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Introduction: Non-small cell lung carcinoma (NSCLC) constitutes most lung cancers and has a poor prognosis. LncRNAs are a potential repository for the discovery of cancer prognostic markers. This study explored the role of LINC01929 in NSCLC, both the clinical prognostic significance and the mechanism of its influence on cells.
Materials and Methods: LINC01929 levels in 143 pairs of NSCLC tissues and non-cancerous tissues were detected by RT-qPCR. Kaplan-Meier curves and multivariate Cox regression assays were generated for evaluating the prognostic values of LINC01929. To evaluate the cellular function, an XTT assay and transwell invasion assays were performed.
Results: LINC01929 was up-regulated in NSCLC tissues compared with healthy tissues. A positive correlation was observed between LINC01929 expression level and tumor T (p = 0.002) or N stage (p = 0.010). Patients with higher LINC01929 levels had shorter overall survival (p = 0.009). Compared with other factors, high LINC01929 expression was significantly associated with poor survival in univariate Cox analysis (HR: 2.485, 95%CI: 1.220–5.060, p = 0.012). After multivariate Cox regression assays, LINC01929 was a independent prognostic factor (HR: 3.021, 95%CI: 1.377–6.628, p = 0.006). miR-1179 was a target miRNA of LINC01929. Inhibited expression of LINC01929 significantly reduced the proliferation, migration, and invasion of NSCLC cells by targeting miR-1179.
Discussion: This study revealed the upregulation of LINC01929 in NSCLC. This study supports previous studies showing LINC01929 as a potential prognostic factor for NSCLC.
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INTRODUCTION
The incidence rate and mortality rate of lung cancer remain high among various types of cancers [1]. In particular, lung cancer is ranked the most frequent cancer and causes the most cancer-related death in men, and ranked third and second in the incidence rate and mortality rate respectively in women [2, 3]. The mortality rate of lung cancer in China has been increasing over recent years [4]. Histologically, 85% of lung cancer cases are comprised of non-small cell lung carcinoma (NSCLC) [5]. The standard treatment for early-stage NSCLC is surgical lobectomy combined with lobe-specific or systematic lymph node dissection, and the 5-year overall survival is 48%–65% [6]. However, the five-year overall survival of stage IV NSCLC patients is only about 20% [7]. Given the differences in survival amongst NSCLC patients, more effective and reliable biomarkers are needed to determine prognosis and monitor response to therapies.
Tumor heterogeneity has been described in lung cancer and has an important impact on defining prognosis and therapy decisions [8]. Molecular heterogeneity is associated with mechanisms of lung cancer origin including genetic and epigenetic sources [9]. Recently, several studies have revealed the potential predictive roles of epigenetic expression modifications in lung cancer, particularly long noncoding RNAs (lncRNAs) [10, 11]. LncRNAs play crucial roles in many biological processes and are involved in the regulation of molecular signaling pathways resulting in changes in gene expression [12]. lncRNAs have been implicated in lung cancer progression and have the potential to act as biomarkers of prognosis [13]. For example, HOTAIR, with an increased expression in NSCLC, could be useful in the diagnosis and prognosis of lung cancer [14]. Recent findings showed a role of lncRNAs signatures for predicting the prognosis of lung adenocarcinoma, particularly lncRNAs AC124804.1 and MIR34AHG [15]. A meta-analysis study suggested and verified that high LINC00511 expression level correlated with poor prognosis in malignant tumors, including lung cancer [16].
LINC01929 has been reported to be dysregulated in NSCLC [15]. Therefore, it was hypothesized that aberrantly-expressed LINC01929 may serve as a useful prognostic marker in NSCLC. Hence, in the present study the expression levels of LINC01929 in NSCLC tissues and adjacent healthy tissue were investigated and related to clinical parameters. In addition, the effects of LINC01929 knockdown on its target miRNA expression in lung cancer cell lines were investigated.
