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Abstract: Radioresistance remains a challenge during nasopharyngeal carcinoma (NPC) radiotherapy. Numerous 
studies suggest that the miRNAs may play important roles in the regulation of radioresistance. miRNA-17-5p, which 
is located within the miR-17-92a cluster, could modulate tumor progression in different tissues by targeting multiple 
tumor associated genes. However, whether it is correlated with the radioresistance of tumor cells has not yet been 
elucidated. In our study, we have observed increasing miR-17-5p expression in radioresistant NPC tissues. The func-
tional experiments suggested that miR-17-5p could clearly promote NPC cell proliferation and the cell cycle even 
after X-ray irradiation. Irradiation leads to tumor cell damage and death via ROS generation. The overexpression of 
miR-17-5p could protect NPC cells from apoptosis induced by irradiation. In addition, an in vivo experiment indicated 
that miR-17-5p promoted tumor growth with radiotherapy using the xenograft tumor model. A bioinformatics analy-
sis and reporter assay were carried out to demonstrate that PTEN, which is a key regulator of AKT phosphorylation, 
is a target of miR-17-5p. The overexpression of miR-17-5p directly suppresses the mRNA and protein expression of 
PTEN. In addition, the rescue experiments showed that the AKT inhibitor can diminish the proliferation, promotion, 
and apoptosis inhibition effects on radioresistant NPC cells mediated by miR-17-5p. In conclusion, our findings 
demonstrated that miR-17-5p can enhance the radioresistance of NPC through the PTEN/AKT pathway, which is a 
biomarker of radioresistant NPC and a potential target for new therapeutic strategies.
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Introduction

Nasopharyngeal carcinomas (NPCs), which 
occur frequently in East and Southeast Asia, 
the Middle East, North Africa, and the Arctic [1], 
differ from other head and neck malignancies 
in their pathogenesis, clinical progression, and 
management strategy [2, 3]. Radiotherapy is 
the primary and most effective strategy for 
treating NPCs, and NPCs at the early stage can 
be treated with radiotherapy alone with five 
year survival rates of more than 90% [4]. 
However, NPC patients often are diagnosed at 
advanced stages with only a less than 50% sur-
vival rate over 5 years. A major obstacle to 
achieving long-term survival is radioresistance 
[5]. Since NPC radioresistance is complicated, 
it is important that studies reveal the mecha-
nisms underlying this process, even though 
several molecules have already been shown to 
affect NPC radioresistance [6].

The microRNAs (miRNAs) are highly conserved, 
endogenous, small noncoding RNAs which con-
tain 19-21 nucleotides (nt) and suppress gene 
expression post-transcriptionally by targeting 
the 3’ untranslated regions of mRNAs [7]. 
Increasing evidence shows that miRNAs can 
regulate the molecular pathogenesis of cancer 
as oncogenes or anti-oncogenes. Recent stud-
ies have shown that certain miRNAs are inti-
mately involved in NPC tumorigenesis and are 
associated with NPC radioresistance [8-10]. 
However, the miRNAs often work as a network. 
Individual miRNAs have multiple targets, and 
one gene could also be modulated by variant 
miRNAs. The functional diversity of miRNAs 
makes them able to be considered as early 
diagnosis biomarkers or new therapeutic 
targets.

miRNA-17-5p, miR-18a, and miR-20a are all 
located within the miR-17-92a cluster, which 
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plays important roles in tumor progression by 
targeting multiple tumor-associated molecules 
[11]. Several studies have indicated that miR-
17-5p plays significant roles in the cell cycle 
regulation of cancer cells in different tissues, 
such as breast cancer [12], hepatocellular car-
cinoma, [13] and ovarian carcinoma [14]. In the 
present study, we found that the miR-17-5p 
expression was significantly upregulated in the 
NPC tissues of radioresistant patients. Further 
study showed that miR-17-5p promotes NPC 
radioresistance through the PTEN/AKT signal-
ing pathway. These findings suggest that the 
miR-17-5p is a potential treatment target and 
provide new therapeutic strategies for NPC 
radioresistance.

