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Circular RNA CDR1as sponges miR‑7‑5p 
to enhance E2F3 stability and promote 
the growth of nasopharyngeal carcinoma
Qiong Zhong*  , Juncong Huang, Jiawang Wei and Renrui Wu

Abstract 

Background:  Circular RNA (circRNA) CDR1as plays an important role in the occurrence and development of human 
tumors. The purpose of this study is to investigate the molecular mechanism of circRNA CDR1as in the development 
of nasopharyngeal carcinoma (NPC).

Methods:  The mRNA expressions of circRNA CDR1as, miR-7-5p, and E2F3 were detected by qRT-PCR. The effects of 
circRNA CDR1as, miR-7-5p, and E2F3 on NPC cells were investigated using cell counting kit-8 (CCK8) method, colony 
formation assay, and representative metabolite assay. The molecular mechanism of circRNA CDR1 in NPC was studied 
by bioinformatics and luciferase reporter assay. In addition, the biological activity of circRNA CDR1as was also investi-
gated in NPC xenograft tumor mice model.

Results:  The results showed that the circRNA CDR1as expression was significantly up-regulated in NPC tissues by 
comparison with non-tumor NPE tissues (p < 0.01), suggesting that circRNA CDR1as was associated with poor progno-
sis in NPC patients. Moreover, circRNA CDR1as could up-regulate E2F3 expression by binding miR-7-5p, and promote 
the growth and glucose metabolism of NPC cells. Meanwhile, circRNA CDR1as could promote NPC progression 
through the negative regulation of miR-7-5p in the xenograft tumor model.

Conclusion:  CircRNA CDR1as promoted the occurrence and development of NPCs by successively up-regulating the 
expression of miR-7-5p and E2F3, suggesting CircRNA CDR1as as a potential target for the treatment of NPC patients.
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Background
Nasopharyngeal carcinoma (NPC) is one of the most 
common head and neck malignancies, which can be eas-
ily induced by environmental factors, genetic factors, 
and EB virus infection [1, 2]. NPCs have the pathological 
characteristics of high incidence, rapid deterioration, and 
poor prognosis and most NPC patients have developed to 
the middle- and late-stage by the time of diagnosis [3, 4]. 
Radiotherapy is dominated in the treatment of NPC due 
to the high sensitivity, but NPC cells are prone to distant 

metastasis and recurrence after treatment [5]. Therefore, 
gene therapy for NPC becomes popular. Glucose is the 
primary energy source of cells in the body. Normal cells 
generate ATP through oxidative phosphorylation under 
aerobic conditions and glycolysis under anaerobic condi-
tions [6, 7]. The metabolism of malignant tumor cells is 
different from that of normal cells, and one of the main 
characteristics is the increase of glucose metabolism [8]. 
Even under aerobic conditions, most tumor cells metabo-
lize glucose into lactic acid through glycolysis to produce 
ATP, which is called aerobic glycolysis or Warburg effect 
[9]. Therefore, the increase of glucose metabolism pro-
vides favorable conditions for the growth, proliferation, 
metastasis, and invasion of tumor cells.
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CircRNAs are endogenous non-coding RNAs with 
functions similar to long non-coding RNAs [9, 10]. As 
competitive endogenous RNAs (ceRNA), CircRNAs can 
bind to miRNAs and inhibit their functions [11]. Cerebel-
lar degeneration associated protein 1 antisense transcript 
(CDR1as) is the circular natural antisense transcript 
(NAT) of the CDR1 gene, which binds to miR-7 and acts 
as a molecular sponge of circRNA [12]. The precursor 
sources of miR-7 include miR-7-1, miR-7-2, and miR-7-
3, among of which miR-7-5p is the mature of miR-7 and 
closely related to the occurrence and development of 
tumors [13]. Recent studies have found that miR-7-5p is 
an endogenous tumor suppressor gene that can target 
and inhibit lymphoma, gastric cancer, glioma, and other 
malignant tumors [14, 15]. CircRNA CDR1as contains 
70 binding sites of miR-7 and can inhibit the function of 
miR-7 and indirectly promote the stability of miR-7 tar-
get genes [16–19].