MATERIALS AND METHODS
Tissues Sources
Paired NSCLC tissues and non-cancerous tissue (NCT) from 143 participants were recruited at the Yidu Central Hospital of Weifang (Weifang, China) during the period between February 2011 and December 2015. Patients who had other cancers or had already received anti-tumor therapies (chemotherapy, radiation, or immunotherapy) were excluded. The medical records of these participants were reviewed, and the key parameters included are detailed in Table 1. Staging was carried out according to the IASLC 2009 classification system(International Association for the Study of Lung Cancer) [17]. Data on overall survival time from a 5-year follow-up survey were extracted and used in this analysis. All specimens and medical records were used by authorization with the submitted written informed consent from all participants. This study was approved by the institutional ethical board of Yidu Central Hospital of Weifang (2011–07).
TABLE 1 | Correlation of the LINC01929 expression with clinical characteristics in NSCLC patients.
[image: Table 1]Cell Culture
Human NSCLC cell lines HCC-827 (CRL-2868), NCI-H522 (CRL-5810), NCI-H1703 (CRL-5889), and SK-MES-1 (HTB-58), were obtained from American Type Culture Collection (ATCC; Manassas, VA, United States) and grown in RPMI-1640 medium (HyClone, United States) with 10% fetal bovine serum (FBS; Gibco, United States) (v/v: 90/10). Normal human bronchial epithelial cell line BEAS-2B from ATCC (CRL-9609) was cultured in the same medium formulation (90% RPMI-1640 medium with 10% fetal bovine serum). The incubator condition of all cells was 5% CO2 in an air atmosphere at 37°C.
Plasmids, siRNA, Inhibitors, and Transfection
Oligonucleotides for miR-1179 inhibition (anti-miR-1179), the specific siRNA for LINC01929 (si-LINC01929), and their corresponding negative controls (anti-NC and si-NC) were generated and purchased from GenePharma (Shanghai, China). A portion of the LINC01929 3′-UTR, containing miR-1179 predicted binding site (wild type, named as WT-LINC01929), and the 3′-UTR mutant with the miR-1179 binding sites mutated (MUT-LINC01929) was synthesized, verified, and cloned into luciferase reporter plasmids by Hanbio Biotechnolog (Shanghai, China) for the subsequent luciferase reporter assay. Oligonucleotides, siRNAs, or plasmids were subjected to transfection using Lipofectamine 3000 (Invitrogen, United States).
RNA Isolation and Real-Time Quantitative PCR Assay
Frozen samples of human lung tissues were homogenized in liquid nitrogen. RNA was isolated from frozen human lung tissues and cultured cells using RNAiso Plus (Takara, China) and isopropyl alcohol (Aladdin, United States), followed by DNase treatment with Recombinant DNase I (RNase-free) (Takara, China). RNA concentration and purity were determined on a NanoDrop 1000 spectrophotometer (Thermo Fisher Scientific, United States). Total RNA (1 μg) was reverse transcribed using QuantiTect Reverse Transcription Kit (Qiagen, UK) according to the manufacturer’s instructions. RT-qPCR analysis was performed using SuperScript™ IV One-Step RT-PCR System at a StepOnePlus instrument (Applied Biosystems, United States). Primers were: 5′-CTT​GAC​ACG​ACT​TCA​GAA​GCC​TC-3' (forward) and 5′-GCA​GAG​CTC​GAC​CAG​GAC​AG-3' (reverse) for LINC01929; 5′-AGC​ATT​CTT​TCA​TTG​GTT​G-3' (forward) and 5′-GAA​CAT​GTC​TGC​GTA​TCT​C-3' (reverse) for miR-1179; 5′-GAA​GGT​GAA​GGT​CGG​AGT​C-3' (forward) and reverse 5′-GAAGATGGTGA TGGGATTTC-3′ for GAPDH; 5′-CGC​TTC​GGC​AGC​ACA​TAT​ACT​A-3' (forward) and 5′-CGC​TTC​ACG​AAT​TTG​CGT​GTC​A-3' (reverse) for U6. For LINC01929, the thermal profile was as follows: 95°C for 15 min followed by 50 cycles of 94°C for 15 s, Ta for 20 s and 60°C for 45 s. The cycling conditions for miR-1179 were as follows: 95°C for 20 s, followed by 40 cycles of 94°C for 15 s, and 57°C for 1 min. LINC01929 expression was normalized to that of glyceraldehyde 3-phosphate dehydrogenase (GAPDH), and miR-1179 expression to RNU6-2 by using the 2−ΔΔCt method.
