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Introduction: Long non-coding RNAs (lncRNAs) exhibit crucial roles in human tumors. However, the role of lncRNA CARD8-AS1 in lung adenocarcinoma remains elusive. This study investigated the role of CARD8-AS1 in lung adenocarcinoma.
Materials and Methods: The expression of CARD8-AS1 was detected by RT-qPCR analysis and confirmed using an online database. The clinical value of CARD8-AS1 was evaluated using the Kaplan-Meier curve and multivariate Cox regression analyses. The effects of CARD8-AS1 on cancer cell proliferation, migration, and invasion potential were assessed through several cellular experiments. Western blot assay was used to measure Bcl-2 and Bax protein levels. The interaction among CARD8-AS1, miR-650, and Bax, was assessed using a dual-luciferase reporter assay.
Results: The expression of CARD8-AS1 was decreased in lung adenocarcinoma tissues and cell lines (p < 0.001). Low expression of CARD8-AS1 was related to tumor size (p = 0.042), TNM stage (p = 0.021), lymph node metastasis (p = 0.025), and poor overall survival (p < 0.05). Elevated expression of CARD8-AS1 could suppress cellular viability, migration potential, and invasion ability (p < 0.05). The Bcl-2 protein levels were decreased while Bax levels were increased by overexpression of CARD8-AS1 (p < 0.001). miR-650 may thus be a direct target of CARD8-AS1 and Bax may be a direct target of miR-650.
Discussion: CARD8-AS1 expression was downregulated in lung adenocarcinoma and associated with several clinical parameters. CARD8-AS1 exerted tumor-suppressive effects by targeting the miR-650 and then regulating Bax expression. CARD8-AS1/miR-650 may serve as novel prognostic biomarkers and potential therapeutic targets for the treatment of lung adenocarcinoma.
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INTRODUCTION
Non-small cell lung cancer (NSCLC) is the main histological type of lung cancer (accounts for approximately 85% of all newly diagnosed cases), while lung adenocarcinoma, a sub-classification of NSCLC shows high morbidity and mortality, [1]. In the past decades, considerable progress has been made in surgical treatment, radiotherapy, chemotherapy, molecular targeted therapy, and immunotherapy for lung cancer [2–4]. However, most NSCLC patients are already in the advanced stage during their initial diagnosis, resulting in a poor five-year overall survival rate of these patients [5]. In order to improve survival from lung adenocarcinoma, new biomarkers, therapeutic targets, and drugs for treating patients with lung adenocarcinoma are needed.
Long non-coding RNAs (lncRNAs) have been identified using high-throughput sequencing technologies. They represent a class of non-coding RNAs with lengths of 200 nucleotides in length [6]. Previous studies have demonstrated that lncRNAs play a role in the regulation of cell cycle, and cell differentiation [7]. Accumulating evidence suggests that lncRNAs are aberrantly regulated in various cancer types and may exhibit crucial roles in tumor progression, along with cell migration, proliferation, genomic stability, and survival in patients with lung adenocarcinoma [8–10]. The expression of lncRNAs is involved in major mechanisms of cancer-related gene expression regulation, including transcription regulation [11]. Therefore, the mechanisms underlying molecular regulation of tumor-related lncRNAs in lung adenocarcinoma have become the focus of research [12].
Many lncRNAs are involved in the progression of lung adenocarcinomas, including lncRNA ZFAS1 [13] and lncRNA GMDS-AS1[9]. LncRNA CARD8-AS1 (CARD8-AS1), located on chromosome 19, is reportedly dysregulated in ovarian cancer and glioma and associated with patients’ survival [14, 15]. A recent study has identified several abnormally expressed lncRNAs in lung cancer, including GATA6-AS1, ADAMTS9-AS2, and CARD8-AS1 [16]. Nevertheless, the detailed role of CARD8-AS1 in lung adenocarcinoma remains unclear.
In this study, CARD8-AS1 in lung adenocarcinoma was detected at low levels compared to adjacent non-malignant tissue. The abnormal expression of CARD8-AS1 was significantly related to the clinical outcome of patients with lung adenocarcinoma. The increased expression of CARD8-AS1 could weaken tumor cell proliferative capacities, migrative abilities, and invasion potential. miR-650 may serve as a sponge for CARD8-AS1. These results suggest that CARD8-AS1 plays a crucial role in tumor progression in lung adenocarcinoma and may serve as a potential prognostic marker.
