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Gastric cancer (GC) remains the third deadliest malignancy in China. Despite the current understanding that the long noncoding RNAs (lncRNAs) play a pivotal function in the growth and progression of cancer, their prognostic value in GC remains unclear. Therefore, we aimed to construct a polymolecular prediction model by employing a competing endogenous RNA (ceRNA) network signature obtained by integrated bioinformatics analysis to evaluate patient prognosis in GC. Overall, 1,464 mRNAs, 14,376 lncRNAs, and 73 microRNAs (miRNAs) were found to be differentially expressed in GC. Gene Ontology (GO) function and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analyses revealed that these differentially expressed RNAs were mostly enriched in neuroactive ligand–receptor interaction, chemical carcinogenesis, epidermis development, and digestion, which were correlated with GC. A ceRNA network consisting of four lncRNAs, 21 miRNAs, and 12 mRNAs were constructed. We identified four lncRNAs (lnc00473, H19, AC079160.1, and AC093866.1) as prognostic biomarkers, and their levels were quantified by qRT-PCR in cancer and adjacent noncancerous tissue specimens. Univariable and multivariable Cox regression analyses suggested statistically significant differences in age, stage, radiotherapy, and risk score groups, which were independent predictors of prognosis. A risk prediction model was created to test whether lncRNAs could be used as an independent risk predictor of GC or not. These novel lncRNAs’ signature independently predicted overall survival in GC (p < 0.001). Taken together, this study identified a ceRNA and protein–protein interaction networks that significantly affect GC, which could be valuable for GC diagnosis and therapy.
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1 INTRODUCTION
According to global cancer statistics, gastric cancer (GC) represents a major fatal tumor, with an incidence rate of 5.7% and a mortality rate of 8.2% (Bray et al., 2018). GC remains a life-threatening disease among Chinese individuals due to its high malignancy, low survival rate, and poor prognosis (Chen et al., 2016; Allemani et al., 2018; Bray et al., 2018). Despite recent technical and medical advances, overall survival (OS) in GC remains low, owing to its detection at the advanced stages of proliferation. Therefore, early diagnosis is of great significance in ameliorating patient prognosis in GC (Tan, 2019).
Long noncoding RNAs (lncRNAs) are a class of new and potent tumor regulator RNAs, with >200 nucleotides and low protein-coding potential (Guttman et al., 2009; Ponting et al., 2009). LncRNAs have critical regulatory functions in multiple biological events, such as cell cycle, differentiation, proliferation, metastasis, apoptosis, and invasion in various tumor cells. Moreover, lncRNAs are intimately related to etiological events in various diseases and cancers (Batista and Chang, 2013; Zhang and Song, 2018). For example, lnc00473 significantly affects tumor promotion in multiple cancers, with obvious roles in GC cell growth, adhesion, and migration. High expression of the lncRNA H19 can promote GC occurrence and metastasis, while p53 may determine H19 elevation in hypoxic cancer cells (Matouk et al., 2010; Zhou et al., 2015a). Due to high specificity, accessibility, noninvasive detection, and abnormal expression under different pathophysiological conditions, lncRNAs are considered to be a potential marker for GC diagnosis, prognosis, and potential therapeutic target in this malignancy.
In recent years, competing endogenous RNAs (ceRNAs) have enticed the attention of researchers to further examine the molecular mechanisms of cancer occurrence and development. ceRNAs actually compete with mRNA molecules for the same pool of miRNAs. It is reported that miRNAs regulate mRNAs by interacting with their 3ʹ-UTRs. However, lncRNAs compete with these miRNAs to control gene expression (Cao et al., 2018; El-Sakka et al., 2018). Recently, it was suggested that lncRNAs in combination with mRNAs may improve cancer diagnosis, although limited reports have assessed the ceRNA network in GC (Salmena et al., 2011). Hence, the regulatory functions of lncRNA as ceRNA in GC are still ambiguous.
Guan et al. (2019) determined four hub genes (MCM4, KIF23, MCM8, and NCAPD2) by establishing a protein–protein interaction (PPI) network in GC. Liu et al. (2018) also confirmed that the lncRNAs DLEU2 and DDX11 were significantly upregulated in GC tissues, in which DLEU2 promotes cell proliferation, whereas DDX11 negatively regulates miRNA expression. Furthermore, DLEU2 and DDX11 also act as potential ceRNAs to sponge miRNAs. In another study pertaining to ceRNA network analysis, Arun et al. (2018) revealed that miR-21 and miR-148a act as central candidates synchronizing the decoying activities of the lncRNAs (H19, TUG1, and MALAT1). They also proposed that overexpression of H19 and miR-21 are characteristic features of gastric tumorigenesis, which makes them ideal prognostic indicators and potential therapeutic targets.
