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Abstract. – OBJECTIVE: To explore the clinical 
significance of circRNF20 in non-small-cell lung 
carcinoma (NSCLC), and its regulatory effects on 
NSCLC cell functions by activating MAPK9. 

PATIENTS AND METHODS: Relative levels of 
circRNF20 and MAPK9 in NSCLC tissues were 
detected by quantitative Real Time-Polymerase 
Chain Reaction (qRT-PCR). The relationship be-
tween circRNF20, MAPK9 and pathological fac-
tors in NSCLC patients was analyzed. Prognos-
tic potentials of circRNF20 and MAPK9 in NSCLC 
were assessed by Kaplan-Meier method. The in-
teraction between circRNF20 and MAPK9 was 
tested by Dual-Luciferase reporter assay. Regu-
latory effects of circRNF20 and MAPK9 on prolif-
erative abilities in H358 and SPC-A1 cells were ex-
amined by Cell Counting Kit-8 (CCK-8) and colony 
formation assay. 

RESULTS: CircRNF20 and MAPK9 were upreg-
ulated in NSCLC tissues than normal ones. They 
were correlated to T stage and poor prognosis 
in NSCLC patients, while their levels were unre-
lated to gender, age, and incidences of lymphat-
ic and distant metastasis. Knockdown of cir-
cRNF20 attenuated proliferative abilities in H358 
and SPC-A1 cells. On the contrary, the overex-
pression of MAPK9 yielded the opposite results. 
MAPK9 was the target gene binding circRNF20, 
which was able to reverse the regulatory effect 
of circRNF20 on NSCLC proliferation. 

CONCLUSIONS: CircRNF20 and MAPK9 are 
upregulated in NSCLC cases, which are closely 
linked to T stage in NSCLC patients. They are in-
dependent prognostic factors for NSCLC. By acti-
vating MAPK9, circRNF20 stimulates NSCLC pro-
liferation. 
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Introduction 

Although the diagnostic and therapeutic strate-
gies of lung cancer have been improved, the 5-year 
survival of lung cancer is lower than 15%, which 
severely threats human health1. The mortality and 
morbidity of lung cancer are in the first place of all 
malignant tumors globally1-3. Lung cancer is histo-
logically classified to non-small-cell lung carcinoma 
(NSCLC) and small-cell lung carcinoma (SCLC). 
The vast majority (85%) of lung cancer cases are 
NSCLC, including adenocarcinoma and squamous 
cell carcinoma4,5. NSCLC is highly malignant, and 
the hematogenous and lymphatic metastases can 
be detected in the early phase of NSCLC, leading 
to a poor prognosis1-6. Currently, surgical resection 
is preferred to early stage NSCLC. Nevertheless, a 
large number of people are diagnosed as advanced 
stage NSCLC because effective and specific diag-
nostic biomarkers are lacked, and these patients are 
unable to be operated7,8. These patients can be bene-
fited from chemotherapy and radiotherapy. Howev-
er, primary or secondary drug resistance is an obsta-
cle in anti-cancer treatment8,9. The pathogenesis of 
NSCLC is very complicated, which remains largely 
unknown10,11. Gene mutations and abnormalities in 
tumor-associated pathways are risk factors for car-
cinogenesis of NSCLC12,13.

In human genomes, only 2% of them are pro-
tein-encoding genes, and the majority are non-
coding RNAs14. MiRNAs and lncRNAs are in-
volved in human diseases by regulating gene 
transcription and translation14,15. As a novel type 
of noncoding RNAs, the biological functions of 
circRNAs are required to be further explored16. 
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They are used to be considered as by-products of 
precursor RNA splicing. It is indicated that non-
coding RNAs are diverse and eukaryotic tran-
scriptome is complex16,17. Unlike traditional linear 
RNAs, circRNAs lack the 5’ or 3’ end because of 
the covalent closed structure18. Featured by high 
abundances, high conservatism and specific ex-
pressions, circRNAs are considered as potential 
cancer biomarkers17-20. This study aims to explore 
the clinical significance of circRNF20 in NSCLC 
and the underlying mechanism.