Dual-Luciferase Reporter Assay
Cells were seeded onto 96-well plates, cultured for 24 h, and then transfected with miR-1179 inhibitor or the negative control. Twenty-four hours after transfection, the cells were co-transfected with constructed wild-type or mutated LINC01929 reporter plasmids (WT-LINC01929 or MUT-LINC01929). Forty-eight hours after co-transfection, the luciferase reporter assay was conducted at a Dual-Luciferase Reporter Assay System (Promega, United States). Luminescence intensities of firefly luciferase were finally normalized to those of Renilla luciferase.
XTT Proliferation Assays
Cell proliferation was determined by XTT Cell Proliferation Assay Kit (AmyJet, China) as per the manufacturer’s instruction [18]. Briefly, suspensions of 2.5 × 103 transfected NCI-H522 or SK-MES-1 cells were seeded in 100 μL of RPMI-1640 medium (HyClone, United States) in 96-well plates. At 0, 24, 48, and 72 h of incubation at 37°C, 50 μL of prepared XTT working solution was added to the well. After another 2 h of incubation, the absorbance was read at 490 nm using a Multiskan MK3 (Thermo Fisher Scientific, United States).
Transwell Migration and Invasion Assays
Transwell chambers (Corning, United States) were purchased for migration assay, whereas coated Transwell chambers with Matrigel Matrix (Corning) were prepared for invasion assay [19]. The upper inserts were seeded with 4×104 transfected NCI-H522 and SK-MES-1 cells in serum-free RPMI-1640 medium. The lower chambers were filled with 10% FBS-RPMI-1640 medium. After 24 h incubation for migration or 36 h incubation for invasion, the cells that passed the membrane were fixed and stained with 0.2% crystal violet. Images were taken by Leica microsystems (Leica DMi8 Inverted Microscope, GE) and the cells were counted.
Statistical Analysis
Data were summarized as means ± SD. p < 0.05 was served as statistical significance. Student’s t-test, one-way or two-way ANOVA was performed for comparison among two, three, or more groups. The evaluation of the correlation between LINC01929 and miR-1179 expression was analyzed by Pearson’s correlation test. The association of LINC01929 expression and key clinical parameters was assessed using chi-square tests. Kaplan-Meier curves indicating the event and the final times were constructed to evaluate patient overall survival, with comparison analyzed by the log-rank test. Univariate and multivariate COX were used to estimate the significance of clinical characteristics to overall survival.
RESULTS
Expression of LINC01929 in NSCLC
To determine the expression level of LINC01929 in NSCLC, LINC01929 expression patterns were detected by RT-qPCR and compared in NSCLC tissues and adjacent non-cancerous tissues. An upregulated expression of LINC01929 was observed in NSCLC tissues when compared with adjacent healthy tissues (p < 0.001, Figure 1A). LINC01929 differential expression in cancerous and non-cancerous lung tissue was further corroborated by the expression level in cell lines. The results of the RT-qPCR, showed LINC01929 elevated expression in the cell lines of NSCLC (HCC-827, NCI-H522, NCI-H1703, and SK-MES-1) compared with the non-cancerous cell line BEAS-2B (p < 0.001, Figure 1B).
[image: Figure 1]FIGURE 1 | RT-qPCR analysis of LINC01929 expression in NSCLC tissues and cells. (A) LINC01929 level in NSCLC tissues is upregulated in comparison with non-cancerous tissues (NCT); (B) Expression levels of LINC01929 in NSCLC cell lines (A549, HCC827, NCI-H441, and NCI-H1734) were higher than the level in normal human lung cell line BEAS-2B. The relative expression of LINC01929 was normalized with GAPDH and presented as the mean ± SD. ***p < 0.001.