E2F transcription factor 3 (E2F3) belongs to the mem-
ber of E2F transcription factor family and is involved in 
the regulation of cell proliferation and cell cycle [20]. 
It has found that interference of E2F3 gene expression 
could prevent the cell cycle of bladder cancer 5637 cells 
in G1 phase and promote apoptosis [21]. However, the 
mechanism of circRNA CDR1as, miR-7-5p, and E2F3 
in NPC is still unclear. In the present study, the specific 
molecular mechanism of circRNA CDR1as in NPC tis-
sues and cells was explored by qRT-PCR, CCK8, colony 
formation test, representative metabolite analysis, lucif-
erase reporter analysis and NPC xenograft tumor model. 
It may provide a certain theory for the targeted treatment 
of NPC.

Materials and methods
Materials
Organizational collection
Non-tumor NPE biopsy samples (n = 20) and NPC biopsy 
samples (n = 44) from People’s Hospital of Ganzhou were 
selected for the determination of CDR1as gene expres-
sion. NPC patients diagnosed by histopathological exam-
ination from 2009 to 2012 were selected. NPC tissue 
samples obtained by biopsy were collected. All the sam-
ples were immersed in the RNA-Later reagent at 4 °C for 
overnight, and then deposited at − 80 °C. Clinical char-
acteristics of all patients were collected from the medical 
records (Table 1). The study was approved by the cancer 
center’s institutional research ethics committee.

Cells
Human nasopharyngeal epithelial cells NP69 and N5-Tert 
were cultured in keratinocyte serum-free medium (Inv-
itrogen, Carlsbad, CA, USA). NPC cell lines (CNE1, 
SUNE1, 6-10b, 5-8f, HNE1, HK1 and HONE1) were 

cultured using RPMI 1640 medium (Gibco, 11875093, 
Fisher Scientific, USA) containing 5% FBS (Hyclone, 
SH3007103, Fisher Scientific, USA). All cells were incu-
bated at 37  °C in a humidified atmosphere with 95% air 
and 5% CO2.

Quantitative real‑time PCR (qRT‑PCR)
The tissue samples were ground into powder in a liquid 
nitrogen precooled mortar. Total RNA was extracted from 
tissues and cells using Trizol reagent (Invitrogen, 15596026, 
Fisher Scientific, USA), and the specific steps were strictly 
carried out according to the instructions of the kit. Then, 
the Thermo Script RT-PCR system (Invitrogen, 11731015, 
Fisher Scientific, USA) was used to reverse transcribe 1 μg 
total RNA into cDNA. qRT-PCR was performed using 
Light Cycler 480 SYRB Green I Master Mix (04707516001, 
Roche, Indianapolis, USA). GAPDH was regarded as an 
internal reference. We used the 2−ΔΔCt method to calculate 
the relative expression level. All experiments were carried 
out in three parallel experiments. The primer sequences 
used in the experiment were shown in Table 2.

Determination of colony formation
Specific siRNA transfected cells (400 cells/well) were 
inoculated in 6-well plates and cultured for 14  days. 
After culture, PBS was used for washing, and methanol 
was used for fixation for 15 min. Next, the samples were 
stained at room temperature with 0.5% crystal violet in 
20% methanol solution for 15 min. After washing, 6-well 

Table 1  Correlation between  CDR1as expression 
and  clinical pathological characteristic in  NPC. Using 
the median CDR1as value as cutoff

n = 44, ** p < 0.01

Parameters Group n CDR1as expression p value

High (n = 22) Low (n = 22)

Age (years) ≤ 60 16 7 9 0.322

> 60 28 15 13

Gender Female 12 5 7 0.442

Male 32 17 15

T classification T1–T2 25 13 10 0.168

T3–T4 19 14 11

N classification N0–N1 18 10 8 0.195

N2–N3 26 12 14

Clinical stage I–II 11 3 8 0.002**

III–IV 33 19 14

Distant metastasis Yes 15 7 8 0.622

No 29 15 14

Loco-regional 
recurrence

Yes 13 4 9 0.037

No 31 18 13
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plates were photographed, and the colony formation was 
analyzed. All experiments were carried out in three par-
allel experiments.

Oligonucleotides
Oligonucleotides, miR-7-5p inhibitor, the siRNA of 
miRNA and E2F3 were purchased from Gene Pharma 
(Shanghai, China). Oligonucleotides were transfected 
into cells using Lipofectamine 2000 reagent (11668027, 
Invitrogen, Fisher Scientific, USA). Oligonucleotide 
sequences were shown in Table 3.

