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ABSTRACT

MicroRNAs (miRNAs) are key players of gene expression involved in diverse 
biological processes including the cancer radio-resistance, which hinders the effective 
cancer therapy. Here we found that the miR-20a-5p level is significantly up-regulated 
in radio-resistant nasopharyngeal cancer (NPC) cells via an RNA-seq and miR-omic 
analysis. Moreover, we identified that the neuronal PAS domain protein 2 (NPAS2) 
gene is one of the targets of miR-20a-5p. The involvement of miR-20a-5p and NPAS2 
with NPC radio-resistance was further validated by either down- or up-regulation 
of their levels in NPC cell lines. Taken together, these results not only reveal novel 
insights into the NPC radio-resistance, but also provide hints for an effective 
therapeutic strategy to fight against NPC radio-resistance.

INTRODUCTION

The nasopharyngeal carcinoma (NPC) is a term 
for a group of malignant tumors that usually happens at 
the nasopharynx [1]. The current chemo- and radiation 
therapeutic approaches for NPC are less efficient due to 
the high sensitivity of NPC [2]. Despite extensive studies 
on the cancer radio-resistance, the molecular mechanism 
for NPC radio-resistance remains largely unknown. The 
failure in radiation treatment mainly results from the 
production of intrinsic or therapy-triggered resistant tumor 
cells [3]. Nevertheless, radio-treatment is still commonly 
used in cancer treatment as it provides increased survival 
rates due to the excellent local control [4–6]. To conquer 
the radio-resistance of tumor cells, it is urgently needed 
to find the key players involved in radio-resistance and 
develop novel therapeutic strategies.

MicroRNAs (miRNAs) are termed as small non-
coding RNA molecules that participate in a wide range of 
biological events [7]. Several reports have suggested that 

their dysregulation is associated with the development of 
many diseases, including cancer of every aspect [8–11]. To 
date, substantial efforts have been exerted in elucidating 
the roles of miRNAs in the occurrence and development of 
radio-resistance in a variety of cancers. For instance, MiR-
32 was reported to induce radio-resistance by targeting 
the DAB2IP gene and regulate autophagy in prostate 
cancer [12]. MiR-96 was found to promote chemo- or 
radioresistance by repressing the expression of RECK in 
esophageal cancer [13]. Moreover, miR-205 sensitized the 
tumor radio-resistance by targeting Ubc13 and ZEB1 [14]. 
As one of the well-studied miRNAs, miR-20a belongs 
to the miR-17-92 cluster, and has been demonstrated to 
act as an oncomiR in various human cancers, including 
lung cancer [15], hepatocellular carcinoma [16], as well 
as gastric cancer [17]. In addition, miR-20, Rest and 
Wnt signaling are involved in modulating the neural 
differention of neural progenitor cells [18]. Notably, the 
expression of miR-20a is also related to irradiation therapy 
[19]. For example, the higher level of miR-20a activated 
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the PTEN/PI3K/Akt signaling pathway and thus induced 
radio-resistance of hepatocellular carcinoma [20].

In the present study, to explore the roles of miR-
20a-5p in NPC radio-resistance, we performed a RNA-
seq based omic analysis to detect the genes that were 
differentially expressed in radio-sensitive (CNE-2) versus 
radio-resistant (CNE-1) NPC cell lines. We showed here 
that miR-20a-5p repressed the NPAS2 gene and promoted 
NPC radio-resistance. Furthermore, we performed a 
systematic analysis of miR-20a-5p and NPAS2 for its role 
in the radio-resistance of NPC cells.

