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CircDENND2A Promotes Non-small Cell Lung Cancer Progression via Regulating MiR-34a/CCNE1 Signaling
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The mechanism regulating non-small cell lung cancers (NSCLCs) is unclear. In this study, we aimed to determine the roles of DENN domain containing 2A (circDENND2A) in the progression of NSCLC. Circular RNAs (circRNAs) are composited by “head to tail” splicing of coding or non-coding RNAs (ncRNAs), whose crucial roles in human cancers had been revealed. CircDENND2A, a new circRNA, was revealed to induce cell proliferation and migration. Our data indicated that circDENND2A was a probable oncogene in human cancers. However, the roles of circDENND2A in NSCLC remained unknown. Here, we demonstrated that circDENND2A was down-regulated in NSCLC samples. Loss-of-function assays showed circDENND2A knockdown suppressed cell growth via inducing cell cycle arrest and apoptosis and inhibited cell migration and invasion. Bioinformatics analysis and competing endogenous RNA (ceRNA) network analysis revealed that circDENND2A was involved in regulating cell cycle and tumor protein p53 (TP53) signaling via miR-34a/CCNE1 (cyclin E1). Further validation showed that circDENND2A could directly bind to miR-34a, promoting CCNE1 expression in NSCLC. In addition, rescue assays demonstrated that restoration of CCNE1 significantly impaired the suppressive effects of circDENND2A silencing in terms of NSCLC growth, migration, and invasion. We thought this study indicated that circDENND2A/miR-34a/CCNE1 may be a potential therapeutic target for NSCLC.
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INTRODUCTION

The proportion of non-small cell lung cancers (NSCLCs) was about 85% among lung cancer (Gu et al., 2018; Luo et al., 2020). Although great progress has been made in the related researches on lung cancer, 5-year overall survival (OS) time in patients with NSCLC was not more than 15% because of distant metastasis in numerous NSCLC patients (Scheff and Schneider, 2013; Gu et al., 2016). Multiple “drivers” were identified to be related to the tumor genesis and metastasis of NSCLC, including protein, microRNAs (miRNAs), and long non-coding RNAs (lncRNAs) (Bousema et al., 2020; Chen Z. et al., 2020; Lee et al., 2020; Marin et al., 2020; No Authors, 2020). For example, GIAT4RA was found to be a carcinoma inhibitor in NSCLC via offsetting Uchl3-induced de-ubiquitination of LSH (Yang et al., 2019). A recent study demonstrated that LINC01234 promoted cell metastasis of NSCLC via causing VAV3 activation but BTG2 inhibition (Chen Z. et al., 2020). However, the molecular mechanisms regulating NSCLC metastasis are not well-understood.

Circular RNAs (circRNAs) have the characteristics of covalently closed continuous-loop shape (Wei et al., 2019; Kong et al., 2020). Multiple circRNAs were identified in human cells by virtue of high-throughput sequencing toolset. Increasing evidences demonstrated that circRNAs were involved in regulating lung cancer cell viability, apoptosis, autophagy, and invasion (Di et al., 2019). For instance, circPTPRA induced repression of epithelial–mesenchymal transition and NSCLC cell metastasis by sponging miR-96-5p (Wei et al., 2019). CircHIPK3 regulated autophagy by MIR124-3p-STAT3-PRKAA/AMPKα signaling in lung cancer with mutated STK11 (Chen X. et al., 2020) and retarded NSCLC apoptosis by sponging miR-149 (Lu et al., 2020). Down-regulation of circRNA ciRS-7 resulted in NSCLC apoptosis (Su et al., 2018). To explore unknown molecular functions and roles of circRNAs in NSCLC is therefore extremely important, suggesting it would be helpful for us to identify novel biomarkers for NSCLC.