CCK‑8 assay
The proliferation ability of NPC cells was determined by 
CCK-8 kit (C0037, Beyotime, China) assay. The trans-
fected NPC cells (5 × 103 cells/well) were inoculated 
in the 96-well culture plate. The culture medium was 
replaced with fresh medium containing 10% CCK8 after 
cell culture for 12, 24, 36, and 48  h, respectively. After 
incubation for 3 h, the absorbance value was determined 
using a microplate reader at 450 nm.

Representative metabolite assay
The contents of glucose and lactic acid in cells were 
determined using the glucose and lactic acid assay kit 
(K606, K638, Biovision, USA), and the specific opera-
tion steps were strictly in accordance with the instruc-
tions of the kit. The absorbance value at 570  nm was 
determined by a microplate reader. Glucose and lactate 

concentrations were calculated according to the standard 
curve. To remove as much of the effect as possible, the 
cells were measured and counted for the next 24 h. Pico 
Probe Lactate Fluorometric Assay Kit (K638, Biovision, 
USA) was used to determine lactic acid levels in mouse 
tumor tissues. The content of ATP in cells was deter-
mined using the ATP kit (Biovision, Milpitas, USA).

Western blot
Total protein in cells was extracted with RIPA buffer 
(KenGEN, China) and quantified with BCA protein con-
centration kit (P0012S, Beyotime, China). The extracted 
protein was separated by 10% SDS-PAGE and trans-
ferred onto PVDF membrane (IPVH00010, Millipore, 
USA). After sealing with 5% skim milk for 2 h, the PVDF 
membrane was washed three times with PBST. Then, 
the PVDF membrane was incubated with E2F3 antibody 
(ab50917, 1:2000, Abcam) overnight and washed with 
PBST for three times. The second antibody was then 
incubated at room temperature for 1 h. GAPDH (ab9485, 
1:2500, Abcam) was used as an internal reference.

Luciferase reporter assay
E2F3 3′-UTR fragment containing specific miR-7-5p 
binding sequence was cloned and inserted into the 
pmir-report vector. CircRNA CDR1 fragments contain-
ing miR-7-5p binding sites were inserted into the pmir-
report vector. MiR-7-5p mimics or related miRNA and 
recombinant plasmids or empty pmir-report vectors 
were co-transfected into NPC cells. Reporter Assay Sys-
tem (E1910, Promega, USA) was used to detect luciferase 
activity in cells.

Xenograft tumor model experiment
18 nude mice were purchased from Beijing laboratory 
animal research center. Three mice were injected subcu-
taneously with HK1 cells. When the tumor diameter was 
5  mm, the tumor was removed and cut into 1–2  mm3 
slices, which were further inoculated into the subcuta-
neous tissues of another 15 mice. The 15 mice were ran-
domly divided into three groups: control group, circRNA 
CDR1as siRNA group, and miR-7-5p mimic group. Mice 
in each group were injected with the corresponding rea-
gent every 3  days, and tumor volume was measured. 
Tumor tissue was removed and weighed after 30  days. 
The study was approved by the laboratory animal eth-
ics committee of the People’s Hospital of Ganzhou. As 
described in the literature [22], the immunohistochemi-
cal staining was performed on the tumor tissue, and the 
tissue sections were co-incubated with E2F3 antibody 
(ab50917, 1:100, Abcam).

Table 2  The sequences of specific primers

Gene name Primer sequence (5′ to 3′)

CDR1as Forward: 5′-CCA​ATT​GCG​CCT​TCA​GGC​TA -3′
Reverse: 5′-CGG​GGG​AGT​CCT​TAC​CCA​CA-3′

miR-7-5p Forward: 5′-CAG​GGA​GGC​GTG​GAT​CAC​TG-3′
Reverse: 5′-CGTCG GGG​GCT​CAT​GGA​GCGG-3′

E2F3 Forward: 5′-CTT​GGG​AGA​GTT​GCT​TCG​AAA-3′
Reverse: 5′-GCG​CTG​TGC​ATC​GCAG-3′

GAPDH Forward: 5′-CGC​GAG​AAG​ATG​ACC​CAG​AT-3′
Reverse: 5′-GGG​CAT​ACC​CCT​CGT​AGA​TG-3′