HOXC-AS3 binds to YBX1, to transcriptionally regulate a large set of genes that contribute to the proliferation and migration of GC cells, such as MMP7, WNT10B, and HDAC5 (Zhang et al.). Another study showed that KRT19P3 exerts tumor-suppressive effects in GC by directly interacting with COPS7 and, thereby, leading to the suppression of cell proliferation, migration, and invasion (Zheng et al.); thus, KRT19P3 s associated with poor prognosis in patients with GC.
Here, we evaluated the non-coding RNA landscape in GC and established a multi-molecular prognosis model of lncRNAs for OS prediction of patients with GC. Furthermore, the functions of the identified ceRNAs were predicted to provide insights into the associated molecular mechanisms and thereby potentially assist in developing novel therapeutic targets against GC.
2 MATERIALS AND METHODS
2.1 Human Tissue Samples
We collected GC and nonmalignant tissue (adjacent to GC) samples from eight patients being treated at Suzhou Hospital of Anhui Medical University, Suzhou, China. Prior to surgical resection, all patients had been diagnosed with GC pathologically, with no previous chemotherapy or radiotherapy. The detailed clinical information of these patients is summarized in Supplementary Table S1. This study was approved by the Ethics Committee of Anhui Medical University (20200663), and each patient provided informed consent.
2.2 Patient Datasets
RNA sequencing (RNAseq) and miRNAseq count data of patients with gastric adenocarcinoma, including 375 patients and 32 control samples in RNAseq, and 436 patients and 41 control samples in miRNAseq, were retrieved from The Cancer Genome Atlas database (https://www.cancer.gov/about-nci/organization/ccg/research/structural-genomics/tcga). The corresponding clinical information of gastric adenocarcinoma patients was retrieved from UCSC XENA (https://xenabrowser.net/datapages/). The R language package DEseq2 was used to detect differential expression. The threshold was set at |logFC| > 2 and false discovery rate (FDR) < 0.01 for screening and acquiring the final fold change differentially expressed mRNAs, lncRNAs, and miRNAs.
2.3 LncRNA Data Screening
Firstly, the grouping matrix was constructed based on the expression matrix of RNAseq and miRNAseq after a trimmed mean of M-values normalization. The grouping matrix contained the grouping information of samples to provide differential expression analysis. Then, a differential comparison matrix was constructed to specify sample pairs to be compared mutually for downstream analysis, i.e., cancer and normal samples in this study. It should be noted that the current RNAseq count file generally includes not only regular mRNAseq data, but also lncRNA data. Therefore, lncRNAs included “3prime_overlapping_ncRNA,” “antisense_RNA,” “bidirectional_promoter_lncRNA,” “lincRNA,” “macro_lncRNA,” “non_coding,” “processed_transcript,” “sense_intronic,” and “sense overlapping”.
2.4 Functional Enrichment Analysis
For the comprehensive analysis of the cellular functions of the differentially expressed RNAs (DERNAs) in the ceRNA network, we performed GO and KEGG pathway enrichment analyses (Supplementary Table S2) using DAVID v6.8 (https://david.ncifcrf.gov/) and KOBAS 3.0 (http://kobas.cbi.pku.edu.cn/kobas3/genelist/), with an FDR <0.05 being considered statistically significant. A PPI network was established with coexpressed genes having 95% confidence interval (CI) >0.9 in String (v11.0, https://string-db.org), and was visualized using Cytoscape 3.8.0 software.
2.5 LncRNA–mRNA–miRNA ceRNA Network Construction
The DERNAs were used to construct a lncRNA–mRNA–miRNA ceRNA network using the GDC RNA Analysis function. Three criteria were used to determine the endogenous competition effect of the mutual competition of lncRNA–mRNA: the lncRNA and mRNA must share a significant number of miRNAs; the lncRNA should be positively correlated with the mRNA; and the common miRNA should play a similar role in modulating the lncRNA and mRNA (Figure 1).
[image: Figure 1]FIGURE 1 | Bioinformatics pipeline to construct the competitive endogenous RNA (ceRNA) network. DERNA, differentially expressed RNA; lncRNA, long noncoding RNA; miRNA, micro RNA; mRNA, messenger RNA.
2.6 Risk Score Establishment
To verify the significance of the lncRNAs, a risk score was developed for establishing a comprehensive signature for prognostic assessment. The following equation was used to calculate the risk score:
Risk score = (0.0299*expression value of H19) + (0.0734*expression value of LINC00473) + (0.0732*expression value of AC079160.1) + (−0.0025*expression value of AC093866.1).