DENND2A is a member of guanine nucleotide exchange factor (GEF), which may activate RAB9A and RAB9B. DENND2A may play a role in late endosomes back to trans-Golgi network (TGN) transport. CircDENND2A, a new circRNA, was revealed to induce cell proliferation and migration but declined apoptosis in H9C2 cells (Shao et al., 2020). Meanwhile, circDENND2A enhanced migration and invasion of glioma cells (Su et al., 2019). Our data indicated that circDENND2A was a probable oncogene in human cancers. However, the roles of circDENND2A in NSCLC remained to be unknown. Here, we identified the circDENND2A expression level in NSCLC specimens and revealed the potential functions of this circRNA in NSCLC using loss-of function assays. Up to date, we are the first to reveal that circDENND2A was a newly produced indicator for prognosis and a promising target in NSCLC therapy.



MATERIALS AND METHODS


Patients and Samples

In total, 20 pairs of NSCLC tissues and adjacent normal ones in treated NSCLC patients (from Jan 2013 to Jan 2016) were collected from our hospital. Our experiments were conducted after the approval of the Board and Ethics Committee of our hospital. All the subjects unanimously consented with written informed documents. All the harvested samples were kept in liquid nitrogen for the following use.



Cell Culture

NSCLC cells including A549 and H1299 were ordered from the American Type Culture Collection (ATCC) (Maryland, United States) and kept in Roswell Park Memorial Institute (RPMI) 1640 medium (GINSCLCO, Thermo Fisher Scientific, Inc., Waltham, MA, United States) supplied by 10% fetal bovine serum (FBS) and 1% penicillin/streptomycin (HyClone; GE Healthcare Life Sciences, Logan, UT, United States) at 37°C incubator with 5% CO2.



Extraction and Quantitation of RNA

TRIzol (Thermo Fisher Scientific, United States) was applied to extract whole RNA from tissues and cells as the manufacturer described. Nanodrop spectrophotometer (Thermo Fisher Scientific, United States) was performed to quantify RNA. Reverse Transcription Kit (TaKaRa, Japan) was used to perform reverse transcription for circRNA and mRNA per the manufacturer’s instruction. Quantitative real-time PCR (qRT-PCR) was run on Mx3005P QPCR Systems (Agilent Technologies, Inc., United States) as the manual described. GAPDH and small nuclear U6B were separately considered as internal reference for circRNAs and miRNAs. Primers used in this part were derived from Biosune (Shanghai, China). 2–ΔΔCt method was applied to calculate relative gene expression. The primers are as follows: circDENND2A forward, 5′-TGAACAGAAGACTGTGGACCG-3′ and reverse, 5′-CAGTCTCTAGGAATGGAATGGAGG-3′; DENND2A forward, 5′-AACTGAAGGCCATTCCCCAG-3′ and reverse, 5′-TCTTCGGCAGTAACCGAACC-3′; β-actin forward, 5′-ATCATTGCTCCTCCTGAGCG-3′ and reverse, 5′-ACTCCTGCTTGCTGATCCAC-3′; and DENND2A for- ward, 5′-CGGCTCGCTCCAGGAA-3′ and reverse, 5′-TCATCT GGATCCTGCAAAAAAA-3′.



Cell Viability Assay

A total of 3 × 103 of siRNA-transfected cells in each well were inoculated in 96-well plates overnight. At the following day, Cell Counting Kit-8 (CCK-8) kit (Promega, United States) was applied to detect cell viability as indicated by the manufacturer. The optical density (OD) value of 492 nm was detected with the use of Microplate Reader (Multiskan Sky, Thermo Fisher Scientific).



Competing Endogenous RNA Analysis and Target Prediction

We predicted the circRNA/miRNA interaction using the CircNet database1, and we constructed a circRNA–miRNA–gene regulatory networks using the Cytoscape software. The potential miRNA binding sites on circRNAs were predicted through RNA22 v2 and RNAhybrid.



Migration and Invasion Assay

Cell migration and invasion were detected in BD 24-well Transwell chamber (Costar, Massachusetts, United States) in the presence or absence of pre-coated Matrigel as the manual declared. A total of 6 × 104 cells in 500 μl of medium without serum were put to insert, and the corresponding volume of the medium with 10% FBS as chemoattractant was set in a lower chamber. At the following day, cells with invasion that occurred at the lower surface of the insert were fixed and dyed with 1% crystal violet, followed by counting and capturing.