Table 3  Sequences of oligonucleotides

Gene name Primer sequence (5′ to 3′)

miR-7-5p mimic 5′-AAA​AGU​GCU​UAC​AGU​GCA​GGUAG-3′

si-CDR1as 1 5′-CCC​ACA​ACA​UGA​AAG​AAA​CTT-3′

si-CDR1as 2 5′-GCU​AGA​CCU​UTG​GAA​CCA​GAT-3′

negative control 5′-UUC​UCC​GAA​CGU​GUC​ACG​UTT-3′
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Statistical analysis
SPSS 13.0 software was used to analyze the data in this 
study, and all data were expressed as mean ± SD. T-test 
or one-way variance was used for significance analy-
sis. Pearson correlation analysis was performed using 
MATLAB, and Kaplan–Meier was used to analyze the 
survival rate. p < 0.05 was considered statistically signifi-
cant. All experiments were three independent parallel 
experiments.

Results
Determination of CDR1as expression level in NPC tissue 
and cells
In the present study, non-tumor NPE biopsy samples 
(n = 20) and NPC biopsy samples (n = 44) were selected 
for the determination of CDR1as mRNA expression in 
tissues. The results showed that the mRNA expression 
of CDR1as in NPC tissues was significantly increased, 
compared with non-tumor NPE tissues (Fig. 1a, p < 0.01). 
Meanwhile, NPEC (N69 and N5-Tert) was used as the 
control cells, and the expression of circRNA CDR1as in 
NPC cell lines (CNE1, SUNE1, 6-10B, 5-8F, HNE1, HK1, 
and HONE1) was determined by qRT-PCR. As shown 
in Fig.  1b, there was no significant difference in mRNA 
expression of CDR1as between N69 and N5-Tert cells 

(p > 0.01). Compared with N69 cells, the mRNA expres-
sion of CDR1as in NPC cell lines was significantly up-
regulated (p < 0.01), and the mRNA expression of CDR1as 
in HK1 and HONE1 cells was the highest (p < 0.001). 
Therefore, HK1 and HONE1 cells were selected for sub-
sequent experiments. In addition, Pearson correlation 
analysis showed that the high expression of circRNA 
CDR1as in the tissues of NPC patients was correlated 
with clinical staging (p < 0.01), but not related to other 
factors (Table 1). Kaplan–Meier analysis showed that the 
high expression of circRNA CDR1as was associated with 
high survival of NPC patients (Fig. 1c). The above results 
confirmed that circRNA CDR1as was highly expressed in 
NPC tissues and cell lines, which might be related to the 
promotion of NPC development.

Effects of circRNA CDR1as on the growth and glucose 
metabolism of NPC cells
To determine the effect of circRNA CDR1as on NPC 
cells, si-CDR1as or si-NC were transfected into HK1 and 
HONE1 cells, respectively. As shown in Fig. 2a, circRNA 
CDR1as expression in HK1 and HONE1 cells transfected 
with si-CDR1as was significantly lower than that in the 
si-NC transfection group (p < 0.001), indicating success-
ful transfection. In addition, CCK8 assays and colony 

Fig. 1  Detection of the mRNA expression of CDR1as in NPC tissues and cells by qRT-PCR. a The mRNA expression of CDR1as in NPC and NPE tissues. 
b The mRNA expression of CDR1as in NPC cell lines and NPEC. c The relationship between CDR1as expression and overall survival percentage by 
Kaplan–Meier. Using the median CDR1as value as cutoff. **p < 0.01, ***p < 0.001
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formation assay showed that the interference of circRNA 
CDR1as expression significantly inhibited the viability 
and proliferation of HK1 and HONE1 cells (Fig.  2b, c). 
Meanwhile, Fig.  2d, e showed that the interference of 
circRNA CDR1as expression also significantly reduced 
glucose consumption (p < 0.01) and lactic acid content 
(p < 0.01) in HK1 and HONE1 cells. Furthermore, the 
interference of circRNA CDR1as expression significantly 
inhibited ATP production in HK1 and HONE1 cells 
(Fig.  2f, p < 0.01). These results indicated that circRNA 
CDR1as could promote the growth and glucose metabo-
lism of NPC cells.