Patients and Methods

NSCLC Patients and Tissue Samples
Cancer and normal tissues were collected from 

44 NSCLC patients after informed consent. All 
samples were harvested from surgery, puncture 
biopsy or bronchoscopy biopsy. None of them had 
anti-cancer treatment before surgery. Tumor node 
metastasis (TNM) staging of NSCLC was deter-
mined based on the criteria proposed by The Union 
for International Cancer Control (UICC). Inclusion 
criteria: patients with no severe diseases in other 
organs and those undergoing no preoperative che-
motherapy and post-operative radiotherapy. Ex-
clusion criteria: patients with distant metastasis, 
those complicated with other malignancies, those 
with mental disease, those complicated with myo-
cardial infarction, heart failure or those previously 
exposed to radioactive rays. All patients were fol-
lowed up after discharge by telephone or outpatient 
review, including baseline characteristics, clinical 
symptoms and imaging examination. This inves-
tigation was approved by the Ethics Committee of 
China-Japan Union Hospital of Jilin University. 
Signed written informed consents were obtained 
from all participants before the study.

Cell Lines and Reagents
NSCLC cell lines (A549, H1299, H358, 

SPC-A1) and the pulmonary epithelial cell line 
(BEAS-2B) were purchased from Cell Bank of 
Type Culture Collection. They were cultivated in 
Dulbecco’s Modified Eagle’s Medium (DMEM; 
Thermo Fisher Scientific, Waltham, MA, USA) 
with 10% fetal bovine serum (FBS; Gibco, Rock-
ville, MD, USA) in a 5% CO2 incubator at 37°C.

Transfection
CircRNF20 shRNA, pcDNA3.1-MAPK9 and 

negative controls were synthesized by GenePhar-
ma (Shanghai, China). Cells in 6-well plates were 

cultured to 40-60% confluence and transfected 
using Lipofectamine 2000 (Invitrogen, Carlsbad, 
CA, USA). They were collected for use after 48 h.  

Cell Proliferation Assay
5×103 cells were implanted in each well of a 

6-well plate, where 10 μL of Cell Counting Kit-
8 (CCK-8) solution was added (TaKaRa, Dalian, 
China). After 1-h culturing in the dark, 450 nm 
absorbance was measured using a microplate 
reader. Blank group was set by adding medium 
and experimental solution without cells. 

Colony Formation Assay
Cells were inoculated in a 6-well plate with 100 

cells per well and cultured for 2 weeks. Culture me-
dium was replaced once in the first week and twice 
in the second week. Visible colonies were washed in 
phosphate-buffered saline (PBS), fixed in methanol 
for 20 min and dyed in 0.1% crystal violet for 20 
min, which were finally captured and calculated.

Quantitative Real-Time Polymerase Chain 
Reaction (qRT-PCR)

TRIzol reagent (Invitrogen, Carlsbad, CA, USA) 
was used for isolating total cellular RNAs, followed 
by incubation with chloroform. After 10-min cen-
trifugation at 4°C, the upper layer was collected and 
incubated with 700 μL of isopropanol. The mixture 
was centrifuged at 4°C, 12,000 rpm for 10 min. 
The precipitant was washed in 75% ethanol and 
air dried. The collected RNAs were reversely tran-
scribed into complementary deoxyribose nucleic 
acids (cDNAs; PrimeScript RT Reagent; TaKaRa, 
Otsu, Shiga, Japan). Using the SYBR® Premix Ex 
Taq™ kit (TaKaRa, Otsu, Shiga, Japan), StepOne 
Plus Real-time PCR system (Applied Biosystems, 
Foster City, CA, USA), and qRT-PCR was carried 
out. Relative level was calculated by 2-ΔΔCt and 
normalized to that of glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH). circRNF20: forward: 
5’-GAGCCGTGTCCCAGATTGT-3’, reverse: 
5’-TGCCGCTGATCCAACATTTC-3; MAPK9: 
forward: 5’-ACCCTTCGGGATATTGCAGG-3’, 
reverse: 5’-TGCAGCACAAACAATCCCTTG-3’; 
GAPDH: forward: 5’-TGTGGGCATCAATG-
GATTTGG-3’, reverse: 5’-ACACCATGTATTC-
CGGGTCAAT-3’. 

