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In recent years, there has been significant progress in the diagnosis and treatment of esophageal cancer. However, owing to the lack of early diagnosis strategies and treatment targets, the prognosis of patients with esophageal cancer remains unsatisfactory. There is an urgent need to identify novel biomarkers and treatment targets for esophageal cancer. With the development of genomics, long-chain non-coding RNAs (LncRNAs), which were once considered transcriptional “noise,” are being identified and characterized rapidly in large numbers. Recent research shows that LncRNAs are closely related to a series of steps in tumor development and play an important regulatory role in DNA replication, transcription, and post-transcriptional regulation. The abnormal expression of LncRNAs leads to tumor cell proliferation, migration, invasion, and treatment resistance. This review focuses on the latest progress in research on the abnormal expression and functional mechanisms of LncRNAs in esophageal cancer. Further, it discusses the potential applications of these findings towards achieving an early diagnosis, improving treatment efficacy, and evaluating the prognosis of esophageal cancer.
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INTRODUCTION
Esophageal cancer is one of the most common malignant tumors in the world, with the seven-highest incidence and sixth-highest mortality rate among all malignant tumors worldwide (1). Esophageal cancer is highly aggressive, which often leads to a poor prognosis. According to global cancer statistics, 1 of every 20 cancer-related deaths in 2018 was due to esophageal cancer (2, 3). There are two primary histological subtypes of esophageal cancer: esophageal squamous cell carcinoma (ESCC) and esophageal adenocarcinoma (EAC). ESCC is more common between the two, accounting for 90% of all esophageal cancer cases in China. With the advancement of diagnostic technology, including novel techniques such as narrow-band imaging with magnifying endoscopy and positron emission tomography, the accuracy of esophageal cancer diagnosis has improved greatly. In addition, advances in treatment methods, such as endoscopic surgery and neoadjuvant chemotherapy, have also significantly improved treatment efficacy. However, strategies for early diagnosis are still lacking, and most cases of esophageal cancer are diagnosed in the middle or late stages, rendering surgical treatment ineffective and leading to very poor 5-year survival rates (4). Therefore, novel biomarkers and therapeutic targets for esophageal cancer are urgently required to motivate the further development of tumor-targeted drugs and early diagnosis strategies.
The Human Genome Project has shown that the human genome contains about 20,000 protein-coding genes, which only account for 1.5% of all genes (5). Transcription products that are greater than 200 nucleotides in length and do not participate in protein expression are called long-chain non-coding RNAs (LncRNAs). Owing to a lack of meaningful open reading frames and protein -encoding functions, LncRNAs were once considered transcriptional “noise.” However, with the subsequent development of molecular biology, it was gradually discovered that LncRNAs regulate gene expression at different levels (epigenetic, transcriptional, and post-transcriptional) and participate in processes such as cell growth and apoptosis, protein activity regulation, and variable splicing (6, 7). For example, LncRNA-DILC binds to the IL-6 promoter, changes the gene transcription of the binding region, and inhibits the transcription of IL-6 (8) (Figure 1A); LncRNA-H19 can inhibit S-adenosine homocysteine hydrolase and increase the level of S-adenosine homocysteine. Thereby, the inhibitory effect on S-adenosylmethionine-dependent methyltransferase is enhanced, and it induces a wide range of methylation changes in the whole genome (9) (Figure 1B); LncRNA-HOTAIR can be used as a molecular scaffold to bind to histone modification complexes, combine to perform specific functions in different regions, and mediate histone methylation and demethylation (10) (Figure 1C); LncRNA-HEIH binds to histone methyltransferase EZH2, recruits EZH2 to the promoter region of the target gene, induces methylation of the promoter region of the target gene, thereby inhibiting the expression of the target gene (11) (Figure 1D); LncRNA can be used as the “molecular sponge” of miRNA. In the form of base complementary pairing, LncRNA and target gene competitively bind miRNA, thereby reducing the silencing effect of miRNA on target gene, and further affecting the regulation of miRNA on downstream target gene (Figure 1E). Studies have also found a link between the abnormal expression and dysfunction of LncRNAs and human diseases, especially malignant tumors. Therefore, LncRNAs are considered to be of great significance in tumor diagnosis, treatment, and prognostication (12).