Materials and methods

Human tissue samples

All human NPC tissues were obtained from 
patients undergoing surgery for nasopharyn-
geal carcinoma in the Department of Maxi- 
llofacial Surgery, People’s Liberation Army 
113th Hospital. The tumor samples were classi-
fied according to the patients’ sensitivity to the 
subsequent radiotherapy. The patients’ de- 
tailed clinical information is provided in Table 
S1. Written informed consent conforming to the 
tenets of the Declaration of Helsinki was ob- 
tained from each participant, and the study 
procedures were approved by the Institutional 
Review Board of the hospital. 
Tumor xenograft 

Eight week-old nude mice (BALB/cA-nu) were 
purchased from the Beijing Laboratory Animal 
Research Center (Beijing Academy of Science 
and Technology, Beijing, China) and maintained 
in specific pathogen-free conditions. Six mice 
which all weighed close to 25 g were randomly 
divided into two groups. CNE2 cells were trans-
fected with a miR-17-5p mimic or a negative 
control and injected subcutaneously on one 
side of the lateral back of each mouse with 2 × 
106 cells in two groups. Seven days after the 
injections, the mice were subjected to radio-
therapy. Tumor growth was monitored by mea-
suring tumor length (L) and width (S) with a slid-
ing caliper (tumor size = 0.51 × L × W2). All 
animal experiments were approved by the 
Animal Experiment Administration Committee 
of People’s Liberation Army 113th Hospital, and 

in accordance with the recommendations of 
Guide for the Care and Use of Laboratory 
Animals prepared by the National Academy of 
Sciences and published by the National 
Institutes of Health (NIH publication 86-23, 
revised 1985).

Cell culture and transfection

The radiosensitive human NPC cell line CNE2 
was cultured in RPMI-1640 medium (Gibico, 
Waltham, MA) supplemented with 10% fetal 
bovine serum (FBS) (Gibico), 2 mM glutamine 
(Gibico) and 1% penicillin/streptomycin (Gibico). 
To perform the irradiation treatment, the cells 
in a logarithmic growth phase were irradiated 
by X-ray with doses of 10 Gy in a 15 cm × 15 cm 
radiation field at 100 cm of source-skin dis-
tance and 285 cGy/min rate by the accelerator 
(SIEMENS Corporation, Germany).

The NPC cells at a confluence of 70% to 80% 
were prepared to be transfected with miRNA by 
using LipofectamineTM 2000 (Invitrogen). The 
oligonucleotides were chemically synthesized 
as a commercial service provided by Gene- 
Pharma Company (GenePharma, Shanghai, 
China) and transfected into NPC cells at a final 
concentration of 50 nmol/L according to the 
manufacturer’s instructions. The treated cells 
were cultured in a complete medium for defi-
nite periods of time and then harvested for fur-
ther experiments. All the cells were incubated 
at 37°C in an atmosphere of 5% CO2.

Real-time PCR

The total RNAs were extracted from human tis-
sue specimens of both radiosensitive and 
radioresistant patients (15 patients each) or 
cell lines with TRizol reagent (Invitrogen, Wal- 
tham, MA). The cDNA was reverse-transcribed 
using a TaqMan MicroRNA Reverse Transcription 
kit (ThermoFisher Scientific, Waltham, MA). 
Real-time PCR was performed to detect the 
miR-17-92a clusters’ and the downstream mol-
ecules’ expression levels by using the TaqMan 
Fast Universal PCR Master Mix (ThermoFisher 
Scientific) and the CFX Connect Real-Time PCR 
Detection System (Bio-Rad, Hercules, CA). The 
primers specific for mature miRNAs and PTEN 
were synthetized by Qiagen (Qiagen, Venlo, 
Netherlands) and are shown in Table S2. Their 
mRNA levels were measured with U6 or GAPDH 
as internal controls, respectively.
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Cell cycle