Western Blot
Cells were lysed in radioimmunoprecipitation 

assay (RIPA) buffer (Beyotime, Shanghai, China) 
on ice for 30 min. Cell lysate was centrifuged at 
4°C, 14000×g for 15 min. Extracted protein sam-
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ples were quantified by bicinchoninic acid (BCA) 
method (Pierce, Rockford, IL, USA). Protein 
samples were electrophoresed in 10% Sodium 
Dodecyl Sulfate Polyacrylamide Gel Electropho-
resis (SDS-PAGE), and loaded on polyvinylidene 
difluoride (PVDF) membranes (Millipore, Biller-
ica, MA, USA). Next, non-specific antigens were 
blocked in 5% skim milk for 2 hours. Membranes 
were reacted with primary and secondary an-
tibodies for indicated time. Band exposure and 
analyses of grey values were finally conducted.

Dual-Luciferase Reporter Assay
Wild-type and mutant-type circRNF20 vectors 

were constructed based on the predicted conse-
quential pairing of the seed sequence in the 3ʹ-un-
translated region (3ʹ-UTR) of circRNF20 and 
MAPK9. CircRNF20-WT and circRNF20-MUT 
were co-transfected into cells with pcDNA3.1-NC 
or pcDNA3.1-MAPK9, respectively. After 48 h 
co-transfection, Luciferase activity was measured 
(Promega, Madison, WI, USA).  

Statistical Analysis
Data were expressed as mean ± standard de-

viation and analyzed by Statistical Product and 
Service Solutions (SPSS) 20.0 (SPSS IBM Corp., 
Armonk, NY USA). Differences between groups 
were analyzed by the t-test. The relationship be-
tween circRNF20, MAPK9 and pathological 
factors in NSCLC patients was assessed by Chi-
square test. Overall survival was assessed by Ka-
plan-Meier method and log-rank test. A signifi-
cant difference was set at p<0.05. 

Results

Expression Pattern of CircRNF20 in NSCLC 
We collected 44 cases of NSCLC tissues and 

normal ones for detecting circRNF20 levels. It is 
shown that circRNF20 was upregulated in 40/44 
NSCLC tissues, and weekly positive or negative 
expression of circRNF20 was only detected in 
4/44 cancer tissues (Figure 1A). Baseline char-
acteristics of recruited NSCLC patients were 

Figure 1. Expression pattern of circRNF20 in NSCLC. A, Relative levels of circRNF20 in NSCLC tissues and normal ones. 
B, Relative levels of circRNF20 in T1-T2 (n=27) and T3-T4 (n=17) NSCLC tissues. C, Overall survival in NSCLC patients 
expressing high or low level of circRNF20. D, Relative levels of circRNF20 in NSCLC cell lines. Data were expressed as 
mean±SD; *p < 0.05, **p < 0.01, ***p < 0.001. 
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analyzed. As shown in Table I, circRNF20 was 
correlated to T stage in NSCLC patients, while 
unrelated to gender, age and incidences of lym-
phatic and distant metastasis. qRT-PCR results 
consistently revealed higher level of circRNA20 
in T3-T4 NSCLC patients compared with T1-T2 
patients (Figure 1B). Kaplan-Meier curves were 
depicted for assessing the prognostic potential of 
circRNF20 in NSCLC. High level of circRNF20 
predicted poor prognosis in NSCLC patients (Fig-
ure 1C). Subsequently, circRNF20 levels in NS-
CLC cell lines were detected. Compared with the 
pulmonary epithelial cell line, circRNF20 was 
upregulated in NSCLC cell lines (Figure 1D). 

Knockdown of CircRNF20 Weakened 
Proliferative Ability in NSCLC

H358 and SPC-A1 cells were used for con-
structing circRNF20 knockdown models. They 
were transfected with sh-NC or sh-circRNF20, 
followed by puromycin screen (Figure 2A). 
Knockdown of circRNF20 markedly decreased 
cell viability and colony number in H358 and 
SPC-A1 cells, suggesting the inhibited prolifera-
tive ability (Figure 2B, 2C). 