RESULTS

The NPAS2 level negatively correlates with the 
expression of miR-20a-5p in NPC cells

Previous report demonstrated that CNE-1 and CNE-
2 cell lines are the radio-resistant and sensitive cell lines of 
NPC, respectively [21–23]. Indeed, our radiation treatment 
experiments against four NPC cells (SUNE1, HONE1, 
CNE-2 and CNE-1) demonstrated that CNE-1 is the most 
radio-resistant cells whereas CNE-2 is the most radio-
sensitive cell lines (Figure 1A). To reveal the insights 
that mediate the radio-resistance of NPC, we performed 
an RNA-seq analysis of CNE-1 and CNE-2 cells. The 
results showed that several miRNAs were differentially 
expressed, which were further subject to testing the 
expression level by qRT-PCR. We selected MiR-20a-5p 
as our target, which is in agreement with the RNA-seq 
analyses (Supplementary File 1). The expression of miR-
20a-5p is 11.23-fold higher in CNE-1 cells than that in 
CNE-2 cells by miR-omic analysis. Similar case was also 
found for the miR-20a-5p level by qRT-PCR analysis 
(Figure 1B and 1C).

To find the target genes of miR-20a-5p, we 
next made a prediction using the following websites: 
TargetScan (http://www.targetscan.org/) and miRDB 
(http://miRdb.org/miRDB/). We then compared the 
expression profiles of shared predicted mRNAs between 
CNE-1 and CNE-2 cells by the RNA-seq based miR-omic 
analysis. The results showed that a group of genes were 
drastically differentially expressed in the two cell lines 
(Supplementary File 1). Among them, the NPAS2 is one 
of the genes that negatively correlate with the level of 
miR-20a-5p. We thus selected NPAS2 as our target and 
further detected the level of NPAS2 in CNE-2 and CNE-1 
cells. The results showed that NPAS2 was higher in CNE-
2 than CNE-1 at both mRNA (RNA-seq based miR-omic: 
39.25:1.00, and qRT-PCR analysis: 4.98:1.00) and protein 
levels (western blot: 6.55:0.89) (Figure 1D, 1E and 1F).

MiR-20a-5p targets the NPAS2 gene in NPC cells

We found that the NPAS2 gene negatively correlates 
with the level of miR-20a-5p, indicating it might be the 

target of miR-20a-5p. To test whether NPAS2 is indeed 
one of the targets of miR-20a-5p, we first determined the 
NPAS2 level in the miR-20a-5p mimic transfected CNE-
2 and HONE1, and the antagomiR transfected CNE-1 
and SUNE1 cells versus the NC (scramble sequence 
control) transfected. Indeed, the transfection of miR-20a-
5p mimic into CNE-2 and HONE1 cells increased the 
level of miR-20a-5p to about 2.78-fold and 10.06-fold, 
respectively (Figure 2A), whereas the transfection of miR-
20a-5p antagomiR into CNE-1 and SUNE1 significantly 
decreased the expression of miR-20a-5p to about 68% and 
79%, respectively (Figure 2B). As a result, the transfection 
of a miR-20a-5p mimic down-regulated the NPAS2 
mRNA to 18% for CNE-2 cells and 41% for HONE1 cells 
(Figure 2C). As expected, the transfection of miR-20a-
5p antagomiR increased the mRNA level of NPAS2 by 
9.23 folds for CNE-1 and 10.29 folds for SUNE1 (Figure 
2D) Accordingly, the protein levels were also changed at 
different ratios, which is in agreement with the changes of 
NPAS2 mRNA levels (Figure 2E, 2F). Sequence analysis 
found that 3’-UTR region of NPAS2 contains two putative 
binding motifs for miR-20a-5p (termed sit 1 and sit 2, 
respectively) (Figure 2G). To further confirm that NPAS2 
is a target of miR-20a-5p, we performed a reporter assay 
by cloning the wild-type NPAS2 gene at the downstream 
of the Renilla luciferase gene to create the vector of pGL3-
NPAS2 UTR WT (Figure 2G). The constructs pGL3-
NPAS2 UTR WT was transfected into the four NPC cell 
lines respectively, to detect the miR-20a-5p-regulated 
function in vivo. The pGL3-NPAS2-UTR WT gave the 
relative luciferase activities of 0.74, 0.69, 0.81 and 1.08 in 
HONE1, CNE-2, CNE-1 and SUNE1 cells, respectively 
(Figure 2H). The transfection of miR-20a-5p-mimic 
into CNE-2 cells significantly decreased the luciferase 
activity of pGL3-NPAS2-UTR WT construct, whereas 
the control cells showed comparable activity (Figure 
2I). Meanwhile, the luciferase activity of pGL3-NPAS2-
UTR WT construct was higher upon the transfection of 
miR-20a-5p-antagomiR into CNE-1 cells (Figure 2I). By 
contrast, the luciferase activities showed slight difference 
upon the transfection of miR-20a-5p-mimic into HONE1 
or miR-20a-5p-antagomiR into SUNE1, as compared to 
the control cells, probably due to the minor contribution 
of miR-20a-5p on radio-resistance in these two cell lines. 
Taken together, NPAS2 is indeed, a target of miR-20a-5p 
and may execute the miR-20a-5p’s promoting effect on the 
NPC radio-resistance.