Elevated LINC01929 Expression was Correlated With Clinical Parameters
To examine the potential association between LINC1929 expression and clinical parameters, the chi-square test was conducted. The median value of LINC01929 expression level in 143 NSCLC tissues served as a cut-off to divide the patients into a high-level and low-level group. It was observed that NSCLC samples with high LINC01929 expression were correlated with advanced clinical T stage (p = 0.002) and clinical N stage (p = 0.010) (Table 1). These data indicate that LINC01929 may be involved in the progression of NSCLC.
Elevated LINC00473 Expression was Associated With Poor Prognosis in NSCLC
To investigate the prognostic significance of LINC01929 expression in NSCLC, Kaplan-Meier and Cox analyses were performed. The Kaplan-Meier curve showed a highly significant difference in overall survival of patients with high expression (n = 78) and low expression (n = 65) groups (p = 0.009, Figure 2). At the end of follow-up, only ten in the low LINC01929 expression group had died, compared to 32 in the high LINC01929 expression group. Table 2 shows the significance of various factors correlated with the prognosis of NSCLC using univariate and multivariate Cox analysis. Compared with other factors, high LINC01929 expression was significantly associated with poor survival in univariate Cox analysis (HR: 2.485, 95%CI: 1.220–5.060, p = 0.012) and remained significant after multivariate Cox analysis (HR: 3.021, 95%CI: 1.377–6.628, p = 0.006). Collectively, these data support the hypothesis that LINC01929 is a promising prognostic factor for NSCLC.
[image: Figure 2]FIGURE 2 | Kaplan-Meier survival analysis of high LINC01929 expression (n = 65) and low LINC01929 expression (n = 78) in NSCLC patients (Log-rank p = 0.009). Enhanced LINC01929 expression is significantly correlated with poor survival.
TABLE 2 | Mortality risk based on independent variables associated with overall survival.
[image: Table 2]LINC01929 Functions as a Sponge of miR-1179
To investigate LINC01929-interacting miRNA, an analysis was carried out on LncBase Predicted v.2 (http://carolina.imis.athena-innovation.gr/diana_tools/web/). miR-1179, a decreased miRNA in lung cancer[20], was found to be a target of LINC01929 (Figure 3A). The miR-1179 relative expression levels in NSCLC tissues were also detected as lower than the LINC01929 relative expression levels. (p < 0.001, Figure 3B). and inversely correlated with LINC01929 expression (r = −0.8403, p < 0.001; Figure 3C). Furthermore, the inhibition of LINC01929 resulted in an increase of miR-1179 expression in NCI-H522 and SK-MES-1 cells (p < 0.001, Figure 3D). The data obtained from the dual-luciferase reporter assay directly verified the combination between LINC01929 and miR-1179. miR-1179 suppression elevated the luciferase activity of wide-type LINC01929 containing the predicted binding sites (p < 0.001, Figures 3E,F). All these data support miR-1179 is a LINC01929-associated miRNA and LINC01929 may act as a sponge of miR-1179.
[image: Figure 3]FIGURE 3 | LINC01929 acts as ceRNA of miR-1179. (A) Potential binding sites for LINC01929 on miR-1179. (B) Comparison of the LINC01929 expression and miR-1179 expression in NSCLC tissues detected by RT-PCR. (C) Negative correlation between LINC01929 and miR-1179 expression. (D) LINC01929 reversely regulates the expression of miR-1179 in NSCLC cells. “+” indicated “presence”, “−” indicated “absence”. (E,F) Dual-luciferase reporter assay performed in NSCLC cells. “+” indicated “presence”, “−” indicated “absence”. **p < 0.01, ***p < 0.001.