[image: Figure 1]FIGURE 1 | Mechanism underlying LncRNA action in tumors. (A) LncRNAs directly act as signaling molecule or bind to proteins to regulate downstream gene expression. (B) LncRNAs bind to functional proteins and affect the regulation of DNA and mRNA by protein molecules. (C) LncRNAs act as a “scaffold” to enable related macromolecular complexes to work together in the target area. (D) LncRNAs recruit functional proteins and locate and bind to the target area to exert any action. (E) LncRNA can be used as the “molecular sponge” of miRNA. In the form of base complementary pairing, LncRNA and target gene competitively bind miRNA, thereby reducing the silencing effect of miRNA on target gene, and further affecting the regulation of miRNA on downstream target gene.
This article reviews the latest research on the functional role and molecular mechanisms of LncRNA in esophageal cancer. Further, it discusses the significance of LncRNA in the diagnosis, treatment, and prognosis of esophageal cancer and describes the potential applications of LncRNAs as biomarkers and therapeutic targets for esophageal cancer.
LONG-CHAIN NON-CODING RNAS PROMOTE THE OCCURRENCE AND DEVELOPMENT OF ESOPHAGEAL CANCER
A large number of studies have pointed out that most LncRNAs act as oncogenes in the occurrence and development of tumors (Figure 2). These LncRNAs are highly expressed in tumor tissues; promote tumor cell proliferation, migration, and invasion through various mechanisms; regulate the cell cycle; and inhibit cell apoptosis. Screening out LncRNAs with esophageal cancer-promoting effects can further elucidate the occurrence and development of tumors (Table 1). Such information can provide tools that allow the suppression of tumor growth and metastasis via gene knock-out or silencing and thereby improve prognosis (13).
[image: Figure 2]FIGURE 2 | Molecular network of common LncRNAs associated with esophageal cancer.
TABLE 1 | Mechanisms of common lncRNAs in regulating the progression of esophageal cancer.
[image: Table 1]Metastasis-related lung adenocarcinoma transcript 1 (MALAT1) is located on human chromosome 11q13 and was first discovered in lung adenocarcinoma tissue. This gene is a marker for the metastasis and prognosis of non-small cell lung cancer (14). MALAT1 is highly expressed in a variety of tumor tissues and is involved in tumor regulation. Hu et al. (15) showed that MALAT1 is highly expressed in advanced esophageal cancer tissues and does not play a role in the initial stage of the tumor. Silencing the MALAT1 gene activates the ATM-Chk2 pathway, arrests the cell cycle in the G2/M phase, and increases the rate of apoptosis. In ESCC, MALAT1 exerts cancer-promoting effects via the dephosphorylation of the ATM, Chk2 protein. Chen et al. (16) found that in ESCC, MALAT1 regulates the expression of Hes1 and MMP9 through the EZH2-Notch1 signaling pathway, which affects the proliferation, migration, and invasion of ESCC cells. Several LncRNAs have been found to act as ceRNAs by sponging miRNAs to reduce their inhibitory effect on their target protein-coding mRNAs. However, miRNA can also regulate the expression of LncRNA through counteraction. In ESCC, miR-101 and miR-217 act as tumor suppressor genes and down-regulate the expression of MALAT1 through an Argonaute2-mediated pathway, thereby inhibiting cell migration and invasion (17).
H19 is a type of commonly studied cancer-promoting LncRNA (18). Chen et al. (19) experimentally found that H19 is highly expressed in esophageal cancer cell lines. A nude mouse xenograft model showed that H19 knockout significantly reduced the size and weight of xenograft tumors and the protein expression of STAT3, SOX4, EZH2, and β-catenin. This demonstrates that H19 mediates the malignant progression of esophageal cancer via the STAT3/EZH2/β-catenin axis in vivo and in vitro. HNF1A-AS1 is upstream of H19. When HNF1A-AS1 is inhibited, H19 also gets inhibited, and tumor cell survival and metastasis decrease. Genes related to nucleosome and chromatin assembly in the G1/S phase of the cell cycle are also significantly affected. The molecular mechanisms via which HNF1A-AS1 regulates esophageal cancer include the regulation of H19 expression and effects on the nucleosome and chromatin assembly pathways (20).
UCA1 has multiple molecular functions in esophageal cancer. In esophageal cancer cells, UCA1 uses ceRNA to adsorb miR-498, causing changes in downstream ZEB2 expression and exerting cancer-promoting effects (21). UCA1 can also act as a ceRNA to regulate the expression of the target gene SOX4. UCA1 also binds to miR-204 to inhibit the degradation of SOX4, thereby promoting the invasion and metastasis of tumor cells (22). Studies have found that UCA1 also promotes the expression of HXK2 by interacting with miR-203, thereby facilitating the aerobic glycolysis of tumor tissues and enhancing the Warburg effect to promote tumor cell proliferation and metastasis (23).