NPAS2 and miR-20a-5p have a reverse effect on 
NPC radio-resistance

We find that NPAS2 is a target of miR-20a-5p. To 
further elucidate the roles of miR-20a-5p and NPAS2 
on NPC radio-resistance, we performed the cell survival 
experiments upon the transfection of either miR-20a-5p-
mimic or si-NPAS2 into the CNE-2 cells. Accompanied 
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Figure 1: Different expression patterns of miR-20a-5p/NPAS2 in four nasopharyngeal cells SUNE1, HONE1, CNE-1 
and CNE-2.  (A). The survival fraction of four NPC cells treated as described. The surviving fraction was calculated using the multitarget 
single-hit model: Y=1-(1-exp(-k*x))^N. The data are presented as the mean±standard deviation of results from 3 independent experiments, 
and two way anova was used to calculate statistical significance. The miR-20a-5p expression levels in four cells (summarized in table B) 
were analyzed by miR-seq and qRT-PCR analyses in plot (C). The expression level of NPAS2 is higher in CNE-2/HONE1 cells than in 
CNE-1/SUNE1 cells, as summarized in table (D). qRT-PCR and Western blot analyses are shown in plots (E and F), respectively.

Figure 2: NPAS2 is a target of miR-20a-5p in NPC cells. Level of miR-20a-5p (A and B). NPAS2 mRNA (C and D) and protein 
(E and F) levels in the miR-20a-5p mimic (5PM)-transfected CNE-2 and HONE1 cells and the miR-20a-5p antagomiR (5PA)-transfected 
CNE-1 and SONE1 cells versus the negative control (NC) cells, as determined by qRT-PCR or Western blot analyses. Sequences in the 
UTR region of the NPAS2 gene targeted by miR-20a-5p, with the hatched section showing the combined area (G). The relative luciferase 
activities (fold) of the reporter with the wild-type (WT) NPAS2-UTR (Vec) were determined in the NPC cells transfected with the miR-
20a-5p mimic (in CNE-2 and HONE1), antagomiR (in CNE-1 and SONE1) or Mock (H and I) sequences. The Renilla luciferase activity 
of a co-transfected control plasmid was used as a control for the transfection efficiency. The representative results from three independent 
experiments are shown. *p value<0.05 by Student’s t-test.
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by the increase of miR-20a-5p upon the transfection of 
miR-20a-5p-mimic in the CNE-2 cells, the cell survival 
rate was elevated against the radiation treatment (Figure 
3A). As expected, the transfection of si-NPAS2 into CNE-
2 cells decreased the level of NPAS2 in both mRNA 
(0.43:1) and protein levels (0.52:1), as compared to the 
control cells (Figure 3B and 3C). The following results 
showed an enhanced radio-resistance capability upon the 
transfection of si-NPAS2, which is reversely correlated 
with the effect of miR-20a-5p (Figure 3D). On the other 
hand, the transfection of miR-20a-5p antagomiR in CNE-
1 cells decreased the level of miR-20a-5p, which further 
results in a lower cell survival rate against radiation 
treatment (Figure 3E). The results clearly demonstrated 
that NPAS2 negatively regulates NPC radio-resistance, 
whereas miR-20a-5p has a positive effect on NPC radio-
resistance.