Each sample was scored by linearly combining the expression of the lncRNAs. For the subsequent assessment, the specimens were divided into low–risk and high–risk groups. The cutoff value was defined based on the median risk score value to compare the survival time.
2.7 Gene Expression Omnibus Datasets
To validate the prognostic value of the designed model, a GC-related microarray dataset (GSE62254), comprising 300 GC samples, was retrieved from the GEO database (http://www.ncbi.nlm.nih.gov/geo). The extracted data were normalized and processed by log2 transformation. The preprocess Core R package was used to normalize the microarray data, the limma R package was then used for differential expression analysis, and the survival, survivalROC, survminer, and pheatmap R packages were performed for survival analysis.
2.8 Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR)
Total RNA was extracted from collected tissues and each cell line using TRIzol Reagent (Invitrogen, United States) according to the manufacturer’s instructions. Then, SuperScript™ III First-Strand Synthesis SuperMix qRT-PCR (Takara) was used for reverse transcription reaction; three repeats of qRT-PCR were performed using Power SYBR® Green PCR Master Mix (Applied Biosystems) and CFX384 Real-Time PCR detection system (Bio-RAD, United States). The following qRT-PCR condition was used: 95°C 60 s, 95°C 15 s, and 63°C 25 s for 40 cycles. Human GAPDH was used as an internal control and was analyzed by the 2−ΔΔCT method. The primers were purchased from Shanghai Sangong Bioengineering Co., Ltd. A list of primers is shown in Supplementary Table S3.
2.9 Statistical Analysis
SPSS 24.0 (IBM Corp., United States) and Prism 8 (GraphPad Software, United States) were used for statistical analyses. The data are represented as mean ± standard deviation (unless otherwise stated). Student’s t-test was used to compare group pairs. For comparing the prognostic values, the univariate and multivariate Cox regression analyses were performed, with the risk score as a categorical factor along with other clinical variables. Additional bioinformatics analyses were performed in R. p < 0.05 indicated statistical significance.
3 RESULTS
3.1 Identification of Differentially Expressed lncRNAs, miRNAs, and mRNAs in GC
Overall, 1,464 mRNAs, 14,376 lncRNAs, and 73 miRNAs with differential expression were identified in GC (Figure 2 and Supplementary Table S4). Of the 1,464 differentially expressed mRNAs, 826 were upregulated, whereas 638 were downregulated. In the case of lncRNAs, 206 and 704 were upregulated and downregulated, respectively. However, the miRNAs displayed the lowest numbers of differentially expressed genes, with only 25 upregulated and 48 downregulated genes in comparison to mRNAs and lncRNAs. The co-expressed DERNAs are depicted in volcano plots and heatmaps in Figure 2.
[image: Figure 2]FIGURE 2 | Coexpression profile of differentially expressed target genes (volcano plots and heatmaps) among cancer and normal tissue samples. (A) A total of 1,464 differentially expressed mRNAs (826 upregulated and 638 downregulated), (B) 910 differentially expressed lncRNAs (206 upregulated and 704 downregulated), and (C) 73 differentially expressed miRNAs (25 upregulated and 48 downregulated) were identified (threshold set at |log (Fold Change) > 2| and with a false discovery rate < 0.01). For heatmaps, the colors red and blue indicate high and low relative expression, respectively. For volcano plots, red color on the right and left indicate upregulated and downregulated genes, respectively.
3.2 Functional Prediction of the lncRNA–miRNA–mRNA ceRNA Network
By utilizing the existing knowledge that lncRNAs modulate mRNA expression by serving as a miRNA decoy, GC-specific lncRNAs, miRNAs, and mRNAs were used to build a ceRNA network (Figure 3). The lncRNA–miRNA interactions were based on the miRcode algorithm (http://www.mircode.org/) considering the GC-specific miRNAs. Additionally, Targetscan (http://www.targetscan.org/), miRdb (http://www.mirdb.org/), and miRTarBase (http://mirtarbase.mbc. nctu.edu.tw/) were used to identify miRNA-targeted mRNA. Intersections between the differentially expressed lncRNAs, miRNA, and mRNAs were identified and used to construct the lncRNA–miRNA–mRNA ceRNA network (Figure 3) using Cytoscape. The lncRNAs involved in the network were designated “key lncRNAs.”
[image: Figure 3]FIGURE 3 | Construction of the competitive endogenous RNA (ceRNA) network. DERNA, differentially expressed RNA; lncRNA, long noncoding RNA; miRNA, micro RNA; mRNA, messenger RNA.