Myocardial infarction-associated transcript (MIAT), located on human chromosome 22 (19), was originally discovered as a gene associated with the risk of myocardial infarction. Zhang et al. (24) knocked out MIAT and found that the survival rate of esophageal cancer cells was reduced, the expression of cyclin D3 and CDK2 was reduced, and cell cycle arrest occurred in the G1 phase, leading to the inhibition of cell proliferation. Further, the levels of MMP2 and MMP9 were significantly down-regulated, and metastasis was inhibited. MIAT can act as a ceRNA to mediate the up-regulation of inner centromere protein (INCENP) by miR-1301-3p, forming a feedback pathway with SOX2 (MIAT-SOX2) and promoting the proliferation, migration, and invasion of ESCC cells (25).
The plasmacytoma variant translocation 1 (PVT1) gene, located on human chromosome 8q24, was the first LncRNA found in human cancer. After knocking out PVT1 in EAC cells, the phosphorylation of LATS1 and YAP1 increased and their protein function was lost, leading to the inhibition of tumor proliferation and invasion. YAP1 knock-out also significantly inhibited the expression of PVT1; if YAP1 was overexpressed, the level of PVT1 increased significantly. This indicated that LATS1 and YAP1 are downstream effectors of PVT1, and YAP1 has a positive feedback effect on PVT1 (26). Hu et al. (27) suggested that PVT1 promotes the downstream expression of ZEB1 and E-cadherin via miR-128, promoting ESCC progression.
Colon cancer-associated transcript 2 (CCAT2), which is located on chromosome 8q24 and expressed in microsatellite -stable colon cancer, was first identified as a single nucleotide polymorphism region (28). CCAT2 silencing was found to down-regulate β-catenin and Wnt-mediated secreted protein (WISP1) expression and significantly weaken the proliferation and migration ability of tumor cells (29). Treatment of esophageal cancer cells with a Wnt inhibitor (FH535) recapitulated the effects of CCAT2 inhibition, indicating that CCAT2 exerts cancer-promoting effects through the Wnt/β-catenin pathway (30).
As a carcinogenic LncRNA, CASC9 is mostly present in squamous epithelial tumors and was first discovered in ESCC (13). Liang et al. (31) suggested that CASC9 promotes esophageal cancer metastasis through the FAK-PI3K/Akt pathway via LAMC2 and that CASC9 stimulates the expression of LAMC2 through CBP-mediated histone acetylation to promote the invasion and metastasis of esophageal cancer. Silencing CASC9 inhibits the growth of ESCC cells and transplanted tumors in nude mice. CASC9 mediates the recruitment of EZH2 and H3K27me3 to the promoter region and regulates the expression of PDCD4, thereby exerting cancer-promoting effects (32).
FAL1 is a LncRNA that has strongly been linked to malignant tumors in recent years. It is locally amplified on chromosome 1 and has a carcinogenic effect (33). Liu et al. (34) discovered a new molecular mechanism for the regulation of esophageal cancer progression. FAL1 enhances the proliferation of ESCC cells by regulating the expression of mitochondrial division protein (DRP1) and mitochondrial dynamics. The down-regulation of FAL1 can promote the expression of DRP1, and intracellular mitochondrial division is related to DRP1-mediated mitochondrial dysfunction. Therefore, FAL1 silencing leads to mitochondrial dysfunction and promotes apoptosis by inhibiting mitochondrial respiration and ATP production. FAL1 can also target PDK1 expression and activate the AKt signaling pathway, thereby promoting the proliferation of ESCC cells (35).
HOX transcribed antisense intergenic RNA (HOTAIR) is located in the HOXC gene cluster and has a length of 685 nucleotides. It was originally discovered as a regulator of tumor invasion and metastasis in breast cancer. At present, HOTAIR is a well-known LncRNA (36). Ma et al. (37) found that HOTAIR can effectively act as a “molecular sponge” for miR-125/miR-143, negatively regulate the expression of miR-125/miR-143, promote the expression of HK2, and ultimately promote the occurrence and development of ESCC. Wang et al. (38) found that HOTAIR acts as a ceRNA after binding to miR-130a-5p, regulates the expression of the downstream protein ZEB1, and promotes the epithelial–mesenchymal transition (EMT) in ESCC.