In agreement with its negative effect of NPAS2 
on NPC radio-resistance, a siRNA-mediated NPAS2 
repression reduced the cell apoptosis rate from 15.62% to 
11.90%, which suggests that cell survival rate was elevated 
upon the addition of si-NPAS2 into CNE-2 cells (Figure 
4). Similarly, the miR-20a-5p-mimic transfected CNE-2 
cells also showed a reduced cell apotosis rate (Figure 4).

MiR-20a-5p-mediated NPC radio resistance 
is probably via the regulation of the Notch 
signaling pathway

To further elucidate the molecular mechanisms of 
NPC radio-resistance, we measured the activities of 18 
cancer-related signaling pathways in both CNE-1 and 
CNE-2 cells (Figure 5A). The pathways with the activities 

that differed by more than ten folds in CNE-1 and CNE-
2 cells were selected for further studies. Among them, 
the Notch and MEF2 pathways showed higher activities 
in CNE-2 cells than that in CNE-1 cells, whereas the 
Hypoxia pathway demonstrated higher activity in CNE-
1 cells (Figure 5A). These three most differentially 
regulated pathways might play a role in NPC radio-
resistance. Therefore, we then compared the activities of 
the three pathways in mimic-transfected CNE-2 cells or 
antagomiR-transfected CNE-1 cells. The activity of the 
Hypoxia pathway was elevated in the mimic-transfected 
CNE-2 cells, whereas it was reduced in the antagomiR-
transfected CNE-1 cells (Figure 5B). By contrast, the 
activity of the Notch pathway was reduced in the miR-
20a-5p mimic-transfected CNE-2 cells but increased 
in the miR-20a-5p antagomiR-transfected CNE-1 cells 
(Figure 5B). We further compared the pathway activities 
in si-NPAS2 transfected CNE-2 cells and the GFP-NPAS2 
overexpressed CNE-1 cells. The activity of the Notch 
pathway is elevated upon the transfection of GFP-NPAS2 
into CNE-1 cells, whereas decreased upon the transfection 
of si-NPAS2 into CNE-2 cells (Figure 5C). Thus only the 
Notch pathway correlates well with the changes of both 
miR-20a-5p and NPAS2, indicating its involvement with 
NPC radio-resistance. All together, the Notch pathway 
was proposed to be involved in the NPC radio-resistance 
mediated by miR-20a-5p and NPAS2.

DISCUSSION

Previous studies have demonstrated that miRNAs 
are closely related with tumor radio-sensitivity, such as 
miR-23b, miR-124. MiR-23b regulates autophagy and is 

Figure 3: Effects of a forced reversal of the miR-20a-5p or NPAS2 levels on the radio-resistance of CNE-1 and CNE-2 
cells. MiR-20a-5p mimic (5PM)-transfected CNE-2 increases NC cells survival fraction versus the negative control (NC) cells (A). NPAS2 
protein level (Western blot analysis) and mRNA determined by qRT-PCR in the si-NPAS2-transfected versus the NC-transfected CNE-2 
cells treated with a 4-Gy dose of radiation (B and C). Si-NPAS2-transfected CNE-2 increases NC cells survival fraction versus the negative 
control (NC) cells (D). MiR-20a-5p antagomiR (5PA)-transfected CNE-1 decreases NC cells survival fraction versus the negative control 
(NC) cells (E). The surviving fraction was calculated using the multitarget single-hit model: Y=1-(1-exp(-k*x))^N. The data are presented 
as the mean±standard deviation of results from 3 independent experiments, and two way anova was used to calculate statistical significance.
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also involved in radioresistance of pancreatic cancer [24], 
MiR-124 targets PRRX1 and sensitizes the radio-therapy 
of human colorectal cancer cells [25]. Of note, a previou 
study in hepatocellular carcinoma also found that miR-20a 
activates the PTEN/PI3K/Akt signaling pathway to induce 
the cell radio-resistance [20]. Considering the important 
roles of miRNAs to regulate diverse oncogenic processes, 
including radio-resistance, it is a promising avenue for 
furthering our understanding of radiation resistance. 
Therefore, any attempts to improve our understanding 
of the molecular mechanisms underlying radiation 
sensitivity and resistance remain an important direction. 
In the present study, we showed that miR-20a-5p also 