Flow Cytometry Assay

Flow cytometry assay (FACSCalibur, BD Biosciences) was applied to detect cell apoptosis and cell cycle. Annexin V-FITC Apoptosis Kit (BD Biosciences) was used to measure cell apoptosis as the manual suggested. Propidium iodide (PI) along with Ribonuclease A (Sigma) was added into cells to measure cell cycle progression as referred to in the protocol of the manual.



Luciferase Reporter Assay

PGL3-Basic luciferase construct (GenePharma, Shanghai, China) containing circDENND2A-WT, circDENND2A-mutant, CCNE1-WT, and CCNE1-mutant was used as a reporter expression cassette to execute luciferase reporter assay. The above-mentioned reporter expression cassette and microRNAs were co-transfected into cells by Lipofectamine 2000 (Life Technologies). Dual-luciferase reporter assay system (Promega, Madison, WI, United States) was consequently performed to determine luciferase activity after relative to internal control renilla after 48-h transfection.



Western Blot Analysis

Harvested cells were lysed by radioimmunoprecipitation assay (RIPA) buffer. Protein separation was executed by sodium dodecyl sulfate–polyacrylamide gel electrophoresis (SDS-PAGE) analysis, followed by transferring to polyvinylidene difluoride (PVDF) membranes and incubating with respective primary antibodies overnight, such as 1:1,000 diluted anti-GAPDH antibody (Sigma) and anti-CCNE1 antibody (ab138222, Abcam). Enhanced chemical luminescence solution (32109; Thermo Fisher Scientific) was used for detecting band intensity.



Statistical Analysis

GraphPad Prism 7.0 (GraphPad, La Jolla, CA, United States) was conducted to perform statistical analysis. Our data were represented as mean ± SD (standard deviation). The difference of the two compared groups was counted by Student t-test. The progression-free survival (PFS) and OS between two groups was analyzed by Kaplan–Meier method and the log-rank test. Significant difference means P-value is not more than 0.05.



RESULTS


CircDENND2A Level Was Largely Up-Regulated While DENND2A Level Was Decreased in Non-small Cell Lung Cancer Tissues

We firstly detected the expression pattern of DENND2A in NSCLC, which was the corresponding liner RNA of circDENND2A. As presented in Figure 1, we found that DENND2A was significantly suppressed in lung adenocarcinoma (LUAD) and lung squamous cell carcinoma (LUSC) samples compared with normal tissues (Figure 1A). Kaplan–Meier analysis demonstrated that higher expression levels of DENND2A were correlated to longer survival time in patients with NSCLC, LUAD, and LUSC by using the Kaplan–Meier plotter database (Figures 1B–D). These findings suggested that DENND2A may serve as a tumor suppressor.
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FIGURE 1. CircDENND2A is up-regulated in NSCLC. (A) GEPIA database indicated DENND2A was up-regulated in NSCLC samples compared with normal tissues. (B–D) Kaplan–Meier analysis demonstrated that higher expression levels of DENND2A correlated to longer survival time in patients with NSCLC, LUAD, and LUSC by using Kaplan–Meier plotter database. (E,F) The high expression levels of DENND2A (E) and circDENND2A (F) in 20 paired NSCLC tissues by qRT-PCR (**P < 0.01). NSCLC, non-small cell lung cancer; GEPIA, Gene Expression Profiling Interactive Analysis; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma.


To further validate the above findings, we performed qRT-PCR analysis to detect circDENND2A and DENND2A expression patterns in NSCLC tissues and adjacent normal ones of 20 NSCLC patients. Figure 1C demonstrates that DENND2A expression was hugely suppressed in NSCLC tissues when compared with that in adjacent normal ones (Figure 1C). However, circDENND2A was up-regulated in NSCLC samples (Figure 1D). These results showed circDENND2A may have an opposite role in NSCLC as compared with DENND2A.