The cell cycle distribution was determined 
using a BD Accuri™ C6 Plus Flow Cytometer 
(BD, Franklin Lakes, NJ). Briefly, the cells were 
collected and fixed in ice cold ethanol (70% 
PBS) overnight at 4°C. The cells were treated 
with 20 g/ml RNase A (Sigma, St. Louis, MO) for 
1 h at 37°C to degrade the RNA and then were 
incubated with 50 μg/ml propidium iodide 
(Sigma) in the dark. The DNA content was ana-
lyzed by flow cytometry and all phases of the 
cell cycle were analyzed by proper gating on the 
distribution plot. 

Cell proliferation

The cell proliferation was detected by both col-
ony formation ability and MTT analysis after the 
miRNA was overexpressed. The cells transfect-
ed with miRNA mimics or control oligonucle-
otides were seeded at a density of 1000 cells/
well into the 6-well plate and incubated for 3 
hours to allow attachment before variant doses 
of radiation treatment. The radiated cells were 
further incubated for 3 weeks until the control 
cells formed colonies. After they were removed 
from the medium and rinsed in PBS, the colo-
nies were fixed and stained with 0.5% crystal 
violet solution (Sigma) for 2 hours at room tem-
perature. Then the samples were washed com-
pletely with double distilled water and exam-
ined by a light microscope (Olympus, Tokyo, 
Japan) to count the number of colonies. 

Similarly, the miR-17-5p overexpressed or nega-
tive control CNE2 cells were seeded into a 
96-well plates and evaluated cell proliferation 
at 24, 48, 72, and 96 h after X-ray irradiation 
using the methyl thiazolyl tetrazolium (MTT) 
reagent (5 mg/ml in phosphate-buffered saline) 
(Sigma). After incubation for 4 h at 37°C, the 
supernatant was carefully removed, and the 
precipitation was dissolved in DMSO (Sigma). 
Spectrophotometric absorbance was mea-
sured at the wavelength of 570 nm by a micro-
plate reader (BioTek Instruments Inc., Winooski, 
VT).

Cell apoptosis

The cell apoptosis was examined by both Tunel 
staining and flow cytometry analysis. For the 
Tunel staining, the cells with different treat-
ments were seeded in 96-well plates. After 

overnight incubation, the TUNEL assay was per-
formed using the Click-iT® TUNEL Alexa Fluor® 
Imaging Kit (Invitrogen) in accordance with the 
manufacturer’s protocol. In brief, the cells were 
fixed with 4% paraformaldehyde and permeabi-
lized with Triton X-100 (0.25% in PBS) for 20 
min and washed with PBS. Then the cells were 
treated with a terminal deoxynucleotidyl trans-
ferase (TdT) reaction buffer for 10 min at room 
temperature. The TdT reaction cocktail was 
added to incubate the cells in a humidified 
chamber at 37°C for 60 min. The cells was 
incubated with the Click-iT reaction mixture for 
30 min and counterstained with Hoechst 
(Thermo Fisher Scientific) for 15 min at room 
temperature. The TUNEL-positive cells were 
counted in random fields for each well. 

Meanwhile, the apoptosis was also examined 
using a Dead Cell Apoptosis Kit with FITC-
Annexin V and PI (ThermoFisher Scientific). 
Briefly, FITC-Annexin V and propidium iodide 
were added into the single cell suspension and 
incubated at room temperature for 15 min. 
Afterwards, 400 μl of 1 × Annexin-binding buf-
fer was added and mixed gently for further anal-
ysis by flow cytometry.

ROS generation assay

The collected cells were stained by 2’,7’-dichlo-
rofluorescein diacetate (DCFDA) (Abcam, Cam- 
bridge, MA) and incubated for 30 min at 37°C. 
Then the flow cytometry was used to measure 
the fluorescence intensity.