Expression Pattern of MAPK9 in NSCLC 
Bioinformatics analysis indicated the binding 

between circRNF20 and MAPK9. We subse-
quently detected MAPK9 levels in NSCLC cas-
es. Compared with normal tissues, MAPK9 was 
upregulated in NSCLC tissues, especially T3-T4 
cases (Figure 3A, 3B). By analyzing clinical data 
of NSCLC patients, it is found that MAPK9 was 

correlated to T stage in NSCLC patients, rather 
than the other factors (Table I). In addition, NS-
CLC patients expressing high level of MAPK9 
had worse overall survival than those expressing 
low level (Figure 3C). CircRNF20 level was pos-
itively correlated to that of MAPK9 in NSCLC 
tissues (Figure 3D). 

Overexpression of MAPK9 Facilitated 
Proliferative Ability in NSCLC

We next explored the involvement of MAPK9 
in regulating NSCLC cell functions. Transfection 
of pcDNA3.1-MAPK9 effectively upregulated 
MAPK9 in H358 and SPC-A1 cells (Figure 4A). 
In NSCLC cells overexpressing MAPK9, cell vi-
ability and colony number markedly increased 
than those of controls (Figure 4B, 4C). 

CircRNF20 Regulated NSCLC 
Proliferation by Activating MAPK9

Based on the predicted binding sites in the 3’-
UTR of MAPK9 and circRNF20, wild-type and 
mutant-type circRNF20 vectors were constructed. 
Dual-Luciferase reporter assay confirmed the bind-
ing between MAPK9 and circRNF20 (Figure 5A). 
Co-transfection of sh-circRNF20 downregulated 
protein level of MAPK9 in H358 and SPC-A1 cells 
overexpressing MAPK9 (Figure 5B). Compared 
with NSCLC cells co-transfected with sh-NC and 
pcDNA3.1-MAPK9, viability and colony number 
were lower in cells co-transfected with sh-cir-
cRNF20 and pcDNA3.1-MAPK9 (Figure 5C, 5D). 
It is indicated that circRNF20 and MAPK9 syner-
gistically regulated NSCLC proliferation. 

Table I. Association of circRNF20 and MAPK9 expression with clinicopathologic characteristics of non-small cell lung cancer.

 circRNF20 expression MAPK9 expression
Parameters No. of   p-value   p-value
 cases Low (%) High (%)  Low (%) High (%) 

Age (years)    0.387   0.977
  <60 18 10 8  7 11 
  ≥60 26 11 15  10 16 
Gender    0.537   0.944
  Male 22 12 11  9 14 
  Female 22 9 12  8 13 
T stage    0.023   0.004
  T1-T2 27 17 11  15 12 
  T3-T4 17 4 12  2 15 
Lymph node metastasis    0.169    0.431
  No 28 16 13  10 19 
  Yes 16 5 10  7 8 
Distance metastasis    0.305   0.242
  No 27 15 13  9 19 
  Yes 17 6 10  8 8 
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Discussion

Globally, cancer is the second leading cause of 
deaths following cardiac diseases. The incidence 
and mortality of lung cancer are on the rise, and 

they rank the top place in male cancers1-3. In re-
cent years, the number of cancer patients in our 
country has largely increased. There are more than 
4.29 million new cancer cases each year in China, 
accounting for 20% of global cases. Severely, 2.81 

Figure 2. Knockdown of circRNF20 weakened proliferative ability in NSCLC. A, Transfection efficacy of sh-circRNF20 in 
H358 and SPC-A1 cells. B, Viability in H358 and SPC-A1 cells transfected with sh-NC or sh-circRNF20. C, Colony number in 
H358 and SPC-A1 cells transfected with sh-NC or sh-circRNF20 (magnification 10×). Data were expressed as mean±SD; *p < 
0.05, **p < 0.01. 
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million people die of cancers annually in our coun-
try2,4. At present, lung cancer is one of the largest 
threats to human health and even lives3-5. It is ur-
gent to clarify the pathogenesis of lung cancer, and 
to improve therapeutic efficacy8-12.

The complicated relationship between cir-
cRNAs and cancers17,19,20 concern also the role 
of circRNAs in regulating biological functions 
via exerting the effect of miRNA sponge. As a 
result, circRNAs may be promising cancer bio-
markers to be utilized in clinical application. Pre-
vious studies11,12 have proposed novel molecular 
biomarkers for NSCLC, which are beneficial to 
individualized therapy and prognosis assessment. 
Cao et al21 suggested that circRNF20 promoted 
the progression of breast cancer. However, the 
potential influences of circRNF20 on NSCLC 
progression remain largely unclear. In this study, 
44 cases of NSCLC tissues and normal ones were 
collected to detect differential expressions of cir-
cRNF20. The data uncovered that circRNF20 was 

upregulated in NSCLC tissues. Moreover, it was 
related to T stage and poor prognosis in NSCLC 
patients. Subsequently, circRNF20 knockdown 
model was constructed by transfection of sh-cir-
cRNF20 in H358 and SPC-A1 cells. Knockdown 
of circRNF20 remarkably decreased viability and 
colony number in NSCLC cells, suggesting the 
inhibited proliferative ability of NSCLC. 

