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Abstract: Non-small cell lung cancer (NSCLC) is one of the leading causes of cancer-related death worldwide, while 
circulatory. Circular RNAs (circRNAs) are found to play important roles in cancer initiation and development. Herein, 
a novel functional circRNA hsa_circ_0020123 had been identified in NSCLC progression in this study, and elevated 
hsa_circ_0020123 expression could be observed in cancer tissues compared with that in matched normal lung 
tissues. Moreover, up-regulation of hsa_circ_0020123 was recognized to be closely associated with a poor dif-
ferentiation degree, lymph node metastasis, a high TNM stage and dismal prognosis for NSCLC patients. Typically, 
knockdown of hsa_circ_0020123 could inhibit the NSCLC growth and metastasis both in vitro and in vivo, which 
could be reversed by the hsa_circ_0020123 overexpression. Importantly, miR-144 was identified as the hsa_
circ_0020123-associated miRNA through performing RNA in vivo precipitation (RIP) in NSCLC cells using a biotin-
labeled hsa_circ_0020123 probe. Besides, our results suggested that, miR-144 suppression had determined the 
oncogenic properties mediated by hsa_circ_0020123. In addition, hsa_circ_0020123 could upregulate ZEB1 and 
EZH2 through competitively binding with miR-144. Finally, the administration of hsa_circ_0020123 siRNA could 
suppress the growth and metastasis in NSCLC-bearing mice in vivo. In conclusion, the hsa_circ_0020123-miR-144-
ZEB1/EZH2 axis is critical for NSCLC progression, which indicates that hsa_circ_0020123 is a potential target for 
NSCLC treatment.
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Introduction

Lung cancer, one of the leading causes of can-
cer-related death worldwide, can be classified 
into non-small cell lung cancer (NSCLC) and 
small cell lung cancer (SCLC) [1, 2]. In recent 
years, progresses have been achieved in the 
diagnosis and treatments for NSCLC patients, 
including surgery, chemotherapy and radioth- 
erapy. Nonetheless, most NSCLC patients are 
diagnosed at an advanced stage with metas- 
tasis, and the 5-year survival rate for NSCLC 
remains unsatisfactory [3]. Therefore, exploring 
the underlying molecular mechanism of NSC- 
LC and identifying novel therapeutic targets is 
necessary for NSCLC treatment.

Numerous non-coding RNAs (ncRNAs) have al- 
ready been identified thanks to the develop-

ment in RNA deep sequencing technology. Cir- 
cular RNAs (circRNAs), a novel class of ncRNA, 
are endogenous, abundant, conserved and jar-
less in mammalian cells, which have exerted 
crucial biological functions [4]. circRNAs dis- 
play higher stability than the linear RNA, which 
can be ascribed to their structure of covalently 
closed continuous loop. Increasing evidence 
has demonstrated that circRNAs can sponge 
microRNAs and consequently regulate microR-
NAs activity [5]. In addition, circRNAs can also 
regulate the transcription of target genes th- 
rough interaction with the RNA-binding proteins 
(RBPs), thus enhancing transcription and splic-
ing competition [6-8]. circRNAs have been sh- 
own in previous studies to be differentially ex- 
pressed in various diseases, which are closely 
correlated with the prognosis of diseases, such 
as diabetes mellitus [9], lupus nephritis [10] 
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and cancers [11]. For instance, circ-ITCH, a 
well-known cirRNA derived from several exons 
of itchy E3 ubiquitin protein ligase (ITCH), has 
been reported to be downregulated in bladder 
cancer and hepatocellular carcinoma (HCC) 
[12, 13]. Typically, circ-ITCH acts as a tumor 
suppressor to suppress tumor growth and me- 
tastasis. Mechanistically, circ-ITCH can upregu-
late the expression of p21 and PTEN through 
binding with miR-17 and miR-224 [12]. However, 
few circRNAs have been identified to be spe- 
cifically related to the development and pro-
gression of NSCLC so far, except for the circ_ 
0014130, circ_0007382 and circ_100876 [14- 
16]. Therefore, it is of urgent need to inten- 
sively investigate the potential roles of novel 
circRNAs in NSCLC.

Several abnormally expressed circRNAs have 
been found in a previous study in NSCLC tis- 
sue compared with the adjacent normal tis- 
sues through circRNAs microarray assay. Three 
circRNAs, including hsa_circ_0020123, hsa_
circ_001235 and hsa_circ_0007385, have 
been recognized to be markedly upregulated  
in NSCLC tissues. Among them, hsa_circ_ 
0007385 acts an oncogene, which can pro-
mote the aggressive phenotypes of NSCLC 
cells [15]. However, the pathological effects of 
hsa_circ_0020123 on NSCLC have not been 
well studied yet. Therefore, the current study 
was carried out aiming to define the relation-
ship between the hsa_circ_0000064 expres-
sion and clinicopathological features of NSCLC 
patients, and to unveil the underlying mecha-
nism of hsa_circ_0020123 in NSCLC tumori-
genesis and progression.

