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Abstract: During carcinogenesis, growth, proliferation, invasion and metastasis, increasing evidence shows that 
autophagy and endoplasmic reticulum stress (ER stress) are regulated in nasopharyngeal carcinoma, a finding 
drawing more attention from physicians and scientists. As one of the carbon-based nano-materials, graphene oxide 
(GO) has been extensively used for its advantages, such as biocompatibility, an ultrahigh surface to volume ratio, 
abundant surface groups, and a special photothermal effect. The present study is designed to explore the effects 
of GO on autophagy and ER stress in nasopharyngeal carcinoma cells. Our findings will provide scientific bases for 
the clinical application of GO and the development of new analogues. GO inhibits the proliferation of HONE1 cells, 
promotes their apoptosis in a concentration-dependent manner and enhances the expression of the ER stress 
chaperone GRP78 in HONE1 cells. These results suggest that GO could affect HONE1 cells through the autophagic 
and ER stress pathways. Thus, GO inhibits the proliferation of nasopharyngeal carcinoma cells via the induction of 
cytotoxic autophagy. In addition, ER stress is also activated as an adaptive response, so blocking ER stress may 
enhance the sensitivity of nasopharyngeal carcinoma cells to GO.

Keywords: Graphene oxide, endoplasmic reticulum stress, autophagy, nasopharyngeal carcinoma cells, apoptosis

Introduction

With more rapid urbanization, an increasing 
aged population, and higher economic develop-
ment, the mortality and morbidity rates of 
nasopharyngeal carcinoma have sharply 
increased globally during recent decades. More 
progress has been made in understanding 
nasopharyngeal carcinoma oncology, and the 
efficacy and prognosis of nasopharyngeal carci-
noma have also been improved by in-depth 
clinical practice and study. The treatment of 
nasopharyngeal carcinoma with radiotherapy 
has been effectively applied, but its practice 
has been limited by chemotherapy resistance, 
adverse effects caused by anticancer drugs, 
and the impaired quality of life caused by surgi-
cal resection [1, 2]. Although the mechanisms 
of nasopharyngeal carcinoma are not fully elu-
cidated, studies have provided data to support 
the hypothesis that autophagy and ER stress 
are associated with the occurrence and devel-

opment of nasopharyngeal carcinoma, and 
more attention has been paid to it by physicians 
and scientists. Therefore, it is urgent to find a 
drug with better sensitivity and specificity to 
resist nasopharyngeal carcinoma.

As one of the carbon-based nano-materials, 
graphene oxide (GO) has been extensively  
used for its advantages, such as biocompatibil-
ity, an ultrahigh surface to volume ratio, abun-
dant surface groups, and a special photother-
mal effect [3-6]. Accumulating evidence has 
shown that GO plays a pivotal role in the treat-
ment of nasopharyngeal carcinoma [7-9]. 
Meanwhile, several studies have found that 
autophagy and ER stress is critically involved in 
the growth of tumor cells [10-12]. Moreover, 
evidence is lacking which shows the relation-
ship between GO through autophagy and endo-
plasmic reticulum stress and the pathogenesis 
of nasopharyngeal carcinoma [13, 14]. Accor- 
dingly, we hypothesized that GO may have 
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potential therapeutic effects in nasopharyn-
geal carcinoma.

Therefore, the aim of this study was to evaluate 
whether GO alleviates the growth of nasopha-
ryngeal carcinoma by regulating autophagy and 
ER stress.