Reduced CircDENND2A Retarded Non-small Cell Lung Cancer Cell Viability, Migration, and Invasion

A549 and H1299 cells were selected to conduct loss-of-function assay and further explored whether circDENND2A exerted effects on NSCLC cell biological function. For that purpose, we firstly performed qRT-PCR analysis to verify that circDENND2A expression was indeed ablated after transfection of siRNA (Figure 2A). However, the expression of DENND2A was not affected after transfection of siRNA (Figure 2B). Cell Counting Kit-8 (CCK-8) assay was then executed and demonstrated that reduced circDENND2A immensely repressed capacity of A549 (Figure 2C) and H1299 cell viability (Figure 2D). Flow cytometry assessment was carried out to validate the effects on NSCLC cell apoptosis (Figure 2E) and cycle (Figure 2F) induced by circDENND2A. Our data indicated that down-regulation of circDENND2A largely induced A549 and H1299 cell apoptosis (Figure 2E) and restrained cell cycle at G0/G1 stage (Figure 2F). Transwell assay demonstrated that decreased circDENND2A resulted in greatly attenuated ability of NSCLC cell migration (Figures 2G,H) and invasion (Figures 2I,J).
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FIGURE 2. CircDENND2A promoted tumorigenesis in NSCLC cells. (A,B) Expression of circDENND2A and DENND2A was confirmed by qRT-PCR in A549 and H1299 cells transfected with Si-NC or Si-circDENND2A. (C,D) Knockdown of circDENND2A significantly inhibited cell proliferation of A549 (C) and H1299 (D) cells by CCK-8 assay. (E) Cell apoptosis was determined by flow cytometry in A549 and H1299 cells transfected with Si-NC or Si-circDENND2A. (F) Cell cycle was determined by flow cytometry in A549 and H1299 cells transfected with Si-NC or Si-circDENND2A. (G–J) Transwell assay was used to detect the migration and invasion of A549 (G,H) and H1299 (I,J) cells transfected with Si-NC or Si-circDENND2A. Our data were represented as mean ± SD (standard deviation) (*P < 0.05, **P < 0.01). NSCLC, non-small cell lung cancer; CCK-8, Cell Counting Kit-8.




Bioinformatics Analysis of CircDENND2A

We performed bioinformatics analysis to uncover the mechanisms of circDENND2A in NSCLC. Previous studies revealed that circRNAs-mediated modulation of miRNA level via sponging miRNA. To uncover whether circDENND2A sponged miRNA to regulate NSCLC cell progress, candidate miRNAs related to circDENND2A were forecasted by public bioinformatics tool Starbase2 and CircInteractome3, as previous study described (Gu et al., 2020). A total of 9,865 potential targets of circDENND2A were obtained. Then, we extracted different expressed genes in NSCLC using GEPIA datasets. Finally, we constructed circDENND2A associated competing endogenous RNA (ceRNA) networks, which included 39 miRNAs and 867 differently expressed mRNAs (Figure 3).
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FIGURE 3. Construction of circDENND2A associated ceRNA network. CircDENND2A associated ceRNA networks included 39 miRNAs and 867 differently expressed mRNAs. Purple node, circDENND2A; yellow nodes, miRNAs; blue nodes, mRNAs. ceRNA, competing endogenous RNA; miRNA, microRNA.