Luciferase report assay

The fragments of wild type and mutated 3’-UTRs 
of PTEN were amplified by PCR from human 
cDNA library and inserted into a pMir-Report 
vector (Ambion, Waltham, MA). The primers are 
shown in Table S2. CNE2 cells were prepared 
and the luciferase reporter plasmids bearing 
3’-UTRs of PTEN were transfected with miR-17-
5p oligonucleotides and a pRL-TK vector. The 
cells were harvested and lysed with a lysis buf-
fer 24 h later (Promega, Madison, WI). The rela-
tive luciferase activity was read out using the 
Dual Luciferase Reporter Assay System (Pro- 
mega, Madison, WI, USA) and normalized by the 
relative activity of Renilla. Each experiment was 
performed at least five times and the data were 
analyzed with the Student’s t-test.
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Western blotting analysis

For Western blotting analysis, the cells were 
harvested and lysed on ice for 30 min within 
the RIPA buffer supplemented with protease 
inhibitors. The cells lysates were centrifuged, 
and the supernatants were collected as total 
proteins. After the concentrations of protein 
samples were determined by the BCA method 
(Beyotime, Haimen, China), an equal amount of 
each sample was separated by SDS-PAGE and 
transferred onto a PVDF membrane. The mem-
branes were then incubated with primary anti-
bodies for PTEN, total AKT, phospho-AKT 
(Abcam, Cambridge, MA), and β-actin (Boster 
Bio Tec, Wuhan, China) at the indicated dilution. 
After washing three times, the membranes 
were incubated with an HRP conjugated sec-
ondary antibody and visualized with an ECL 
detection system. The protein expression was 
measured by ImageJ software.

Statistical analyses

The experiments were repeated independently 
at least three times, and the data was present-
ed as the mean ± standard deviation. A 
Student’s-t test or a one-way ANOVA with 
Turkey’s multiple comparison test was per-
formed for the comparisons between groups. 
The statistical results are expressed as the 
mean ± SEM. P < 0.05 was considered signifi-
cant and P < 0.01 was considered strong 
significance.

Results

The miR-17-5p expression was significantly 
upregulated in radioresistant NPCs

The miRNA array analysis from several groups 
indicated that the miR-17-92a clusters, as 
onco-miRs, were increased in different tumor 
tissues and modulated tumor development 
[15-17]. It should be noted that miR-17, miR-
18a, and miR-20a, located within the miR-17-
92a cluster, share similar expressions and are 
highly abundant in tumors [15]. In order to vali-
date the roles of these miRNAs on tumor cell 
radioresistance, we measured the expressions 
of these three miRNAs in frozen NPC tissues 
from both radiosensitive and radioresistant 
patients using RT-PCR. All the examined miR-
NAs were increased in the radioresistant 
patients, among which miR-17-5p was altered 

most obviously more than twofold higher than 
the control samples (Figure 1A-C). These 
results suggest that the miR-17-92a cluster, 
especially miR-17-5p, displays different expres-
sions in radiosensitive and radioresistant NPC 
tissues and might participate in NPC radioresis-
tance modulation. 

The influence of miR-17-5p on CNE2 prolifera-
tion after irradiation

We wondered whether miR-17-5p was involved 
in cell proliferation regulation and examined 
the cell cycles of NPC cells with different treat-
ments. The results showed that the cell cycle of 
the NPC cells was blocked at the G0/G1 phase 
with irradiation doses raising (Figure 1D, 1E). 
Meanwhile miR-17-5p accelerated NPC cell 
division and the cell cycle impairment mediated 
by variant does of irradiation could also be  
partially retrieved by miR-17-5p transfection 
(Figure 1D, 1E). The data indicated that miR-17-
5p could promote the cell cycle of NPC cells. 

