, and no mice died at the time of 
tumorigenesis. Furthermore, there was no swelling 
at the injection site. Seven days after inoculation, 
nodules larger than 5 mm in diameter formed 
subcutaneously, suggesting that the model was 
successfully established. After cell injection, the 
volume of tumors and the weight of mice were 
recorded every other day (Tables 1 and 2). The 
growth curve of the tumors was measured every 
two days after treatment (Figure 3(a,b)). The 
results showed that compared with the control 
group, tumor growth was significantly inhibited 
by direct injection of AuNRs into the tumors and 
near-infrared laser irradiation (AuNRs. it + NIR 
group). On the third day of near-infrared laser 
irradiation, obvious local necrosis and growth 
inhibition were observed. However, EGFRmAb- 
AuNRs.iv+NIR, NIR, EGFRmAb.iv and AuNRs.iv 
+ NIR did not inhibit the growth of tumors, indi-
cating that direct injection of AuNRs into tumors 
followed by near-infrared laser irradiation could 
effectively inhibit the growth of tumors, while tail 
vein injection of EGFRmAb-AuNRs followed by 
near-infrared laser irradiation had no significant 
effect on tumors in nude mice. The growth curve 
showed that the growth rate of CNE-2 trans-
planted tumors in nude mice was much faster 
than that of Hep-2 transplanted tumors.

Improvement of survival in mice after 
photothermal treatment with EGFR-AuNRs

Survival probability is an index of therapeutic 
effect [24]. The survival curves of Kaplan-Meier 
after treatment with EGFRmAb.iv, EGFRmAb- 

3266 Y. HAI ET AL.



AuNRs.iv+NIR, 0.9% saline.it, AuNRs.it +NIR and 
AuNRs.iv +NIR were used in Hep-2 nude mice 
and CNE-2 nude mice, respectively (Figure 4(a,b)). 
The survival of AuNRs.it +NIR group was signifi-
cantly higher than that of the other five groups. 
Logarithmic rank test analysis showed that the 
survival rate of mice in AuNRs.iv + NIR group 

Figure 2. EGFRmAb-AuNRs conjugation increased laryngeal squamous cell carcinoma cancer cell apoptosis. The entry of EGFRmAb- 
AuNRs into Hep-2, CNE-2, BEAS-2B and NP-69 cells was observed under electron microscopy.

Table 2. Weight of CNE-2 tumor-bearing mice and tumor 
volume before treatment.

Group Weight(g) Tumor volume(mm3)

Control 17.00 ± 0.00 152.42 ± 66.79
NIR 17.33 ± 0.52 157.09 ± 48.95
AuNRs.it + NIR 17.17 ± 0.41 160.08 ± 69.83
AuNRs.iv+ NIR 17.33 ± 0.52 186.34 ± 63.49
EGFRmAb.iv 17.00 ± 0.63 145.50 ± 44.22
EGFRmAb-AuNRs.iv+ NIR 17.17 ± 0.41 148.56 ± 54.38
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was significantly higher than that in other groups, 
indicating that near-infrared laser irradiation on 
the tumor site significantly prolonged the median 
survival time of mice. However, EGFRmAb- 
AuNRs.iv + NIR and AuNRs.iv + NIR treatment 
on the tumor-bearing mice significantly prolonged 
the median survival time of mice. There was no 
significant difference in the survival time between 
the two groups. The results revealed that NIR laser 
irradiation after AuNRs injection inhibited the 
growth of tumors, which improved their survival 
advantage. In AuNRs.it + NIR group, the survival 
time of the mice was significantly prolonged. To 
some extent, local injection of AuNRs showed no 
long-term toxicity to nude mice based on the use 
of weight changes as an indicator of survival 
improvement [24,25]. Therefore, we also weighed 
the mice that began to receive treatment (Figure 4 
(c,d)). The results showed that the weight of mice 
in each group did not change significantly after 

42 days of treatment, indicating that AuNRs had 
no toxic effect on mice in each group.