To predict the function of the differentially expressed genes, GO, KEGG enrichment, and PPI network analyses were performed using online tools. The top 20 identified GO terms are described in Figure 4A. Functional analysis by KEGG revealed the top 10 significantly enriched pathways, including neuroactive ligand–receptor interaction, chemical carcinogenesis, and epidermis development and digestion (Figure 4B). Next, 590 differently expressed mRNAs were imported into the STRING tool to establish their PPI network and determine the functional relationships among them (Figure 4C). Several proteins (ALB, TP63, ACTN2, KRT15, MMP3, PTN, and NPY, among others) were identified as star molecules of the network, with a particular focus on ALB that interacted with 21 proteins within the network.
[image: Figure 4]FIGURE 4 | Identification of key pathways and proteins related to the differentially expressed long noncoding RNAs (lncRNAs) and messenger RNAs (mRNAs) involved in the competitive endogenous RNA (ceRNA) network. Top 20 enriched Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway and gene ontology (GO) enrichment analysis of the differentially expressed (A) lncRNAs and (B) mRNAs. The count represents the genes related to the GO term in KEGG or biological processes. (C) In the network diagram, the genes are depicted by the nodes while the interactions are shown by the edges. These protein–protein interactions are based on mRNAs, and the network was constructed using the STRING tool. (D) The lncRNA–microRNA–mRNA network was designed using the correlation analysis between all the DERNAs. Legend: square, mRNA; circle, lncRNA; triangle, miRNA. Orange, red, and green symbols represent upregulated lncRNAs, downregulated miRNAs, and upregulated mRNAs, respectively.
3.3 CeRNA Network in GC
For further assessing the roles of lncRNAs in GC and elucidating the interactions among different RNAs, a ceRNA network analysis was performed using lncRNA–miRNA–mRNA data in the GDC RNA tool. Moreover, the mutual competitions of lncRNA–miRNA and mRNA–miRNA were identified according to information from the miRcode database, which was further used to predict the functions of the lncRNAs. Finally, Cytoscape was used to visualize the network (Figure 4D).
3.4 Identification and Validation of the Prognostic Signature
To evaluate the prognostic value of lncRNAs in GC, multivariate Cox proportional hazards regression analysis was conducted to build the lncRNA signature. The clinical data of 379 samples were used in the subsequent analysis. The findings disclosed that among all the lncRNAs, only H19, LINC00473, AC079160.1, and AC093866.1 had significant prognostic value in GC (Table 1 and Figure 5).
TABLE 1 | Potential genes significantly associated with gastric cancer prognosis.
[image: Table 1][image: Figure 5]FIGURE 5 | Risk score investigation of the differentially expressed long noncoding RNA (lncRNA) signature in gastric cancer. A risk score is shown according to the survival status and disease duration of the GC patients. (A) The abscissa refers to sample number and the ordinate depicts the risk score value. (B) GC patients were categorized into low-risk and high-risk groups based on the median inflection point of the risk score curve, which is represented by the dotted line. (C) lncRNA expression of low- and high-risk score patients. Colors from green to red indicate low to high lncRNA expression. (D) Overall survival (OS) status according to Kaplan–Meier analysis of the risk score. (E, F) Expression of the selected lncRNAs in (E) tumor vs. control samples, and (F) high-vs. low-risk patients. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001. NS, non-significant.
Accordingly, GC cases were grouped into high-risk (risk score ≥ −0.51, n = 190) and low-risk (risk score < −0.51, n = 189) categories. Next, survival analysis was performed based on the risk score, which revealed that patients with low-risk scores had a better overall prognosis compared with the high-risk score group (p = 0.00012). Additionally, the risk score overtly predicted the 5-year OS in GC (Figures 5A–D). The expression patterns of the four differently expressed lncRNAs in GC and nearby noncancerous tissues, as well as the groups with low- and high-risk scores, are shown in Figures 5E,F.
3.5 Univariable and Multivariable Analyses of Clinical Parameters
To investigate the association between the lncRNA signature and the survival status of the patients, several factors including sex, age, lymph node involvement, tumor stage, radiotherapy, and risk score were used for univariable and multivariable Cox regression analyses.
The multivariable analysis revealed that age [hazard ratio (HR) = 1.716, confidence interval (CI): 1.188–2.479; p = 0.004], tumor stage (HR = 1.783, 95% CI: 1.359–2.339, p < 0.001), radiation therapy (HR = 0.370, 95% CI: 0.219–0.623, p < 0.001), and risk score (HR = 1.987, 95% CI: 1.382–2.856, p < 0.001) were independent predictive factors (p < 0.001; Table 2).
TABLE 2 | Prognostic potential of clinical features and the lncRNA risk score in gastric cancer.
[image: Table 2]3.6 Expression of the Four lncRNAs Correlated With Patient Prognosis