A colony formation assay and an MTT experi-
ment were carried out to determine the NPC 
cell proliferation. Irradiation with x-rays reduced 
the colony formation of CNE2 cells significantly 
and the number of colonies number in an irra-
diation dose dependent way. In addition, miR-
17-5p overexpression could increase the num-
ber of colonies compared with the oligonu- 
cleotide control group under all doses of irradi-
ation (Figure 1F, 1G). The MTT experiment also 
showed that the viability of cells transfected 
with miR-17-5p was much higher than the con-
trol cells in the initial 5 days (Figure 1H). These 
data suggest that miR-17-5p promotes NPC cell 
proliferation. 

miR-17-5p inhibited CNE2 cell apoptosis after 
irradiation via blocking ROS generation

Increasing proliferation was always accompa-
nied with avoiding apoptosis, which is one of 
the main hallmarks of malignant tumors. 
Different experiments were carried out to 
detect the effect of miR-17-5p on NPCs apopto-
sis. The TUNEL staining results showed that cell 
apoptosis was frequent in one field after irradi-
ation. However, when miR-17-5p was trans- 
fected, the apoptosis rate was significantly 
decreased (Figure 2A, 2B). Meanwhile, the 
Annexin V/PI measurement by flow cytometry 
also reached the same conclusion. The apopto-
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Figure 1. MiR-17-5p decreased expression in radioresistant NPCs and elevated the proliferation of NPC cells after irradiation. A-C. miR-17, miR-18a, and miR-20a 
expression in radiosensitive and radioresistant NPCs, and each group contained 15 samples. D, E. NPC cells were transfected with miR-17-5p mimics or a negative 
control (NC) and treated with different does of irradiation. The cell cycle was measured and the percentage of each phase was calculated (n = 5). F, G. NPC cells 
transfected with miR-17-5p mimics or a negative control were treated with different doses of radiation. The colonies numbers were counted and analyzed after 3 
weeks (n = 5). H. The growth curve of NPC cells transfected miR-17-5p followed by 10 Gy irradiation was determined by MTT assay in the initial 5 days (n = 5). *: P 
< 0.05, **: P < 0.01.
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sis of the NPC cells was inhibited by forced miR-
17-5p overexpression, when the CNE2 cells 
were treated with or without x-ray irradiation 
(Figure 2C, 2D). These data indicate that miR-
17-5p reduced the apoptosis of NPC cells 
induced by irradiation. 

Cell apoptosis induced by irradiation can be 
viewed as a series of cascading events, which 
begins with cellular damage, is followed by the 
activation of cell death regulatory genes and 
ends with cell destruction and the apoptotic 
corpses’ removal. It has been demonstrated 
that irradiation could induce ROS accumulation 
and result in DNA damage and cell injury [18, 
19]. In some models, the miR-17-92 cluster pro-

moted tumor progression by cancelling ROS 
generation [20]. To figure out the mechanism of 
the protective effect against apoptosis during 
irradiation by miR-17-5p, intracellular ROS gen-
eration was determined by flow cytometry. The 
result indicated that ROS generation, which 
was greatly induced by X-ray irradiation, could 
be sharply decreased by miR-17-5p transfec-
tion (Figure 2E, 2F). The above data demon-
strate that miR-17-5p could protect NPC cells 
from apoptosis by inhibiting the production of 
ROS.

NPC cells were stably transfected with miR-17-
5p or a vehicle and inoculated subcutaneously 
into the abdomen of mice followed by the irra-

Figure 2. Cell apoptosis mediated by ROS was attenuated and tumorigenesis was promoted by miR-17-5p. (A-D). 
NPC cells were transfected with miR-17-5p mimics or a negative control (NC) and followed by 10 Gy irradiation. 
TUNEL (A, B) and Annexin V/PI (C, D) staining were performed to detect the apoptotic cells (n = 5). (E, F) The NPC 
cells were treated as (A) and the non-irradiation groups as controls. The ROS generation was analyzed with a mean 
fluorescence index by flow cytometry (n = 5). (G-I) The NPC cells were stably transfected with miR-17-5p or a nega-
tive control (NC) and inoculated subcutaneously into the back of mice followed by irradiation treatment. The tumors’ 
volume (H) and weight (I) were determined (n = 3). *: P < 0.05, **: P < 0.01.