Materials and methods

Chemical and biological reagents

HONE1 was purchased from the Otwo Biotech 
(Shenzhen) Inc. (Shenzhen, China). GO was pur-
chased from the Nanjing Xianfeng Nano 
Material Technology Co., Ltd. (Nanjing, China), 
(catalogue No: 100683). CCK8 was obtained 
from Japan Tongren Company. GRP78 antibod-
ies, LC3B antibodies, β-actin antibodies, and 
rabbit anti-IgG antibodies were purchased from 
Cell Signaling Technology, Inc. (Danvers, MA, 
USA). 4-PBA was purchased from Sigma (St. 
Louis, MO, USA). The total RNA was extracted 
from lung samples with TRIzol (Invitrogen, 
Thermo Fisher Scientific, Waltham, MA, USA) 
according to the manufacturer’s instructions. 
cDNA was prepared using oligo (dT) primers 
(PrimeScript™RT reagent Kit, TAKALA, Kusatsu, 
Japan). Quantitative RT-PCR was performed in 
duplicate with SYBR Green I (SYBR®Premix Ex 
Taq™, TAKALA) using an Applied Biosystems 
7500 analyzer (Thermo Fisher Scientific) 
according to the manufacturer’s instructions.

Cell culture

The HONE1 cells were cultured in 1 mL DMEM 
containing 10% fetal bovine serum (FBS), 100 
U/ml penicillin and 100 U/ml streptomycin at 
37°C in 5% CO2 incubator. The cells in mid-log 
phase were used in the experiments.

Cell viability assay

Cell Viability was determined using a CCK8 
assay. The HONE1 cells were seeded in 96-well 
flat bottom microtiter microplates at a density 
of 6.0 × 103 cells per well, the cells were cul-
tured for 24 h, and then they were treated with 
25, 50, 75, and 100 μg/ml GO at room tem-
perature for 6 h, respectively. The control group 
and zero adjustment well were also set up. 
Next, the cells were incubated with 10 μL of 
CCK8 labeling reagent for 6 h. The absorbance 
value per well at 450 nm was read using an 
automatic multiwell spectrophotometer. All the 

CCK8 assays were performed in triplicate. Cell 
viability was determined according to the fol-
lowing formula: (experimental absorbance val-
ue-blank absorbance value/control absorbance 
value-blank absorbance value) × 100%.

Morphology observation

The HONE1 cells were treated with 0, 50 and 
100 μg/ml GO for 6 h. After being washed with 
PBS, the cell morphology was observed with an 
inverted microscope.

Western blotting detection for GRP78 and 
LC3B

As in the previously described method, the 
expression levels of GRP78 and LC3B in the 
HONE1 cells were detected with western blot-
ting [15]. Briefly, the cell sample was centri-
fuged at 12000 r/min for 20 min at 4°C, the 
supernatant was collected, and the sample 
protein concentration was measured with a 
nanodrop ultra-micro sample spectrophotome-
ter. About 80 μL of each protein sample was 
mixed with 20 uL of 5× sodiumdodecylsulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) 
loading buffer (Baomanbi, Shanghai, China). 
The mixture was boiled for 5 minutes and then 
cooled for another 5 minutes at room tempera-
ture. For the western blot assay, 80 μg of total 
protein per lane was separated by 12% SDS-
PAGE and then transferred to polyvinylidene 
difluoride (PVDF) membranes (0.22 μm; Mil- 
lipore Corp., Billerica, MA, USA). The PVDF 
membranes were blocked with 5% skim milk 
diluted in Tri-buffered saline (TBS) for 1 h at 
room temperature and then incubated with 
antibodies for rabbit anti-GRP78 (1:1,000 dilu-
tion; Cell Signaling Technology, Inc. Danvers, 
MA, USA), or Rabbit monoclonal anti-caspase-3 
and anti-light chain 3 (LC3B) (1:1,000 dilution; 
Cell Signaling Technology, Inc. Danvers, MA, 
USA), and β-actin (1:1,000 dilution; Cell 
Signaling Technology, Inc. Danvers, MA, USA) 
and diluted in primary antibody dilution buffer 
overnight at 4°C according to the manufactur-
ers’ instructions. After washing with TBST (TBS 
containing 0.05% Tween), the membranes  
were incubated with rabbit anti-IgG antibodies 
(1:5,000; Cell Signaling Technology, Inc. Dan- 
vers, MA, USA) diluted in a secondary antibody 
dilution buffer. After washing as above, the sig-
nals of each sample were measured using a 
sweep membrane apparatus (LI-COR). β-actin 
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was used to assess the loading and transfer 
quality. Quantification was performed using 
Odyssey software.

