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Abstract: Activation of the PI3K/mTOR pathways is significantly correlated with a poor prognosis in nasopharyngeal 
carcinoma (NPC). Inhibition of these pathways was reported to be effective in restoring radiosensitivity. In this study, 
the activity of the novel ATP-competitive, orally bioavailable mTOR inhibitor AZD8055 was found to inhibit the phos-
phorylated mTOR and NPC cells proliferation. The IC50 doses in CNE1 and CNE2 cell lines were 60 and 100 nano-
molar, respectively. AZD8055 significantly enhanced the inhibitions of cell growth and colony formation induced 
by irradiation (P < 0.05 for all). AZD8055 at the IC50 doses prolonged G2/M arrest (P < 0.05) and promoted the 
apoptosis (P < 0.01) induced by irradiation and autophagy in NPC cells. Blocking autophagy weaken the cell growth 
inhibition and decreased apoptosis induced by AZD8055 combined with irradiation. Treatment with AZD8055 at 5, 
10 and 20 mg/kg/d significantly enhanced NPC cell radiosensitivity in vivo and significantly induced apoptosis and 
autophagy in tumor tissues, Neither 5 nor 20 mg/kg/d AZD8055 induced significantly pro-apoptosis bax expres-
sions in mouse livers and kidneys. 5 mg/kg/d produced good radiosensitivity but had little impact on body weight. 
We concluded that AZD8055 was a promising candidate radiosensitizer for NPC.
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Introduction 

Nasopharyngeal carcinoma (NPC) is conside- 
red a rare form of cancer globally and repre-
sents approximately 0.7% of the global cancer 
burden, with an estimated 86,700 new cases 
and 50,800 deaths in 2012 [1]. It is notable for 
its high incidence in South-Eastern Asia, espe-
cially in Guangdong and Hong Kong in China, 
and in other parts of Southern Asia (the 
Philippines, India, and Thailand), and it is the 
sixth most common cancer among males in 
this region [1]. 

Radiation therapy (RT) is usually the definitive 
treatment for early stage of NPC and concur-
rent chemo-radiation therapy followed by adju-
vant chemotherapy for advanced disease [2]. 
The five-year overall survival (OS) for early-stage 
and advanced (stage III-IV) disease are approxi-

mately 85% and 72%, respectively [3, 4]. And 
the control rates range from 81 to 91% for T3-4 
stage disease [5]. While, a major clinical prob-
lem with this disease is the development of dis-
tant metastasis, which occurs in about 30% 
patients [6]. Failure to provide local control of 
advanced disease (approximately 50% for T3-4 
tumors) can represent the source of distant 
metastasis [7]. Radioresistance is the main 
reason for these dismal prognoses [8, 9]. 

Mammalian target of rapamycin (mTOR) is an 
evolutionarily conserved serine/threonine pro-
tein kinase with an important role in cell growth 
and proliferation. It forms two multiprotein com-
plexes, mTORC1 and mTORC2. It was reported 
that the mTOR pathway was significantly corre-
lated with poor prognosis in NPC patients [10, 
11]. Inhibition of mTOR with RAD001, rapamy-
cin, or the IC50 dose of the potent dual PI3K/
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mTOR inhibitor PF-04691502 was found to 
inhibit the growth of NPC cells [12-14]. 
Moreover, mTOR inhibition (rapamycin) was 
also found to restore radiosensitivity in radia-
tion-resistant glioma or parotid carcinoma cells 
by triggering premature senescence [15]. The 
dual PI3K/mTOR inhibitors GSK2126458 and 
PKI-587 suppressed tumor progression and 
sensitized NPC cells to IR by increasing DNA 
damage, enhancing G2/M delay, and inducing 
apoptosis [16].

AZD8055 is a first-in-class, orally available, 
potent and novel ATP-competitive inhibitor of 
mTOR kinase activity and showed excellent 
selectivity against all class I PI3K isoforms and 
other members of the PI3K-like kinase family. 
AZD8055 also inhibits phosphorylation of the 
mTORC1 substrates p70S6K and 4E-BP1 as 
well as phosphorylation of the mTORC2 sub-
strate AKT and downstream proteins [17]. It 
showed excellent growth inhibitory effects in 
hepatocellular carcinoma, breast cancer and 
lung cancer cells in vitro and in vivo, and the in 
vivo antitumor activity was induced by AZD8055 
administered orally at a dose of 10 mg/kg twice 
daily or 20 mg/kg daily [17-19]. It was also able 
to overcome tamoxifen resistance in breast 
cancer cells [20] and was effective in breast 
cancer even under conditions in which RAD001 
fails to control tumors [19]. A phase I study of 
AZD8055 showed that it possesses similar tol-
erability and pharmacokinetics (PK) in Western 
patients and Japanese patients, without varia-
tion between different ethnicities, and the max-
imum tolerated dose (MTD) was 90 mg twice 
daily (BID) [21, 22]. However, the effect of 
AZD8055 on radiosensitivity and the effective 
dose of AZD8055 in NPC cells are unknown.

The aim of this study was to determine whether 
AZD8055 modulated apoptosis and autophagy 
by inhibiting mTOR and thus sensitizes NPC 
cells to radiotherapy and to determine whether 
a low oral dose of AZD8055 with less toxicity 
would enhance the radiosensitivity of NPC ce- 
lls.