The expression of the lncRNAs H19, INC00473, and AC079160.1 was positively correlated with prognosis (Figures 6A–C), whereas AC093866.1 was found to be negatively correlated with prognosis, as the risk coefficient became smaller with higher expression (Figure 6D). qRT-PCR was performed in eight groups of GC samples and adjacent noncancerous tissue samples to further verify the differential expression of the four lncRNAs (Supplementary Table S5). Kaplan–Meier survival curves for patients with GC were classified as high and low risk using the identified lncRNA expression signature. The elevated expression values of AC079160.1 (p < 0.001), AC093866.1 (p < 0.001), lnc00473 (p < 0.05), and H19 (p < 0.01) in GC tissue specimens were confirmed (Table 1 and Figure 6E).
[image: Figure 6]FIGURE 6 | Expression of the four lncRNAs correlates with prognosis in GC. The levels of the lncRNAs (A) H19, (B) INC00473, and (C) AC079160.1 were positively correlated with patient survival, whereas (D) AC093866.1 showed a negative correlation with patient survival. Kaplan–Meier survival curves for GC patients were grouped into high and low risk based on the lncRNA expression signature. The x-axis represents overall survival time in years, while the survival rate is shown on the y-axis. p-values were determined by the log-rank test. (E) lncRNA expression evaluated by qRT-PCR in GC and adjoining noncancerous tissues. Data are presented as mean ± standard errors of the mean (*p < 0.05, **p < 0.01, ***p < 0.001).
3.7 External Validation of the Prognostic Value of the Four lncRNA Signature
We successfully used a publicly available dataset (GSE62254, n = 300) to corroborate the reliability of the four lncRNA signatures. To assess the prognostic specificity and sensitivity potential of the proposed model, the receiver operating characteristic (ROC) curve analysis was performed, which showed that patients exhibiting high-risk scores displayed a significantly inferior OS than patients having low-risk scores (p < 0.0001; Figures 7A,B). The Kaplan–Meier survival analysis further showed that the survival rate in the high-risk group was significantly lower than that in the low-risk group (p < 0.05; Figure 7C). Similarly, the area under the curve (AUC) corresponding to the 5-year survival was found to be 0.771 (95% CI = 0.682–0.813, p < 0.0001), demonstrating the good prognostic capacity of the model (Figure 7D).
[image: Figure 7]FIGURE 7 | External validation of the prognostic value of the four lncRNA signatures. (A) Risk curve and (B) survival status chart of the validation dataset based on the proposed prognostic model. Each dot represents an individual patient, and the y-axis indicates the respective risk score. Green and red colors indicate the low- and high-risk groups, respectively. (C) Kaplan–Meier survival and (D) receiver operating characteristic (ROC) curves of the validation dataset based on the proposed prognostic model. The x-axis represents the overall survival time in years, and the y-axis indicates the survival rate of the patients according to their defined risk group. p-values were calculated by the log-rank test. Analysis of the area under the ROC curve (AUC = 0.771) indicated that the proposed model had a good risk prediction potential.
4 DISCUSSION
GC seriously threatens the health and life of Chinese individuals, with high incidence, low early diagnosis rate, and low survival rate (Ferlay et al., 2015). Hence, it has rapidly become a highly important subject area to recognize early diagnostic and prognostic markers in GC. Recently, compelling evidence showed that lncRNAs have a major role in tumor growth and development. Nevertheless, there is limited knowledge regarding the relationship between GC and lncRNAs, thereby making it an open research area. Zhang et al. demonstrated that an abnormal histone modification leads to the activation of the lncRNA HOXC-AS3, which might contribute to the oncogenesis of GC (Zhang et al., 2018). Similarly, Zheng et al. revealed that KRT19P3, another lncRNA, potentially inhibits the growth of tumors via COPS7A-mediated NF-κB signals, implying its possible role for GC treatment (Zheng et al., 2019).
In the present study, 1,464 mRNAs, 14,376 lncRNAs, and 73 miRNAs were found to be differentially expressed in GC. GO function and KEGG pathway analyses led us to identify that the DERNAs were mostly involved in neuroactive ligand–receptor interaction, chemical carcinogenesis, epidermis development, and digestion, which are correlated with GC (Song et al., 2017). Overall, 910 differentially expressed lncRNAs were identified and included in the ceRNA network herein designed. Univariable and multivariable Cox regression analyses revealed statistically significant differences with respect to age, cancer stage, radiotherapy, and risk score groups, which were indeed independent predictors of prognosis. Four lncRNAs (lnc00473, H19, AC079160.1, and AC093866.1) were identified as prognostic biomarkers. Thus, we established a lncRNAs-based multi-molecular prognostic model to screen high-risk patients at high risk of poor prognosis.