Identification of miR‑7‑5p as the target gene of CDR1as 
in NPC
It has been reported that circRNA can be used as 
a competitive endogenous RNA (ceRNA) to bind 

functional miRNA and release miRNA-targeted 
mRNA during the occurrence and development of 
tumor, thus regulating gene expression [23]. In this 
experiment, bioinformatics predicted that miR-7-5p 
might be the target of CDR1as, and the binding site 
between CDR1as and miR-7-5p was shown in Fig. 3a. 
The constructed wild-type (WT) CDR1as or mutant-
type (MUT) CDR1as were transfected into HK1 and 
HONE1 cells together with miR-7-5p mimic or con-
trol miRNA. Double luciferase reporter assays showed 
that the luciferase activity in HK1 and HONE1 cells 
co-transfected by WT CDR1as and miR-7-5p mimics 
was significantly lower than that in the control group 
(Fig. 3b, p < 0.01). In addition, the miR-7-5p expression 
in NPC tissues was significantly down-regulated, com-
pared with non-tumor NPE tissues (Fig.  3c, p < 0.01). 
Importantly, the interference of CDR1as expression 

Fig. 2  Effects of circRNA CDR1as on the growth and glucose metabolism of NPC cells. a qRT-PCR analysis on the transfection efficiency of 
si-CDR1as. b Viability determination of HK1 and HONE1 cells by CCK8. c Proliferation measurement of HK1 and HONE1 cells by colony formation. d 
Determination of glucose consumption in HK1 and HONE1 cells. e Determination of lactic acid production in HK1 and HONE1 cells. f Determination 
of ATP production in HK1 and HONE1 cells. *p < 0.05, **p < 0.01, ***p < 0.001
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significantly promoted miR-7-5p expression in HK1 
and HONE1 cells (Fig.  3d, p < 0.001). Moreover, the 
correlation analysis showed that there was a signifi-
cantly negative correlation between the expression 
of CDR1as and miR-7-5p in NPC tissues (Fig.  3e, 
p < 0.001). The above results confirmed that miR-7-5p 
was the target gene of CDR1as in NPC.

Identification of E2F3 as the target gene of miR‑7‑5p 
in NPC cells
In this experiment, Starbase predicted that E2F3 might 
be the target of miR-7-5p, and the binding site between 
3′-UTR of E2F3 and miR-7-5p was shown in Fig. 4a. The 
constructed WT-E2F3 or MUT- E2F3 and miR-7-5p 
mimic or control miRNA were co-transfected into HK1 
and HONE1 cells. Double luciferase reporter assays 
showed that the luciferase activity in HK1 and HONE1 
cells co-transfected by WT-E2F3 and miR-7-5p mimic 
was significantly lower than that in the control group 
(Fig.  4b, p < 0.01). Additionally, the western blot results 

showed that the protein expression level of E2F3 in HK1 
and HONE1 cells transfected with miR-7-5p mimic was 
significantly lower than that in the control group (Fig. 4c). 
These results suggested that E2F3 was the target gene of 
miR-7-5p in NPC cells.

Effect of circRNA CDR1as on the E2F3expression in NPC 
tissues and cells
To investigate the effect of circRNA CDR1as on E2F3 
expression, si-CDR1as and si-NC were transfected into 
HK1 and HONE1 cells to determine the expression of 
E2F3 in NPC tissues and cells. As shown in Fig. 5a, the 
expression of E2F3 in NPC tissues was significantly 
higher than that in adjacent normal tissues (p < 0.01). 
Meanwhile, pearson correlation analysis showed a sig-
nificantly positive correlation between circRNA CDR1as 
and E2F3 expression (Fig.  5b, p < 0.001). In addition, 
the interference of the CDR1as expression significantly 
inhibited the mRNA and protein expression levels of 
E2F3 (p < 0.01), and miR-7-5p mimic enhanced this inhi-
bition (Fig.  5c, d, p < 0.05). These results indicated that 

Fig. 3  MiR-7-5p acted as the target gene of CDR1as in NPC. a Prediction of the binding sites between CDR1as and miR-7-5p by Starbase 
bioinformatics analysis. b The constructed WT-CDR1as or MUT-CDR1as and miR-7-5p mimics or control miRNA were co-transfected into HK1 and 
HONE1 cells to detect luciferase activity. c Detection of the miR-7-5p expression in tissues by qRT-PCR. d Detection of the miR-7-5p expression in 
HK1 and HONE1 cells by qRT-PCR. e Correlation analysis of CDR1as and miR-7-p in NPC tissues. **p < 0.01, ***p < 0.001
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Fig. 4  E2F3 acted as the target gene of miR-7-5p in NPC cells. a Prediction of the binding sites of miR-7-5p in E2F3 3′-UTR by Starbase. b The 
constructed WT- E2F3 or MUT- E2F3 and miR-7-5p mimic or control miRNA were co-transfected into HK1 and HONE1 cells to detect luciferase 
activity. c Detection of the protein expression of E2F3 in miR-7-5p transfected cells by Western Blot. **p < 0.01