Figure 3. miR-17-5p suppressed PTEN/AKT signaling pathway. A. The 3’ UTR of PTEN matched with the recogni-
tion site of miR-17-5p. The seed sequence is marked in red. B. The plasmids with the 3’ UTR of PTEN (3’ UTR), the 
mutated 3’ UTR regions (mut1, mut2 and mut3) or the vehicle (con) were co-transfected into NPC cells with an miR-
17-5p mimic or control respectively. 24 h after transfection, luciferase activity was determined (n = 5). C and D. The 
mRNA and protein levels of PTEN were measured after miR-17-5p overexpression (n = 5). E. The activation of the 
AKT signal was detected by western blot (n = 5). *: P < 0.05.
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Figure 4. Mir-17-5p’s effect on NPC cell radioresistance was retrieved by the AKT signaling blockade. A. CNE2 cells overexpressed miR-17-5p in the presence of the 
AKT inhibitor were detected in the cell cycle using flow cytometry (n = 5). B. The number of colonies were counted in the CNE2 cells with same treatment as above 
(n = 5). C. CNE2 cells with same treatment as above were cultured in 96-well plates and the growth curve was measured (n = 5). D. The apoptosis of CNE2 cells 
treated as above was detected using TUNEL staining (n = 5). E. The apoptosis of the CNE2 cells treated as above was determined with Annexin V/PI staining followed 
by flow cytometry analysis (n = 5). F. The intracellular ROS generation was detected by flow cytometry and quantified by a mean fluorescence index (n = 5). Note: 
1: NC; 2: mimics; 3: mimics + AKT inhibitor. G. The schematic diagram of miR-17-5p protecting the NPC cells from irradiation damage. *: P < 0.05, **: P < 0.01.
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diation treatment. It was notable that the NPCs 
with the miR-17-5p overexpression grew much 
faster than the control group in both volume 
and weight (Figure 2G-I), which indicated that 
miR-17-5p could also accelerate tumor growth 
in vivo.

MiR-17-5p suppressed PTEN expression and 
promoted downstream AKT phosphorylation

It is known that miRNAs regulate gene expres-
sion mainly through post transcriptional modifi-
cation. To identify targets regulated by miR-17-
5p that modulate NPC cell function, we 
predicted the target genes using several bioin-
formatic algorithms (Target Scan, PicTar, and 
miRDB). The prediction results showed that 
3’-UTR of PTEN harbored two recognized sites 
of miR-17-5p, which indicated PTEN was a can-
didate target of miR-17-5p. The bioinformatics 
analysis displayed that the 3’ UTR of PTEN har-
bored two conserved miR-17-5p recognized 
sites, which were located from 2236 to 2242 
bp and from 3138 to 3144 bp (Figure 3A). We 
constructed the reporter assays vectors, 
including the wild type fragment (con), the first 
site mutated fragment (mut1), the second site 
mutated fragment (mut2), and both sites 
mutated fragment (mut3). We found that the 
activation of luciferase with the wild type frag-
ment was repressed by the miR-17-5p mimics; 
however, the fragments with mutations from 
either site would lose their suppressing func-
tion (Figure 3B). The results indicated miR-17-
5p modulated PTEN expression and was depen-
dent on both of the two recognized sites in 3’ 
UTR.

To confirm the target of miR-17-5p, RT-PCR and 
western blot were performed to measure the 
PTEN expression. It was clear that miR-17-5p 
inhibited PTEN expression at both the mRNA 
and protein levels (Figure 3C, 3D). The PTEN/
PI3K/AKT pathway is critically involved in mul-
tiple cellular events including proliferation, sur-
vival, and apoptosis [21]. In many cells and 
models, PTEN suppression always induces the 
activation of AKT signaling [22]. Therefore, the 
total AKT and phosphorylated AKT (p-AKT) lev-
els were also determined in CNE2 cells overex-
pressing miR-17-5p, which suggests that miR-
17-5p significantly promotes AKT activation 
(Figure 3E). The above data demonstrated miR-
17-5p could specifically repress PTEN expres-
sion and then activate AKT signaling. 