participates in the NPC radio-resistance. In addition, we 
performed a comparative RNA-seq omic analysis of CNE-
1 and CNE-2 cell lines and identified that the NPAS2 gene 
exhibits a negative correlation with the radio-resistance 
(Figure 3). The roles of miR-20a-5p and NPAS2 in the 
context of NPC radio-resistance were systematically 
analysed in cultured cells.

Neuronal PAS domain protein 2 (NPAS2), the largest 
human core circadian gene, encodes for a transcription 
factor belonging to the basic helix-loop-helix PAS class 
[26]. NPAS2 was reported to regulate diverse biological 
processes that are involved in 24-hr circadian rhythm 
[27]. Down-regulation of NPAS2 has been demonstrated 

Figure 4: Effects of the forced reversal of both the miR-20a-5p and NPAS2 levels on the apoptosis of CNE-2 cells, with 
a graph of the analyzed data and plots of the original FACS data (A). *p value < 0.05.

Figure 5: The signaling pathways regulated by miR-20a-5p and their downstream genes.  The relative activities (mean ± 
S.D.) of three pathways that differed by more than ten-fold between CNE-1 and CNE-2 cells (A). The relative activities of the pathways in 
the miR-20a-5p mimic (5PM)-transfected versus NC-transfected CNE-2 cells as well as miR-2a-5p antagomiR (5PA)-transfected versus 
NC-transfected CNE-1 cells (B). The relative activities of the pathways in the si-NPAS2-transfected versus NC-transfected CNE-2 cells 
and GFP-NPAS2-transfected versus NC-transfected CNE-1 cells (C).
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to disrupt the circadian system, such as the sleep pattern 
[27, 28]. In addition, previous evidences have suggested 
that NPAS2 is a tumor suppressor that regulates different 
pathways, such as apoptosis, cell cycle determination, and 
DNA damage [29–31]. For example, NPAS2 suppress the 
transcription of the oncogene c-Myc by regulating the 
circadian-related gene PER [32]. NPAS2 has also been 
found to be a prognostic biomarker in breast cancer [31], 
colorectal cancer [33] and non-Hodgkin’s lymphoma [34]. 
All these reports suggest that the inhibition of NPAS2 
serves as a therapeutic target for cancers. In agreement 
with previous findings, here we showed that the NPAS2 
level is correlated with the radio-resistance of NPC cells, 
which might be mediated by miR-20a-5p. However, the 
fine mechanism for the miR-20a-5p-regulated NPC radio-
resistance remains to be clarified.

Moreover, here we also found that the Notch 
signaling pathway might be involved in the NPC radio-
resistance mediated by miR-20a-5p. The Notch signaling 
not only plays a role in the determination of cell fate [35], 
but also involves in maintaining the balance of progenitor/
stem cell population, as well as cell proliferation, 
differentiation and apoptosis [36]. Thus Notch signaling 
pathway may be involved in carcinogenesis, such as lung 
cancer [37], colorectal cancer [38], liver cancer [39], 
breast cancer [40] and etc. In accordance with previous 
findings, our results suggest that the Notch signaling also 
involves in NPC radio-resistance, which indicates a multi-
functional roles of the Notch signaling pathway.

MATERIALS AND METHODS

Cell lines

SUNE1, HONE1, CNE-2 and CNE-1 were supplied 
by the Cancer Center of Sun Yat-sen University [21]. 
The four cell lines were cultured in Dulbecco’s modified 
Eagle’s medium (Invitrogen, Carlsbad, CA, USA) 
supplemented with 10% fetal bovine serum (Invitrogen) 
and 1% glutamine at 37°C in 5% CO2.