MATERIALS AND METHODS
Collection of Lung Adenocarcinoma Tissue Specimens
The study protocol was approved by the Ethics Committee of Shanghai General Hospital (IRB number: 20141009). All subjects signed informed consent. A total of 129 patients with lung adenocarcinoma who consented to treatment at the Shanghai General Hospital between October 2014 and September 2016 were included in the study. Patients were enrolled based on the following inclusion criteria: 1) tissue samples were diagnosed by histopathological examination and patients signed informed consents before surgery, 2) no preoperative treatment, 3) normal functions of main organs (liver, heart, and kidney), 4) complete clinical records. A total of 129 pairs of cancer and adjacent non-cancerous tissues were obtained by surgical resection and stored in liquid nitrogen. The clinical characteristics of patients and five-year overall survival information were collected, recorded, and anonymized for analysis of clinical data.
Online Database Validation
An online database starBase v2.0 [17] (https://starbase.sysu.edu.cn/index.php) was employed to validate the clinical results, including the expression pattern and prognostic value of CARD8-AS1.
Cell Culture
The lung adenocarcinoma cell lines, including A549, NCI-H23, PC9, H1975, Calu-3, and normal lung cells, BEAS-1B, were purchased from the Cell Bank of Type Culture Collection of the Chinese Academy of Sciences (Shanghai, China). The DMEM (Gibco, MD, USA) supplemented with 10% FBS was used to culture cells in a humidified atmosphere with 5% CO2 were used for cell culture at 37°C.
Cell Transfection
The pcDNA3.1-CARD8-AS1 (namely CARD8-AS1), and negative control pcDNA3.1 plasmid (namely NC) plasmids, miR-650 mimic (5′-AGG​AGG​CAG​CGC​UCU​CAG​GAC-3′), mimic negative control (mimic NC, 5′-GGA​CCA​AAT​CTC​GAG​ATT​TGG-3′), miR-650 inhibitor (5′-GUC​CUG​AGA​GCG​CUG​CCU​CCU-3′), and inhibitor NC (5′-UUC​UCC​GAA​CGU​GUC​ACG​UU-3′) were purchased from Shanghai GenePharma (China). The above plasmid constructs were transfected into A549 and PC9 cells using Lipofectamine 2000 (Invitrogen, Carlsbad, USA). The control group comprised untreated cells.
Real-Time Quantitative PCR
Total RNA isolation from lung adenocarcinoma tissues was performed using TRIzol reagent (Invitrogen). The total RNA was reverse transcribed into cDNA using Primpscript RT reagent kit (TaKaRa, Dalian, China) or Mir-X miRNA First-Strand Synthesis Kit (TaKaRa) for lncRNA or miRNA, respectively, before RT-qPCR. Subsequently, RT-qPCR was conducted using the SYBR Premix Ex Taq kit (Takara) or Taqman miRNA assays (Applied Biosystems) in triplicates. The relative expression of CARD8-AS1 or miR-650 were normalized to that of GAPDH or U6, respectively. The sequences for PCR were as follows: CARD8-AS1, 5′–CCT​CCC​AGG​TTC​AAG​CGA​TT-3′ (forward) and 5′-GAT​TCC​TCC​AGG​CTG​TGA​CC-3′ (reverse); miR-650, 5′-GCC​GAG​AGG​AGG​CAG​CGC​T-3′ (forward) and 5′- CTC​AAC​TGG​TGT​CGT​GGA-3′ (reverse); GAPDH, 5′-CTG​GGC​TAC​ACT​GAG​CAC​C-3' (forward) and 5′-AAG​TGG​TCG​TTG​AGG​GCA​ATG-3′ (reverse); and U6, 5′-GCT​TCG​GCA​GCA​CAT​ATA​CTA​AAA​T-3′ (forward) and 5′-CGC​TTC​ACG​AAT​TTG​CGT​GTC​AT-3′ (reverse).