Materials and methods

Cell culture

The CNE1 and CNE2 human NPC cell lines 
gained from Zhongshan School of Medicine, 
Sun Yat-sen University, 2013, and were cul-
tured in RPMI 1640 medium supplemented 

with 10% fetal bovine serum and 1% penicillin-
streptomycin at 37°C in 5% CO2. The cell line 
authentication via STR profiling was used to 
test these two lines on March, 2016.

Reagents and antibodies

AZD8055 was purchased from Selleck (Sh- 
anghai, China). Acridine orange (AO; BestBio, 
China) and ProLong™ Gold Antifade Mountant 
with DAPI were obtained from ThermoFisher 
Scientific. Antibodies against mTOR (2983s), 
p-mTOR (5536s), p62 (5114s), Bax (2772s), 
Bcl-2 (2872s), and poly (ADPribose) polymerase 
(PARP, 9532s) were purchased from Cell Si- 
gnaling Technology. LC3 (GeneTex, GTX127375), 
Polyclonal rabbit anti-human GAPDH (10494-1-
AP, ProteinTech, USA) were also used. Se- 
condary antibodies for western blotting were 
HRP-conjugated goat anti-rabbit antibodies 
(Bioworld, BS13278) or HRP-conjugated goat 
anti-mouse antibodies (Bioworld, BS12478). 
The secondary antibody used for immunofluo-
rescence was a goat anti-rabbit IgG (H+L) highly 
cross-adsorbed secondary antibody conjugat-
ed with Alexa Fluor 594 (Invitrogen).

Western blot analysis

Total protein was extracted from cells after dif-
ferent treatments and then boiled. Western 
blot was performed as previously described 
[23, 24]. 

Immunofluorescence

CNE1 and CNE2 cells were plated at a concen-
tration of 7×105 cells/plate in 35-mm cell cul-
ture plates with 15-mm glass bottoms for con-
focal microscopy (NEST Biotechnology Co., 
LTD., China) and allowed to adhere overnight. 
Then, the cells were treated with AZD8055 for 
2 h, and a subset of cells was subjected to 4 Gy 
IR. After IR treatment for 48 h, all cells were 
washed with PBS twice and fixed for 10 min in 
4% paraformaldehyde. Immunofluorescence 
staining was performed as previously described 
[25] and imaged using a confocal microscope 
at ×630 magnification. Five representative 
fields were captured, and the number of cells 
expressing the target proteins in the cytoplasm 
and the nucleus were counted.

Cell growth and survival test

Briefly, 3×103 cells were plated in 96-well cell 
culture plates. The cells were incubated with 
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AZD8055 at different concentrations or with 
DMSO (as the negative control) for 2 hours at 
37°C and then treated with 4 Gy IR. After treat-
ments, the cell growth over 6 days was ass- 
essed with MTT assays.

Cell cycle analysis 

Briefly, CNE1 and CNE2 cells were seeded at a 
density of 3×105 cells per well in a six-well cul-
ture plate. After subsequent treatments, the 
cells were collected and fixed with 70% ethanol 
in PBS at 4°C overnight. Cell cycle analysis  
was performed using a cell cycle kit (KeyGEN, 
China) according to the manufacturer’s spe- 
cifications.

Detection of cell death

Briefly, CNE1 and CNE2 cells were seeded at a 
density of 3×105 cells per well in a six-well cul-
ture plate, and after subsequent treatments, 
the cells were harvested to detect apoptosis 
using an Annexin V-FITC/PI kit (KeyGEN, China) 
according to the manufacturer’s instructions. 
Samples were analyzed with a flow cytometer 
(FACSCalibur) using CELLQuest software (FA- 
CSCalibur). 

Colony formation assay

CNE1 and CNE2 cells were plated in 6-well cul-
ture plates (Corning) at 70, 140, 350, and 1050 
cells per well, allowed to adhere overnight, and 
then treated with 0, 1, 2, 4, or 6 Gy IR. The AZD 
8055 was added 2 hours before the IR, and 
was washed out 3 days after IR treatment. After 
another 7 days, the cells were fixed with 4% 
paraformaldehyde, stained with a Giemsa st- 
aining kit (DM0002, LEAGE, Beijing Leagene 
Biotechnology Co., Ltd.), and scored by count-
ing colonies under an inverted microscope us- 
ing the standard definition that a colony con-
sists of 50 or more cells. GraphPad Prism 5.0 
software was used to fit the surviving fraction 
curve using the equation Y=1-(1-exp(-k*x))N.

Vital staining with AO 

CNE1 and CNE2 cells were seeded in a 24-well 
culture plate, and after subsequent treatments, 
the cells were stained with Acridine Orange (AO) 
(1 μg/ml) directly for 10 min at 37°C and then 
observed under a fluorescence microscope 
(Leica).