Materials and methods

Tissues and cell lines

Eighty pairs of NSCLC tissue and adjacent nor-
mal lung tissue were excised from NSCLC pa- 
tients, who underwent surgery without chemo-
therapy or radiotherapy at the 2nd Hospital 
Affiliated to Jilin University. The tissue samples 
were immediately frozen at -80°C until use. 
Informed consent was obtained from all pati- 
ents. The experiments were approved by the 
Ethics Committee of the 2nd Hospital Affiliated 
to Jilin University. NSCLC cell lines PC9, H1573, 
A549, SK-MES-1, H1299, and Calu-3 were cul-
tured in DMEM with 10% fetal bovine serum 
(Gibco, NY, USA). All of the cell lines were pur-

chased from the Type Culture Collection of  
the Chinese Academy of Sciences (Shanghai, 
China).

Knockdown of hsa_circ_0020123

The siRNAs targeting hsa_circ_0020123 were 
synthesized and purchased from GenePharma 
(Shanghai, China). Scramble siRNA was taken 
as control. siRNAs (20 nmol/L) were transfect-
ed into the NSCLC cells using Lipofectamine 
2000 (Invitrogen) according to the manufactur-
er’s instructions. To construct stable knock-
down hsa_circ_0020123 stable knockdown of 
A549 cells, A549 cells were infected with lenti-
virus expressing hsa_circ_0020123 shRNA by 
using 8 μg/mL polybrene. Stable cells were se- 
lected by selected in 1 μg/mL puromycin for 
two weeks.

Overexpression of hsa_circ_0020123

The sequence of hsa_circ_0020123 was am- 
plified and cloned into circRNA overexpression 
vector pcD-ciR (Geneseed). The expression effi-
ciency was detected by qRT-PCR after transfec-
tion. Stable cells were selected by selected in 1 
μg/mL puromycin for two weeks.

RNA extraction and quantitative real-time PCR 
(qRT-PCR)

Total RNA from the tissue samples or cells was 
isolated using the Trizol reagent (Invitrogen, 
Carlsbad, CA, USA) according to the manufac-
turer’s instructions. qRT-PCR was performed 
using HieffTM qPCR SYBR Green Master Mix in 
the StepOne Plus instrument according to the 
manufacturer’s instructions. 

RNA in vivo precipitation

Biotin-labeled hsa_circ_0020123 probe was 
synthesized by Sangon Biotech, and the RNA  
in vivo precipitation assay was performed as 
previously described [17]. hsa_circ_0020123-
overexpressing NSCLC cells were fixed by 1% 
formaldehyde for 10 minutes, lysed, and soni-
cated. After centrifugation, 50 μL of the super-
natant was retained as input and the remain- 
ing part was incubated with a hsa_circ_002- 
0123-specific probesstreptavidin dynabeads 
(Invitrogen) mixture overnight at 30°C. On the 
next day, a dynabeads-probes-circRNAs mix-
ture was washed and incubated with 200 μL of 
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lysis buffer and proteinase K to reverse the 
formaldehyde cross-linking. Finally, the mixture 
was added with TRIzol for RNA extraction and 
detection.

Transcriptome microarray analysis

The general profiles of human mRNA transc- 
ripts from the control and hsa_circ_00201- 
23 knockdown cells were detected using the 
Arraystar Human mRNA Microarray. Array imag-
es were analyzed by Agilent Feature Extraction 
software. Differentially expressed genes were 
identified through the random variance model. 
A P value was calculated using the paired t- 
test. The threshold set for up- and down-regu-
lated genes was a fold change ≥2.0 and a P 
value <0.05.

In vivo xenograft experiments

Six to eight week old male nude mice were  
used for the xenograft assays. NSCLC cells 
were trypsinized and harvested in PBS, then a 
total volume of 0.1 ml PBS containing 1×106 
cells were injected subcutaneously into the 
flanks of the animals. Approximately 12 days 
later, tumors were detectable and tumor size 
was measured using a vernier caliper. Tumor 
volumes were calculated. A tail vein injection 
model was used for lung colonization assays. 
NSCLC cells were suspended in 0.1 ml PBS  
and intravenously injected via lateral tail veins 

Cells was collected 96 hours after incubation 
and stained for Annexin V. After incubation with 
FITC staining in dark for 20 minutes, FACS was 
performed to detect the peak of apoptosis cells 
which showed more ration of intensity.

Migration and invasion assay

Transwell assay was performed to measure 
migration and invasion. NSCLC cells (5×104) in 
200 μL of serum-free medium were added to 
the upper chamber coated with or without 50 
μL Matrigel (BD Biosciences, Franklin Lakes, 
NJ, USA) for 24 h. The lower chamber was add- 
ed with medium containing 10% FBS. After 
incubation, the migrated and invaded cells on 
the lower membrane surface were removed 
with a cotton swab, and fixed with 95% ethanol 
and stained with 0.2% crystal violet solution 
(Sigma) and counted.