CCK-8 Viability Assay
Cell proliferation was measured by a cell counting kit-8 assay. The cells (2000 cells) were seeded into 96-well plates after 24 h of transfection. The 10 μl CCK-8 (Dojindo, Japan) reagent was added to each well after culture for 0, 24, 48, and 72 h, respectively. After incubation for 2 h at 37°C, the optical density (OD) value at 450 nm was measured using a microplate reader.
Western Blot Assay
The expression changes of Bcl-2 and Bax protein were determined using a western blot assay. After transfection, cells were collected and lysed with RIPA buffer to extract protein. The protein concentration was measured using the BCA protein assay kit (Beyotime). Then protein was separated using denaturing 10% SDS-PAGE and transferred to nitrocellulose membranes. The membranes were treated with blocking buffer and incubated with the primary antibodies against Bcl-2, Bax, or GAPDH (Abcam) at 4°C overnight, respectively. After washing with TBST, the membranes were incubated with the secondary antibody (Abcam) at 37°C for 1 h. Protein signals were detected using an ECL detection system and quantified using ImageJ software.
Transwell Migration and Invasion Assays
For the transwell migration assay, the A549 and PC9 cells (4 × 104 cells) in DMEM medium without FBS were placed at the top chamber (Corning, USA) with a noncoated membrane. To the lower chambers, a 500 μl DMEM medium with 10% FBS was added. After incubation for 24 h, the cells on the lower surface of the membrane were stained with 0.1% crystal violet for 30 min. For the transwell invasion assay, the matrigel chamber (BD, San Jose, USA) was used. The other steps were in line with those of the transwell migration assay. The cells were counted in five fields of view for each sample under a microscope.
Luciferase Reporter Assay
The online database LncBase Predicted v.2 and Targetscan were used to assess the potential targets of lncRNA and miRNA, respectively. Among these miRNAs, miR-650 was reportedly upregulated in lung adenocarcinoma and had a prognostic value [18], thus it was chosen to confirm its interplay with CARD8-AS1.
The wild-type (WT-) or mutant (MUT-) constructs of CARD8-AS1 3′UTR, Bax 3′UTR containing miR-650 binding sites or a mutation at the predicted miR-650 was amplified, respectively, were amplified and fused with the pmirGLO (Promega, WI, USA) dual-luciferase vector. A549 and PC9 cells were co-transfected with miR-650 mimic, inhibitor, or NC and either CARD8-AS1 WT or MUT, as well as Bax WT or MUT, correspondingly. After 24 h of transfection, the firefly luciferase activity was detected using the dual-luciferase reporter kit (Promega, WI, USA) and normalized against the activity of Renilla luciferase activities.
Statistical Analysis
All statistical analyses were conducted and diagrams were drawn using the SPSS 20.0 software (SPSS, Chicago, IL, USA) and GraphPad Prism version 7.0 (GraphPad Software, CA, USA). Data were presented as mean ± standard deviation of three or more independent experiments. The Kaplan-Meier curve and multiple Cox regression analyses were used to evaluate the clinical prognostic significance of CARD8-AS1. For comparison of the differences between two groups, paired Students’ t-test was used, and for comparison of differences among three or more groups, one-way ANOVA or two-way ANOVA was employed. The χ2 test was used to analyze the association between CARD8-AS1 expression and clinical characteristics of patients. The criterion of statistical significance was defined at a p-value less than 0.05.
RESULTS
CARD8-AS1 Expression is Downregulated and is Inversely Associated With Overall Survival of Patients With Lung Adenocarcinoma
Initially, CARD8-AS1 expression in lung adenocarcinoma samples was assessed by RT-qPCR. The data in Figure 1A showed that CARD8-AS1 expression was down-regulated in lung adenocarcinoma tumor tissues as compared to para carcinoma normal tissues (p < 0.001). According to the median CARD8-AS1 expression level, all the patients were divided into the low CARD8-AS1- (n = 65) and the high CARD8-AS1 groups (n = 64). Subsequently, the clinical analyses revealed that low CARD8-AS1 expression was associated with tumor size (p = 0.042), TNM stage (p = 0.021), and lymph node metastasis (p = 0.025) but showed no significant relationship with age, sex, history of smoking or histological grade (Table 1).