The miR-17-5p-PTEN-AKT axis is involved in 
cell proliferation and apoptosis regulation after 
irradiation

To validate miR-17-5p regulated NPC cells’ 
radioresistance by targeting PTEN, we mea-
sured the cell cycle of the CNE2 cells after miR-
17-5p overexpression in and without the pres-
ence of the AKT inhibitor. The result showed 
that the AKT inhibitor could totally rescue the 
promotion of the cell cycle mediated by miR-17-
5p (Figure 4A). Meanwhile, the colony forma-
tion and MTT assay also led to the same con-
clusion that NPC cells’ proliferation motivated 
by miR-17-5p was significantly reduced by the 
AKT inhibitor (Figure 4B, 4C).

Moreover, the TUNEL and Annexin V/PI staining 
were carried out to illustrate the apoptosis 
affected by the AKT inhibitor. The TUNEL posi-
tive cells were rare in the miR-17-5p transfect-
ed group even with irradiation. However, the 
apoptotic rate recovered to a normal level when 
the AKT inhibitor was added (Figure 4D). The 
Annexin V/PI measurement also suggested that 
the AKT inhibitor retrieved apoptosis (Figure 
4E). As the main factor to induce cell apoptosis 
by irradiation, ROS generation was also res-
cued by the AKT signal blockade (Figure 4F). As 
the above data showed that the additional AKT 
inhibitor could totally diminish the effects on 
NPC cells mediated by miR-17-5p, it is con-
firmed that miR-17-5p could enhance the radio-
resistance of NPCs through the PTEN-AKT sig-
naling pathway (Figure 4G), which may be a 
potential target to develop new therapeutic 
strategies.

Discussion 

NPCs are radiosensitive at the early stages with 
a greater than 90% survival rate for five years, 
which declines with tumor progression to only 
30-50%. Unfortunately, quite a lot of patients 
have been in the advanced stages at the time 
of their initial diagnosis. The progressive NPCs 
with malignant proliferation and apoptotic 
resistance are always radioresistant [23-25]. 
Especially for recurrent NPC, re-irradiation is 
associated with severe complications, which 
could even be the primary cause of death [26]. 
Therefore, a further understanding of the 
molecular mechanisms involved in NPC radio-
resistance is necessary and will provide better 
strategies for NPC therapy. 
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Accumulating evidence suggests that multiple 
miRNAs play important roles in tumor develop-
ment and radioresistance regulation, including 
miR-100, miR-21, and miR-95 [27-29]. In fact, 
numerous miRNAs are involved in the modula-
tion of multiple tumor suppressors and onco-
genes [30]. In this study, we found that the miR-
17-5p expression was significantly upregulated 
in radioresistant NPC tissues. This suggests 
that it might play a crucial role in the regulation 
of radioresistance. Further studies should con-
firm that miR-17-5p protects NPC cells from 
radiation injury by promoting proliferation and 
inhibiting apoptosis. The death and apoptosis 
of tumor cells could result from many factors, 
such as the effect of NK cells and T cells. Also, 
the ROS generation mediated by irradiation 
could induce tumor cell injury, and it has been 
considered as an indication of the initiation of 
apoptosis [18, 31, 32]. Our results demonstrat-
ed that miR-17-5p obviously decreased ROS 
production after irradiation, which should be 
the mechanism miR-17-5p uses to protect NPC 
cells from damage. The in vivo experiment also 
indicated that miR-17-5p attenuated the radio-
therapy outcome of NPCs. These findings sug-
gest that miR-17-5p should be a key factor in 
the regulation of NPC radioresistance. 