In Vitro Approaches Revealed Functions of LINC01929 in the NSCLC Cells in Part Through Interacting With miR-1179
Next, the functional significance of LINC01929 dysregulation was investigated in LINC01929 specific siRNA transfected NCI-H522 and SK-MES-1 cells. The transfection efficiency in cells was verified by RT-qPCR (p < 0.001, Figures 4A,B). Then, we explored the functional impact of LINC01929 knockdown on cell proliferation using an XTT assay. It was observed that LINC01929 si-RNA caused a reduction in cell proliferation of NCI-H522 and SK-MES-1. Nevertheless, these effects were reversed by the co-transfection with miR-1179 inhibitor (p < 0.001, Figures 4C,D). The transwell assay showed the functional significance of LINC01929 in cell migration and invasion. LINC01929 knockdown reduced migrated cells in NCI-H522 and SK-MES-1 cells, but the employ of miR-1179 inhibitor recovered cell migration (p < 0.05, Figures 5A,B). Similar effects of single LINC1929 inhibition or LINC1929 and miR-1179 co-inhibition on the NSCLC cell invasion were also observed (p < 0.01, Figures 5C,D). These data demonstrate that LINC01929 promotes lung cancer cell growth, migration, and invasion partly by moderating the expression of miR-1179.
[image: Figure 4]FIGURE 4 | LINC01929 knockdown inhibits NSCLC cell proliferation via miR-1179. (A,B) RT-qPCR analysis of the RNA interference efficiency. SK-MES-1 and NCI-H522 cells were transfected with si -LINC01929 or co-transfected with si -LINC01929 and anti-miR-1179. The expressions of LINC01929 and miR-1179 were then examined. (C,D) XTT assays showing the proliferation of SK-MES-1 and NCI-H522 cells transfected with si -LINC01929 or co-transfected with si -LINC01929 and anti-miR-1179. Data are presented as the mean ± SD. “+” indicated “presence”, “−” indicated “absence”. ***p < 0.001, vs. si-NC; ##p < 0.01, ###p < 0.001, vs. si-LINC01929+anti-miR-1179.
[image: Figure 5]FIGURE 5 | LINC01929 knockdown inhibits NSCLC cell invasion and migration via miR-1179. (A,B)The motility of SK-MES-1 and NCI-H522 cells after transfection assessed by Transwell assay, along with the representative pictures. LINC01929 inhibition decreased the migratory cells, whereas miR-1179 inhibitor can restore the cell migratory ability partly. (C,D) Invasive ability SK-MES-1 and NCI-H522 cells after transfection measured by modified transwell assay, along with the representative pictures. LINC01929 knockdown decreased the invasive cells, whereas miR-1179 inhibitor can recover the cell invasive capability partly. “+” indicated “presence”, “−” indicated “absence”. ***p < 0.001, vs. si-NC; #p < 0.05, ##p < 0.01, vs. si-LINC01929+anti-miR-1179.
DISCUSSION
As is known, lncRNAs participate in a series of different cellular processes, such as chromatin remodeling and RNA stability [21]. The existing classifications for lncRNAs rest on their properties, from their size or their localization to their function [22]. For instance, long intergenic non-coding RNAs (lincRNAs) are defined as autonomously transcribed non-coding RNAs containing more than 200 nucleotides and with no overlap with annotated coding genes [23]. LincRNAs possess the same features as the other transcripts of the lncRNAs family and comprise more than half of lncRNAs in humans [24]. They often exhibit tissue specificity and may moderate the expression of their target genes in a tissue-specific manner [24]. Recent studies raised the possibility that this tissue specificity may reflect the potential of lncRNAs as biomarkers for lung cancer. For instance, downregulation of LINC00460 inhibited the growth and promoted the apoptosis of pancreatic cancer cells, showing potential as a novel biomarker and promising therapeutic strategy for pancreatic cancer [25].
In this study, the expression level of LINC01929 was detected by RT-qPCR, and elevated levels were observed in NSCLC tissues and cells in comparison with normal ones. Highly expressed LINC01929 has also been observed in oral squamous cell carcinoma tissue samples and cell lines [26, 27]. Previous research has verified that upregulation of LINC01929 can be used to predict the overall survival of hepatocellular carcinoma patients without fibrosis [28]. In our study, the increased expression was analyzed to be associated with advanced clinical T and N stages. These findings imply that LINC01929 is involved in the progression of NSCLC and may be a useful prognostic biomarker for NSCLC. The overall survival of patients in our study was plotted as a Kaplan-Meier curve, to show the discrimination ability of LINC01929 in prognosis prediction. Further, the potential of LINC01929 as an independent prognostic factor was verified by multi-variate COX analysis. In agreement with these findings, the upregulation of LINC01929 has previously been screened as a lncRNA associated with survival in non-small cell lung carcinoma patients [29]. Collectively, the data supports the promising potential for LINC01929 as a prognostic factor in NSCLC.