Quantitative real-time polymerase chain reac-
tion (PCR) analysis

For quantifying, the total RNA was extracted 
from lung samples with TRIzol (Invitrogen, 
Thermo Fisher Scientific, Waltham, MA, USA) 
according to the manufacturer’s instructions. 
cDNA was prepared using oligo (dT) primers 
(PrimeScript™RT reagent Kit, TAKALA, Kusatsu, 
Japan). Quantitative RT-PCR was performed in 
duplicate with SYBR Green I (SYBR®Premix Ex 
Taq™, TAKALA) using an Applied Biosystems 
7500 analyzer (Thermo Fisher Scientific) 
according to the manufacturer’s instructions. 
DNA was amplified under the following condi-
tions: denaturation at 95°C for 30 s, extension 
at 95°C for 5 s, 60°C for 34 s, and the samples 
were amplified for 40 cycles. β-actin was used 
as an internal control, and levels of each gene 
were normalized to β-actin expression using 
the ΔΔCt-method. The identity of the amplified 
products was examined using agarose gel elec-
trophoresis and melt curve analysis.

Indirect immunofluorescence assay

LC3B was detected by an indirect immunofluo-
rescence assay (IIF). HONE1 cells were seeded 

to coverslips in the 6-well plates and treated 
with GO, 4-PBA, 4-PBA+GO or PBS (control) for 
6 h. After PBS washes, the cells were fixed with 
4% paraformaldehyde and permeabilized as 
described. Briefly, they were washed with PBS, 
followed by 0.1% Triton X-100 for 10 min and 
washed again with PBS. After being blocked 
with 1% BSA for 1 h, they were incubated with 
the primary antibody (1:100 dilution) overnight 
at 4°C. After being washed with PBST, the 
HONE1 cells were incubated with the second-
ary antibody (1:500 dilution) for 1 h at room 
temperature in the dark. After they were 
washed, the cells were visualized with a fluores-
cence inverted microscope and the images 
were captured. A LUX multifunction enzyme 
labeling instrument was used for the quantita-
tive detection of the fluorescence intensity 
(RFU).

Transmission electron microscope (TEM)

The autophagosome was observed by trans-
mission electron microscope (TEM). The HONE1 
cells were collected and centrifuged, and then 
they were increased with 2.5% glutaraldehyde 
for the night at 4°C. After being washed, the 
cells were fixed with osmium acid for 2 h. After 
embedding, the sections were stained and 
observed by electron microscopy.

Statistical analysis

Statistical analysis of data was performed 
using the SPSS statistical software (version 
19.0, SPSS IBM, Chicago, IL, USA) and 
GraphPad Prism version 5.0 (GraphPad 
Software, San Diego, CA, USA). The data are 
presented as means ± standard deviation (SD). 
Statistical comparisons of the data were per-
formed using one-way ANOVA. P-values of less 
than 0.05 were considered to indicate statisti-
cally significant differences.

Results

Effects of GO on hematopoietic cell prolifera-
tion

Cell viability was determined using a CCK8 
assay. The HONE1 cells were treated with 25, 
50, 75, and 100 μg/ml of GO for 6 h. Cell viabil-
ity from each experimental group is shown in 
Figure 1. The results show that with an increase 
in GO concentration, cell viability gradually 
decreases, in a dose-dependent manner. 