Optimizing near-infrared irradiation power and 
single irradiation time

In order to provide better clinical treatment, the 
power and time of near-infrared laser irradiation 
were optimized. Local temperatures over 6 minutes 
after 3.5 W/cm2, 4 W/cm2 and 5 W/cm2 irradia-
tion reached 50–60°C. After 6 minutes of near- 
infrared laser irradiation with 2 W/cm2, 2.5 W/ 
cm2 and 3 W/cm2, the local temperature was 
higher than 43°C (the lowest local temperature 
required by PTT effect) (Figure 5(a,b)). 
Therefore, a single near-infrared laser irradiation 
time of Hep-2 and CNE-2 transplanted tumors 
were selected as 6 minutes. The apoptotic rate/ 
necrotic rate of CNE-2 loaded mice in 2.5 W/cm2 

group was 1.17 ± 0.21. However, the ratio of 

Figure 3. AuNRs with near-infrared photothermal therapy effectively reduced laryngeal squamous cell carcinoma tumor growth in 
nude mice. The growth curve of the tumors was measured every two days after treatment. (a) Hep-2 transplanted tumor in nude 
mice (b) CNE-2 transplanted tumor in nude mice.
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apoptotic/necrotic were 0.96 ± 0.28 and 
0.84 ± 0.17 in 2 W/cm2 and 3 W/cm2 groups, 
which confirmed that the therapeutic effect of 
2.5 W/cm2 group was better than 3 W/cm2 

group. Thus, we optimized the irradiation power 
to 3 W/cm2 (high necrosis mode) and 2.5 W/cm2 

(high apoptotic mode) (Figure 5(c-e)). The ratio of 
apoptotic/necrosis of Hep-2 mice in 2.5 W/cm2 

group was 1.30 ± 0.37, while the ratio of apoptotic / 
necrosis of 2 W/cm2 and 3 W/cm2 was 0.86 ± 0.36 
and 0.78 ± 0.06, respectively. Under 3 W/cm2 

power near-infrared laser irradiation, the ratio of 
apoptosis and necrosis was the highest.

Dose optimization of intra-tumoral injection

Furthermore, we optimized the dose of intra- 
tumoral injection. Interestingly, when the dose of 
CNE-2 tumor-bearing mice was 187 μg/kg, the 
tumor continued to grow after 2 weeks of treat-
ment. However, when the dose of Hep-2 tumor- 

bearing mice was 187 μg/kg, the tumor did not 
change significantly after 2 weeks of treatment 
(Figure 6(a,b)). When the dose of intra-tumoral 
injection was 1680 μg/kg, a large area of necrosis 
occurred 48 h after near-infrared laser irradiation, 
even involving the skin around the tumor. 
Therefore, doses of 187 μg/kg and 1680 μg/kg 
were excluded. As shown in Figure 6(b,d), there 
was no significant difference in apoptotic rate 
among the groups, and the minimum concentra-
tion was 280 μg/kg.

Discussion

Laryngeal squamous cell carcinoma is the most 
common head and neck cancer, which is charac-
terized by high morbidity and mortality [1,26]. At 
present, the most difficult problem in the treat-
ment of laryngeal squamous cell carcinoma is how 
to selectively target cancer cells without side effects 
on normal cells. EGFR is usually overexpressed 

Figure 4. Improved survival of laryngeal squamous cell carcinoma transplanted mice after photothermal treatment with EGFR- 
AuNRs. (a and b) Kaplan-Meier survival curves of nude mice after treatment with EGFRmAb.iv, EGFRmAb-AuNRs.iv+NIR,0.9% saline.it, 
AuNRs.it +NIR and AuNRs.iv+NIR. (c and d) The weight of the nude mice in each group.
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and activated in tumor tissues, and plays an 
important role in the pathogenesis of laryngeal 
squamous cell carcinoma [27]. Nevertheless, tar-
geting therapy with monoclonal antibodies and 
kinase inhibitor has not significantly inhibit malig-
nant tumors [28]. AuNRs can penetrate biological 
tissues well, and the longest light penetration 
depth is up to 10 cm [29]. In this context, near- 
infrared photothermal therapy plasma photother-
mal therapy using AuNRs as carriers showed pro-
mise. In this study, we combined EGFRmAb with 
AuNRs to target laryngeal squamous cell carci-
noma cells.