Then, we employed bioinformatics analysis for this network. As presented in Figure 4, the results showed that circDENND2A was involved in signaling pathways regulating pluripotency of stem cells via OTX1, LIFR, SMAD9, JAK2, MAPK11, FZD4, KLF4, TBX3, AXIN2, BMPR2, ID4, ID2, ID3, FGFR1, AKT3, FGF2, FGFR4, PIK3R1, and MEIS1, and also related to cell cycle and TP53 signaling via CHEK1, RRM2, YWHAZ, GTSE1, CCNE1, MAD2L1, CDC14A, CDKN2D, PLK1, TTK, GADD45B, CDC45, CCNA2, CDK1, SESN1, CDC25C, MCM2, IGFBP3, BUB1B, MCM4, PERP, CCND2, and THBS1.
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FIGURE 4. Bioinformatics analysis of circDENND2A associated ceRNA network. CircDENND2A associated ceRNA networks included 39 miRNAs and 867 differently expressed mRNAs. Purple node, circDENND2A; yellow nodes, miRNAs; blue nodes, mRNAs. ceRNA, competing endogenous RNA; miRNA, microRNA.




CircDENND2A Sponged MiR-34a and Induced CCNE1 Expression

The present study focused on exploring the effect of circDENND2A on CCNE1, which is a key cell cycle regulator. Three candidate miRNAs (miR-154, miR-339, and miR-34a) were predicted to target CCNE1 and circDENND2A, which acted as tumor inhibitors. qRT-PCR assay showed that overexpression of miR-154 and miR-34a suppressed circDENND2A levels (Figure 5A). Previous reports revealed that miR-34a was a tumor inhibitor and that its expression was weak in numerous cancers (Li et al., 2018; Haghi et al., 2019; Luo et al., 2019). Our data verified that miR-34a level was down-regulated in NSCLC tissues (Figure 5B). Subsequent dual-luciferase reporter assay was carried out to make forward to exploring whether circDENND2A possessed direct interaction with miR-34a. Our data illustrated that miR-34a mimics could greatly abolish the luciferase activity of the WT-circDENND2A instead of that of MUT-circDENND2A (Figure 5C). The opposite conclusion was demonstrated in miR-34a inhibitor-treated A549 and H1299 cells (Figure 5C). Simultaneously, reduced circDENND2A expression level notably enhanced miR-34a expression level (Figure 5D), revealing that miR-34a was modulated by circDENND2A and was downstream target of circDENND2A.
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FIGURE 5. CircDENND2A directly interacted with miR-34a and promoted CCNE1 expression. (A) CircDENND2A expression was detected after overexpression of miR-154, miR-34a, and miR-339. (B) The expression of miR-34a in tumor tissues was significantly down-regulated. (C) The relative luciferase activities were detected in the A549 transfected with the miR-34a or miR-34a inhibitors, reporter vector WT-circDENND2A, or MUT-circDENND2A. (D) The expression of miR-34a was inhibited in A549 and H1299 cells transfected with Si-circDENND2A. (E) The expression of CCNE1 was determined by qRT-PCR in A549 and H1299 cells transfected with NC, miR-34a inhibitor, and miR-34a mimics. (F) Western blot assay showed that miR-34a mimics could suppress CCNE1 level in A549 cells. (G) The relative luciferase activities were detected in the A549 transfected with the miR-34a or miR-34a inhibitors, reporter vector WT-CCNE1, or MUT-CCNE1 (*P < 0.05, **P < 0.01).


Our analysis suggested that miR-34a possessed binding site of CCNE1. Finally, miR-34a mimics could hinder CCNE1 level in NSCLC cells (Figure 5E). However, knockdown of miR-34a enhanced CCNE1 expression in A549 and H1299 (Figure 5E). Western blot assay showed that miR-34a mimics could suppress CCNE1 level in A549 cells (Figure 5F). We then conducted luciferase reporter assay to deeply unearth the interaction between miR-34a and CCNE1. Our data showed that miR-34a mimics decreased WT-CCNE1 3′-UTR activity instead of MUT-CCNE1 3′-UTR activity (Figure 5G). Our data revealed that circDENND2A mediated heightened CCNE1 expression in NSCLC cells through sponging miR-34a.