Figure 1. Cell viability was determined using a CCK8 
assay. The HONE1 cells were treated with 25, 50, 75 
and 100 μg/ml GO for 6 h. Cell viability from each 
experimental group is shown. Data are presented 
as the mean ± standard deviation (SD). The results 
found that with the increase of GO concentration, cell 
viability gradually decreased, in a dose-dependent 
manner. Moreover, compared with the GO group, the 
4-PBA group showed markedly increased cell viabil-
ity. P<0.05 indicates a statistically significant differ-
ence.
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Figure 2. The HONE1 cells were treated with 0, 50, and 100 μg/ml GO for 6 h and the cell morphology is shown. 
Compared with the control group, some dead cells were observed in the GO group; however, most HONE1 cells were 
necrotic, and the morphology of the cells was changed in the 100 μg/ml GO group.
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Moreover, compared with the GO group, the 
4-PBA group showed markedly increased cell 
viability.

Effects of GO on cell morphology

The HONE1 cells were treated with 0, 50, and 
100 μg/ml GO for 6 h, and cell morphology was 
shown in Figure 2. Compared with the control 
group, some dead cells were observed in the 
GO group; however, most of the HONE1 cells 
were necrotic, and the morphology of the cells 
was changed in the 100 μg/ml GO group.

GO effects the protein expression of GRP78 
and LC3B

The contents of the endoplasmic reticulum 
marker protein GRP78 and the autophagy pro-
tein LC3B were detected by western blot, as 
shown in Figure 3A. The results showed that 
with the increase of GO concentration, the con-
tent of GRP78 and LC3II increased gradually. 
After adding 4-PBA, the content of GRP78 and 
LC3II decreased relatively, suggesting that GO 
can induce endoplasmic reticulum stress and 
autophagy in both cells, and the blockade of ER 

stress response can reduce the conversion of 
LC3I to LC3II, indicating that ER stress is 
involved in GO-induced autophagy in HONE1 
cells.

GO effects the mRNA expression of GRP78 
and LC3B

To evaluate the effects of GO on the endoplas-
mic reticulum and autophagy, the mRNA 
expression of GRP78 and LC3B were analyzed 
by quantitative real-time PCR. As shown in 
Figure 3B, compared with the control group, 
GO-administrated cells in the GO group in- 
creased the mRNA expression of GRP78 and 
LC3B. Conversely, 4-PBA treatment decreased 
the mRNA expression of GRP78 and LC3B com-
pared to the GO group. The above results dem-
onstrated that endoplasmic reticulum stress 
was involved in GO induced autophagy in the 
HONE1 cells.

GO treatment regulates autophagy

HONE1 cells were treated with GO (50 μg/ml) 
for 6 h, and the results are shown in Figure 4. 
Compared with the control group, the cells in 

Figure 3. To evaluate the effects of GO on the endoplasmic reticulum and autophagy, the protein and mRNA expres-
sion of GRP78 and LC3B were analyzed by western blotting and quantitative real-time PCR, respectively (A. The 
protein expression of GRP78 and LC3B were analyzed by western blotting; B. The mRNA expression of GRP78 and 
LC3B were analyzed by RT-PCR). Data are presented as the mean ± SD, P<0.05 indicates a statistically significant 
difference.

Figure 4. HONE1 cells were treated with GO (50 μg/ml) for 6 h, and the results are shown in the following figure (A. 
Cytoplasm in the control group; B. Cell nuclei in the control group; C. Cytoplasm in the GO group; D. Cell nuclei in 
the GO group).
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the GO group showed an increased expression 
of LC3B, and nuclear morphologic changes 
were observed. These findings revealed that 
GO could induce autophagy. 

GO stimulates HONE1 cells to produce au-
tophagosomes

By means of transmission electron microscopy, 
the gold standard for autophagy is intracellular 
autophagosomes. 50 μg/ml of GO and an equal 
amount of FBS-free medium were co-cultured 
with HONE1 cells for 6h as a negative control 
and subjected to a series of treatments and 
observed by transmission electron microscopy. 
As shown in Figure 5, the GO-treated cells 
showed a large number of autophagosomes 
with a bilayer membrane vesicular structure.

