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Abstract
Hepatocellular carcinoma (HCC) is one of the most common and aggressive cancers worldwide. HCC is the fifth common malignancy in the world and the second leading cause of cancer death in Asia. Long non-coding RNAs (lncRNAs) are RNAs with a length greater than 200 nucleotides that do not encode proteins. lncRNAs can regulate gene expression and protein synthesis in several ways by interacting with DNA, RNA and proteins in a sequence specific manner. They could regulate cellular and developmental processes through either gene inhibition or gene activation. Many studies have shown that dysregulation of lncRNAs is related to many human diseases such as cardiovascular diseases, genetic disorders, neurological diseases, immune mediated disorders and cancers. However, the study of lncRNAs is challenging as they are poorly conserved between species, their expression levels aren’t as high as that of mRNAs and have great interpatient variations. The study of lncRNAs expression in cancers have been a breakthrough as it unveils potential biomarkers and drug targets for cancer therapy and helps understand the mechanism of pathogenesis. This review discusses many long non-coding RNAs and their contribution in HCC, their role in development, metastasis, and prognosis of HCC and how to regulate and target these lncRNAs as a therapeutic tool in HCC treatment in the future.
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Core tip: Recent researches are focusing on targeting non-coding RNAs in an attempt to find therapeutic means for many health problems. Here, we are shedding the lights on the regulation of several proteins in hepatocellular carcinoma (HCC) by long non-coding RNAs (lncRNAs). lncRNAs try desperately to halt the aberrantly expressed oncogenic network by the fact that single lncRNA can have multiple downstream targets in one or more signaling pathway. This is an approach in an attempt to find an efficient radical cure for HCC. 

INTRODUCTION
Epigenetic regulations
If we look up the word epigenetic in the dictionary, the result will be: the process by which the expression of genetic information is modified on a molecular level without alteration to the DNA sequence. The word epigenetic was also defined by previous researchers as “in addition to changes in genetic sequence”, “to act “on top of” or “in addition” to genetics” and “heritable changes in gene activity and expression that occur without alteration in DNA sequence”[1-4]. Various kinds of epigenetic processes have been discovered during the years, which include methylation, acetylation, phosphorylation, ubiquitylation and non-coding RNA. Such alterations can be transmitted to daughter cells or, as suggested in recent experiments, can be reversed. Epigenetic processes are significant to normal organism functions, however, if they develop incorrectly, severe unwanted health and mental effects could arise[4].
The most studied epigenetic process is DNA methylation. It’s the covalent addition or a methyl group (CH3) removal to the fifth position of the cytosine base within CpG dinucleotides. This modification is catalyzed by DNA methyltransferases (DNMTs), as DNMT1, DNMT3a and DNMT3b. DNMT3a and DNMT3b are considered de novo methyltransferases, initiating methylation to unmethylated CpGs during embryonic development or in cancer cells[5-7]. On the contrary, DNMT1 functions as the maintenance methyltransferase by methylating hemimethylated CpGs after mitosis, hence transmitting the methylation patterns to daughter strands, along with contributing to the de novo methylation process[8,9]. Both classes are said to function co-operatively to methylate DNA usually in regions known as CpG islands where the occurrence of CpG dinucleotides is high. DNA methylation causes gene silencing through two mechanisms; firstly, by decreasing the affinity of transcription factors to gene promoters through steric hindrance and the second mechanism is by the direct binding of methyl CpG binding domain (MBD)-containing proteins to the methylated DNA, leading to transcription repression through chromatin condensation[10]. This gene silencing could be reversed by active DNA demethylation which mainly happens by the removal of the methyl group from 5-methylcytosine via Methyl-CpG binding domain proteins[11].
Another epigenetic regulation is histone modification which encounters any post translational modification regulating chromatin structure and function. Chromatin consists of DNA and proteins bundled together in a compact way to fit inside the nucleus[4]. These complexes can be modified mainly through acetylation and methylation of the histone lysine residues. The resultant effect differs according to the type of modification and its location on the histone. The lysine residues at the histone terminals are subject to acetylation or deacetylation by histone acetyltransferases or histone deacetylases. Acetylation decreases the positive charges of lysine residues and decreases the affinity between histones and DNA which results in decondensation of the chromatin hence, disrupting the chromatin structure. Moreover, acetylated residues act as binding sites for histone modifying enzymes or chromatin remodeling factors that facilitate gene expression[12,13]. Methylation of histone occurs on different lysine residues with different degree of methylation thus giving a wide variety of results either repressive or activating depending on the combination of factors[14]. Methylation of the lysine at the fourth residue of histone H3 (H3K4Me) promotes a transcriptionally active conformation, as H3K9Me which promotes a transcriptionally repressive conformation. H3K36Me can be activating or repressive, depending upon proximity to a gene promoter region[15].