RNA-Seq analysis

RNA-seq analysis was performed by BGI-Tech of 
China, and RNA-seq library preparation and sequencing 
were performed by BGI (Shenzhen, China). RNA was 
purified and then was fragmented using divalent cations 
at an elevated temperature. The first-strand cDNA 
was synthesized using random hexamer primers and 
Superscript TMIII (Invitrogen™, Carlsbad, CA, USA). 
Second-strand cDNA was synthesized in the buffer 
containing dNTPs, RNaseH, and DNA polymerase I. 
Short fragments were purified with a QiaQuick PCR 
extraction kit (Qiagen) and resolved with EB buffer for 
end reparation and poly(A) addition. The short fragments 
were subsequently connected using sequencing adapters. 
After agarose gel electrophoresis, suitable fragments 

were used as templates for PCR amplification. During 
the QC steps, an Agilent 2100 Bioanaylzer and an ABI 
StepOnePlus Real-Time PCR System were used in 
quantification and qualification of the sample library. 
Finally, the library (200-bp insert) was sequenced using 
Illumina HiSeq2000 (Illumina Inc., San Diego, CA, 
USA). The single-end library was prepared following the 
protocol of the IlluminaTruSeq RNA Sample Preparation 
Kit (Illumina) [41].

Irradiation and clonogenic assay

Cells treated as described were seeded on 6-well 
plates in triplicate and exposed to radiation at the doses 
indicated using a 6-MV x-ray generated by a linear 
accelerator (Varian trilogy at a dose rate of 200 cGy/min). 
After incubation at 37°C for 14 days, cells were fixed 
in 100% methanol and stained with 0.1% crystal violet. 
Colonies containing >50 cells were counted under a light 
microscope. The surviving fraction was calculated as 
described previously [13, 20]. At least three independent 
experiments were performed.

Reagents for the transient transfection assays

The Homo sapien (hsa)-miR-20a-5p mimic, 
antagomiR and scrambled negative control (NC) were 
supplied by Guangzhou Ribobio, China. MiR-20a-
5p mimics and antagomiRs were used to increase and 
decrease the expression of miR-20a-5p, respectively. 
miRNA transfection was performed using the riboFECT 
CP transfection kit were supplied by Guangzhou Ribobio, 
China. In brief, cells were plated in a 6-well plate and 
incubated overnight to achieve about 70% confluence at 
the time of transfection. In each well, 2.5 μl miRNA (100 
μM) was added to 120 μl buffer, then 12 μl riboFECT CP 
transfection reagent was added and mixed gently. The 
transfection complex was added to the cells and incubated 
for 48 hr at 37°C in a 5% CO2 incubator. To confirm the 
effect of the miRNAs on the expression of miR-20a-5p, 
western and RT-qPCR were performed. The sequences 
used in this study are as follows:

si-NPAS2:
5’-GAAUCAAGUGUGAUAUCAA dTdT-3’
3’-dTdT CUUAGUUCACACUAUAGUU-5’
hsa-miR-20a-5p
antagomiR: 

5’-CUACCUGCACUAUAAGCACUUUA-3’
mimic:
sense 5’-UAAAGUGCUUAUAGUGCAGGUAG-3’
antisense 

5’-CUACCUGCACUAUAAGCACUUUA-3’.

RNA analysis

Total RNA was extracted using TRIzol (Invitrogen), 
according to the manufacturer’s instructions. For the 
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mRNA analysis, the cDNA primed by oligo-dT was made 
with a prime Script RT reagent kit (Tiangen Biotech Co., 
Ltd., Beijing, China), and the mRNA level of NPAS2 
was quantified by a duplex-qRT-PCR analysis where the 
TaqMan probes with a different fluorescence for β-actin 
(provided by Shing Gene, Shanghai, China) were used in 
the FTC-3000P PCR instrument (Funglyn Biotech Inc., 
Canada). The miRNA expression level was normalized 
using U6 small nuclear RNA (HmiRQP9001) as an 
internal control, as previously described [42]. Using the 
2−ΔΔCt method, the normalization with the β-actin level 
was performed before the relative level of the target genes 
was compared. The sequences of primers and probes 
used for the qRT-PCR analysis are as follows: hNPAS2 
F: 5′- AGCCCGAGTTCATCGTGTG -3′ hNPAS2 R: 5′- 
CTTGAGCCCTTGTCCTTTAGTG -3′ hNPAS2 probe: 
5′-ROX- CTCGGTGGTCAGTTACGCAGATGTCC -3′ 
hACTB F: 5′-GCCCATCTACGAGGGGTATG-3′ hACTB 
R: 5′-GAGGTAGTCAGTCAGGTCCCG-3′ hACTB 
probe: 5′-CY5-CCCCCATGCCATCCTGCGTC-3′.

