
 

www.aging-us.com 13038 AGING 

INTRODUCTION  
 

Lung cancer is recognized as one of the most common 

malignant tumors and is the leading cause of cancer-

related death worldwide [1]. Based on the statistical 

data released by the World Health Organization, it is 

estimated that the number of new cases of NSCLC in 

2018 would total 18.1 million, and of these, 

approximately 1.8 million resulted in death. This toll 

has been increasing unpredictably worldwide, especially 

in high-income developed countries [2]. Non-small-cell 

lung cancer (NSCLC), the main histological type of 

lung cancer, accounts for approximately 85% of all 

primary lung cancer cases [3]. Despite progressive 

advances in NSCLC diagnosis and treatment during the 

past several decades, it remains a ñdeadly cancerò and is  

 

associated with the highest incidence and mortality 

rates, with a low 5-year survival rate of only 

approximately 18% [4, 5]. As is well known, the 

molecular mechanisms related to the occurrence and 

progression of NSCLC are complex, multistep 

pathological processes and have not yet been fully 

clarified. Therefore, gaining further knowledge of the 

underlying regulatory mechanisms of NSCLC 

progression and identifying a predictive biomarker or 

potential treatment strategy for NSCLC patients is 

extremely urgent. 

 

Circular RNA (circRNA), a special subtype of 

noncoding RNA, features a covalently closed 

continuous loop structure without 5ô-3ô polarity or a 

polyadenylated tail [6, 7]. Unlike traditional linear 
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ABSTRACT 
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than in peritumoral tissues using quantitative real-time polymerase chain reaction. Notably, NSCLC patients with 
a large tumor diameter, poor differentiation and lymphatic metastasis had high RNA levels of circMET. 
Moreover, high circMET expression served as an independent risk factor for short overall survival (OS) and 
progression-free survival (PFS) in NSCLC patients. Next, we validated that circMET overexpression can enhance 
NSCLC cell proliferation, metastasis, and immune evasion in vitro. Mechanistically, our study uncovers that 
circMET acts as a miR-145-5p sponge to upregulate CXCL3 expression. Collectively, circMET regulates the miR-
145-5p/CXCL3 axis and serves as a novel, promising diagnostic and prognostic biomarker in patients with NSCLC. 
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RNAs, circRNAs have a higher tolerance to exo-

nucleases and tend to be stably and widely expressed in 

the cytoplasms of various eukaryotic cells [8, 9]. 

Emerging evidence has indicated that circRNAs can 

broadly participate in the initiation and progression of 

various malignant tumors, including NSCLC [10, 11]. 

Moreover, circRNAs exert their biological effects 

through diverse mechanisms, such as by acting as 

miRNA sponges and transcriptional regulators and by 

interacting with RNA-binding proteins [12]. In our 

previous study, circFGFR3 was demonstrated to act as a 

miR-22-3p sponge to regulate galectin-1 expression 

[13]. Likewise, the oncogenic roles of other circRNAs, 

such as the circRNAs PTPRA, ARHGAP10, and PTK2, 

have also frequently been confirmed in NSCLC 

progression [14ï16]. Thus, the aforementioned 

evidence indicates the potential of circRNAs as novel 

biomarkers and therapeutic targets. Nonetheless, the 

underlying molecular mechanisms of circRNA pathway 

activation are not fully understood on NSCLC 

progression [17], so the role and contribution of 

circRNAs remain to be further investigated. 

 

Here, we first analyzed the gene expression profiles of 

mesenchymal epithelial transition factor receptor 

(MET)-derived circRNAs in human NSCLC tissues and 

paired adjacent normal lung tissues. Importantly, we 

presented the oncogenic role of circMET (also known 

as hsa_circ_0082003 in circBase), which was 

significantly upregulated in NSCLC tissues and is 

closely associated with the poor prognosis of NSCLC 

patients. Furthermore, we identified that circMET could 

promote the progression of NSCLC cells by sponging 

oncogenic miR-145-5p [18, 19] to upregulate chemo-

kine (C-X-C motif) ligand 3 (CXCL3) [20, 21] 

expression. Therefore, circMET may serve as a novel 

diagnostic biomarker and promising therapeutic target 

for NSCLC patients. 