Discussion

Owing to its large surface area and surface-
active properties, previously published studies 
have shown that GO plays a crucial role in can-

protective measures, resulting in general trans-
lational attenuation. However, excessive or 
aberrant ER stress can result in cell injury or 
death by the activation of apoptotic pathways 
[22-24]. Meanwhile, as an inherent molecular 
chaperone in the endoplasmic reticulum, glu-
cose-regulated protein 78 (GRP78) is a marker 
of ER stress [25]. Therefore, studies have pro-
vided data to support the hypothesis that the 
expression of GRP78 is associated with the 
occurrence and development of ER stress. In 
this study, our results demonstrated that GO 
significantly inhibited the expression of GRP78 
in HONE1 cells in a dose-dependent manner. 
Therefore, these findings indicated that GO pro-
moted the apoptosis of nasopharyngeal carci-
noma cells through ER stress.

Interestingly, recent evidence suggests that 
autophagy is a double-edged sword in tumori-
genesis and metastasis [26, 27]. Extensive 
autophagy or inappropriate activation of auto- 
phagy may result in autophagic cell death. As a 
marker protein, LC3II can determine the mech-

Figure 5. GO stimulates HONE1 cells to produce autophagosome. 50 μg/
ml of GO and an equal amount of FBS-free medium were co-cultured with 
HONE1 cells for 6 h as a negative control and subjected to a series of treat-
ments and observed by transmission electron microscopy. The GO-treated 
cells showed a large number of autophagosomes with a bilayer membrane 
vesicular structure. (A. TEM: 10000× in control group; B. TEM: 40000× in 
control group; C. TEM: 10000× in GO group; D. TEM: 40000× cell nuclei in 
GO group. The red arrow refers to the autophagosome).

cer therapy, which has the fol-
lowing functions and merits: 
its drug-loading capacity and 
photothermal therapy [16-18]. 
Although there have been 
many studies on GO-asso- 
ciated cancer, the underlying 
mechanism is still not conclu-
sively known. However, stud-
ies have demonstrated that 
autophagy and ER stress  
play an important role in the 
development and outcome  
of nasopharyngeal carcinoma 
[19-21].

As reported, ER stress occ- 
urs when newly-synthesized, 
unfolded or misfolded pro-
teins selectively accumulate 
in the endoplasmic reticulum 
when its function has been 
disturbed by differing patho-
logical conditions. Furthermo- 
re, the previous studies have 
confirmed that ER stress can 
mediate the expression of 
PERK, IRE1/X-box binding pro-
tein-1 and then in turn, acti-
vate transcription factor-6 
(ATF6) signaling pathways as 
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anism of autophagy [28]. In our study, we dem-
onstrated that the expression of LC3II was 
markedly shifted in a dose- and time-indepen-
dent manner by western blotting and RT-PCR 
assay. Furthermore, compared with the control 
group, the GO-administrated HONE1 cells in 
the GO group increased the protein expression 
of LC3II. Conversely, 4-PBA treatment decrea- 
sed the protein expression of LC3II compared 
to the GO group. The RT-PCR result is consis-
tent with the western blotting assay. The above 
results demonstrated that endoplasmic reticu-
lum stress was involved in GO induced autoph-
agy in HONE1 cells.

In addition, the findings of the present study 
show that GO inhibited cell proliferation of 
HONE1 cells in a dose- and time-independent 
manner. Consistent with previous studies, an 
indirect immunofluorescence assay and a 
transmission electron microscope demonstrat-
ed that GO could indicate autophagy. The above 
result is consistent with previous studies [16].

Taken together, our results demonstrated that 
autophagy and ER stress were shown to be 
involved in the mechanism of nasopharyngeal 
carcinoma. GO could induce autophagy and ER 
stress and suppress cell proliferation, which 
provides a new avenue for the treatment  
of nasopharyngeal carcinoma. Nevertheless, 
there are of course some limitations to our 
present study. Further studies are needed to 
elucidate its possible mechanism.
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