[image: Figure 1]FIGURE 1 | Expression and clinical prognostic role of CARD8-AS1 in lung adenocarcinoma. (A) CARD8-AS1 is downregulated in lung adenocarcinoma tissues as compared to para carcinoma normal tissues (***p < 0.001). (B) Kaplan-Meier analysis showed that low expression of CARD8-AS1 is associated with an adverse overall survival (log-rank test p = 0.022). (C) Validation of the expression of CARD8-AS1 using an online database starBase v3.0 from 526 cancer and 59 normal samples in lung adenocarcinoma. (D) Validation the prognostic value of CARD8-AS1 in lung adenocarcinoma (log-rank p = 0.017).
TABLE 1 | Association between CARD8-AS1 and clinicopathological characteristics in 129 patients with lung adenocarcinoma.
[image: Table 1]Kaplan-Meier curve analysis with log-rank test showed that lung adenocarcinoma patients with low levels of CARD8-AS1 expression had poor survival compared to those with high CARD8-AS1 expression (log-rank test p = 0.022, Figure 1B). Further, multivariate Cox regression analysis suggested that CARD8-AS1 expression (p = 0.022) and TNM stage (p = 0.023) were independent risk factors associated with survival, which implied that CARD8-AS1 expression might be an independent prognostic risk factor associated with the overall survival of patients with lung adenocarcinoma (Supplementary Table S1).
Verification of the Expression of CARD8-AS1 and Prognosis Using an Online Database
The expression of CARD8-AS1 and its prognostic value was confirmed using an online database starBase v2.0, in which the expression data of genes in cancers were downloaded from the TCGA project [17]. The expression of CARD8-AS1 in 526 cancer samples was lower compared with non-cancerous tissue samples (Figure 1C). Moreover, patients with low CARD8-AS1 expression exhibited a poor survival rate compared to patients with high CARD8-AS1 (log-rank p = 0.017, Figure 1D). The above data confirmed the downregulation of CARD8-AS1 and its prognostic value in lung adenocarcinoma.
Downregulation of CARD8-AS1 Weakens the Cellular Behaviors of A549 and PC9 Cells
CARD8-AS1 expression in lung adenocarcinoma cells was evaluated to determine its potential role in the progression of lung adenocarcinoma. The expression of CARD8-AS1 was decreased significantly in the lung adenocarcinoma cells (A549, NCI-H23, PC9, H1975, and Calu-3) as compared to the normal BEAS-2B cells (p < 0.001, Figure 2A).
[image: Figure 2]FIGURE 2 | Functional role of CARD8-AS1 in A549 and PC9 cells. (A) Expression of CARD8-AS1 is lower in lung adenocarcinoma cell lines (A549, NCI-H23, PC9, H1975, and Calu-3) as compared to that in the normal lung cell line, BEAS-2B (***p < 0.001). (B) Cell transfection was conducted in A549 and PC9 cells using pcDNA3.1-CARD8-AS1 (***p < 0.001) plasmid construct. (C) Overexpression of CARD8-AS1 suppresses proliferation of A549 and PC9 cells (*p < 0.05, ***p < 0.001). (D) The Bcl-2 and Bax protein levels were measured using a western blot assay (***p < 0.001). (E) Increased expression of CARD8-AS1 restrains cellular migration abilities (***p < 0.001). (F) The invasive capacities of lung adenocarcinoma cells are inhibited by CARD8-AS1 overexpression (***p < 0.001).
To elucidate the role of CARD8-AS1 in lung adenocarcinoma, the pcDNA3.1-CARD8-AS1 plasmid was transfected into A549 and PC9 cells and the results as shown in Figure 2B suggested that CARD8-AS1 expression increased dramatically in transfected cells with pcDNA3.1-CARD8-AS1 (p < 0.001). The results of the CCK-8 assay revealed that the proliferation of A549 and PC9 cells reduced significantly upon transfection with CARD8-AS1 (p < 0.05, Figure 2C). Moreover, apoptotic molecules, Bcl-2 and Bax, were measured using a western blot assay. We observed that overexpression of CARD8-AS1 decreased Bcl-2 protein levels and increased Bax protein levels (p < 0.001, Figure 2D). Consistent with proliferation assay results, the migration ability (Figure 2E) and invasive capacity (Figure 2F) of A549 and PC9 cells were inhibited by CARD8-AS1 upregulation (p < 0.001).