In vivo tumor biology

Animal studies were conducted in accordance 
with institutional ethical guidelines for the care 
and use of experimental animals. Nude 4-week-
old female BALB/c-nu mice were purchased 
from Beijing Vital River Laboratory Animal Te- 
chnology Co., Ltd. and were group-housed un- 
der specific pathogen free (SPF) conditions in 
Experimental Animal Center of Jinan University. 
The right dorsal flank of each mouse was inject-
ed subcutaneously with 3×106 cells/0.2 ml. 
After the establishment of palpable tumors, the 
mouse body weights and external tumor vol-
umes were determined regularly. External 
tumor diameter was measured using digital 
calipers, and the tumor volume was calculated 
using the formula A2×B×0.5, where A repre-
sents the smallest diameter and B equals the 
largest diameter. When the xenograft volumes 
reached approximately 100 mm3, the trans-
planted mice were randomly divided into 8 
groups and treated with vehicle control (5% 
DMSO, 100 μL); AZD8055 2.5 mg/kg/day, 5 
mg/kg/day, 10 mg/kg/day, or 20 mg/kg/day; 
6 Gy IR; or 6 Gy IR combined with AZD8055 at 
2.5 mg/kg/day, 5 mg/kg/day, 10 mg/kg/day, 
or 20 mg/kg/day. The doses of AZD8055 used 
in vivo were based on the instructions from 
Selleck Chemicals and the results from a pre-
liminary experiment (20 mg/kg/day). In order to 
test the effect of low dose of AZD8055 on 
radiosensitivity, 2.5 mg/kg/day, 5 mg/kg/day, 
10 mg/kg/day were also used. All doses 
AZD8055 and the vehicle control were adminis-
tered by intragastric administration once daily 
for 5 consecutive days each week. Mice in the 
IR groups were irradiated with 6 Gy treatments 
on day 0. In brief, all the mice were anesthe-
tized with 0.1 ml 4% chloral hydrate per 10 g via 
intraperitoneal injection and then each group 
was anesthetized and suffered tumor-targeted 
6 Gy IR treatment. 

In combination therapy, AZD8055 was adminis-
tered 2 hours before IR exposure on day 0. 
Tumor sizes were calculated every 3 days using 
the formula: A2×B×0.5. Tumor regrowth delay 
was expressed as the time in days for xeno-
grafts treated with AZD8055 or IR to grow from 
100 to 250 mm3 in volume minus the time in 
days for untreated tumors to reach the same 
size. Tumors were removed and submerged in 
4% paraformaldehyde for next analysis. The 
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animal use protocol was reviewed and approv- 
ed by the Animal Ethical and Welfare Commit- 
tee (AEWC) of Jinan University. The approval No. 
was 20180204006.

Quantification of apoptosis and autophagy in 
NPC tumors

Harvested tumors were fixed in 10% neutral  
formalin, embedded in paraffin, and sectioned 
into 5-μm-thick samples. Apoptosis staining 
using a TUNEL Apoptosis Detection Kit (EMD 
Millipore) was performed according to the man-
ufacturer’s instructions. After staining, five tu- 
mor specimens were randomly selected from 
each treatment group. Ten ×400 high-powered 
fields from each specimen were randomly se- 
lected. Images were acquired using the imag- 
ing system described above. The percentage of 
apoptotic cells in each high-powered field was 
calculated. In order to test the autophagy in  
the animal tumors, the Immunohistochemistry 
for the LC3B (GeneTex, GTX127375) was con-
ducted. Two tumor specimens were randomly se- 
lected from each treatment group. Ten ×200 
high-powered fields from each specimen were 
randomly selected. 

Statistical analysis

The values are shown as the mean ± S.D. 
Statistical analysis was performed using SPSS 
16.0 software. A two-tailed Student’s t test for 
independent samples was used for analysis of 
all the data. P < 0.05 was considered statisti-
cally significant.

NPC cell proliferation. First, we used different 
doses of AZD8055, with concentrations rang-
ing from 0.003 to 1 μM, to treat the NPC cell 
lines CNE1 and CNE2 for different lengths of 
time. It was found that AZD8055 blocked  
the mTOR signaling pathway in a dose-depen-
dent manner (Figure 1B).

mTOR inhibitor inhibits cell viability in naso-
pharyngeal carcinoma cells

To investigate the cytotoxic effect of AZD8055 
on NPC cells, we treated CNE1 and CNE2 cells 
with 0, 0.003, 0.01, 0.03, 0.1, 0.3, 1 μM 
AZD8055 for 1, 2, 3, 4 and 5 days. AZD8055 
inhibited cell viability in a time- and dose-
dependent manner (Figure 2A, 2B). Treatment 
with less than 0.01 μM AZD8055 had little 
effect, but treatments with more than 0.1 μM 
AZD8055 significantly inhibited cell viability at 
day 3 and day 5. The IC50 values of AZD8055 
at day 3 were 0.06 μM for CNE1 cells and 0.1 
μM for CNE2 cells. In addition, treatment with 
AZD8055 plus 4 Gy IR enhanced the reduction 
in the growth of these NPC cells compared with 
IR alone. At day 5 of treatment, relative to the 
control, 4 Gy IR alone and AZD8055 alone 
treatments, treatment with AZD8055 and IR 
combination therapy produced a 26.2, 20.1 
and 67.8% reduction in the density of CNE1 
cells (Figure 2C) and a 29.0, 22.1 and 69.8% 
decrease in the number of CNE2 cells (Figure 
2D), respectively. Therefore, AZD8055 potenti-
ated the cytotoxic effects of irradiation in NPC 
cell lines.