Dual-luciferase assay

The putative binding sites of miR-144 and hsa_
circ_0020123 were subcloned into pmirGLO 
luciferase promoter plasmid (Promega, Madi- 
son, WI, USA). HEK-293T cells were transfe- 
cted with luciferase reporter vector and miR-
144 using Lipofectamine 2000 (Invitrogen). 
Luciferase and Renilla signal was measured  
48 h after transfection using the Dual-Lucifer- 
ase Reporter Assay System (Promega).

Figure 1. Upregulation of hsa_circ_0020123 expression is associated with 
poor prognosis of NSCLC patients. A. The hsa_circ_0020123 expression lev-
els in 80 pairs of NSCLC and adjacent normal lung tissues were detected 
by qRT-PCR. B. The prognosis of NSCLC patients with different expression 
level of hsa_circ_0020123 was examined by Kaplan-Meier curves and log-
rank test. The median of hsa_circ_0020123 expression in NSCLC tissues 
was taken as the cutoff. Low expression of hsa_circ_0020123 in 40 patients 
was classified as values below the 50th percentile. High hsa_circ_0020123 
expression in 40 patients was classified as values at or above the 50th per-
centile.

of the mice. The mice were 
sacrificed 8 weeks later, and 
the lung metastases were 
analyzed histopathologically.

CCK-8 assay

Proliferation of NSCLC cells 
was performed using CCK- 
8 assay kit (Dojindo, Japan) 
according to manufacturer’s 
instructions. NSCLC cells we- 
re seeded in 96-well plate  
at density of 1×103 per well. 
Cells were then added to 10 
μl CCK-8 solution at 37°C  
for 90 min and incubated at 
37°C. The absorbance was 
measured at 450 nm. All ex- 
periments were repeated at 
three times.

Apoptosis assay
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Statistical analysis

All results are expressed as the mean ± SD.  
All statistical data were analyzed using SPSS 
software (version 19.0). The difference betw- 
een two groups was analyzed by the Student t 
test. The correlations between expression lev-
els of hsa_circ_0020123 and clinicopathologi-
cal features of NSCLC patients were analyzed 
by Chi-square test. P<0.05 was considered to 
be statistically significant.

Results

Upregulation of hsa_circ_0020123 expression 
is associated with the dismal prognosis for 
NSCLC patients

hsa_circ_0020123 expression in eighty NSCLC 
tissues and matched adjacent normal lung tis-
sues was first detected through qRT-PCR. The 
results had revealed higher hsa_circ_0020123 

expression in cancer tissues than in matched 
normal tissues (Figure 1A). Besides, patients 
were further classified into two groups, namely, 
the low-level and high-level groups, based on 
the median value of hsa_circ_0020123 expres-
sion in NSCLC tissues, so as to analyze the cor-
relation between hsa_circ_0020123 expres-
sion and clinicopathological features of NSC- 
LC patients. As shown in Table 1, patients with 
higher hsa_circ_0020123 expression level we- 
re associated with a poorer differentiation de- 
gree, lymph node metastasis and a higher TNM 
stage than those with low hsa_circ_0020123 
expression level. Meanwhile, no significant cor-
relations were observed between hsa_circ_00- 
20123 expression and age or gender. More- 
over, the relationship between hsa_circ_0020- 
123 expression and the prognosis for NSCLC 
patients were also analyzed. The Kaplan-Meier 
survival curves demonstrated that NSCLC pa- 
tients with higher hsa_circ_0020123 expres-
sion level had a shorter overall survival (OS) 
rate than that in the low-level group (Figure  
1B). These results suggested that upregula- 
tion of hsa_circ_0020123 might serve as an 
oncogene for NSCLC progression.

hsa_circ_0020123 promotes the proliferation 
while inhibits the apoptosis of NSCLC cells in 
vitro

Subsequently, the role of hsa_circ_0020123  
in NSCLC progression was investigated. hsa_
circ_0020123 expression in 6 NSCLC cell lines 
were checked, including PC9, H1573, A549, 
SK-MES-1, H1299 and Calu-3 cells, so as to 
select the NSCLC cell lines used for loss- or 
gain-of-function assays. Our findings suggest- 
ed that PC9 and A549 cells had higher hsa_
circ_0020123 expression levels, while H1299 
and Calu-3 cells had expressed lower levels of 
hsa_circ_0020123 (Figure 2A). Therefore, PC9 
and A549 cells were selected for the knock-
down of hsa_circ_0020123, whereas H1299 
and Calu-3 cells were chosen for the overex-
pression of hsa_circ_0020123. At the same 
time, siRNA against hsa_circ_0020123 was 
constructed to target the back-splicing region 
of hsa_circ_0020123 for silencing. Subsequ- 
ently, hsa_circ_0020123 siRNA was transfect-
ed into PC9 and A549 cells, and the knockdo- 
wn efficiencies were detected using qRT-PCR 
(Figure 2B). Moreover, pCD-hsa_circ_0020123 
plasmid was co-transfected with the circular 