Rescued CCNE1 Reversed Decreased CircDENND2A-Mediated Hindered Effects on Non-small Cell Lung Cancer Cell

Then, we applied gain-of-function assays for CCNE1 in NSCLC cells. The results showed that both RNA and protein levels of CCNE1 were up-regulated in A549 cells after overexpressing CCNE1 overexpression plasmids (Figures 6A,B). To further validate if circDENND2A functioned via regulation of CCNE1 expression, we overexpressed CCNE1 in circDENND2A-knockdown NSCLC cells. As presented in Figures 6C,D, CCK-8 assay indicated that rescued CCNE1 level could evidently reverse the influence of down-regulated circDENND2A-induced restraint NSCLC cell growth (Figures 6C,D). Additionally, Transwell assay displayed that overexpression of CCNE1 could undermine inhibitory influence of decreased circDENND2A-mediated cell migration and invasion of NSCLC (Figures 6E–G). Collectively, our data demonstrated that circDENND2A actuated cell viability, migration, and invasion via increasing CCNE1 level through sponging miR-34a in NSCLC.
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FIGURE 6. Restoration of CCNE1 impaired the inhibitory effects of circDENND2A silencing. (A,B) The mRNA (A) and protein (B) expression of CCNE1 was determined in A549 cells of circDENND2A knockdown. (C,D) CCK-8 assays demonstrated that CCNE1 overexpression could largely reverse the suppressive effects of circDENND2A silencing on proliferation of A549 and H1299 cells. (E–G) CCNE1 overexpression partly reversed the suppressive effects of circDENND2A silencing on migration and invasion of A549 and H1299 cells (*P < 0.05, **P < 0.01). CCK-8, Cell Counting Kit-8.




CCNE1 Level Was Up-Regulated in Non-small Cell Lung Cancer Tissues

We detected the expression pattern of CCNE1 in NSCLC. As presented in Figure 1, we found that CCNE1 was significantly suppressed in LUAD and LUSC samples compared with normal tissues (Figure 7A). Kaplan–Meier analysis demonstrated that higher expression levels of CCNE1 were correlated to longer survival time in patients with NSCLC, LUAD, and LUSC using the Kaplan–Meier plotter database (Figures 7B–D).
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FIGURE 7. CCNE1 is up-regulated in NSCLC. (A) GEPIA database indicated CCNE1 was up-regulated in NSCLC samples when compared with normal tissues. (B–D) Kaplan–Meier analysis demonstrated that higher expression levels of CCNE1 correlated with longer survival time in patients with NSCLC, LUAD, and LUSC by using the Kaplan–Meier plotter database (*P < 0.05). NSCLC, non-small cell lung cancer; GEPIA, Gene Expression Profiling Interactive Analysis; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma.




DISCUSSION

CircRNAs are composited by “head to tail” splicing of coding or non-coding RNAs (ncRNAs) (Bonnici et al., 2014). Increasing evidences demonstrated that circRNAs may play different even opposite effects on the cancer progression compared with their parental genes. For example, current studies have shown that FOXO3a was a carcinoma inhibitor (Warr et al., 2013; Liu et al., 2015). However, Kong et al. (2019) identified that circFOXO3 impelled prostate cancer development via sponging miR-29a-3p, and Zhang et al. (2019) revealed that circFOXO3 caused glioblastoma progress by competitive action with endogenous RNA for NFAT5. CircDENND2A was a novel circRNA and promoted glioma progression (Su et al., 2019). However, the expression levels and molecular functions of this circRNA in NSCLC remained largely unclear. The present study revealed that circDENND2A was up-regulated; however, DENND2A was down-regulated in 15 paired NSCLC samples. DENND2A belonged to class of DEEND2 gene family and was reported to be a particular GEF, which activated RAB9A and RAB9B and participated in trafficking between the TGN and late endosomes (Yoshimura et al., 2010). Previous studies indicated that DENND2A was related to ischemic stroke and Parkinson’s disease (Lang et al., 2019). Nevertheless, the function of DENND2A in cancers remained elusive. In order to further validate these findings, we analyze DENND2A mRNAs levels between NSCLC samples and normal lung tissues by using public databases. We found that DENND2A was significantly reduced in both LUAD and LUSC. Higher expression levels of DENND2A were correlated to longer OS and PFS time in patients with NSCLC.