Figure 1. Irradiation induced mTOR phosphorylation. Nasopharyngeal car-
cinoma cells were treated with the indicated doses of IR for 2 h. mTOR, p-
mTOR, were analyzed by western blot (A) and mTOR activation was assessed 
in CNE1and CNE2 cells treated with different doses of AZD8055 for 2 h. 
(B) The mTOR activations in CNE1 and CNE2 treated with different doses of 
AZD8055.

Results 

IR increased mTOR phos-
phorylation in nasopharyn-
geal carcinoma cells 

It has been reported that a 
high level of PI3K/mTOR path-
way activation is characteris-
tic of NPC cells [14, 16]. In 
this study, we found strong 
expression of phosphorylat- 
ed mTOR in NPC cells after IR 
treatment (Figure 1A), which 
indicated that mTOR inhibi-
tion might be helpful for en- 
hancing the toxicity of radio-
therapy. Therefore, we sought 
to evaluate the effect of the 
mTOR inhibitor AZD8055 on 
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Figure 2. AZD8055 inhibited cell viability and enhanced IR-induced cell growth inhibition in nasopharyngeal carci-
noma cell lines. A and B. Cells viabilitys were analyzed using MTT assays in nasopharyngeal carcinoma cells after 
treatment with various concentrations of AZD8055 or vehicle alone for the indicated time periods, respectively. The 
data were the means of triplicate experiments. C and D. MTT assays of CNE1 and CNE2 cells treated with AZD8055, 
IR alone or their combination. The combination treatment showed significant cell growth inhibition compared with IR 
treatment alone (*P < 0.05) or AZD8055 treatment alone (#P < 0.05). E. Cells were subjected to 4 Gy IR treatments 
2 hours after AZD8055 treatment (the IC50 doses were used. 0.06 μM AZD8055 for CNE1, 0.1 μM AZD8055 for 
CNE2), and after approximately 10-14 days. F. The number of colonies and the size of the colonies were analyzed 
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mTOR inhibitor enhanced IR sensitivity

To investigate the effect of AZD8055 on IR sen-
sitivity, we performed colony formation assays. 
As expected, AZD8055 significantly increased 
the IR-induced inhibitions of the CNE1 and 
CNE2 cells colony formations (Figure 2E and 
2F). Compared with IR alone, the combination 
of AZD8055 with 2 Gy, 4 Gy, and 6 Gy IR pro-
duced a corresponding 1.72-fold (SF = 0.809 
vs. 0.545), 2.63-fold (SF = 0.409 vs. 0.155) 
and 3.94-fold (SF = 0.138 vs. 0.035) reduc-
tions in the survival fractions (SF) of the CNE1 
cells (P < 0.05), respectively. Moreover, the 
combination treatment produced a correspond-
ing 2.01-fold (SF = 0.556 vs. 0.276), 3.62-fold 
(SF = 0.311 vs. 0.086) and 4.79-fold (SF = 
0.115 vs. 0.024) reductions in the survival frac-
tions (SF) of the CNE2 cells (P < 0.05) (Figure 
2G). 

AZD8055 increased radiosensitivity in vivo

Our in vitro studies confirmed that irradiation 
combined with AZD8055 could synergistically 
inhibit cell proliferation and induce apoptosis. 
To evaluate these effects in vivo, mice bearing 
subcutaneous CNE1 xenografts were random-
ized and treated with three concentrations of 
AZD8055 (2.5 mg/kg/d, 5 mg/kg/d and 10 
mg/kg/d) combined with 6 Gy IR. As shown in 
Figure 3A, 3B, control group tumors exhibited 
sustained growth following cancer cell injection 
between days 1 and 21, and tumors treated 
with 2.5 mg/kg/d, 5 mg/kg/d and 10 mg/kg/d 
AZD8055 exhibited gradually increasing inhibi-
tion of tumor growth (Figure 3B). AZD8055 at 
2.5 mg/kg/d, 5 mg/kg/d and 10 mg/kg/d 
combined with IR significantly regressed tumor 
growth compared with IR alone (Figures 3B, 3C 
and S1). Control tumors showed a 973.8 mm3 
increase in tumor volume relative to pretreat-
ment size. By contrast, 2.5 mg/kg/d, 5 mg/
kg/d and 10 mg/kg/d AZD8055 treatments 
led to 687.38 mm3, 628.85 mm3 and 420.63 
mm3 increases in tumor volume, respectively. 
In contrast with IR alone (664.73 mm3 increase), 
IR combined with 2.5 mg/kg/d, 5 mg/kg/d and 
10 mg/kg/d AZD8055 limited tumor growth 
(the tumor only achieved 269.7 mm3, 165.11 
mm3 and 129.92 mm3 increases, respectively; 

P < 0.05 for all). There were no significant dif-
ferences in weight between the treatment gr- 
oups and controls. No mice died during the ex- 
periment as a result of treatment. This sugge- 
sts that the doses of AZD8055, with or without 
IR, were well tolerated. TUNEL staining was 
used to determine the percentages of apoptot-
ic cells in tumor sections (Figure 3D and 3E). 
Nontreated controls had low levels of apoptosis 
per high-powered field (1.23%). By contrast, IR 
induced significantly more apoptosis (6.72%, P 
< 0.05). Combining 2.5 mg/kg/d, 5 mg/kg/d 
and 10 mg/kg/d AZD8055 with IR markedly 
increased the amount of apoptosis in mice 
(11.29%, 12.96%, and 14.12%, respectively) 
compared with treatment with AZD8055 or IR 
alone (P < 0.05 for all). All the above results 
demonstrate that a low dose of AZD8055 (5 
mg/kg/d) induces good IR radiosensitivity 
(Figure S1). 