CARD8-AS1 Sponges miR-650 in A549 Lung Adenocarcinoma Cells
We hypothesized that CARD8-AS1 upregulation restrained the tumorigenesis and progression of lung adenocarcinoma cells. The potential CARD8-AS1-related miRNAs were subsequently examined. As predicted by the bioinformatics database, Tool LncBase Predicted v.2, CARD8-AS1 contained binding sites which were complementary bound to the “seed sequence” of miR-650, as illustrated in Figure 3A. The expression of miR-650 was evaluated in tissue samples and the data suggested its upregulation in tumor tissues as compared to the para-carcinoma normal tissues (p < 0.001, Figure 3B). Moreover, the relative expressions of CARD8-AS1 and miR-650 were inversely correlated (p < 0.001, Figure 3C), whereby overexpression of CARD8-AS1 decreased miR-650 expression (p < 0.001, Figure 3D). To verify the interplay between CARD8-AS1 and miR-650, a dual-luciferase reporter assay was performed. The data showed that the relative luciferase activity of a vector expressing CARD8-AS1 WT decreased upon cotransfection with miR-650 mimic whilst being elevated with cotransfection with miR-650 inhibitor (p < 0.01) rather than CARD8-AS1 MUT (Figure 3E). These data confirmed that CARD8-AS1 could interact with miR-650 and served as a sponge for miR-650.
[image: Figure 3]FIGURE 3 | miR-650 is a potential target of CARD8-AS1, and Bax is a direct target of miR-650. (A) The putative binding sites for CARD8-AS1 and miR-650. (B) miR-650 expression increases in tumor tissues as compared to para-carcinoma tissues (***p < 0.001). (C) Correlation analysis between CARD8-AS1 and miR-650 expressions by Pearson analysis in lung adenocarcinoma tissues (r = −0.531, p < 0.001). (D) The expression of miR-650 decreases upon CARD8-AS1 overexpression in A549 cells (***p < 0.001). (E) Luciferase activity was measured in A549 and PC9 cells co-transfected with WT-CARD8-AS1 or MUT-CARD8-AS1 and miR-650 mimic, inhibitor, or NCs (*p < 0.05, **p < 0.01, ***p < 0.001). (F) The binding sites between Bax and miR-650. (G) Luciferase activity was measured in A549 and PC9 cells co-transfected with WT-Bax or MUT-Bax and miR-650 mimic, inhibitor, or NCs. (*p < 0.05, **p < 0.01).
Bax May Be a Potential Target of miR-650
Using the Targetscan online database, the binding sites between miR-650 and Bax were observed and are shown in Figure 3F. The dual-luciferase reporter assay indicated that the relative luciferase activities of Bax WT cells were decreased by a miR-650 mimic while increased by a miR-650 inhibitor (p < 0.05, Figure 3G). Whereas, the luciferase activity has no change in Bax MUT cells (Figure 3G). These findings suggested that Bax may be a direct target of miR-650.
DISCUSSION
In this study, lncRNA CARD8-AS1 was found to be downregulated in lung adenocarcinoma tissues and cells and could potentially mediate miR-650 function in lung adenocarcinoma. The downregulation of CARD8-AS1 was significantly associated with tumor size, TNM stage, lymph node metastasis, and poor survival. In cell lines increased expression of CARD8-AS1 reduces cell viability and affects cell migration and invasion abilities in lung adenocarcinoma cells by targeting miR-650.
Accumulating evidence demonstrates the functional and clinical roles of lncRNAs involved in tumor progression [19–21]. For instance, lincRNA OIN1 is oncogenic in ovarian cancer and a potential molecular target for its treatment [22]. Higher lncRNA ANRIL expression is related to increased metastases rates and reduced overall survival rate in osteosarcoma [23]. These studies suggest the vital roles of lncRNAs in regulating tumor progressions. In this study, CARD8-AS1 was downregulated in lung adenocarcinoma tissues, which suggested its role as a tumor suppressor. Moreover, the expression of CARD8-AS1 was related to clinical characteristics, such as TNM stage, lymph node metastasis, and tumor size, which implied that CARD8-AS1 expression may be associated with tumor progression.