In vitro, we irradiated cells with different con-
centrations of EGFRmAb-AuNRs and near- 
infrared laser, and then detected cell viability at 
different time points after irradiation by MTT 
method. EGFRmAb-AuNRs had no effect on nor-
mal cells at the effective killing concentration of 
photothermal therapy for tumor cells. Electron 
microscopy showed that a large number of 
AuNRs accumulated in the mitochondria, 

cytoplasm and lysosomes of tumor cells. After 
near-infrared laser irradiation, cell necrosis and 
apoptosis were observed. However, no AuNRs 
were observed in normal cells, and no necrosis 
and apoptosis were observed after near-infrared 
laser irradiation, suggesting that EGFRmAb- 
AuNRs were relatively safe. Furthermore, we 
established the models of Hep-2 and CNE-2 trans-
planted tumors in vivo. The results showed that 
tumor growth in CNE-2 tumor-bearing nude mice 
was faster than in Hep-2 tumor-bearing nude 
mice, and the median survival of CNE-2 tumor- 
bearing nude mice was significantly shorter than 
that of Hep-2 tumor-bearing mice. Taken 
together, plasma photothermal therapy selectively 
kills cancer cells to achieve the goal of cancer 
treatment, but the treatment cycle is long, and it 
is more suitable for the treatment of tumors near 
important tissues and organs with relatively slow 
development.

The rapid tumor growth in the near-infrared 
laser irradiation group showed that near-infrared 
laser irradiation at a certain power would not 
damage the cells, suggesting that we need to define 
a safe and effective irradiation power. Therefore, 
we need to optimize the power and duration of 
near-infrared laser irradiation. Previously, we 
showed that functionalized AuNRs significantly 
inhibited tumor growth and increased the ability 
of AuNRs to enter cells [13]. However, in this 
study we failed to achieve tail vein injection of 
EGFRmAb-AuNRs to inhibit tumor growth. The 
reason may be the unstable binding of EGFRmAb 
and AuNRs, the failure of EGFRmAb-AuNRs to 
reach the effective concentration through systemic 
circulation, and low expression of EGFR in nude 
mice transplanted tumors.

Plasma photothermal therapy treatment of can-
cer is via photothermal inhibition of tumor cell 
growth [30,31]. There are two main ways of cancer 
cell death, necrosis and apoptosis [32]. 
Interestingly, whether cancer cells undergo necro-
sis or apoptosis depends on the heat load pro-
duced by plasma photothermal therapy on cancer 
cells [33]. Apoptosis is a programmed death, 
which causes cancer cell death but does not cause 
damage to healthy tissues [34].

Regulating plasma photothermal therapy treat-
ment modes, such as irradiation power, duration 

Figure 5. Optimizing near-infrared irradiation power and single 
irradiation time. (a) The relationship between the surface tem-
perature of Hep-2 tumor and irradiation power and irradiation 
time. (b) The relationship between the surface temperature of 
CNE-2 tumor and irradiation power and irradiation time. (c-e) 
The ratio of apoptotic/necrosis of Hep-2 nude mice and CNE-2 
nude mice. *P < 0.05 vs 2 W/cm2 group.
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of irradiation and dosage of AuNRs injection, can 
lead to apoptotic death of cancer cells and effec-
tively reduce side effects of cancer treatment in the 

clinical [31,35]. We successfully established Hep-2 
and CNE-2 tumor models in nude mice. By opti-
mizing irradiation power, single irradiation time 