Western blotting assays

Proteins were separated by electrophoresis based 
on its molecular weight and transferred from the gel to a 
PVDF membrane.Anti-NPAS2 (YT5045) was purchased 
from ImmunoWay. The target proteins were then probed 
with anti-rabbit IgG peroxidase-conjugated antibody 
(SA00001-2; San Ying Biotechnology, China). The target 
bands were revealed by an enhanced chemiluminescence 
reaction (Pierce), and the relative density (level) of 
proteins over the GAPDH (10494-1-AP; San Ying 
Biotechnology, China) band was quantified with the Gel-
Pro Analyzer (Media Cybernetics).

Apoptosis analysis

Apoptosis was analyzed by flow cytometry using 
Annexin V/PI double staining. 48 hr after transfection, 
the cells were harvested and rinsed with PBS twice, 
then 3 μl of FITC-labeled enhanced annexinV and 3 μl 
(20 μg/ml) of propidium iodide were added to 150 μl of 
cell suspension. After incubation in the dark for 30 min 
at room temperature, flow cytometry was performed on 
a FACSCalibur instrument. The number of apoptotic and 
necrotic cells were calculated by flow cytometry (Becton-
Dickinson Co, USA) and analyzed by Flowjo Software. 
The experiments were performed independently three 
times, and a representative is shown.

Luciferase reporter assay

A full-length of the human NPAS2 3’-untranslated 
region (UTR, 1243 bp) with the target sequence for miR-
20a-5p was cloned into the 3’ flank of the luciferase coding 
sequence of pGL3 (Invitrogen) to construct pGL3-luc-

NPAS2 UTR WT. Cells were seeded into 96-well plates at 
approximately 1X104 cells per well and cotransfected with 
a mixture of 50 ng of pGL3-luc-NPAS2 UTR WT, plus 
5 pmol of mimic or NC nucleotides using the riboFECT 
CP transfection kit according to the manufacturer’s 
instruction. The luciferase activities were measured 24 
hr after transfection by the Dual-Luciferase Reporter 
Assay System (Promega) using a Promega GloMax 20/20 
luminometer. The relative firefly luciferase activities of 
the UTR construct and pathway reporter constructs were 
analyzed as previously reported [43].

Signaling pathway analysis

The signaling pathway assays was finished with 
SABiosciences (USA) reagent kit, which contains the NC 
construct, the reporter construct and the positive control 
construct. The analysis was performed according to the 
manufacturer’s instruction. Briefly, the cells were triple 
transfected with each firefly luciferase reporter construct 
in combination with the Renilla luciferase construct using 
the riboFECT CP transfection reagent, and both luciferase 
activities in cell extracts at 24 hr after transfection were 
measured using the Promega Dual-Luciferase Reporter 
assay on the PromegaGloMax 20/20 luminometer. Firefly 
luciferase activities from each set were normalized to the 
Renilla luciferase activity to control for inter-transfection 
bias. The relative luciferase activities (luciferase unit) 
of the pathway reporter over the negative control in the 
transfected cells were calculated as a measure of the 
pathway activity.

Statistical analyses

The data are presented as the mean, and the error 
bars indicate the S.D. All statistical analyses were 
performed with GraphPad Prism 5. Two way anova and 
two-tailed Student’s t-test were used to calculate statistical 
significance. p-value of<0.05 was considered significant.
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