Table 1. The correlation between hsa_
circ_0020123 and clinicopathlogical features of 
NSCLC patients

Characteristics
hsa_circ_0020123

P-Value
Low High

Gender
    Male 25 24 0.818
    Female 15 16
Age
    <55 15 17 0.648
    ≥55 25 23
T status
    T1-2 26 17 0.044
    T3-4 14 23
N status
    N0 22 12 0.024
    N1/2 18 28
Histological grade
    Well and moderately 26 15 0.014
    Poorly and others 14 25
Lymphatic metastasis
    Negative 25 14 0.014
    Positive 15 26
The median of hsa_circ_0020123 expression in NSCLC 
tissues was taken as the cutoff. Low expression of hsa_
circ_0020123 in 40 patients was classified as values below 
the 50th percentile. High hsa_circ_0020123 expression in 
40 patients was classified as values at or above the 50th 
percentile.
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frame into H1299 and Calu-3 cells, the results 
of which demonstrated that hsa_circ_0020- 
123 could be evidently upregulated in these 
two NSCLC cell lines (Figure 2C). CCK-8 as- 

says showed that depletion of hsa_circ_00- 
20123 could dramatically suppress the prolif-
eration of PC9 and A549 cells (Figure 2D). In 
contrast, overexpression of hsa_circ_0020123 

Figure 2. hsa_circ_0020123 promotes the proliferation and inhibits the apoptosis of NSCLC cells in vitro. (A) The 
hsa_circ_0020123 expression levels in different NSCLC cell lines were examined by qRT-PCR. (B) Control or hsa_
circ_0020123 siRNAs were transfected into PC9 and A549 cells, and the hsa_circ_0020123 expression was de-
tected by qRT-PCR. (C) Empty vector or full-length hsa_circ_0020123 were transfected into H1299 and Calu-3 cells, 
and the hsa_circ_0020123 expression was detected by qRT-PCR. (D) The effect of hsa_circ_0020123 knockdown 
on the proliferation of PC9 and A549 cells was detected by CCK-8 assay. (E) The effect of hsa_circ_0020123 over-
expression on the proliferation of H1299 and Calu-3 cells was detected by CCK-8 assay. (F) PC9 and A549 cells with 
silenced hsa_circ_0020123 expression were stained with a combination of annexin V and 7-AAD and analyzed by 
FACS. Cells positive for annexin V staining were counted as apoptotic cells, and the percentage of apoptotic cells is 
shown. (G) H1299 and Calu-3 cells with hsa_circ_0020123 overexpression were stained with a combination of an-
nexin V and 7-AAD and analyzed by FACS. Cells positive for annexin V staining were counted as apoptotic cells, and 
the percentage of apoptotic cells is shown. (H and I) Western blot was performed to detect the apoptosis markers in 
NSCLC cells with hsa_circ_0020123 knockdown (H) or overexpression (I). *P<0.05.
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would enhance the proliferative capacity of 
both H1299 and Calu-3 cells (Figure 2E).

Afterwards, FACS analysis was also performed 
to detect the effect of hsa_circ_0020123 on 
the apoptosis of NSCLC cells. Our findings re- 
vealed that, compared with the control cells, 
the hsa_circ_0020123-silencing PC9 and A5- 
49 cells had notably higher percentages of 
Annexin V-positive cells (Figure 2F), whereas 
hsa_circ_0020123 overexpression would inhi- 
bit cell apoptosis (Figure 2G). Consistent with 
the FACS results, the well-defined apoptosis 
protein markers, Bax, cleaved PARP, and cle- 
aved caspase 3, were remarkably upregulat- 
ed after transfection with hsa_circ_0020123 
siRNA (Figure 2H), while ectopic hsa_circ_00- 
20123 expression showed an opposite effect 
(Figure 2I). Taken together, these data indicat-
ed that hsa_circ_0020123 could affect the 
proliferation and apoptosis of NSCLC cells.

hsa_circ_0020123 enhances the migration 
and invasion of NSCLC cells in vitro

To further investigate the role of hsa_circ_00- 
20123 in the migration and invasion of NSCLC 
cells, Transwell assay was performed. The resu- 
lts revealed that, relative to the control group, 
hsa_circ_0007385 knockdown could suppress 
the migration and invasion of PC9 and A549 
cells (Figure 3A). On the contrary, the migratory 
and invasive capacities of H1299 and Calu-3 
cells were markedly promoted after the overex-
pression of hsa_circ_0020123 (Figure 3B). 

hsa_circ_0020123 facilitates the growth and 
metastasis of NSCLC cells in vivo

Next, A549 cells with hsa_circ_002012 stable 
knockdown or control cells were injected into 
nude mice to determine whether hsa_circ_00- 
20123 could affect NSCLC cell tumorigenesis 
in vivo. Our findings revealed that, tumors grow-
ing from cells with hsa_circ_0020123 stable 
knockdown were smaller than those from the 
control cells (Figure 4A). In the meantime, the 
tumor weight in the sh-hsa_circ_0020123 gr- 
oup was also dramatically lower than that in  
the control group (Figure 4B). Conversely, the 

hsa_circ_0020123 stable overexpressing H12- 
99 cells or control cells were also injected into 
nude mice. Our results found that overexpres-
sion of hsa_circ_0020123 could significantly 
promote tumor growth in H1299 cells in vivo 
(Figure 4C and 4D). 