 

RESULTS 
 

circMET is a promising diagnostic and prognostic 

biomarker for NSCLC patients 

 

Dysregulation of MET oncogene-mediated cell 

motility, invasion, and metastasis has been widely 

documented among many different types of cancer, 

including NSCLC [22, 23]. Based on this point, we 

hypothesized that the accumulation of circRNA-

derived MET might act as a tumor promoter in NSCLC 

cells. Therefore, we used circular RNA sequencing data 

from circBase to identify and screen 9 candidate 

circRNAs derived from MET genes. To further 

examine the levels of circRNA expression in NSCLC 

patients, 4 pairs of NSCLC tissue samples and their 

corresponding peritumoral tissues were analyzed by 

qRT-PCR. Among the 9 differentially expressed 

circRNAs, circMET (hsa_circ_0082003) expression 

was found to be significantly upregulated in NSCLC 

tissues relative to that in paired adjacent normal lung 

tissues (Figure 1A). In addition, the sequence of 

circMET consisting of 8 exons had a length of 2116 

nucleotides (Figure 1B). To investigate the clinical role 

of circMET in NSCLC patients in detail, we detected 

the expression of circMET in 94 pairs of NSCLC 

tissues and matched adjacent nontumor lung tissues. 

The results indicated that circMET expression was 

significantly increased in 94 lung cancer tissues (P < 

0.001, Figure 1C and 1D). We next sought to 

investigate the relationship between the circMET 

expression level in NSCLC tissues and the specific 

clinicopathological characteristics of NSCLC patients. 

As shown in Table 1, increased circMET expression  

in NSCLC was significantly correlated with 

differentiation, tumor size and lymph node metastasis 

(Figure 1E and 1F; Table 1). In addition, IHC staining 

showed that MET expression was significantly higher 

in NSCLC tumor tissues than in peritumoral tissues, as 

expected (Figure 1G). Notably, a positive correlation 

between circMET and MET was observed in the 

NSCLC tissues (Figure 1H). Moreover, Kaplan-Meier 

survival curves revealed that patients with circMEThigh 

expression were related to poor overall survival (OS) 

and progression-free survival (PFS) after surgery 

(Figure 1I and J). Together, these findings suggest that 

high circMET expression is likely a key promoter in 

the progression of NSCLC cells and serves as an 

independent prognostic biomarker for NSCLC patients. 

 

circMET promotes the proliferation and metastasis 

of NSCLC cells 

 

Initially, we examined circMET expression levels in a 

variety of human NSCLC cell lines by RT-qPCR 

analyses. (Figure 2A). To further characterize the 

biological function of circMET in NSCLC cells, we 

next effectively silenced circMET expression in NCI-

H460 and NCI-H1299 cells by transfection with 

specific shRNA (sh-circMET) (Figure 2B) and 

successfully forced circMET expression in A549 and 

95D cells using the plasmid vector (Supplementary 

Figure 1A). However, qRT-PCR showed that other 

MET splicing products, such as the MET mRNA, had 

no significant effects on the expression level. In vitro 

Cell Counting Kit-8 (CCK-8), wound healing, 

migration, clone formation, and invasion assays 

revealed that expression was significantly suppressed in 

circMET knockdown NCI-H460 and NCI-H1299 cell 

lines compared with that in the mock control cell lines 

(Figure 2Cï2G). Conversely, overexpressing circMET 

promoted the growth and migration of NSCLC cells 

(Supplementary Figure 1Bï1E). 
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Figure 1. Identification of circMET in NSCLC tissues and its prognostic significance. (A) Clustered heat map shows the 

expression profiles of circRNAs derived from the MET gene in four paired NSCLC and adjacent nontumor tissues by qRT-PCR. (B) Scheme 
illustrating the production of circMET. (C) and (D) circMET was differentially expressed in 94 paired NSCLC tissues and adjacent normal 
ǘƛǎǎǳŜǎ ǳǎƛƴƎ ǊŜŀƭπǘƛƳŜ t/w ŀƴŀƭȅǎƛǎΦ όE) and (F) In total, 94 NSCLC patients were individually divided into low- and high-expression groups 
according to the clinicopathological characteristics, including tumor size or lymph node metastasis. (G) Representative images of serial 
sections stained with H&E and IHC for MET expression in NSCLC tissues. (H) A positive correlation between circMET and MET was 
observed in NSCLC tissues. (I) and (J) Prognostic analysis of circMET expression in 94 NSCLC patients. GAPDH was used as an internal 
ŎƻƴǘǊƻƭΦ ϝt ғ лΦлрΣ ϝϝt ғ лΦлмΣ ϝϝϝ Ǉ ғ лΦллмΦ 
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Table 1. Correlations between circMET with clinicopathologic features in 94 NSCLCs. 