AZD8055 combined with IR induced G2/M 
arrest and subsequently increased DNA DSBs 
and apoptosis in NPC cells

To investigate how AZD8055 inhibits cell viabil-
ity, we used flow cytometry to assess whether 
AZD8055 affects cell cycle progression and 
apoptosis. We found that AZD8055 and irradia-
tion alone caused a slight accumulation of cells 
in G2/M phases (8.77% and 15.06% for CNE1; 
5.29%, and 16.62% for CNE2) compared with 
control cells. Combined AZD8055 with 4 Gy  
IR increased the proportion of cells in G2/M 
phase in CNE1 (29.33%) and CNE2 cells 
(45.97%) (P < 0.05 vs. IR alone for all), as sh- 
own in Figure 4A. 

Annexin V-FITC/PI staining indicated that AZD- 
8055 treatment alone induced apoptosis in 
CNE1 or CNE2 cells (Figure 4B). However, AZD- 
8055 increased the proportion of apoptotic 
cells induced by 4 Gy IR alone in CNE1 and 
CNE2 cells. The proportion of apoptotic cells 
was 8.29%, 11.74 in control and 0.06 μM 
AZD8055 treatment of CNE1 cells and 7.87%, 
10.87% in control and 0.1 μM AZD8055 treat-
ment of CNE2 cells. Intriguingly, AZD8055 com-
bined with IR synergistically induced a signifi-
cant amount of cell apoptosis, with 28.71% 
apoptotic cells vs. 14.71% in CNE1 cells treated 

in CNE1 and CNE2. G. Significant differences between the treatment groups were found using a t-test. The values 
represented the mean ± SD. NPC cells treated with AZD8055 and 4 Gy IR exhibited a significant reduction in the 
cell survival fraction (*P < 0.05 vs. 4 Gy IR; **P < 0.01 vs. 6 Gy IR).
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with IR alone and 29.04% apoptotic cells vs. 
16.23% in CNE2 cells treated with IR alone (P < 
0.01 vs. IR alone for all) (Figure 4C). 

As seen in Figure 4D, compared with single 
AZD8055 or IR treatment, the combination 
treatment with AZD8055 and IR induced high 
levels of cleaved PARP-1 in the two NPC cell 
lines. We also found an decreased trend in 
Bcl-2 and an increased trend in Bax expres- 
sion after combination treatment with the in- 
hibitor and IR, combination treatment with sin-
gle inhibitor and IR, and treatment with 4 Gy IR 
alone in both NPC cell lines. 

Combination treatment with AZD8055 and IR 
induced autophagy

Figure 5A shows representative images of 
autophagosomes labeled with LC3 proteins. 

We found that the numbers of autophago-
somes in each cell line increased after treat-
ment with AZD8055 or irradiation alone and 
after combination treatment. Combination tre- 
atment induced a higher number of autophago-
somes than treatment with AZD8055 or irradia-
tion alone. In addition, the percentage of cells 
with 15 LC3-labeled puncta in the combination 
treatment group was higher than that in the 
control, AZD8055 or irradiation alone treat-
ment groups.

Acridine Orange staining confirmed that cells 
treated with AZD8055 combined with irradia-
tion showed more acidic vesicles than those 
treated with AZD8055 and irradiation alone, 
which indicated that the combination treat-
ment induced a higher susceptibility to autoph-
agy than other treatments (Figure 5B). Further 

Figure 3. Effect of AZD8055 on radiosensitivity of NPC xenografts in mice with IR treatment. A. A photograph of 
a representative xenograft in each group obtained when the mice were sacrificed 21 days after IR. B. The tumor 
growth curve of CNE1 cells with different treatments. Varying concentrations of AZD8055 (2.5, 5 and 10 mg/kg/d) 
alone or combined with IR inhibited tumor growth at different degrees. C. Mean internally measured change in 
tumor volume ± SEM in each group. D. Tumor nodules were subjected to TUNEL assays. E. Quantitative analysis of 
TUNEL assay results. AZD8055 combined with IR significantly increased the number of apoptotic cells compared 
with IR alone. n = 3. The values are depicted as the mean ± SEM; *P < 0.05, and **P < 0.01.
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Figure 4. AZD8055 enhanced 
IR-induced G2/M cell cycle ar-
rest and apoptosis. (A) NPC 
cells were treated with DMSO 
or AZD8055 alone or combined 
with 4 Gy IR for 24 h, and cell 
cycle distribution was analyzed 
via flow cytometry. The cell cycle 
data are presented as the Mean 
± SD from three independent 
experiments. *P < 0.05 vs. 4 
Gy IR. (B) Cell apoptosis was 
analyzed via flow cytometry 
with annexin V-FITC/PI staining 
after treatment with DMSO or 
AZD8055 alone or combined 
with 4 Gy IR for 48 h, and (C) 
the apoptotic rates were shown 
for triplicate experiments. **P 
< 0.01 vs. 4 Gy IR. (D) Expres-
sion levels of apoptosis-related 
proteins in CNE1 and CNE2 cell 
lines after AZD8055 alone, 4 Gy 
IR alone or combination treat-
ment for 48 h.
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investigation indicated that AZD8055 signi- 
ficantly suppressed the activation of mTOR sig-
naling, whereas IR alone tended to slightly 
enhance the phosphorylation of mTOR and led 
to high LC3B and decreased p62 protein 
expression (Figure 5C). These data strongly 
suggest that AZD8055 could increase the 
radiosensitivity of NPC cells by inhibiting the 
PI3K/mTOR signaling pathway to promote 
autophagy (Figure 5D).