Fig. 5  Effect of circRNA CDR1as on the expression of E2F3 in NPC tissues and cells. a Determination of the expression levels of E2F3 in NPC tissues 
and adjacent normal tissues (n = 44). b Analyzation of the correlation between E2F3 and circRNA CDR1as expression in NPC tissues by Pearson 
(n = 30). c Determination of the mRNA expression of E2F3 in HK1 and HONE1 cells co-transfected with si-CDR1as or si-CDR1as and miR-7-5p mimic 
by qRT-PCR. d Determination of the protein expression of E2F3 in HK1 and HONE1 cells co-transfected with si-CDR1as or si-CDR1as and miR-7-5p 
mimic by qRT-PCR. Compared with the si-NC group, **p < 0.01; compared with the si-CDR1as group, #p < 0.05
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circRNA CDR1 could be competitively bound to miR-
7-5p as ceRNA to promote the E2F3expression in NPC.

Role of miR‑7‑5p and E2F3 in the growth and glucose 
metabolism of NPC cells treated with circRNA CDR1as
Recent studies have shown that E2F3 can promote the 
growth of tumor cells by accelerating the metabolism 
of glucose [24]. The si-E2F3, si-CDR1as, and miR-7-5p 
mimic were transfected into HK1 and HONE1 cells to 
investigate the role of E2F3 in the growth and glucose 
metabolism of NPC cells treated with circRNA CDR1as. 
As shown in Fig.  6a, the protein expression of E2F3 in 
HK1 and HONE1 cells transfected with si-E2F3 was sig-
nificantly lower than that in the control group (p < 0.01), 
indicating that si-E2F3 transfection successfully knocked 

down the E2F3expression. In addition, the interference 
of E2F3 expression and miR-7-5p overexpression signifi-
cantly inhibited the growth and glucose metabolism of 
HK1 and HONE1 cells (Fig.  6b–e, p < 0.01). Meanwhile, 
the growth and glucose metabolism of HK1 and HONE1 
cells in the si-CDR1as + miR-7-5p group was significantly 
inhibited, compared with the si-CDR1as group (Fig. 6b–
e, p < 0.05). Moreover, similar trends were observed in 
normal nasopharyngeal epithelial cells, including NP69 
and N5-Tert cells (Fig.  7a–e). The above results con-
firmed that circRNA CDR1as could up-regulate the 
E2F3expression by binding miR-7-5p, thus promoting the 
growth and glucose metabolism of NPC cells.

Fig. 6  The role of miR-7-5p and E2F3 in promoting the growth and glucose metabolism of NPC cells treated with circRNA CDR1as. a Determination 
of the protein expression of E2F3 after si-E2F3 transfection by Western Blot. b Determination of the viability of HK1 and HONE1 cells by CCK8 assay. 
c Measurement of the proliferation of HK1 and HONE1 cells by colony formation assay. d Determination of the glucose consumption in HK1 and 
HONE1 cells. e Determination of lactic acid production in HK1 and HONE1 cells. f Determination of ATP production in HK1 and HONE1 cells. si-E2F3 
vs. NC; miR-7-5P vs. miR-NC; si-CDR1as vs. si-CDR1as + miR-7-5p. *p < 0.05, **p < 0.01
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In vivo effect of circRNA CDR1 on NPC
In this study, NPC xenograft model was used to further 
in  vivo investigate the effect of circRNA CDR1as on 
NPC. As shown in Fig.  8a, the interference of circRNA 
CDR1as expression significantly inhibited the growth 
of NPC tumors, compared with the control group. At 
the same time, the mean volume and weight of tumor 
in the si- CDR1as group were significantly lower than 
those in the control group (Fig. 8b, c, p < 0.01), and miR-
7-5p mimic promoted the tumor inhibition effect of si-
CDR1as (p < 0.05). In addition, the mRNA expression of 
miR-7-5p in the si-CDR1as group was significantly up-
regulated (Fig. 8d, p < 0.01), while the mRNA expression 