Several lncRNAs are known to significantly affect cancer development and patient prognosis. Previous findings have reported that the aforementioned four lncRNAs are highly expressed in GC versus adjacent noncancerous tissues (Yang et al., 2012). In particular, H19 (Li et al., 2019) and lnc00473 (Zhang and Song, 2018) were shown to be highly expressed in GC. It was shown that H19 depletion activates AMPKα by downregulating H19 expression and inhibits MMP9, thereby playing an inhibitory role in GC (Li et al., 2019). In addition, overexpression of H19 in GC cells and tissues has been linked to tumor progression. Furthermore, H19 levels are negatively associated with miR-141 expression in GC cells, with H19 promoting malignancy while miR-141 plays an inhibitory role in human cancer cells (Zhou et al., 2015b; Yan et al., 2017). Lnc00473 can be isolated from the nucleus, and copolymerized and crosslinked with mitochondria and lipoproteins. Aberrant regulation of lnc00473 induces mutual interactions of lipolysis, respiration, and gene transcription related to mitochondrial oxidative metabolism. For example, lnc00473 is negatively expressed in the prefrontal cortex of dejected women. Zhang et al. found that lnc00473 is highly expressed in GC, also indicating a poorer prognostic outcome. Moreover, it was also reported that lnc00473 amounts are relatively higher in esophageal squamous cell carcinoma (ESCC), but its inhibition could suppress the malignant potential of ESCC cells (Zhang and Song, 2018; He, 2019; Issler et al., 2020; Tran et al., 2020). However, few studies have assessed AC079160.1 and AC093866.1 to date, and further investigations into their role in cancer are still needed.
In conclusion, H19, lnc00473, AC079160.1, and AC093866.1 may serve as valuable independent prognostic biomarkers, and pave the way for individualized diagnosis and treatment of GC. Herein, we established a prognostic model based on these four molecules, which may contribute to the identification of GC patients with the risk of poor prognosis. These discoveries deliver a potential foundation for the targeted treatment of GC. Further research is warranted to explore the underlying molecular mechanisms of these lncRNAs in GC, as well as larger sample-based clinical investigations to verify the present findings.
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusion of this article will be made available by the authors, without undue reservation.
ETHICS STATEMENT
This study had approval from the Ethics Committee of Anhui Medical University (20200663). The patients/participants provided their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS
ZG, EL, and FZ designed the research study. ZG and TZ performed the research. ZG, MX, and XJ analyzed the data. ZG, MX, and XJ wrote the manuscript. All authors contributed to the editorial changes in the manuscript, and read and approved the final manuscript.
FUNDING
This research was supported by grants from the Scientific Research Fund of Anhui Medical University (2019xkj242) and the Provincial Quality Engineering Project of Institutions of Higher Learning (No. 2521).
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors, and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fgene.2021.607748/full#supplementary-material
REFERENCES
 Allemani, C., Matsuda, T., Di Carlo, V., Harewood, R., Matz, M., Nikšić, M., et al. (2018). Global Surveillance of Trends in Cancer Survival 2000-14 (CONCORD-3): Analysis of Individual Records for 37 513 025 Patients Diagnosed with One of 18 Cancers from 322 Population-Based Registries in 71 Countries. Lancet 391 (10125), 1023–1075. doi:10.1016/S0140-6736(17)33326-3
 Arun, K., Arunkumar, G., Bennet, D., Chandramohan, S. M., Murugan, A. K., and Munirajan, A. K. (2018). Comprehensive Analysis of Aberrantly Expressed lncRNAs and Construction of ceRNA Network in Gastric Cancer. Oncotarget 9 (26), 18386–18399. doi:10.18632/oncotarget.24841
 Batista, P. J., and Chang, H. Y. (2013). Long Noncoding RNAs: Cellular Address Codes in Development and Disease. Cell 152 (6), 1298–1307. doi:10.1016/j.cell.2013.02.012
 Bray, F., Ferlay, J., Soerjomataram, I., Siegel, R. L., Torre, L. A., and Jemal, A. (2018). Global Cancer Statistics 2018: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA: a Cancer J. clinicians 68 (6), 394–424. doi:10.3322/caac.21492
 Cao, M., Zheng, L., Liu, J., Dobleman, T., Hu, S., Go, V. L. W., et al. (2018). MicroRNAs as Effective Surrogate Biomarkers for Early Diagnosis of Oral Cancer. Clin. Oral Invest. 22 (2), 571–581. doi:10.1007/s00784-017-2317-6