Non-coding RNAs
RNA species beyond mRNA which lack clear potential to encode proteins or peptides, and they include intronic RNAs, microRNAs (miRNAs), circular RNAs (circRNAs), extracellular RNAs and long non-coding RNAs (lncRNAs), that will be our main focus in this review[16].

lncRNAs
LncRNAs are a diverse group of transcripts whose natural functions and potential as drug targets remain largely undefined. These RNA species are greater than 200 nucleotides in length and do not encode protein. lncRNAs are thought to involve nearly 30000 different transcripts in humans, lncRNA transcripts account for the major part of the non-coding transcriptome. LncRNA discovery remains at a primary stage.

LncRNAs biogenesis
Several long non-coding RNAs (lncRNAs) or classes of lncRNAs are differentially regulated at different levels of their biogenesis, maturation and degradation. At the chromatin level state, lncRNAs and mRNAs exhibit similar properties, For example, an enrichment of H3K4me3 at promoters; however, lncRNA genes have a higher enrichment of H3K27ac and are definitely more repressed by certain chromatin remodelling complexes, such as Swr1, Isw2, Rsc and Ino80. Transcription starts from divergent promoters differs for the sense (mRNA) and the antisense (lncRNA) directions; divergent antisense transcription is enriched for H3K56ac and phosphorylation of RNA polymerase II (Pol II) Tyr1. Transcription in the divergent direction is additionally increased by the SWI/SNF proteins and repressed by CAF-1. Transcriptional elongation is more strongly regulated by DICER1 and MYC for lncRNAs than for mRNAs. The occurrence of U1 and polyadenylation signals differs on either side of bidirectional promoters (along the U1–PAS axis), favoring the splicing of mRNAs in the sense direction and the cleavage and polyadenylation in the divergent, antisense direction. Despite the the fact that mRNAs localize very specifically to ribosomes in the cytoplasm, lncRNA localization is substantially more differed, as certain lncRNAs can occupy the chromatin, subnuclear domains, the nucleoplasm or the cytoplasm. Finally, whereas mRNAs are primarily degraded in the cytoplasm by decapping and 5′-to-3′ exonuclease digestion, numerous unstable lncRNA transcripts are liable to the nuclear exosome or to cytosolic nonsense-mediated decay (NMD)[17].

LncRNAs functions and mechanism of action
LncRNAs can regulate gene expression and the synthesis of protein in various ways. Some lncRNAs are relatively highly expressed, and functions as scaffolds for particular subnuclear domains. Carrying on, lncRNA have secondary structures which facilitate their interactions with DNA, RNA and proteins. Also, its binding to DNA or RNA is sequence-specific. Gene regulation may take place in cis (in close proximity to the transcribed lncRNA) or in trans (at a distance from the transcription site). In the function of chromatin modulation, the effect of lncRNA is usually gene-specific, exerted at a local level (in cis) but the regulation of chromatin can also take place in trans[18]. 
Some lncRNAs already had their functions experimentally elucidated and have proved to be involved in gene regulation processes including: Chromatin modification and structure, direct transcriptional regulation, regulation of RNA processing such as splicing, editing, localization, translation and degradation, post-translational regulation of protein activity and localization, facilitation of ribonucleoprotein (RNP) complex formation, modulation of microRNA regulation, in addition to gene silencing through endogenous siRNA (endo-siRNA) and regulation of genomic imprinting.
Recently, lncRNA functions have been classified into main different molecular mechanisms. One lncRNA may be described as one or more of the following five models: First, the Signal model that functions as a molecular signal or indicator of transcriptional activity. The Decoy model in which it binds and titrates away other regulatory RNAs (e.g., microRNAs) or proteins (e.g., transcription factors). Third type is the Guide model in which it directs the localization of ribonucleoprotein complexes to specific targets (e.g., chromatin modification enzymes are recruited to DNA). Last but not least the Scaffold model that has a structural role as platform upon which relevant molecular components (proteins and or RNA) can be assembled into a complex or spatial proximity. And the last type is the Enhancer model which controls higher order chromosomal looping in an enhancer-like model[19].

Epigenetic regulation and lncRNAs in hepatocellular carcinoma
The lncRNA X-inactive specific transcript (XIST) recruits EZH2 which is a component of polycomb repressive complex “PRC2”, to the X chromosome, leading to histone methylation and silencing of one X chromosome[20]. Also ANRIL, a lncRNA which recruits polycomb repressive complexes “PRC1 and PRC2” to the locus, causing the reduction transcription of ARF, CDKN2B, and CDKN2A[21,22]. Another lncRNA “ TUG1” can regulate KLF2 expression in the epigenetic level by binding to PRC2. And it was found that those lncRNAs are deregulated in hepatocellular carcinoma (HCC) beside other lncRNAs that will be mentioned below.