Through the algorithm prediction and luciferase 
report assay, we have confirmed that PTEN is a 
specific target of miR-17-5p in the CNE2 cells. 
PTEN has been shown by many research groups 
to modulate the progression of multiple tumors, 
such as hepatocellular carcinoma [13] and glio-
blastoma [33]. On the other hand, miR-17-5p 
has far more than one target in different tumor 
cells. Yang et al. found that miR-17-5p inhibited 
TIMP3 expression to induce prostate tumor 
growth and invasion [34]. It also promoted 
breast cancer cell proliferation by targeting 
AIB1 [12]. These findings indicate that miR-17-
5p works in a network, and the mathematical 
method may be applied to understand these 
complicated connections [35]. PTEN is a pro-
tein phosphatase, whose substrates include 
phosphatidyl-inositol, 3, 4, 5 triphosphate (PIP- 
3). Increasing activation of PIP3 recruits AKT 
onto the membrane to be activated by other 
kinases. Numerous publications indicate that 
the PTEN/PI3K/AKT signaling pathway is 
involved in tumor development and acts as an 
important target in clinical medicine and phar-
maprojects [36, 37]. From our demonstration, 

the protective effects of miR-17-5p with irradia-
tion are canceled by the AKT inhibitor, suggest-
ing that the PTEN/AKT pathway may be the 
downstream signal cascade of miR-17-5p. It 
should be noted that miR-17-5p is not the only 
miRNA for PTEN silencing. For example, miR-21 
could regulate the expression of PTEN in hepa-
tocellular cancer [38]. As mentioned above, 
this regulation network of miRNAs enables an 
extensive supervision of gene expression, 
which may help to maintain homeostasis under 
different conditions [39].

It is unclear how the AKT pathway can help NPC 
cell survival during radiotherapy. One possible 
way may be the autophagy activation. Auto- 
phagy is known as a central procedure to clear 
damaged organelles or other intracellular parts 
[40]. The AKT activation will result in suppres-
sion on mammalian targets of rapamycin 
(mTOR) [41], which is precisely a trigger of 
autophagy signaling [42]. Therefore, we infer 
that the radiotherapy will directly cause intra-
cellular organelle damage and the AKT mediat-
ed autophagy is activated in order to survive. 
The miR-17-5p may play a critical role in the 
PTEN/AKT/mTOR pathway to regulate autopha-
gy activation. 
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Table S1. The clinical information of the NPC 
patients involved in this study
No. Sex Stage Radio sensitivity
1 M II Resistant
2 M I Sensitive
3 F III Resistant
4 F I Resistant
5 F II Sensitive
6 M I Sensitive
7 F I Sensitive
8 M I Resistant
9 M II Resistant
10 F II Sensitive
11 M III Resistant
12 M I Sensitive
13 F II Sensitive
14 M I Sensitive
15 M III Resistant
16 M II Sensitive
17 F II Resistant
18 F I Sensitive
19 M III Resistant
20 M III Resistant
21 F II Sensitive
22 M I Sensitive
23 F III Resistant
24 M II Sensitive
25 M I Resistant
26 F I Sensitive
27 F II Resistant
28 M III Resistant
29 F I Sensitive
30 M II Resistant

Table S2. Primers and oligonucleotides used in this study
Name Purpose Sequence Length
miR-17-5p RT-PCR 5’-CAAAGTGCTTACAGTGCAGGTAG 89 bp
miR-20a-5p RT-PCR 5’-TAAAGTGCTTATAGTGCAGGTAG 71 bp
miR-18a-5p RT-PCR 5’-TAAGGTGCATCTAGTGCAGATAG 71 bp
Pten-F* RT-PCR 5’-TTTGAAGACCATAACCCACCAC 134 bp
Pten-R* RT-PCR 5’-ATTACACCAGTTCGTCCCTTTC 134 bp
Pten 3’ UTR-F Gene clone 5’-TCAAGAGGGATAAAACACCAT 851 bp
Pten 3’ UTR-R Gene clone 5’-TATAATGTTTCAAGCCCATT 851 bp
*F, forward; R, reverse.