Whether AZD8055 and IR induced autophagy 
was also tested in the animal tumors. As Figure 

S2 showed, LC3B expressions were increased 
along with the increased AZD8055 dose. 6 Gy 
irradiation also induced LC3B increase. 20 mg/
kg/d AZD8055 alone or combined with irradia-
tion showed highest LC3B expressions. 2.5 
mg/kg/d, 5 mg/kg/d, 10 mg/kg/d AZD8055 
treatment combined with irradiation possessed 
little higher LC3B expression than their treat-
ment alone.

In order to test that inducing autophagy was  
the one way to cause radiosensitization by AZD- 
8055, 3-MA was used to inhibit AZD8055 in- 

Figure 5. AZD8055 enhanced autophagy. A. Confocal microscopy images of CNE1 and CNE2 cells after immuno-
fluorescence staining for LC3 (red) protein after 2 days of treatment with AZD8055 and 4 Gy IR; the number of cells 
with more than 15 dots representing LC3 labeling was determined. B. Acridine Orange staining of CNE1 and CNE2 
cells treated with AZD8055 and 4 Gy IR. C. Western blot images of p-mTOR, mTOR, p62 and LC3 protein expression 
assessed in CNE1 and CNE2 cells treated with AZD8055 and 4 Gy IR. D. The ultrastructure of cells with different 
treatments were analyzed by TEM (23000×). N. Nucleus, *autophaosomes, #amphisomes.
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duced autophagy. We chose the dose 0.2 mM 
3-MA which did not impact on the CNE1 cells 
growth significantly (Figure 6A and 6B) and 
would inhibit autophagy (Figure 6C). 3-MA 
would weaken the growth inhibition induced  
by AZD8055 combined with irradiation (Figure 
6D). 3-MA reduced apoptosis induced by AZD- 
8055, irradiation, or their combination (Figure 
6D). 

Low-dose AZD8055 showed low toxicity in vivo

In order to compare the effective and toxicity of 
the various AZD8055 doses (5 mg/kg/d) used 
in this study and the most reported dose of 
AZD8055 (20 mg/kg/d) used for tumor radio-
sensitivity, another in vivo study was perfor- 
med. It was found that 5 mg/kg/d and 20 mg/
kg/d AZD8055 and IR inhibited tumor regrowth 

Figure 6. Autophagy inhibit by 3-MA decreased AZD8055 induced radiosensitivity. A and B. Different dose of 3-MA 
inhibit CNE1 cells growth. C. 0.2 mM 3-MA inhibit autophagy. D. 3-MA (0.2 mM) was added along with AZD8055 2 
h before irradiation, and partly abrogated the growth inhibition by AZD8055 combined with irradiation. E. 3-MA (0.2 
mM) was added along with AZD8055 2 h before irradiation. The apoptosis was tested 72 h after irradiation. 3-MA 
treatment reduced the apoptosis rates in AZD8055, irradiation or combined treatments. 
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(Figure 7A) and 5 mg/kg/d and 20 mg/kg/d 
AZD8055 combined with IR significantly incre- 
ased the tumor volume increases compared 
with IR alone (Figure 7B and S3). In addition, 
20 mg/kg/d AZD8055, IR and the combination 
with 20 mg/kg/d AZD8055 and IR led to de- 
creases in mouse body weights (Figure 7C and 
7D). Furthermore, apoptosis was examined in 
liver and kidney sections from mice given differ-
ent treatments. It was found that 5 and 20 mg/
kg/d AZD8055 did not yield more Bax expres-
sions in the livers and kidneys of mice (Figure 
7E and 7F). Thus, low-dose AZD8055 (5 mg/
kg/d) enhanced the radiosensitivity of NPC 
cells with a smaller impact on body weight than 
20 mg/kg/d.

Discussion 

Mammalian target of rapamycin (mTOR) signal-
ing is a key pathway in the progression of differ-
ent cancers, and inhibition of the mTOR path-
way may be an important treatment strategy  
for cancer. Activation of mTOR in cancer stem 
cell (CSC)-like NPC cells is associated with poor 
prognosis of NPC patients, suggesting that 

mTOR inhibitors may have increased potency in 
these tumors [11, 14].