Previous studies indicate the potential value of lncRNAs in the prognosis of several tumors [24, 25]. CARD8-AS1 is an aberrantly expressed lncRNA and is closely associated with ovarian cancer patients’ overall survival [14]. In the present study, the findings show that low CARD8-AS1 expression is associated with lung adenocarcinoma patients’ five-year overall survival. Additionally, CARD8-AS1 expression was an independent prognostic risk factor. These results suggested that CARD8-AS1 may serve as a prognostic biomarker in lung adenocarcinoma.
lncRNAs can regulate tumor progression through altering cellular viability, cellular migration, and invasion [26, 27]. To evaluate the functional role of CARD8-AS in lung adenocarcinoma, its expression in different lung adenocarcinoma cell lines was assessed. In line with the expression patterns in tumor tissues, CARD8-AS1 expression was also decreased in lung adenocarcinoma cell lines. Further results of the cellular experiments revealed that elevated expression of CARD8-AS1 reduced A549 and PC9 cell proliferation capacities, migration, and invasion potential. Moreover, upregulation of CARD8-AS1 decreased Bcl-2 protein levels and increased Bax protein levels. In all, these data implied that CARD8-AS1 may play tumor-inhibitory roles in the progression of lung adenocarcinoma.
The lncRNAs can target several miRNAs and the lncRNA-miRNA network serves a crucial role in tumors [28, 29]. For instance, linc00337 expression increases in lung adenocarcinoma, while its knockdown in cell lines could suppress cellular activities by targeting miR-1285-3p [27]. In this study, the potential CARD8-AS1-related miRNAs were predicted and examined. Among them, miR-650 was chosen to verify its interplay with CARD8-AS1. Several previous studies demonstrated that miR-650 expression is upregulated in lung cancer and can promote tumor cell proliferation and invasion, as well as be a prognostic factor for lung adenocarcinoma [18, 30, 31]. The results of this study suggest that miR-650 is a target miRNA of CARD8-AS1 and that CARD8-AS1 may act as a miR-650 sponge in lung adenocarcinoma. miR-650 is upregulated in many tumor tissues and plays oncogenic roles in these types of cancer [32–35]. In lung cancer, miR-650 could promote cellular proliferation and invasion, as well as confer the chemoresistance to docetaxel by regulating Bcl-2/Bax expression [18, 30]. Furthermore, we observed that Bax may be a direct target of miR-650. Thus, we hypothesized that CARD8-AS1 may suppress lung adenocarcinoma cell proliferation, migration, and invasion by targeting miR-650 and then regulating Bax expression.
CONCLUSION
In conclusion, LncRNA CARD8-AS1 was downregulated and related to several crucial clinical parameters, and consequently may serve as a prognosis marker in lung adenocarcinoma. In cell lines increased CARD8-AS1 suppressed tumor cell proliferation, migration, and invasion by regulating miR-650/Bax. Thus, CARD8-AS1 may inhibit tumor progression in lung adenocarcinoma by targeting the miR-650/Bax axis, which underlies its value and utility as a prognostic marker for lung adenocarcinoma patients.
Our data represents an advance in biomedical science as it provides a framework for the potential of CARD8-AS1 as a tumor-suppressor in the progression of lung adenocarcinoma.
LIMITATIONS
Some limitations of the current study will be addressed in our future studies. Firstly, the clinical samples were from a single center and the sample size was small, and it needs a larger sample size to confirm the potential clinical significance of CARD8-AS1 in lung adenocarcinoma. Another limitation is that the present functional study was carried out using cell lines in vitro. Thus, the detailed mechanism of CARD8-AS1 in lung adenocarcinoma will be further investigated in vivo using an animal model.
SUMMARY TABLE
What Is Known About This Subject

• lncRNA CARD8-AS1 shows reduced expression in several cancers.
What This Study Adds

• Low CARD8-AS1 levels are related to tumor size, lymph node metastasis, TNM stage, and poor overall survival.
• CARD8-AS1 may play a tumor-suppressive role in lung adenocarcinoma by regulating miR-650/Bax axis.
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