Some carcinogenic LncRNAs have been identified for the first time in esophageal cancer in recent years. Current research on these newly discovered cancer-promoting LncRNAs is not comprehensive and detailed, and further research is thus warranted. Su et al. (39) found that MIR22HG in EAC cells promotes tumor cell proliferation, anti-apoptotic effects, migration, and invasion through the STAT3/c-Myc/p-FAK pathway. Li et al. (40) used a LncRNA microarray analysis and found that the expression of XLOC-001659 in esophageal cancer tissues is 20.9 times higher than that in normal esophageal tissues. XLOC-001659 uses ceRNA to bind to miR-490-5p and promotes the occurrence and development of ESCC via the miR-490-5p/PIK3CA axis. Xu et al. (41) postulated that DUXAP8 regulates the expression of cyclin D1 and c-Myc through the Wnt/β-catenin pathway and thereby promotes the proliferation and invasion of esophageal cancer cells. In addition to regulating downstream genes through ceRNA action, some LncRNAs also act as gene -stabilizing factors to regulate target genes, affecting protein expression and promoting cancer phenotypes. VESTAR, a stable VEGF-C LncRNA, can directly bind VEGF-C mRNA and maintain the stability of the mRNA structure. VEGF-C is known to be the most effective pro-lymphangiogenic factor. The high expression of VESTAR in ESCC tissue indicates that it may be involved in ESCC lymph node metastasis. HuR is a positive regulator of VEGF-C stability. VESTAR interacts with HuR to promote the binding of HuR to VEGF-C mRNA. Therefore, VESTAR-mediated VEGF-C mRNA stability may be an important contributor to lymph node metastasis in ESCC and could be a novel target for the diagnosis and treatment of tumor metastasis (42).
LONG-CHAIN NON-CODING RNAS INHIBIT THE OCCURRENCE AND DEVELOPMENT OF ESOPHAGEAL CANCER
Although most LncRNAs are known to have cancer-promoting effects, some LncRNAs that act as tumor-suppressor genes have also been identified (Figure 2). Tumor suppressor LncRNAs inhibit tumor proliferation and migration through a variety of molecular mechanisms and also promote tumor cell apoptosis (Table 1). However, there are high levels of epigenetic regulation in tumor tissues, and the promoter region of most tumor suppressor LncRNAs are methylated. Consequently, their expression is inhibited and their tumor-suppressing action fails. Therefore, the demethylation of these promoters and up-regulation of gene expression could be a potential strategy for cancer treatment.
GAS5 is a typical tumor suppressor LncRNA; it has been found to have a significant ability to inhibit tumor cell proliferation and promote apoptosis in lung, breast, and colorectal cancer (43). Wang et al. (44) found that GAS5 overexpression in esophageal cancer cells significantly down-regulates the expression of PI3K and the phosphorylation levels of Akt and mTOR. The use of PI3K activators was found to reverse the inhibitory effect of GAS5 overexpression on tumor proliferation and migration, suggesting that GAS5 inhibits tumors by inactivating the PI3K/AKt/mTOR pathway. Huang et al. (45) discovered another anti-tumor effect of GAS5. They found a feedback pathway between IFN and GAS5, which exerts an active anti-tumor effect. When ESCC cells are cultured and treated with IFNs, the JAK-STAT signaling pathway is activated, and the expression of GAS5 increases. This increase in GAS5 expression in ESCC cells also promotes the interferon response in tumor cells and up-regulates the levels of IFN. GAS5 is a positive regulator of IFN. The low expression of most tumor suppressor LncRNAs in tumor tissues is often a result of promoter methylation. However, the low expression of GAS5 in ESCC may be a result of the effects of miR-196a. miR-196a binds to GAS5 and down-regulates GAS5 levels, reducing its anti-tumor effect considerably (46). miR-196a is an important oncogene. The silencing of miR-196a expression would not only inhibit its cancer-promoting effect but also increase the levels of GAS5, a potential target for ESCC treatment.
NEF is a new type of tumor suppressor LncRNA that has been discovered in hepatocellular carcinoma in recent years. NEF inhibits Wnt/β-catenin pathway to achieve tumor suppressor effect in hepatocellular carcinoma (47). Zhang et al. (48) also found that NEF overexpression can reduce the expression of Wnt/β-catenin pathway -related proteins in ESCC cells and thereby inhibit tumor cell proliferation, migration, and invasion. In esophageal cancer, NEF also participates in the inhibition of esophageal cancer by regulating the Wnt/β-catenin pathway.
Brain-derived neurotrophic factor antisense LncRNA (BDNF-AS) is a natural non-coding antisense RNA of the neural transcription factor BDNF, which is important for the nervous system (49). miR-214 is a crucial cancer-promoting factor. BDNF-AS, as the “molecular sponge” of miR-214, inhibits the proliferation, migration, and invasion of esophageal cancer cells and inhibits the EMT (50).