When focusing on lncRNA molecular mechanisms, it has been proposed that they may act to sponge miRNAs and regulate mRNA activity by competing for endogenous RNAs (ceRNAs) [30]. Any lincRNA that shares a sequence with another RNA (coding or non-coding) could function as an RNA decoy and potentially be a ceRNA. There is emerging evidence that lincRNAs may be directly implicated in human disease pathogenesis [31]. Previously, LINC01929 was identified as existing in the cytoplasm through a nuclear-cytoplasmic fractionation assay and that it may sponge miR-137-3p in oral squamous cell carcinoma cells [26]. Based on the fact that lincRNAs have roughly similar nuclear-cytoplasmic enrichment ratios across cell types [32], we deduced LINC01929 may also act as a ceRNA in NSCLC cells and play its role in cellular function by moderating miRNA expression. To verify this, the binding sites between LINC01929 and miR-1179 were predicted. Moreover, the expression of miR-1179 was inversely correlated with LINC01929 expression, and inhibition of LINC01929 lead to an increase in miR-1179 levels. The dual-luciferase reporter assay directly verified the interaction between LINC01929 and miR-1179. Similarly, miR-1179 has been verified to be sponged by LINC00857 in lung adenocarcinoma cells [33]. Thus, miR-1179 may be a LINC01929-target miRNA.
As reported previously, LINC01929 functioned as a tumor-promoting molecule in oral squamous cell carcinoma by accelerating cell proliferation, migration, and invasion, and suppressing apoptosis, suggesting that it may be a novel target for cancer therapy [26]. With regards to the relationship of LINC01929 and miR-1179, a cellular function analysis was performed by LINC01929 knockdown or both LINC01929 and miR-1179 knockdowns. Utilizing XTT proliferation assays and Transwell migration and invasion assays, inhibition of LINC01929 caused declines in cell proliferation, migration, and invasion. However, these effects were reversed by co-downregulation of LINC01929 and miR-1179. As highlighted previously, miR-1179 inhibits the growth and invasion of NSCLC cells by targeting sperm-associated antigen 5 (SPAG5) [20]. SPAG5 is an emerging oncogene in lung cancer, and associated with unfavorable prognosis in patients with lung adenocarcinoma [34]. In addition, the links between lncRNAs and miRNAs can influence specific gene expression [30]. In NSCLC, LINC01929 may promote cancer progression in part through sponging miR-1179 and this may then influence SPAG5.
CONCLUSION
In summary, this study found that LINC01929 was up-regulated in NSCLC tissues and cell lines and was associated with later clinical stage of the disease. Furthermore, downregulation of LINC01929 inhibited cellular proliferation, migration, and invasion. The study provides support for LINC01929 as a novel prognostic biomarker for NSCLC.
SUMMARY TABLE
What is Known About This Subject

• Non-small cell lung carcinoma constitutes most lung cancer and may lead to a poor prognosis.
• LncRNAs are implicated in lung cancer progression and have the potential as biomarkers of prognosis.
• LINC01929 was screened as a dysregulated lncRNA in NSCLC.
What This Paper Adds

• LINC01929 was up regulated in NSCLC tissues and cells.
• Inhibition of LINC01929 reduced the progression of NSCLC.
• miR-1179 was a target miRNA of LINC01929.
• LINC01929 was a promising prognostic factor and therapy target for NSCLC.
SUMMARY SENTENCE
This work represents an advance in biomedical science because our study provides support for LINC01929 as a novel prognostic biomarker and therapy target for NSCLC.
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