Variable 
No. of patients 

P value* 
circMET low circMET high 

Age, year    

Ó60 32 27 0.246 

<60 20 15  

Gender    

Male 29 22 0.367 

Female 23 20  

Smoking    

Yes 38 25 0.523 

No 14 17  

Histologic type    

Squamous cell carcinoma 26 24 0.218 

Adenocarcinomas 19 16  

Others 7 2  

Tumor diameter(cm)    

Ò3 29 11 0.006 

>3 23 31  

TNM stage    

I-II  34 14 0.249 

III -IV 18 28  

Differentiation    

Well/moderate 34 12 0.015 

Poor 18 30  

Lymphatic metastasis    

Yes 13 31 0.008 

No 39 11  

Distant metastasis    

Yes 23 32 0.132 

No 29 10  

A chi-square test was used for comparing groups between low and high circMET expression. *, p<0.05 was considered significant. 

circMET directly sponges miR-145-5p in NSCLC cells 

 

Numerous previous studies have demonstrated that 

circRNAs are involved in transcriptional regulation by 

serving as miRNA sponges in cancer cells [24, 25]. 

Therefore, we attempted to explore whether circMET 

could bind to certain miRNAs in NSCLC progression. 

To confirm this idea, we next identified several 

potential miRNA candidates as a binding platform of 

circMET based on the StarBase v3.0 target prediction 

tool. After performing in vivo RIP with a probe 

specifically against circMET in A549 cells, we purified 

the cMET-associated RNAs by circRIP and analyzed 

the 63 candidate miRNAs in the complex. Interestingly, 

our results showed that the circMET and miR-145-5p 

levels were significantly enriched with the specific 

probe compared with those with the NC probe, while 

the other miRNAs had no or marginal enrichment 

(Figure 3A). Based on this, miR-145-5p may function 

as a critical miRNA that could bind to circMET in 

NSCLC cells. 

 

Subsequently, RIP assays were also performed in A549 

cells with antibodies against argonaute 2 (AGO2), and 

the results showed that circMET and miR-145-5p, but 

not circANRIL (a circular RNA reported not to bind to 

AGO2) [26, 27], were obviously enriched (Figure 3B). 

Thus, this result roughly suggested that circMET may 

provide a binding site for AGO2 and miRNAs. Next, to 

further elucidate the underlying mechanism, we also 

determined the luciferase activity of HEK-293T cells 

cotransfected with miR-145-5p mimics and a luciferase 
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Figure 2. circMET exerts oncogenic effects in NSCLC cell lines. (A) Relative expression of circMET in several human NSCLC cell lines 

was examined by qRT-PCR normalized to GAPDH expression. (B) and (C) The efficiency of transfection in the NCI-H1299 and NCI-H460 cell 
lines was confirmed by qRT-PCR analysis, whereas the circMET expression was unchanged. GAPDH was used as a control for loading. (D) and 
(E) Cell proliferation in NSCLC cells with different circMET expression was assessed by CCK-8 (D) and colony formation assays (E). (F) and (G) 
Cell invasion and migration abilities were assessed by Matrigel transwell (F) and wound healing assays (G), respectively. Scale bar: 100 µm. 
¢ƘŜ Řŀǘŀ ǿŀǎ ǊŜǇǊŜǎŜƴǘŜŘ ŀǎ ǘƘŜ ƳŜŀƴ ҕ {5Σ ϝ Ǉ ғ лΦлрΣ ϝϝ Ǉ ғ лΦлмΣ ϝϝϝ Ǉ ғ лΦллмΦ b{Υ ƴƻ ǎƛƎƴƛŦƛŎŀƴǘΦ 
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reporter containing wild-type or mutant target site for 

miR-145-5p sequences in circMET (Figure 3C). We 

observed that the luciferase reporter activity from only 

miR-145-5p with the wild-type circMET sequence had 

a remarkable reduction, whereas the mutant (not wild-

type) luciferase reporter activity did not significantly 

change from that of the NC RNA (Figure 3D). 