To evaluate whether hsa_circ_0020123 con-
tributed to the progression of NSCLC in vivo,  
tail vein xenografts were performed, and the 
lung colonization was compared. Our results 
suggested that down-regulation of hsa_circ_ 
0020123 in A549 cells would lead to reduced 
metastatic nodules in mice lungs compared 
with those in the control group (Figure 4E and 
4F). Moreover, the number of metastatic nod-
ules in mice lungs in the H1299-hsa_circ_ 
0020123 group was evidently increased rela-
tive to that in the H1299-control group (Figure 
4G and 4H).

hsa_circ_0020123 associates with miR-144

circRNA is found to serve as a miRNA sponge to 
regulate miRNA targets. As a result, the poten-
tial interactions between miRNAs and hsa_
circ_0020123 were explored in this study. 
Through CircInteractome prediction (https://
circinteractome.nia.nih.gov/), 101 miRNAs we- 
re predicated as the potential targets of hsa_
circ_0020123 (data not shown). To confirm the 
association between hsa_circ_002012 and 
these miRNAs, RNA in vivo precipitation (RIP) 
was carried out using a hsa_circ_0020123-
specific probe. Finally, 8 miRNAs were mainly 
screened and analyzed among these candid- 
ate miRNAs, whose expression and function 
had been implicated in NSCLC, including miR-
95, miR-144, miR-21, miR-140, miR-183, miR-
186, miR-375 and miR-488. Interestingly, re- 
sults of RIP assay indicated a specific enrich-
ment of hsa_circ_0020123 and miR-144 com-
pared with the controls, whereas the other miR-
NAs were not enriched (Figure 5A). Besides, a 
dual-luciferase reporter system was employed 
for further confirmation. Afterwards, the align-
ment of potential binding site between hsa_
circ_0020123 and miR-144 as well as its mu- 
tant type was constructed based on CircInter- 

Figure 3. hsa_circ_0020123 enhances cell migration and invasion of NSCLC cells in vitro. A. The migration and in-
vasive ability after knockdown of hsa_circ_0020123 in PC9 and A549 cells was assessed using transwell assays. B. 
The migration and invasive ability after knockdown of hsa_circ_0020123 in H1299 and Calu-3 cells was assessed 
using transwell assays. *P<0.05.
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actome prediction (Figure 5B). The results de- 
monstrated that miR-144 mimics could reduce 
the luciferase activities of the wild-type pmir-
GLO-hsa_circ_0020123 reporter vector, which 
could not be observed in the empty vector or 
mutant reporter vector (Figure 5C). The AGO2-
dependent manner is a common mechanism 

by which miRNAs represses the translation or 
RNA degradation of their targets. To determine 
whether hsa_circ_0020123 was regulated by 
miR-144 in this manner, anti-AGO2 RNA immu-
noprecipitation was conducted, the results of 
which found that hsa_circ_0020123 pull-down 
by AGO2 was specifically enriched in A549 cells 

Figure 4. hsa_circ_0020123 facilitates growth and metastasis of NSCLC cells in vivo. (A and B) A549 cells stably 
expressing hsa_circ_0020123 shRNA or the negative control were used for in vivo tumorigenesis. Tumor growth 
curves after subcutaneous injection are shown. The tumor volumes were measured every 3 days after inoculation 
(A). Tumor weights are represented (B). (C and D) H1299 cells stably overexpressing hsa_circ_0020123 or the 
negative control were used for in vivo tumorigenesis. Tumor growth curves after subcutaneous injection are shown. 
The tumor volumes were measured every 3 days after inoculation (C). Tumor weights are represented (D). (E and F) 
Images showing representative hematoxylin and eosin staining of lung tissue samples from the A549 cells stably 
expressing hsa_circ_0020123 shRNA or the negative control (E). Number of lung metastatic foci observed in each 
group (F). (G and H) Images showing representative hematoxylin and eosin staining of lung tissue samples from the 
H1299 cells with overexpression of hsa_circ_0020123 or the negative control (G). Number of lung metastatic foci 
observed in each group (H). 
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transfected with miR-144 mimics (Figure 5D), 
indicating that miR-144 was a hsa_circ_00- 
20123-targeting microRNA. Moreover, deple-
tion of hsa_circ_0020123 could lead to incre- 
ased miR-144 expression (Figure 5E), while 
ectopic hsa_circ_0020123 expression would 
downregulate miR-144 transcription (Figure 
5F). Moreover, the pathological correlation be- 
tween hsa_circ_0020123 and miR-144 ex- 
pression was also explored. To this end, miR-
144 expression in eighty NSCLC tissues and 
matched adjacent normal lung tissues were 

examined through qRT-PCR, which suggested 
that miR-144 was notably downregulated and 
was negatively correlated with hsa_circ_0020- 
123 expression in NSCLC tissues (Figure 5G 
and 5H).

hsa_circ_0020123 functions through sup-
pressing miR-144

miR-144 exerts as a tumor suppressor in some 
cancers. Therefore, miR-144 was overexpress- 
ed in A549 cells and PC9 cells (Figure 6A). 