LncRNAs in cancer
Numerous previous studies concluded that long non-coding RNAs play an important role in regulating many biological processes including gene expression, cell cycle regulation and cellular differentiation[23]. Hence, deregulated lncRNA expression may contribute to disease pathogenesis and pathophysiology such as cancers, cardiovascular disorders and metabolic disorders. This relation unveils the role lncRNAs could have as therapeutic targets or biomarkers for diseases[24]. LncRNAs are usually observed in cancer cases due to the expression difference between cancerous cells and normal cells[25]. Moreover, they fall under two categories; either oncogenic, promoting cancer or tumor suppressor, inhibiting cancer progression and both have equal importance in cancer therapeutic treatment. Long non-coding RNAs exert their effect through various mechanisms for example, modulating epigenetic regulations including imprinting as X-inactivation in females, controlling cell apoptosis signaling as well as cellular proliferation pathways. Sometimes, they interact with RNA-binding proteins mediating transcriptional processes, bind to their intracellular steroid receptors activating or inhibiting downstream targets or transcription factors. Furthermore, lncRNAs could induce chromatin modification through recruiting chromatin remodeling complex to specific loci and regulate gene expression at the post transcriptional level as well (as shown in Figure 1)[26].
As an example to the function of deregulated lncRNAs in various types of cancers, metastasis-associated lung adenocarcinoma transcript 1 (MALAT1) is reported overexpressed in breast cancer, prostate cancer, uterine cancer, colon cancer, pancreatic cancer, osteosarcoma, NSCLC and other cancers[26-28]. Additionally, HOX transcript antisense RNA (HOTAIR) is found upregulated in breast cancer and prostate cancer aiding in tumor invasion and metastasis[29,30]. Furthermore, H19 present on chromosome 11, is reported crucial in bladder, lung, breast, cervix, prostate and colorectal cancers. Another famous lncRNA is urothelial carcinoma-associated 1 (UCA1) which serves as an oncogene in colon, cervix, lung, bladder, breast and stomach carcinomas through enhancing cellular proliferation and migration[27]. ANRIL, one of the antisense lncRNAs is found in high levels in prostate cancers and leukemia[26,27]. BC200, an intergenic gene on chromosome 2 modulates translational processes in breast, cervix, esophagus, lung, ovary and tongue cancers[26]. On the contrary, MEG3 has proved to be one of the tumor suppressor genes in cancers like pituitary adenomas as it inhibits cell proliferation and modulates angiogenesis through regulating p53[31]. Another tumor suppressor gene is growth arrest-specific transcript 5 (GAS5) that induces apoptosis in breast and prostate cancers by inhibiting several responsive genes leading to altering various cellular processes[26].