Rapamycin, an mTOR complex1 (mTORC1) in- 
hibitor, significantly suppressed ESC-positive 
NPC cell growth in vitro and tumor formation  
in vivo [14]. The first oral rapamycin analog 
RAD001 (everolimus), inhibits mTORC1 and the 
phosphorylation of its downstream signaling 
mediators [26]. RAD001 was reported to 
induce apoptosis in the CNE1 and HONE1 NPC 
cell lines, and its combination with autophagy in- 
hibitors induced a significant increase in cell 
growth inhibition [27]. While rapamycin or its 
analogs can increase the phosphorylation of 
Akt caused by negative feedback between mTO- 
RC1 and Akt [28, 29], combination treatment 
with a PI3K or Akt inhibitor was needed to en- 
hance the inhibitory effects on cancer cell gr- 
owth and colony formation [28]. As a result, a 
dual PI3K/mTOR1/2 inhibitor that avoids Akt 
negative feedback activation was reported to 
be more effective on inhibition of cancer cells 
[30, 31]. Among these PI3K/mTOR1/2 inhibi-
tors, AZD8055, an orally bioavailable, novel 
ATP-competitive inhibitor of mTOR kinase activ-

Figure 7. Effect of low-dose AZD8055 on radiosensitivities and toxicities of NPC xenografts in mice with IR treat-
ment. A. Growth of CNE1 tumors following subcutaneous implantation in nude mice, 21 days after 6 Gy irradiation 
(* indicates a P-value of 0.01). B. Tumor volume changes in mice with different treatments. C. Body weight growth of 
mice with different treatments. D. Body weight changes of mice with different treatments. E and F. The IHC for bax 
in kidneys and livers of mice with different treatments, respectively. (400×). *P < 0.05.
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ity that inhibits mTORC1 and mTOR complex 2 
(mTORC2), exhibits benefits in antitumor activi-
ty in vitro and in vivo [17, 32]. AZD8055 was 
shown to have excellent efficacy in reducing the 
tumor growth of neuroblastoma cells in vitro 
and in vivo [33] and was a highly effective 
growth inhibitor of tamoxifen-resistant breast 
cancer, even under conditions where everolim-
us fails [19, 20]. There is little data regarding 
the effect of PI3K/Akt/mTOR signaling inhibi-
tion induced by this inhibitor on NPC radio- 
sensitivity.

In the current study, we found that AZD8055 
exerted dose-dependent inhibition of NPC cell 
growth. Moreover, AZD805 was found to be 
active in NPC cell lines after irradiation, which 
might contribute to an increase in NPC cell 
resistance to IR-induced damage. Here, the 
IC50 dose of AZD8055 significantly increased 
the radiosensitivity of NPC cells in vitro and in 
vivo, with effects similar to the PI3K/mTOR 
inhibitors GSK2126458P and KI-587, which 
sensitize NPC cells to IR [16]. Similar to previ-
ous studies showing that the radiosensitizing 
effect of GSK2126458P and KI-587 might be 
caused by persistent residual DNA damage and 
by inducing G2/M arrest and apoptosis, as well 
as the effect of another mTOR inhibitor, TAK228, 
in diffuse intrinsic pontine glioma radiosensitiv-
ity [34], AZD8055 was demonstrated to en- 
hance G2/M arrest and apoptosis in NPC cells 
to increase IR-induced toxicity. Moreover, we 
found that the radiosensitivity promoting effect 
of AZD8055 was also associated with autopha-
gy promotion in vitro and in vivo. 

(Macro) autophagy is an evolutionary, ancient 
process for catabolism of proteins and dam-
aged or accumulated intracellular structures in 
a lysosome-dependent manner [35, 36]. Auto- 
phagy plays a key role in metabolism in normal 
cells and tissues and can play a protective role 
under stress conditions [37]. It removes dam-
aged mitochondria and redox-active protein 
aggregates, which can act as a source of geno-
toxic reactive-oxygen species (ROS), and con-
tributes to the removal of damaged DNA and 
thus has a fundamental role in the adaptation 
of cancer cells to the adverse conditions [38].

Most literatures pointed out that autophagy 
mediates intracellular catabolism to sustain 
tumors in response to treatments [37, 39] and 
increases cancer cell resistance to radiothe- 

rapy or chemotherapy [40-42]. Trametinib, a 
MEK inhibitor, was reported to enhance NSCLC 
radiosensitization only in the LKB1 mutant or 
autophagy inhibition cells, implied and con-
firmed that NSCLC cells would activate the 
autophagy pathway to rescue damaged cells 
from senescence by irradiation [43]. Colorectal 
cancer research that miR-214 promotes radio-
sensitivity by inhibition of ATG12-mediated au- 
tophagy [41] and the glioblastoma’s study that 
silencing LC3A to block autophagy sensitized 
mouse xenografts to irradiation [44] supported 
the point of view  that autophagy in cancer cells 
may be a key factor of radio-resistance and 
chemo-resistance, blocking autophagy may 
improve the efficacy of radio chemotherapy.

While, in prostate cancer, mTOR independent 
and dependent autophagy inducers (trehalose 
and rapamycin) would enhance the effective of 
docetaxel chemotherapy through enhancing 
the turnover of damaged mitochondria via au- 
tophagy in castration-resistant PC (CRPC) PC3 
cells and activate autophagy without mitopha-
gy in PC cells. And these roles did not affect in 
ATG5 deficient (autophagy resistant) cell line 
[45]. It was implied a different view that activat-
ing autophagy may be help for chemosen- 
sitivity. 