of E2F3 was significantly down-regulated (p < 0.01). Fur-
thermore, the immunohistochemical staining showed 
that the protein expression of E2F3 was also significantly 
down-regulated in the si-CDR1as group (Fig. 8e). Finally, 
it was found that the level of lactic acid in the tumor tis-
sues of the si-CDR1as group was significantly reduced 
(p < 0.01), and miR-7-5p mimic promoted this inhibi-
tory effect (Fig. 8f, p < 0.05). The above results indicated 
that circRNA CDR1 could promote the growth of NPC 
tumors and increase the production of lactic acid in vivo 
by inhibiting the expression of miR-7-5p and while up-
regulating the E2F3 expression.

Fig. 7  The role of miR-7-5p and E2F3 in promoting the growth and glucose metabolism of normal nasopharyngeal epithelial cells by circRNA 
CDR1as. a Determination of the protein expression of E2F3 after si-E2F3 transfection by Western Blot. b Determination of the viability of NP69 or 
N5-Tert cells by CCK8 assay. c Measurement of the proliferation of NP69 or N5-Tert cells by colony formation assay. d Determination of the glucose 
consumption in NP69 or N5-Tert cells. e Determination of lactic acid production in NP69 or N5-Tert cells. f Determination of ATP production in NP69 
or N5-Tert cells. si-E2F3 vs. NC; miR-7-5P vs. miR-NC; si-CDR1as vs. si-CDR1as + miR-7-5p. *p < 0.05, **p < 0.01
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Discussion
NPC is head and neck malignant tumor with high inci-
dence, natural local recurrence or metastasis and other 
pathological characteristics [25]. Although NPC cells are 
highly sensitive to radiotherapy, NPC patients are suf-
fering from metastasis and poor prognosis [26]. There-
fore, valid gene targets is a vital issue in the treatment of 
NPCs. CircRNA, an endogenous RNA molecule, widely 
exists in mammalian cells, and plays a role in regulat-
ing gene expression [27]. Recent studies have found 
that circRNA CDR1as is involved in the occurrence and 

development of liver cancer, bladder cancer, esophageal 
cancer, ovarian cancer, and other cancers [16, 28]. Xu 
et al. found that circRNA CDR1as was highly expressed 
in liver cancer cells and was one of the independent risk 
factors for the hepatic microvascular invasion in hepato-
cellular carcinoma [29]. Li et  al. reported that circRNA 
CDR1as was down-regulated in bladder cancer, and over-
expressed circRNA CDR1as could play its anti-cancer 
role by binding to RNA-135a [30]. In this study, the spe-
cific molecular mechanism of circRNA CDR1as in NPC 
tissues and cells was investigated. The results showed that 
circRNA CDR1as was highly expressed in NPC tissues 

Fig. 8  In vivo effect of circRNA CDR1 on NPC. a, b Measurement of tumor volume. c Determination of the tumor weight. d Detection of 
the mRNA expressions of circRNA CDR1as, miR-7-5p and E2F3 by qRT-PCR. e Detection of the expression of E2F3 in NPC tissue sections by 
immunohistochemical staining. f Determination of lactic acid level in NPCS tissues. Compared with the si-NC group, **p < 0.01; compared with the 
si-CDR1as group, #p < 0.05
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and cell lines, suggesting that circRNA CDR1 might be 
related to the promotion of NPC development. In addi-
tion, this study also found that the mRNA expression of 
CDR1as was highest in HK1 and HONE1 cells. There-
fore, HK1 and HONE1 cells were selected for subse-
quent experiments. Tumor cells metabolize glucose into 
a large amount of lactic acid through aerobic glycolysis, 
and produce ATP to provide energy for the proliferation 
and metastasis [31]. Thus, the measurement of glucose 
metabolism in tumor cells can effectively evaluate the 
growth status of tumor cells. In this study, si-CDR1as and 
si-NC were transfected into HK1 and HONE1 cells to 
investigate the effect of circRNA CDR1as on the growth 
and glucose metabolism of NPC cells. It was found that 
the interference of circRNA CDR1as expression sig-
nificantly inhibited the cell viability and proliferation of 
HK1 and HONE1 cells. Furthermore, to silence circRNA 
CDR1as would reduce glucose consumption in HK1 and 
HONE1 cells and inhibit the accumulation of lactic acid 
and ATP production. According to the above results, cir-
cRNA CDR1as might promote the growth and glucose 
metabolism of NPC cells.