Figure 5. hsa_circ_0020123 associates with miR-144. A. The endogenous microRNA assoicated with hsa_
circ_0020123 was examined by RNA in vivo precipitation (RIP) assay. B. The putative sequences of miR-144 and 
hsa_circ_0020123 with 10 paired nucleotides. C. Luciferase activity in H1299 cells cotransfected with miR-144 and 
luciferase reporters containing nothing, wild-type (WT) and mutant hsa_circ_0020123 (Mut) transcript. Data are pre-
sented as the relative ratio of firefly luciferase activity to renilla luciferase activity. D. The amout of hsa_circ_0020123 
pulled down by AGO2 antibody was detected by RNA immunoprecipitation assay after miR-144 transfection. E. The 
miR-144 expression was determined by qRT-PCR in PC9 and A549 cells with hsa_circ_0020123 knockdown. F. The 
miR-144 expression was determined by qRT-PCR in H1299 and Calu-3 cells with hsa_circ_0020123 overexpres-
sion. G. The expression levels of miR-144 in 80 pairs of NSCLC and adjacent normal lung tissues. H. The correaltion 
between miR-144 and hsa_circ_0020123 expression in NSCLC tissues. *P<0.05.
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Figure 6. hsa_circ_0020123 functions through suppression miR-144. (A) The negative miRNA or miR-144 was tran-
fected into PC9 and A549 cells, and the miR-144 expression was detected by qRT-PCR. (B) The effect of miR-144 
overexpression on the proliferation of PC9 and A549 cells was detected by CCK-8 assay. (C) The effect of miR-144 
overexpression on cell apoptosis was detected by FACS assay. Cells positive for annexin V staining were counted as 
apoptotic cells, and the percentage of apoptotic cells is shown. (D) The migration and invasive ability after trans-
fection of miR-144 in PC9 and A549 cells was assessed using transwell assays. (E and F) The miR-144 inhibitor 
resuced the decrease of proliferation (E), migration and invasion (F) mediated by hsa_circ_0020123 knockdown 
in A549 cells. (G and H) The miR-144 overexpression abolished the proliferation (G), migration and invasion (H) 
enhanced by hsa_circ_0020123 overexpression in H1299 cells. *P<0.05.
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Notably, miR-144 mimics could suppress the 
proliferation, migration and invasion, while in- 
duce the apoptosis of both A549 and PC9  
cells (Figure 6B-D), which were similar to the 
phenotypes induced by hsa_circ_0020123 
knockdown. Subsequently, rescue experimen- 
ts were conducted to detect whether miR-144 
was involved in the hsa_circ_0020123-induc- 
ed malignant phenotypes. Our results indicat-
ed that miR-144 inhibitor could abrogate the 
effect of hsa_circ_0020123 on suppressing 
the proliferation, migration and invasion of 
A549 cells (Figure 6E and 6F). Conversely, the 
overexpression of miR-144 could also reverse 
the elevated proliferation, migration and inva-
sion induced by the overexpression of hsa_
circ_0020123 (Figure 6G and 6H); in contrast, 
hsa_circ_0020123 with mutations in miR-144 
targeting sites (hsa_circ_0020123-mut) would 
not influence the malignant properties. Taken 
together, our results indicated that circRNA 
hsa_circ_0020123 could promote NSCLC pro-
gression by sponging miR-144.

hsa_circ_0020123 upregulates ZEB1 and 
EZH2 through competitively binding with miR-
144

To further investigate the mechanism by which 
hsa_circ_0020123 exerted its oncogenic effe- 
ct via miR-144, the transcriptome microarray 
analysis was carried out in control and hsa_
circ_0020123 knockdown A549 cells (Figure 
7A). Intriguingly, the well-known oncogenes EZ- 
H2 and ZEB1, which were targeted by miR-144 
in cancer cells [17, 18], were found to be signi- 
ficantly downregulated by hsa_circ_0020123 
siRNA. In addition, EZH2 and ZEB1 was target-
ed by miR-144 in cancer cells [18, 19]. There- 
fore, it was speculated that hsa_circ_0020- 
123 could upregulate EZH2 and ZEB1 throu- 
gh acting as a competing endogenous RNA 
(ceRNA) for miR-144. Moreover, the overex-
pression of hsa_circ_0020123, but not the 
mutant, would increase the ZEB1 and EZH2 
transcript levels (Figure 7B), which could be 
abrogated through the ectopic expression of 
miR-144. In contrast, the depletion of hsa_
circ_0020123 decreased the ZEB1 and EZH2 
levels (Figure 7C), which such decreases could 
be reversed through the inhibition of miR-144. 
These results were further confirmed by Wes- 
tern blotting (Figure 7D and 7E).