In addition to the cytoprotective form of autoph-
agy, cytostatic form of autophagy would 
induced to improve the irradiation sensitivity. In 
breast cancer, vitamin D or vitamin D analogs 
were reported to increase radiosensitization of 
breast tumor cells through autophagy [46]. Re- 
cently, ultra-small gadolinium oxide nanocrys-
tals (GONs) were found to lead to an increase in 
hydroxyl radical production and an increase in 
the generation of ROS in the cytoplasm, con-
tributing to an upregulation of cell oxidative 
stress, which resulted in increased cytoplasmic 
damage in NSCLC cells, and thus increased 
radiosensitization [47]. Moreover, FePt/GO NSs 
was reported to enhance radiosensitization 
and induce autophagy of human non-small cell 
lung cancer cells (NSCLC) [48]. Besides, recent-
ly research revealed that mTORC2 activated 
SGK-1 to phosphorylate mPTP component VD- 
AC1 on Ser104, and led the VDAC1 degradation 
to maintain low mitochondrial permeability and 
normal autophagy and thus sustain normal 
lifespan. While, SGK-1 mutant disturbed this 
balance to induce higher mitochondrial perme-
ability and autophagy to shorten lifespan of C. 
elegans and mammalian cells [49]. As the dual 
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PI3K/mTOR1/2 inhibitor, AZD8055 would be 
effect on the increased mitochondrial permea-
bility and over-autophagy to induce cytostatic 
form of autophagy and apoptosis. While, it was 
also the limitations of this study that the more 
details about how over-autophagy impact on 
mitochondrial permeability, ROS, or apoptosis 
should be studied. 

Apart from inhibiting or activating autophagy to 
enhance radiosensitivity, other studies focus 
on activating autophagy to potentiate immuno-
genic eradication to enhance chemotherapy or 
radiotherapy [38]. It was confirmed that activat-
ing autophagy would be a choice to enhance 
radiotherapy from the other research area. 

In all, given that IR is the main therapy for NPC 
and that induction chemotherapy or concurrent 
chemoradiotherapy is recommended for loco- 
regionally advanced NPC, how to improve the 
radiosensitizing effect and decrease the toxic 
effects of the radiosensitizer or chemotherapy 
drugs has critical clinical significance. In this 
study, we found that 5 mg/kg/d, 10 mg/kg/d, 
and 20 mg/kg/d AZD8055 could enhance NPC 
cell radiosensitivity and 5 m/kg/d was a rela-
tively low dose that achieved a radiosensitiza-
tion effect similar to that of a 20 mg/kg/d dos-
age. To evaluate the toxicity of this dose com-
pared with the standard dose of 20 mg/kg/d, 
we conducted in vivo experiments. It was found 
that 5 m/kg/d AZD8055 did not induce signifi-
cant renal, liver or lung apoptosis and did not 
induce a significant decrease in body weight 
compared with the control treatment. All of 
these results implied that a low dose of 
AZD8055 could enhance the radiosensitivity of 
NPC cells with good tolerance and low toxicity. 

While, there were some limitations of this study. 
More body toxicity, such as liver and renal func-
tions should be test in different dose of AZD- 
8055 treated mice at different oral administra-
tion times, due to the facts that the sample size 
limitation, the peripheral blood and urine col-
lection on several time of one mouse were dif-
ficult to conducted. The animal model used 
nude mice that lacks T cell immunity, so we 
could not study the AZD8055 on potentiating 
immunogenic eradication to enhance radiosen-
sitization. Besides, mTOR-independent and the 
mTOR-dependent autophagy inducers should 
be used to test whether the autophagy activat-
ing would enhance radiosensitivity by inducing 

over-autophagy but not been influenced by 
mTOR pathway. It was needed further stu- 
dies.

To the best of our knowledge, our study was the 
first to investigate the impact of low-dose mTOR 
inhibitor on NPC cell radiosensitivity via activat-
ing autophagy and apoptosis and compare the 
toxicities of the in vivo doses used in this study 
with the standard oral dose used in other 
studies.
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Figure S1. The Tumor regrowth delays in different treated mice. Tumor regrowth delay was expressed as the time 
in days for xenografts treated with AZD8055 combined with IR to grow from 100 to 250 mm3 in volume minus the 
time in days for untreated tumors to reach the same size. IR combined with 5 mg/kg/d and 10 mg/kg/d significantly 
increased the tumor regrowth delay. (*P < 0.05).

Figure S2. AZD and IR induced autophagy in the animal tumors. Tumor tissues from different treatments were 
subjected to IHC assays of LC3B (200 folds). It was obviously that LC3B expressions were increased along with the 
increased AZD8055 dose. 6 Gy irradiation also induced LC3B increase. The irradiation combined with different 
doses of AZD8055 possessed higher LC3B positive than AZD8055 alone except for 20 mg/kg/d AZD8055 alone or 
combined with irradiation.

Figure S3. The Tumor regrowth of different treated mice. A. Photograph of a representative xenograft in each group 
obtained when the mice were sacrificed 21 days after IR. B. The Tumor regrowth delays were expressed as the time 
in days for untreated tumors to reach the same sizes. IR combined with 5 mg/kg/d and 20 mg/kg/d significantly 
increased the tumor regrowth delay. (*P < 0.05, *P < 0.01).