Maternally expressed gene 3 (MEG3) is located at 14q32. Studies have found that chromosomal abnormalities in this region are closely related to the occurrence and development of tumors. Dong et al. (51) found that MEG3 acts as a ceRNA and competitively binds to miR-9 and regulates the expression of E-cadherin and FOXO1, consequently interfering with the proliferation and invasion of esophageal cancer cells. Huang et al. (52) used in vivo and in vitro experiments to show that MEG3 can target miR-4261 and thereby block the Wnt/β-catenin signaling pathway, inhibiting tumor occurrence and development.
In recent years, researchers have found that some tumor suppressor LncRNAs in esophageal cancer directly act on downstream target proteins to regulate their expression and function. ADAMTS9-AS2 is the antisense transcript of ADAMTS9, which acts as a tumor suppressor gene in gliomas and inhibits tumor angiogenesis. Further, it is also known to inhibit tumor formation in esophageal and nasopharyngeal cancer (53). ADAMTS9-AS2 recruits DNMT1/DNMT3 to the promoter region of CDH3, resulting in CpG island hypomethylation and inhibiting the expression of CDH3, thereby inhibiting cancer cell function (54). ZNF667-AS1 is located in the nucleus of esophageal cancer cells. ZNF667-AS1 can recruit TET1 to interact with ZNF667 and E-cadherin and hydrolyze 5′-MC to 5′-HMC to further activate its expression. Moreover, ZNF667-AS1 also changes the H3K27 methylation status in the promoter region of ZNF667 and the E-cadherin gene by interacting with UTX, thereby regulating the transcription and expression of these genes and exerting anti-tumor effects (55). CTC-276P9.1 is also an important tumor suppressor that can inhibit the proliferation and EMT of esophageal cancer cells by directly regulating the expression of downstream proteins. Guo et al. (56) found that CTC-276P9.1 overexpression in esophageal cancer cells can significantly reduce the expression of Ki67 and PCNA and inhibit cell proliferation. Furthermore, CTC-276P9.1 regulates the expression of E-cadherin and Vimentin by regulating the transcription of Twist1 and ZEB1 and ultimately affects the EMT of esophageal cancer cells. Zhao et al. (57) found that the overexpression of NBAT-1 significantly down-regulates PKM2, a key metabolic enzyme, whose disruption affects the function of tumor cells. Therefore, it has been speculated that the tumor-suppressing effect of NBAT-1 on esophageal cancer depends on PKM2-mediated tumor glycolysis. Semaphore 3B (SEMA3B) is a tumor suppressor gene located on human chromosome 3q21.3. Its antisense long non-coding RNA (SEMA3B-AS1) is often inactivated in ESCC and loses its anti-tumor effect. CpG dinucleotide hypermethylation in the promoter region of SEMA3B-AS1 does not affect the transcription of SEMA3B but inhibits the expression of the SEMA3B protein, indicating that SEMA3B-AS1 may regulate SEMA3B at the post-transcriptional level (58).
p53 is the first tumor suppressor gene to be discovered, which exerts its tumor suppressor effect mainly by inducing tumor cell apoptosis and inhibiting growth (59). In subsequent studies, more and more lncRNAs have been shown to be p53 effectors, and they are involved in tumor regulation in a p53-dependent manner (60). uc061hsf.1 is a direct transcription target of p53. uc061hsf.1 regulates the expression of the downstream transcription factor FoxA1 and inhibits the proliferation and migration of ESCC cells, indicating that uc061hsf.1 is a tumor suppressor LncRNA regulated by P53 (61).
LONG-CHAIN NON-CODING RNAS CAN INDICATE THE PROGNOSIS OF PATIENTS WITH ESOPHAGEAL CANCER
Studies have confirmed that the expression of LncRNAs, both carcinogenic and tumor suppressor LncRNAs, is associated with factors such as tumor volume, pathological stage, lymph node metastasis, and histological differentiation as well as overall survival (Table 2). The differential expression of these LncRNAs in tumor tissues can help evaluate tumor progression and prognosis in patients with esophageal cancer and provide new markers for further improving esophageal cancer treatment.
TABLE 2 | Common LncRNAs related to the pathology and prognosis of esophageal cancer.