 Chen, W., Zheng, R., Baade, P. D., Zhang, S., Zeng, H., Bray, F., et al. (2016). Cancer Statistics in China, 2015. CA: a Cancer J. clinicians 66 (2), 115–132. doi:10.3322/caac.21338
 El-Sakka, H., Kujan, O., and Farah, C. S. (2018). Assessing miRNAs Profile Expression as a Risk Stratification Biomarker in Oral Potentially Malignant Disorders: A Systematic Review. Oral Oncol. 77, 57–82. doi:10.1016/j.oraloncology.2017.11.021
 Ferlay, J., Soerjomataram, I., Dikshit, R., Eser, S., Mathers, C., Rebelo, M., et al. (2015). Cancer Incidence and Mortality Worldwide: Sources, Methods and Major Patterns in GLOBOCAN 2012. Int. J. Cancer 136 (5), E359–E386. doi:10.1002/ijc.29210
 Guan, Y.-j., Ma, J.-y., and Song, W. (2019). Identification of circRNA-miRNA-mRNA Regulatory Network in Gastric Cancer by Analysis of Microarray Data. Cancer Cel Int 19, 183. doi:10.1186/s12935-019-0905-z
 Guttman, M., Amit, I., Garber, M., French, C., Lin, M. F., Feldser, D., et al. (2009). Chromatin Signature Reveals over a Thousand Highly Conserved Large Non-coding RNAs in Mammals. Nature 458 (7235), 223–227. doi:10.1038/nature07672
 He, Z. (2019). LINC00473/miR-497-5p Regulates Esophageal Squamous Cell Carcinoma Progression through Targeting PRKAA1. Cancer Biother. Radiopharm. 34 (10), 650–659. doi:10.1089/cbr.2019.2875
 Issler, O., van der Zee, Y. Y., Ramakrishnan, A., Wang, J., Tan, C., Loh, Y.-H. E., et al. (2020). Sex-Specific Role for the Long Non-coding RNA LINC00473 in Depression. Neuron 106 (6), 912–926. doi:10.1016/j.neuron.2020.03.023
 Li, P., Tong, L., Song, Y., Sun, J., Shi, J., Wu, Z., et al. (2019). Long Noncoding RNA H19 Participates in Metformin‐mediated Inhibition of Gastric Cancer Cell Invasion. J. Cel Physiol 234 (4), 4515–4527. doi:10.1002/jcp.27269
 Liu, H., Zhang, Z., Wu, N., Guo, H., Zhang, H., Fan, D., et al. (2018). Integrative Analysis of Dysregulated lncRNA-Associated ceRNA Network Reveals Functional lncRNAs in Gastric Cancer. Genes 9 (6), 303. doi:10.3390/genes9060303
 Matouk, I. J., Mezan, S., Mizrahi, A., Ohana, P., Abu-Lail, R., Fellig, Y., et al. (2010). The Oncofetal H19 RNA Connection: Hypoxia, P53 and Cancer. Biochim. Biophys. Acta (Bba) - Mol. Cel Res. 1803 (4), 443–451. doi:10.1016/j.bbamcr.2010.01.010
 Ponting, C. P., Oliver, P. L., and Reik, W. (2009). Evolution and Functions of Long Noncoding RNAs. Cell 136 (4), 629–641. doi:10.1016/j.cell.2009.02.006
 Salmena, L., Poliseno, L., Tay, Y., Kats, L., and Pandolfi, P. P. (2011). A ceRNA Hypothesis: the Rosetta Stone of a Hidden RNA Language?Cell 146 (3), 353–358. doi:10.1016/j.cell.2011.07.014
 Song, Z., Wu, Y., Yang, J., Yang, D., and Fang, X. (2017). Progress in the Treatment of Advanced Gastric Cancer. Tumour Biol. 39 (7), 101042831771462. doi:10.1177/1010428317714626
 Tan, Z. (2019). Recent Advances in the Surgical Treatment of Advanced Gastric Cancer: A Review. Med. Sci. Monit. 25, 3537–3541. doi:10.12659/MSM.916475
 Tran, K.-V., Brown, E. L., DeSouza, T., Jespersen, N. Z., Nandrup-Bus, C., Yang, Q., et al. (2020). Human Thermogenic Adipocyte Regulation by the Long Noncoding RNA LINC00473. Nat. Metab. 2 (5), 397–412. doi:10.1038/s42255-020-0205-x
 Yan, J., Zhang, Y., She, Q., Li, X., Peng, L., Wang, X., et al. (2017). Long Noncoding RNA H19/miR-675 Axis Promotes Gastric Cancer via FADD/Caspase 8/Caspase 3 Signaling Pathway. Cell Physiol Biochem 42 (6), 2364–2376. doi:10.1159/000480028
 Yang, F., Bi, J., Xue, X., Zheng, L., Zhi, K., Hua, J., et al. (2012). Up-regulated Long Non-coding RNA H19 Contributes to Proliferation of Gastric Cancer Cells. FEBS J. 279 (17), 3159–3165. doi:10.1111/j.1742-4658.2012.08694.x
 Zhang, E., He, X., Zhang, C., Su, J., Lu, X., Si, X., et al. (2018). A Novel Long Noncoding RNA HOXC-AS3 Mediates Tumorigenesis of Gastric Cancer by Binding to YBX1. Genome Biol. 19, 154. doi:10.1186/s13059-018-1523-0
 Zhang, W., and Song, Y. (2018). LINC00473 Predicts Poor Prognosis and Regulates Cell Migration and Invasion in Gastric Cancer. Biomed. Pharmacother. 107, 1–6. doi:10.1016/j.biopha.2018.07.061
 Zheng, J., Zhang, H., Ma, R., Liu, H., and Gao, P. (2019). Long Non-coding RNA KRT19P3 Suppresses Proliferation and Metastasis through COPS7A-Mediated NF-Κb Pathway in Gastric Cancer. Oncogene 38, 7073–7088. doi:10.1038/s41388-019-0934-z
 Zhou, X., Ye, F., Yin, C., Zhuang, Y., Yue, G., and Zhang, G. (2015). The Interaction between MiR-141 and lncRNA-H19 in Regulating Cell Proliferation and Migration in Gastric Cancer. Cel Physiol Biochem 36 (4), 1440–1452. doi:10.1159/000430309
 Zhou, X., Yin, C., Dang, Y., Ye, F., and Zhang, G. (2015). Identification of the Long Non-coding RNA H19 in Plasma as a Novel Biomarker for Diagnosis of Gastric Cancer. Sci. Rep. 5, 11516. doi:10.1038/srep11516
Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2021 Guo, Liang, Zhang, Xu, Jiang and Zhi. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fgene-12-607748-g005.gif