Using the bioinformatics tool, we discovered 
the potential binding sites in the 3’-UTR of cir-
cRNF20 and MAPK9. Similar to the expression 
pattern and clinical significance of circRNF20, 
MAPK9 was upregulated in NSCLC tissues, 
and it was correlated T stage and overall surviv-
al of NSCLC patients. A positive correlation be-
tween the levels of circRNF20 and MAPK9 was 
identified in NSCLC tissues. Overexpression of 
MAPK9 remarkably promoted the proliferative 
ability in NSCLC cells. According to the predict-
ed binding sites, Luciferase vectors targeting cir-
cRNF20 were constructed. The overexpression of 

Figure 3. Expression pattern of MAPK9 in NSCLC. A, Relative levels of MAPK9 in NSCLC tissues and normal ones. B, Rel-
ative levels of MAPK9 in T1-T2 (n=27) and T3-T4 (n=17) NSCLC tissues. C, Overall survival in NSCLC patients expressing 
high or low level of MAPK9. D, Correlation between relative levels of circRNF20 and MAPK9 in NSCLC tissues. Data were 
expressed as mean±SD; **p < 0.01, ***p < 0.001. 
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one, confirming the binding between MAPK9 
and circRNF20. We thereafter speculated the in-
volvement of MAPK9 regulated by circRNF20 

Figure 4. Overexpression of MAPK9 facilitated proliferative ability in NSCLC. A, Transfection efficacy of pcDNA3.1-MAPK9 
in H358 and SPC-A1 cells. B, Viability in H358 and SPC-A1 cells transfected with pcDNA3.1-NC or pcDNA3.1-MAPK9. C, 
Colony number in H358 and SPC-A1 cells transfected with pcDNA3.1-NC or pcDNA3.1-MAPK9 (magnification 10×). Data 
were expressed as mean±SD; *p < 0.05, **p < 0.01. 

MAPK9 could decrease the Luciferase activity in 
the wild-type circRNF20 vector, while it did not 
influence Luciferase activity in the mutant-type 
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in the progression of NSCLC. Interestingly, the 
overexpression of MAPK9 could abolish the reg-
ulatory effect of circRNF20 on the proliferation 

ability of NSCLC. To sum up, as a novel onco-
genic gene, circRNF20 aggravated the malignant 
progression of NSCLC by activating MAPK9, 

Figure 5. CircRNF20 regulated NSCLC proliferation by activating MAPK9. A, Dual-Luciferase reporter assay showed the 
binding between circRNF20 and MAPK9. B, Protein level of MAPK9 in H358 and SPC-A1 cells co-transfected with sh-NC+p-
cDNA3.1-NC, sh-NC+pcDNA3.1-MAPK9 or sh-circRNF20+pcDNA3.1-MAPK9. C, Viability in H358 and SPC-A1 cells 
co-transfected with sh-NC+pcDNA3.1-NC, sh-NC+pcDNA3.1-MAPK9 or sh-circRNF20+pcDNA3.1-MAPK9. D, Colony 
number in H358 and SPC-A1 cells co-transfected with sh-NC+pcDNA3.1-NC, sh-NC+pcDNA3.1-MAPK9 or sh-circRN-
F20+pcDNA3.1-MAPK9; Data were expressed as mean±SD; *p < 0.05, **p < 0.01.
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which became a promising biomarker for diagno-
sis and treatment for NSCLC.

Conclusions

In summary, circRNF20 and MAPK9 are up-
regulated in NSCLC cases, which are closely 
linked to T stage in NSCLC patients. They are in-
dependent prognostic factors for NSCLC. By ac-
tivating MAPK9, circRNF20 stimulates NSCLC 
proliferation. 
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