[image: Table 2]MALAT1 and CASC9 are highly expressed in ESCC tissues and are closely related to the TNM staging. They are important independent predictors of overall and disease-free survival. These LncRNAs can act as novel indicators of tumor progression and prognosis (62, 63). DUXAP8 and ZEB1-AS1 are also highly expressed in ESCC tissues. Analyses have found that their expression is positively correlated with ESCC state, lymph node metastasis, and prognosis and they are potential prognostic indicators for esophageal cancer (41, 64). Li et al. (65) found that H19 upregulation is associated with a large tumor size, high tumor stage, and short survival duration, indicating that H19 expression could be a marker of malignant transformation and patient prognosis. Furthermore, there is a significant positive correlation between the expression of HNF1A-AS1 and H19, suggesting that HNF1A-AS1 could also be a prognostic biomarker (20). Liu et al. (66) found that the expression of BANCR in the ESCC patients was related to histological grade, TNM stage, lymph node metastasis and OS. After the patient’s tumor is removed, the expression level of BANCR returns to normal, and as the disease progresses, the expression level of BANCR gradually increases, which has certain potential for early diagnosis and evaluation of ESCC. Multiple studies have found that the expression of UCA1,POU3F3,CCAT2, HOTAIR, and uc002yug.2 is significantly higher in cancerous tissue than in normal adjacent tissues, and that high expression levels indicate shortened overall survival. This demonstrates that UCA1, POU3F3, CCAT2, HOTAIR, and uc002yug.2 could be important prognostic factors among patients with esophageal cancer (22, 23, 29, 67-70).
In EAC, the correlation between LncRNA and prognosis is also shown. Xu et al. (26) compared EAC tissue with Barrett’s esophagus and normal esophagus. The results showed that PVT1 expression was up-regulated in EAC tissues, and PVT1 expression was related to histological grade, lymph node metastasis and survival.
Some other tumor suppressor LncRNAs can also act as novel prognostic indicators in esophageal cancer. MEG3 has obvious tumor suppressor properties in ESCC tissue, and its expression is negatively correlated with lymph node metastasis and TNM staging. Further studies have revealed that MEG3 expression is negatively correlated with the expression of its downstream target PSAT1, high levels of which are indicative of poor patient prognosis. This suggests that MEG3 is a potential prognostic marker that inhibits the EMT in tumor cells by inhibiting the Snail signaling pathway via PSAT1 (71). In line with this, Huang et al. (52) also proposed that MEG3 expression in ESCC tissues is related to tumor volume, lymph node metastasis, and pathological staging, and MEG3 is an independent predictor of disease-free and overall survival. The expressions of SEMA3B-AS1 and uc061hsf.1 are reduced in ESCC tissues and have been found to be lower in esophageal cancer tissues with lymph node metastasis or poor differentiation. This suggests that the expression of SEMA3B-AS1 and uc061hsf.1 is closely related to prognosis among patients with esophageal cancer (58, 61).
LIQUID BIOPSY LONG-CHAIN NON-CODING RNA IS CONDUCIVE TO THE EARLY DIAGNOSIS OF ESOPHAGEAL CANCER
Even though ribonuclease levels in the blood are high, miRNA from tumor cells remains stable in serum and plasma. miRNA levels in the blood can be used as indicators of tumorigenesis. The US Food and Drug Administration has approved a series of miRNAs as tumor diagnostic indicators for clinical trials (72). Similarly, LncRNA can also be detected in human blood. Therefore, the abnormal levels of LncRNA in the blood could be a potential indicator for the early diagnosis of esophageal cancer.
Multiple LncRNAs are also differentially expressed in serum in patients with cancer. Hu et al. (27) analyzed sera from 76 ESCC patients and found that serum PVT1 levels were related to lymph node metastasis, TNM staging, and postoperative metastasis. High levels of PVT1 often indicate a worse overall survival, suggesting that PVT1 could be used as a valuable serum marker for ESCC diagnosis and prognostication. BANCR is highly expressed in the plasma of ESCC patients. After tumor removal, plasma BANCR levels revert to the levels observed in healthy individuals. BANCR is closely related to the status of tumor activity, suggesting that it has certain potential for early diagnosis and evaluation of ESCC (66). The levels of GAS5 and NEF in the cancer tissues and serum of ESCC patients are significantly lower than those in normal individuals, and the levels of GAS5 and NEF also decrease with an increase in tumor stage (44, 48).
An indicator for early tumor diagnosis should not only show significant differential expression but also be stable in the blood and be easy to detect. Tong et al. (73) tested the stability and diagnostic performance of circulating LncRNA-POU3F3 in the blood. They found that even after the serum undergoes multiple freeze–thaw cycles or is treated with acidic or alkaline solutions, POU3F3 can still be detected and remains stable. Through receiver operating characteristic curve analysis, they found that serum POU3F3 levels have good sensitivity and specificity in the prediction of ESCC and could be an ideal early diagnostic index for this type of malignancy.