To ascertain whether the observed effect de- 
pended on the regulation of ZEB1 and EZH2 
3’UTR, the luciferase reporters gene assay con-
taining either the ZEB1 or EZH2 3’UTR (pmir-
GLO-ZEB1 or pmirGLO-EZH2) was conducted. 
Specifically, the luciferase plasmid (pmirGLO-
ZEB1, pmirGLO-EZH2, or the control reporter 
[pmirGLO]) was transfected into the NSCLC 
cells. The results indicated that, the overex-
pression of hsa_circ_0020123, but not the 
mutant, could enhance the luciferase activi- 
ties of pmirGLO-ZEB1 and pmirGLO-EZH2, whe- 
reas such up-regulation could be abolished by 
the ectopic expression of miR-144 (Figure 7F). 
Reciprocally, depletion of hsa_circ_0020123 
would decrease the luciferase activities of 
pmirGLO-ZEB1 and pmirGLO-EZH2, which could 
be rescued by miR-144 suppression (Figure 
7G). In conclusion, these results suggested an 
important role of hsa_circ_0020123 in modu-
lating ZEB1 and EZH2, which was achieved th- 
rough competitively binding with miR-14.

Silencing hsa_circ_0020123 by siRNA delivery 
suppresses NSCLC growth and metastasis in 
vivo

Finally, the therapeutic potential of siRNA  
specifically targeting hsa_circ_0020123 was 
examined using a xenograft model. Briefly, 
A549 cells were injected subcutaneously into 
one flank of nude mice. Two weeks after cell 
injection, mice were randomly classified into 
two groups to receive either intraperitoneal 
injection of cholesterol-conjugated control scr- 
amble siRNA or hsa_circ_0020123 siRNA for 
30 days. Our results suggested that xenograft 
tumors injected with hsa_circ_0020123 siRNA 
were associated with smaller mean volumes 
and weights than those injected with control 
siRNA (Figure 8A and 8B). 

Next, the therapeutic effect of hsa_circ_00- 
20123 siRNA on NSCLC metastasis was also 
evaluated. Specifically, the A549 cells were 
injected into the tail vein of nude mice, follow- 
ed by injection with control or hsa_circ_0020- 
123 siRNA. The results showed that, compar- 
ed with the control group, hsa_circ_0020123 
siRNAs could dramatically inhibit the pulmo-
nary metastasis (Figure 8C). Collectively, these 
results indicated that circRNA hsa_circ_0020- 
123 might serve as a promising therapeutic 
target for NSCLC treatment.
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Discussion

CircRNAs are a type of novel non-coding RNAs 
closely associated with carcinogenesis and 
cancer progression, whose functional signifi-
cance in different cancers has attracted exten-
sive attention recently. Some existing studies 
have examined the circRNA expression profiles 
in NSCLC tissues; however, the exact function 
and mechanism of novel circRNAs remains un- 
clear at present. Therefore, the current study 
aims to detect the expression of circRNA hsa_
circ_0020123 in NSCLC tissues and reveal its 
functional role in NSCLC progression. 

Previous studies have examined the differen-
tially expressed circRNAs between NSCLC and 
matched normal lung tissues through RNA se- 
quencing or chip microarray [14, 15]. Nonethe- 
less, only a handful of circRNAs have been 
functionally identified. For instance, circRNA 
circMAN2B2 is highly expressed in NSCLC tis-
sues, which can promote the proliferation and 

invasion of NSCLC tissues both in vivo and in 
vitro. Moreover, the oncogenic function of cic-
MAN2B2 depends on the regulation of FOXK1 
expression through sponging miR-1275 [20]. In 
the meantime, hsa_circ_0012673 is also fou- 
nd to be markedly up-regulated in NSCLC tis-
sues, which is also closely correlated with a 
greater tumor size. Typically, hsa_circ_0012673 
can regulate cell proliferation through spon- 
ging miR-22, which targets ErbB3 in NSCLC 
[21]. In the current study, we have identified  
a novel functional circRNA hsa_circ_0020123 
in NSCLC. Our results suggest that hsa_circ_ 
0020123 expression is notably upregulated in 
NSCLC tissues than in matched normal tissu- 
es. In addition, the higher hsa_circ_0020123 
expression level is found to be closely associ-
ated with a poorer differentiation degree, lym- 
ph node metastasis, a higher TNM stage and 
worse prognosis for NSCLC patients. Besides, 
knockdown of hsa_circ_0020123 can suppre- 
ss the proliferation, migration and invasion, 