CircDENND2A had been demonstrated to be an oncogene in glioma and enhanced glioma cell migration and invasion (Su et al., 2019; Shao et al., 2020). In myocardial ischemia model, circDENND2A was involved in promoting cell viability and migration but declining apoptosis of H9c2 (Shao et al., 2020). Our study firstly showed circDENND2A served as an oncogene in NSCLC through CCK-8 assay and Transwell assay. Ablated circDENND2A largely reduced biological performance of NSCLC cells. Emerging reports have manifested that circRNAs post-transcriptionally affected the expression of downstream targets through sponging miRNAs and acted as ceRNAs. For example, circPTPRA obstructed transition of epithelial–mesenchymal and metastasis via sponging miR-96-5p in NSCLC cells (Wei et al., 2019). CircRNA HIPK3 induced cell proliferation but repressed apoptosis in NSCLC through sponging miR-149 (Lu et al., 2020). CircRNA hsa_circ_0023404 induced viability, migration, and invasion in NSCLC via sponging miR-217 to enhance ZEB1 expression (Liu et al., 2019). In our study, bioinformatics analysis and dual-luciferase reporter experiments verified that circDENND2A directly targeted to miR-34a. Moreover, we found that decreasing circDENND2A largely raised miR-34a level. miR-34a was found to suppress cancer development in colon cancer (Sun et al., 2018), gastric cancer (Zhang et al., 2020), osteosarcoma, pancreatic ductal adenocarcinoma, breast cancer, and prostate cancer. In NSCLC, miR-34a was found to inhibit tumor genesis via targeting SIRT6 (Ruan et al., 2018), hindering cell viability, inducing apoptosis, and blocking cell-cycle progress through epidermal growth factor receptor (EGFR) (Yin et al., 2013) and to modulate ionizing radiation-induced senescence via targeting c-MYC and regulating gefitinib-acquired resistance via targeting Axl. These reports suggesting that miR-34a played a crucial role in NSCLC.

Then, bioinformatics analysis and luciferase reporter experiment displayed that miR-34a targeted to CCNE1 and performed negative regulation of its level. CCNE1 functioned as an elementary modulator in G1/S cell cycle (Wang et al., 2009). Aberrant increased CCNE1 indeed enhanced CDK2 conversely resulting in substrate phosphorylation of pRb, thus causing peculiar cell viability (Neganova et al., 2011). CCNE1 is found to be an oncogene in multiple cancer types, such as gastric cancer, colorectal cancer, prostate cancer, and NSCLC (Etemadmoghadam et al., 2010; Amininia et al., 2014; Pils et al., 2014; Kim et al., 2016; Noske et al., 2017). MiRNAs were considered as important regulators of CCNE1. MiR-15b (Yuan et al., 2019), miR-195 (Wang et al., 2019), and miR-34a (Han et al., 2015) were reported to regulate CCNE1 expression in multiple cancers. Here, our data revealed that miR-34a controlled CCNE1 expression level by targeting to CCNE1. Nevertheless, circDENND2A sponged miR-34a to induce CCNE1 expression in NSCLC cells. Moreover, rescue experiment indicated that circDENND2A played an oncogenic part in CCNE1-dependent way.

Several limitations should be noted in this study. First, the correlations between circDENND2A expression and survival time in NSCLC remained unclear. In the future study, we will collect more clinical samples to analyze the correlations among them. Second, the present study aimed to explore the potential functions of circDENND2A in NSCLC. However, the detailed mechanisms of DENND2A in NSCLC remained to be further investigated. The loss- or gain-of-function assays should be applied in the future study.

In summary, our study firstly demonstrated that circDENND2A is an oncogene in NSCLC. More importantly, our data illustrated that reduced circDENND2A protected cell viability and migration via targeting miR-34a/CCNE1 axis, revealing a newly generated target on circDENND2A in NSCLC therapy.
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