OPS/images/fgene-12-607748-g006.gif





OPS/images/fgene-12-607748-g003.gif
| e L.:::.a”m
pae o

[T PR T nap—

Fou RPUEPA ) s mANAMTON07 k)
P renp—

o N33 ) O RS 587

T AP Sl . e T e OOE





OPS/images/fgene-12-607748-g004.gif





OPS/images/fgene-12-607748-t002.jpg
Characteristics Patients () Univariate analysis Multivariate analysis

HR (95% CI) p-value HR (95% CI) p-value
Age 379 1.178 (1.178-2.258) 0.003 1.716 (1.188-2.479) 0.004
Sex 379 0882 (0.882-1.755) 0214 1.439 (0.974-2.125) 0,068
Lymph node involvement 379 0.572 (0.572-1.130) 0.209 0.761 (0.525-1.104) 0.151
Tumor stage 379 1.272 (1.272-2.053) <0001 1.783 (1.359-2.339) <0.001
Radiation therapy 379 0.267 (0.267-0.713) 0001 0370 (0.219-0.623) <0001
Risk score 379 1.356 (1.356-2.614) <0001 1.987 (1.382-2.856) <0.001

Cl. confidence interval- HR. hazard ratio.





OPS/images/fgene-12-607748-g007.gif
Paterts (nceasing sk score)

Survnaiime treas)

; 3 - =
i
oot [
¢ 10 LERT
K T
—ez \
wl o
£ 05 L
o]
o i |
Goe Lo
oz o
|
I -






OPS/images/fgene-12-607748-t001.jpg
Gene name

AC079160.1
AC093866.1
Linc00473
H19

Description

Novel transcript

Novel transcript

Long intergenic non-protein coding RNA473
H19 imprinted matemally expressed transcript

Ensembl ID

ENSG00000250546
ENSG00000251095
90632(Gene ID)
ENSG00000130600





OPS/xhtml/nav.xhtml
Contents

		Cover

		Identification and Validation of a Potent Multi-lncRNA Molecular Model for Predicting Gastric Cancer Prognosis		1 Introduction

		2 Materials and Methods		2.1 Human Tissue Samples

		2.2 Patient Datasets

		2.3 LncRNA Data Screening

		2.4 Functional Enrichment Analysis

		2.5 LncRNA–mRNA–miRNA ceRNA Network Construction

		2.6 Risk Score Establishment

		2.7 Gene Expression Omnibus Datasets

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

		2.9 Statistical Analysis





		3 Results		3.1 Identification of Differentially Expressed lncRNAs, miRNAs, and mRNAs in GC

		3.2 Functional Prediction of the lncRNA–miRNA–mRNA ceRNA Network

		3.3 CeRNA Network in GC

		3.4 Identification and Validation of the Prognostic Signature

		3.5 Univariable and Multivariable Analyses of Clinical Parameters

		3.6 Expression of the Four lncRNAs Correlated With Patient Prognosis

		3.7 External Validation of the Prognostic Value of the Four lncRNA Signature





		4 Discussion

		Data Availability Statement

		Ethics Statement

		Author Contributions

		Funding

		Publisher’s Note

		Supplementary Material

		References









OPS/images/cover.jpg
‘ frontiers
in Genetics

|dentification and Validation of a
Potent Multi-lIncRNA Molecular
Model for Predicting Gastric
Cancer Prognosis





OPS/images/fgene-12-607748-g001.gif





OPS/images/fgene-12-607748-g002.gif
]
=









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
’ frontiers
1N Genetics