Figure 6. Dose optimization of intra-tumoral injection. (a and c) Tumor inhibition after 48 hours, 1 week and 2 weeks of 
photothermal therapy with different concentrations of AuNRs. (b and d) TUNEL and flow cytometry of apoptosis of tumor at 48 
h, 1 week and 2 weeks after treatment. *P < 0.05, **P < 0.01 vs 187 μg/mL group.
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and injection dose, we tried to induce apoptosis of 
tumor cells in nude mice. The single near-infrared 
irradiation duration for CNE-2 tumor model was 
optimized as 6 minutes. The near-infrared irradia-
tion power was optimized as 3 W/cm2 (high 
necrosis mode), and 2.5 (high apoptotic mode), 
which could effectively inhibit the growth of naso-
pharyngeal carcinoma in early clinical stage and 
protect surrounding tissues and organs. The opti-
mum irradiation power of Hep-2 mice was 3 W. 
Under this irradiation power, the necrosis rate and 
apoptosis rate of the tumors were the highest in all 
groups. In addition, some studies have reported 
that the near infrared radiation of gold nanorods 
could effectively inhibit the growth and metastasis 
of tumor cells. Gold nanorods are considered as 
an effective nanocarrier because of their large sur-
face area and relatively simple means of surface 
functionalization, which can transport small mole-
cule drugs, photosensitizers, nucleic acids (DNA 
and siRNA, etc.) into cells. Gold nanorods them-
selves can also be used as photothermal agents, 
which can achieve the purpose of treating tumors 
through their mediated photothermal effects, and 
have great potential in tumor treatment. At pre-
sent, we have only studied the survival rate of 
laryngeal squamous cell carcinoma cell line and 
the apoptosis and necrosis of cancer cells in xeno-
graft nude mice by near infrared irradiation. In 
the study, we have not observed the inhibitory 
effect of EGFRmAb on mouse tumors, which 
may be caused by the unstable binding between 
AuNRs and EGFRmAb, or the lack of accumula-
tion of EGFRmAb in mice, or the inability of 
transplanted tumors in nude mice to express 
EGFR highly. In the future research, we will 
further study these possible reasons to improve 
the therapeutic effect of gold nanorods on tumors.

In conclusion, AuNRs photothermal therapy 
can kill tumor cells while avoiding damage to 
normal cells. Moreover, AuNRs injection com-
bined with near-infrared laser irradiation could 
effectively inhibit Hep-2 and CNE-2 tumor 
model in nude mice, although the effect of tail 
vein injection was not obvious. Therefore, we 
developed a new method of targeting EGFR 
monoclonal antibody combined with nano gold 
to achieve photothermal effect in the treatment 
of laryngeal squamous cell carcinoma.

Conclusion

To sum up, we found that photothermal treatment 
with EGFRmAb/AuNRs inhibited the viability of lar-
yngeal squamous cell carcinoma cells Hep-2 and 
CNE-2 without compromising the viability of normal 
cells. In xenografts nude mice, tumor injection of 
AuNRs photothermal therapy can significantly pro-
mote the apoptosis rate and necrosis rate of tumor 
cells. The optimal single NIR laser irradiation dura-
tion for plasma resonance photothermal therapy of 
CNE-2 and Hep-2 tumor-bearing nude mice was 
optimized to be 6 minutes, the optimal irradiation 
power was 3 W/cm2, and the optimal tumor injection 
dose was 280 μg/kg.

Highlights

(1) EGFR/AuNRs photothermal therapy could 
kill head and neck squamous carcinoma 
cells while avoiding damage to normal cells.

(2) The photothermal therapy with AuNRs 
injection had a significant effect on HEP-2 
and CNE-2, and The inhibition rate of heP- 
2 transplanted tumor was 100%.

(3) The optimal single NIR laser irradiation 
duration for plasma resonance photother-
mal therapy of CNE-2 and Hep-2 tumor- 
bearing nude mice were optimized to be 6 
min, with the optimal irradiation power of 3 
W/cm2 (high necrosis mode) and the opti-
mal tumor injection dose of 280 μg/kg.
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