Figure 7. hsa_circ_0020123 upregulates ZEB1 and EZH2. A. Hierarchically clustered heatmap of upregulated and 
downregulated genes in A549 cells after transfection with hsa_circ_0020123 or NC siRNAs. B. miR-144 was trans-
fected into hsa_circ_0020123 or mutant hsa_circ_0020123 overexpressing H1299 and Calu-3 cells, and the mRNA 
levels of ZEB1 and EZH2 were detected by qRT-PCR. C. miR-144 inhibitor was transfected into hsa_circ_0020123 
knockdown PC9 and A549 cells, and the mRNA levels of ZEB1 and EZH2 were detected by qRT-PCR. D. miR-144 
abolished the upregulation of ZEB1 and EZH2 protein levels mediated by hsa_circ_0020123 overexpression in 
H1299 cells. E. miR-144 inhibitor abolished the downregulation of ZEB1 and EZH2 protein levels mediated by hsa_
circ_0020123 knockdown in A549 cells. F. H1299 and Calu-3 cells with hsa_circ_0020123 overexpression were 
cotransfected with miR-144 and luciferase reporters containing ZEB1 3’UTR, EZH2 3’UTR or nothing. Luciferase 
activity was detected and the data are presented as the relative ratio of firefly luciferase activity to renilla luciferase 
activity. G. PC9 and A549 cells with hsa_circ_0020123 knockdown were cotransfected with miR-144 inhibitor and 
luciferase reporters containing ZEB1 3’UTR, EZH2 3’UTR or nothing. Luciferase activity was detected and the data 
are presented as the relative ratio of firefly luciferase activity to renilla luciferase activity. *P<0.05.

Figure 8. Silence of hsa_circ_0020123 by siRNA delivery suppresses NSCLC growth and metastasis in vivo. A. 
Tumor growth curves formed in nude mice injected subcutaneously with A549 cells treated with control and hsa_
circ_0020123 siRNAs. B. Tumor weight was measured. C. The number of pulmonary metastasis in control and 
hsa_circ_0020123 siRNAs-treated mice. *P<0.05.
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whereas induce the apoptosis in NSCLC cells. 
By contrast, overexpression of hsa_circ_002- 
0123 can enhance the proliferative, migratory 
and invasive capacities of NSCLC cells. In addi-
tion, our in vivo assays using xenograft model 
also shows that siRNA specifically targeting 
hsa_circ_0020123 can remarkably suppress 
the growth and metastasis of NSCLC, indicat-
ing that hsa_circ_0020123 may be a potential 
therapeutic target of NSCLC. 

The majority of circRNAs are primarily localiz- 
ed in the cytoplasm, which act as the miRNA 
sponges to regulate the expression of target 
miRNAs. By competing for miRNAs, circRNAs 
can regulate mRNA expression at post-tran- 
criptional level [22]. miR-144 is a tumor sup-
pressor miRNA in some cancers, including bre- 
ast cancer, gastric cancer, cervical cancer and 
NSCLC [2, 23-25]. It is found to inhibit tumor 
growth and metastasis through targeting some 
well-known oncogenes, such as RUNX1, PIM1, 
E2F8, ZEB1, EZH2, ROCK1 and TIGAR [18, 19, 
26-30]. On the other hand, the long non-coding 
RNAs (lncRNAs), such as CASC2, MALAT1 and 
TUG1, are demonstrated to be associated with 
miR-144 in facilitating tumorigenesis and can-
cer aggression [31-33]. However, no reports 
are available regarding the association betw- 
een circRNAs and miR-144 so far. In the cur- 
rent study, results of RIP and luciferase report-
er assays have revealed a direct interaction 
between hsa_circ_0020123 and miR-144. Fur- 
thermore, it is also discovered in the current 
study that, hsa_circ_0020123 can downregu-
late miR-144 expression and regulate miR-144 
targets, including ZEB1 and EZH2. Besides, 
hsa_circ_0020123 is found to be negatively 
correlated with miR-144 expression in NSCLC 
tissues, which further supports that miR-144  
is a bona fide target miRNA of hsa_circ_00- 
20123. However, it remains to be further in- 
vestigated about whether other miRNAs are 
involved in the hsa_circ_0020123-mediated 
aggressive phenotypes of NSCLC.

In conclusion, our findings reveal that hsa_
circ_0020123 expression is markedly up-regu-
lated in NSCLC tissues, which is also correlated 
with the dismal prognosis for NSCLC patients. 
Functionally and mechanistically, hsa_circ_00- 
20123 can promote the proliferation, migration 
and invasion of NSCLC through sponging miR-
144 and subsequently regulating its targets, 

indicating its oncogenic role in NSCLC progres-
sion. Moreover, the suppression of hsa_circ_ 
0020123 silencing in vivo has indicated its 
potential for NSCLC-targeted therapy. More- 
over, our data suggest that hsa_circ_00201- 
23 may serve as a promising prognosis predic-
tor and therapeutic target for NSCLC.
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