Studies have shown that circRNAs can act as endog-
enous RNA (ceRNA) to competitively bind to miRNAs, 
thus promoting the function of miRNAs target genes 
[32]. CDR1as is the first circRNA that has been proved to 
have biological functions in mammalian cells, which can 
bind to miR-7 and act as inhibitors of miR-7, indirectly 
increasing the stability of miR-7 target genes [33]. E2F3 
is a transcription factor involved in cell proliferation and 
cycle regulation, and highly expressed in bladder can-
cer, prostate cancer, and liver cancer [34–36]. To explore 
the molecular mechanism of CDR1as in NPC, this study 
used biological information to predict that miR-7-5p was 
a possible target of CDR1as, and E2F3 was a potential 
target of miR-7-5p. The results of dual-luciferase reporter 
gene assay confirmed that miR-7-5p was the target gene 
of CDR1as in NPC, and E2F3 was the target gene of miR-
7-5p in NPC cells.

Meanwhile, it was also found that there was a sig-
nificantly negative correlation between CDR1as and 
miR-7-5p expression in NPC tissues, and a significantly 
positive correlation between CDR1as and E2F3 expres-
sion. Moreover, the interference with the CDR1as 
expression significantly inhibited the E2F3 expression, 
and miR-7-5p mimics enhanced this inhibitory effect. 
According to the above results, circRNA CDR1 could 
be competitively bound to miR-7-5p as ceRNA to pro-
mote the E2F3 expression in NPC. Additionally, si-E2F3, 
si-CDR1as, and miR-7-5p mimic were transfected into 
HK1 and HONE1 cells to investigate whether miR-7-5p 
and E2F3 were related to circRNA CDR1as-mediated 
NPC cell growth and glucose metabolism. In normal 

nasopharyngeal epithelial cells, it revealed that miR-7-5p 
and E2F3 promoted the growth and glucose metabolism, 
observed by Western Blot, CCK8, colony formation assay, 
and the determinations of glucose consumption, lactic 
acid, and ATP production in NP69 or N5-Tert cells. The 
results showed that circRNA CDR1as could up-regulate 
the E2F3 expression by binding miR-7-5p, thus promot-
ing the growth and glucose metabolism of NPC cells.

Animal model of the human tumor is an indispensable 
means to study human tumor. The establishment of the 
animal model of NPC transplantation tumor provides an 
ideal experimental material and method for the study of 
NPC [37]. To further investigate the in vivo effect of cir-
cRNA CDR1as on NPC, we established an animal model 
of NPC xenograft tumor and treated mice with si-CDR1as 
and miR-7-5p mimic. The results showed that the average 
tumor size and weight in the si-CDR1as group were sig-
nificantly lower than those in the control group, suggest-
ing that circRNA CDR1as interference could dramatically 
inhibit the growth of NPC tumors, and miR-7-5p mimics 
enhanced this inhibitory effect. In addition, the mRNA 
expression of miR-7-5p in the si-CDR1as group was sig-
nificantly up-regulated, while the mRNA nucleoprotein 
expression of E2F3 was significantly down-regulated. We 
also found that the lactate level in tumor tissues of the si-
CDR1as group was reduced considerably, and miR-7-5p 
mimic enhanced this inhibitory effect. The above results 
confirmed that circRNA CDR1 could in vivo promote the 
growth and glucose metabolism of NPC tumors by inhib-
iting the miR-7-5p expression and up-regulating the E2F3 
expression.

Accelerated glycometabolism is one of the major causes 
of accelerated proliferation of NPC cells. Our study 
revealed that CDR1as promoted the proliferation of NPC 
cells, and the acceleration of glycometabolism could be 
observed simultaneously. However, glycometabolism is 
not the only factor for CDR1as-induced cell proliferation. 
In the future, we will conduct more experiments to eluci-
date all other possible causes of accelerated proliferation 
of NPC cells.

Conclusion
In conclusion, the present study evaluated the molecular 
mechanism of circRNA CDR1as in the growth and glu-
cose metabolism of NPC tumors. The results confirmed 
that circRNA CDR1as could up-regulate the expression 
of E2F3 by binding miR-7-5p, thus promoting the occur-
rence and development of NPC. It provided a potential 
target for the treatment of NPC patients.
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