Exosomes are the star molecules of tumor liquid biopsy. As a messenger of “intercellular communication,” they can circulate in the whole body fluid, which makes it a new type of liquid biopsy marker to attract researchers’ attention. Exosomes contain a large number of non-coding RNAs, such as microRNA (miRNA), cyclic RNA, and long-chain non-coding RNA (lncRNA). Especially during the development of tumors, exosomes can carry lncRNA that is more abundant than tumor cells. The lipid bilayer membrane structure of exosomes protects the non-coding RNA from being degraded, reduces the complexity of detecting multi-component body fluids, and increases the sensitivity and specificity of detection for low-abundance molecules (74). Therefore, LncRNA in exosomes can become an emerging biomarker.
Prostate cancer-related transcript 1 (PCAT1) was originally identified as an over-expressed lncRNA in prostate cancer by RNA sequencing, which can promote the progression of prostate cancer (75). In ESCC tissues, elevated PCAT1 expression is related to tumor lymph node metastasis and clinical staging (76). More importantly, PCAT1 was packaged into ESCC cell-derived exosomes and highly expressed in serum, ultimately promoting tumor proliferation through ceRNA interaction with miR-326 (77). ZEB1-AS1 is derived from the ZEB1 promoter region. Exosomes have been detected in patients with esophageal cancer, and these patients have been found to show higher levels of ZEB1-AS1 than healthy individuals. Research has also found that ZEB1-AS1 can promote the proliferation of esophageal cancer cells by up-regulating the downstream effector protein ZEB1, demonstrating that ZEB1-AS1 can be found in peripheral blood exosomes and may be used as a new marker for early blood-based tumor detection (78). As the most potential indicator for diagnosing ESCC, the study found that POU3F3 also had persistently elevated expression in exosomes, and the expression level was not disturbed by experimental conditions (70).
REGULATION OF LONG-CHAIN NON-CODING RNA EXPRESSION CAN ENHANCE TUMOR SENSITIVITY TO RADIOTHERAPY AND CHEMOTHERAPY
Currently, esophageal cancer is typically treated with comprehensive strategies. Of these, neoadjuvant therapy combined with radiotherapy and chemotherapy can increase the surgical resection rate, reduce the risk of distant metastasis, and provide a therapeutic effect better than that of traditional surgical resection. However, LncRNAs affect not only the occurrence and development of esophageal cancer but also the sensitivity of tumor cells to radiotherapy and chemotherapy. Therefore, regulating the expression of LncRNAs in esophageal cancer tissues and reducing the resistance of tumor cells to radiotherapy and chemotherapy can be used as novel approaches to improve therapeutic efficacy and prevent tumor recurrence. Due to the large number of ESCC patients and the tendency to metastasize. Therefore, the current research focuses on LncRNA regulating the chemoresistance and radioresistance of ESCC.
Radiotherapy is an important step in the treatment of ESCC, and avoiding radiotherapy resistance of tumor tissue can effectively reduce recurrence and metastasis. MALAT1 is related to the radiotherapy sensitivity of tumors. Li et al. (79) overexpressed MALAT1 in ESCC cells and transplanted these cells to generate tumors in nude mice. After irradiation, they found that MALAT1 overexpression enhanced tumor cell viability and reduced apoptosis. This demonstrated that MALAT1 can inhibit the apoptosis induced by radiation and enhance the resistance of cells to radiotherapy, and MALAT1 silencing may enhance the sensitivity of cells to radiotherapy (80). Luo et al. (81) inhibited H19 in radiation-resistant esophageal cancer cells and found an increase in miR-22-3p expression, decrease in Wnt1 expression, and reduction in cell proliferation and migration. This suggested that H19 can regulate the Wnt pathway via miR-22-3p and confer radiotherapy resistance. Therefore, knocking out H19 and thereby enhancing the radiosensitivity of ESCC may be a new treatment strategy. Lin et al. (82) found that the expression of the tumor suppressor GAS5 in radiation-sensitive cells was higher than that in radiation-resistant cells. The overexpression of GAS5 can promote the reduction in miR-21 expression, increase the levels of RECK, and increase tumor cell apoptosis after radiotherapy. It has been suggested that GAS5 modulates miR-21/RECK to increase the radiation sensitivity of tumor cells, and could therefore also serve as a target for improving the effect of radiotherapy.