Additionally, miRNA pull-down assays were performed 

to further explore the binding affinity between circMET 

and miR-145-5p by transfecting NCI-H1299 cells with 

biotinylated miR-145-5p mimics. The result revealed 

that compared with the NC, circMET was obviously 

enriched while circANRIL had no enrichment (Figure 

3E). By performing the double FISH assay, the 

colocalization of circMET with miR-145-5p was visible 

in the merged image (Figure 3F). Overall, the above 

experiments illustrated that circMET could directly 

sponge to miR-145-5p in NSCLC cells. 

 

MiR -145-5p targets CXCL3 and inhibits the 

progression of NSCLC cells 

 

To further explore the relationship between miR-145-5p 

and circMET, we upregulated circMET expression in 

A549 and 95D cells and simultaneously measured the 

relative expression of miR-145-5p. However, we 

observed that compared with the NC cells, cells with 

upregulated circMET expression had strikingly 

decreased miR-145-5p expression (Figure 4A and 4B). 

In addition, miR-145-5p has been confirmed to act as a 

 

 
 

Figure 3. circMET may function as a sponge for miR-145-5p. (A) CircRIP experiments were performed in A549 cells using a circMET 

probe and NC probe. (B) RIP assays were performed on extracts from NSCLC cells using an antibody against AGO2. (C) The putative miR-145-
5p binding sites with respect to circMET were predicated by StarBase v3.0. (D) The luciferase activity of pLG3-circMET in HEK-293T cells after 
cotransfection with miR-145-5p. (E) The level of circMET in the streptavidin-captured fractions from the NSCLC cell lysates after transfection 
with biotinylated miR-145-5p or control RNA (NC). cANRIL was used as a NC. (F) Colocalization between miR-145-5p and circMET was 
ƻōǎŜǊǾŜŘ ōȅ ǘƘŜ ŘƻǳōƭŜ CL{I ŀǎǎŀȅΦ bǳŎƭŜƛ ǿŜǊŜ ǎǘŀƛƴŜŘ ǿƛǘƘ 5!tLΦ {ŎŀƭŜ ōŀǊΣ нлǳƳΦ ¢ƘŜ Řŀǘŀ ǿŀǎ ǊŜǇǊŜǎŜƴǘŜŘ ŀǎ ǘƘŜ ƳŜŀƴ ҕ {5Σ * p < 0.05, 
** p < 0.01, *** p < 0.001. NS: no significant. 
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Figure 4. circMET regulates miR-145-5p and targets the CXCL3 axis. (A) and (B) RT-qPCR analyses the mRNA levels of miR-145-5p 

expression after overexpressing circMET in NSCLC A549 and 95D cells. GAPDH was used as a loading control. (C) The putative miR-145-5p 
ōƛƴŘƛƴƎ ǎƛǘŜ ƛƴ ǘƘŜ оΩ¦¢w ƻŦ /·/[о ǿŀǎ ǇǊŜŘƛŎŀǘŜd by StarBase v3.0. (D) the luciferase activity of pLG3-CXCL3 in HEK-293T cells after 
cotransfection with miR-145-5p. (E) and (F) RT-qPCR analyses CXCL3 expression after overexpressing circMET in NSCLC A549 and 95D cells. 
GAPDH was used as a control for loading. (G) and (H) CircMET significantly promoted the mRNA and protein levels of CXCL3 expression, 
whereas the effect was retarded after upregulation of miR-145-рǇΦ ¢ƘŜ Řŀǘŀ ŀǊŜ ǊŜǇǊŜǎŜƴǘŜŘ ŀǎ ǘƘŜ ƳŜŀƴ ҕ {5Σ ϝ Ǉ ғ лΦлрΣ ϝϝ Ǉ ғ лΦлмΣ ϝϝϝ Ǉ 
< 0.001. NS: no significant. 