ESCC is more sensitive to chemotherapy drugs, so chemotherapy also has good curative effect. Colon cancer-related transcript 1 (CCAT1) was first discovered as a carcinogen in colon cancer (83). Inhibition of the CCAT1 gene was found to up-regulate the downstream target miR-143, reducing the expression of Ki-67 and promoting G1 arrest. miR-143 targets the expression of PLK1 and BUBR1 in ESCC cells and promotes the sensitivity of tumor cells to cisplatin drugs (84). It has been suggested that CCAT1 can regulate the proliferation and chemotherapy resistance of esophageal cancer cells by regulating the miR-143/PLK1/BUBR1 axis. Prostate an-drogen regulated transcript 1 (PART1) is upregulated in gefitinib-resistant esophageal cancer cells and is associated with adverse effects of gefitinib treatment. The experimental knockout of PART1 can promote the death of gefitinib-resistant esophageal cancer cells and reduce the resistance of ESCC to gefitinib (85). POU3F3 is not only of great significance in the early diagnosis of ESCC, but also can guide the selection of chemotherapy drugs. Tumor cell-derived exosomes contain POU3F3, which induces the transformation of normal fibroblasts to tumor-associated fibroblasts, increases the level of IL-6 in the tumor microenvironment, and promotes cisplatin resistance in ESCC cells(86).
APPLYING PUBLIC DATABASES TO DISCOVER MORE POTENTIALLY VALUABLE LONG-CHAIN NON-CODING RNAS
The methods to study the regulatory function of LncRNA mainly include traditional biological experimental methods and modern computational methods of bioinformatics. Traditional biological experimental methods to identify the function of LncRNAs, although the results are accurate and reliable, have problems such as long experimental cycle time and high cost. With the continuous development of high-throughput sequencing technology, more and more LncRNAs have been discovered, and the functions of a large number of LncRNAs need to be clarified. Traditional biological experimental methods are obviously incompetent, and fast and efficient computational methods must be used to conduct data mining of the discovered relationship between LncRNAs and human diseases, and then infer the function of LncRNAs (87).
LncRNADisease: In 2012, Chen et al. (88) collected the relationship between LncRNAs in the regulation of human diseases reported in the PubMed database and developed the first database of LncRNAs in the regulation of human diseases. LncRNADisease gives the PubMed hyperlink of the original article for each LncRNA-disease association data, and annotates the detailed information of the LncRNA-disease association, including genomic information, sequence information, dysfunction type, etc.
Lnc2Cancer: In 2015, Ning et al. (89) established an experimentally supported LncRNA database that specifically collects LncRNA-cancer associations. Each association data in the database includes the name of LncRNA and cancer, LncRNA sequence and location information, LncRNA expression pattern, experimental technique, LncRNA functional description, PubMed database hyperlink and other annotation information.
LncRNADisease2.0 is an updated version of LncRNADisease, which was established by Bao et al. (90) in 2018. Compared to the first version of LncRNADisease, LncRNADisease 2.0 has significant improvements. For example, transcriptional regulatory relationships between LncRNAs, mRNAs, and miRNAs are provided; disease names are mapped to the MeSH database, and quantitative confidence scores are provided for each LncRNA-disease association. LncRNADisease 2.0 is one of the most comprehensive databases for collecting LncRNA-disease association data.
SUMMARY AND OUTLOOK
As our understanding of LncRNA increases, our awareness of the key roles LncRNAs play in the functioning of various cells under normal and disease states is also increasing. LncRNAs participate in gene regulation via a variety of molecular mechanisms. For example, some LncRNAs act as a “molecular sponge” to regulate downstream miRNAs, whereas others act as epigenetic regulators that affect the expression of effector proteins or as protein chaperones to affect protein function. Studies have confirmed that there are several LncRNAs in tumor tissues and they perform various functions, and most studies have reported the specific molecular mechanisms underlying these processes. LncRNAs are promising new biomarkers that can assist in early disease diagnosis, improve the curative effect of treatment, and predict patient prognosis. Further, the discovered LncRNA regulatory networks and molecular pathways could provide potential avenues for targeted tumor therapy.
However, some LncRNAs participate in multiple molecular pathways in tumors. One example is HOTAIR, which is involved in both the miR-125/miR-143/HK2 axis and the miR-130a-5p/ZEB1 pathway. It has been confirmed that signaling molecules usually interact with each other and function together. A single LncRNA is not sufficient to drive cell signal transduction, and accordingly, a single signaling molecule may not work effectively. Therefore, our understanding of LncRNAs is still at the nascent stages. It is necessary to discover more LncRNAs related to signaling pathways, further characterize how LncRNAs and signaling molecules work co-operatively, and map the multi-factor regulatory networks that include both LncRNA and miRNA. This will help in the application of LncRNAs as biomarkers for early tumor diagnosis and prognostic assessment and targets for precise treatment.
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