LncRNA IN HCC
Tumor suppressor lncRNA
lncRNA SVUGP2 is downregulated in HCC cells and its overexpression inhibits cellular proliferation and invasion through the inhibition of several mRNA and proteins of growth markers and invasion markers; hence acting as a tumor suppressor[32]. AF113014 acts as a tumor suppressor by regulating the expression of the tumor suppressor gene, Egr2 through interaction with miR-20a causing a decrease in cellular proliferation[33]. Uc.134 is reported to be significantly downregulated in HCC cells; its overexpression suppresses HCC by inhibiting cellular invasion and proliferation via repression of CUL4-mediated ubiquitination of LATS1 and activation of YAPS127 phosphorylation[34]. SchLAH is a lncRNA that is downregulated in HCC via possible histone deacetylation; its overexpression inhibits cell migration and metastasis through interaction with FUS protein and modulation of RhoA and Rac1 downstream targets[35]. SRA1 is one of the downregulated RNAs in HCC cells that serves as a tumor suppressive through its regulation of tumor size and serum glucose levels[36]. DGCR5 is one of the downregulated lncRNAs that can acts as a tumor suppressor in HCC patients however its molecular mechanism is yet to be studied[37]. Also, the lncRNA ZNF674-AS1 is found to be downregulated in HCC patients with significant relation to poor prognosis in patients; however, no significant molecular mechanism is established yet[38]. STARD13 is a tumor suppressor as its expression levels in HCC is low and its upregulation enhances cellular apoptosis by acting as a ceRNA for Fas and increases tumor sensitivity to chemotherapy[39].
Linc-cdh4-2 is downregulated in HCC and its overexpression causes a significant decrease in migration and invasion with no effect on cell viability and proliferation. The decrease in migration could be through an increase in the protein levels of R-cadherin and decrease in the protein levels of small GTPase RAC1, as an increase in RAC1 protein levels enhances cell invasion abilities[40]. Low levels of LINC RP1130-1 are significant in HCC patients compared to normal patients. This decrease is associated with number of tumors, portal vein tumor thrombus, microvascular invasion and most importantly a shorter recurrence-free survival hence, classifying it as a tumor suppressor lncRNA[41]. ZNFX1-AS1 is significantly downregulated in HCC and its overexpression suppressed cell proliferation, colony formation and promoted cell apoptosis. miR-9 exhibits a positive correlation with ZNFX1-AS1 hence an upregulation of miR-9 and a downregulation of its promoter methylation is observed with ZNFX1-AS1 overexpression[42]. LINC00052 is one of the tumor suppressor lncRNAs as its upregulation inhibit cell invasion and proliferation abilities of HCC cells which is achieved through regulating NTRK3 expression by establishing complementary base pairing with miR-128 ad miR-485-3p. Downregulation of NTRK3 promotes cellular invasion and proliferation abilities just like the low levels of LINC00052[43]. PRAL is a tumor suppressor lncRNA present on chromosome 17p13.1 usually in low levels in HCC patients and its overexpression inhibits tumor growth. This occurs due to the binding of PRAL to HSP90 which enhances its binding to p53, opposes MDM2 induced p53 degradation hence promoting HCC cell apoptosis[44]. Moreover, studying several deregulated genes in HCC revealed the downregulation of AF070632 associated with various cellular processes such as oxidation-reduction, cofactor binding in catabolic processes[45]. The expression of the lnc-Dreh was evaluated and found to be downregulated in HCC tissues proving to be a tumor suppressor as it binds to vimentin, decreasing its expression and disrupting the normal cytoskeleton structure required for growth and invasion hence inhibiting metastasis in HCC or HBV related HCC patients[46]. LET is considered as one of the lncRNAs that function as a tumor suppressor as it inhibits HCC metastasis and invasion when overexpressed on chromosome 15. This occur through a complex positive feedback loop of HIF-1/HDAC3/lncRNA-LET/NF90 that modulates HIF-1 response and gives the tumor suppressive effect[47]. 
An interesting mechanism of tumor suppression is encountered with PTENP1, a pseudogene of PTEN, where it induces autophagy of HCC cell inhibiting its survival. This is achieved as PTENP1 acts as an endogenous sponge for miR-17, miR-19b and miR-20a abolishing their inhibitory ability of PTEN hence inhibiting the PIK3T/AKT pathway and inducing pro-death autophagy[48]. CPS1-IT1 acts as tumor suppressor in HCC by inactivation of HIF-1 which results in decreased the expression of epithelia-mesenchymal transition (EMT) related proteins[49]. TUSC7 acts as tumor suppressor through the TUSC7-miR-10a-EphA4 axis leading to EMT suppression[50]. WT1-AS may function as a tumor suppressor in HCC by reversing the oncogenic effects of WT1. WT1-AS downregulates WT1 expression in HCC tumors and promotes apoptosis by binding to the promoter region of WT1[51]. AOC4P lncRNA also plays role as an HCC tumor suppressor by promoting vimentin degradation and suppressing the EMT[52]. SRHC is noncoding tumor suppressor that can inhibit HCC cell proliferation and promote its differentiation[53]. CASC2 inhibits cell proliferation, migration and invasion and promotes apoptosis by inactivation of the MAPK pathway this indicates that CASC2 may act as a tumour suppressor in HCC[54]. lncRNA-AK058003 can inhibit HCC proliferation and metastasis acting as a tumor suppressor by suppressing the SNCG in a HuR-dependent manner[55]. Suppression of treRNA by miR-190a significantly inhibited migration of HCC cells. This lead to reduced expression of Vimentin and SNAI1 (mesenchymal markers), as well as induced expression of E-cadherin and Claudin-1 (epithelial markers)[56].

Oncogenic lncRNA
HCG11 acts as an oncogenic lncRNA as it induces cell proliferation and invasion of HCC tumor cells, suppresses apoptotic indicators, such as: p21 and caspase-3, promotes anti-apoptotic factors including ERK, JNK and p38 via the regulation of IGF2BP1 protein and activation of MAPK pathway which consequently promoted HCC progression[57]. LOC90784 long non-coding RNA functions as an oncogene as its knockdown promotes Bax and represses CDK4 and Cyclin D protein expression which induces apoptosis and suppresses proliferation. Moreover, its downregulation inhibits cellular invasion and migration by repressing MMP2 and MMP9 expression in HCC cells[58]. Another lncRNA that is found to be upregulated in HCC cells is UBE2CP3; it induces the process of cell invasion and migration in HCC by increasing the expression of Snail-1 and N-cadherin while decreasing the expression of E-cadherin hence, promoting the EMT leading to tumor metastasis[59]. Linc00462 is reported to be upregulated in HCC tumors promoting tumor progression through the regulation of PI3K/AKT pathway, inducing cellular proliferation and migration[60]. TINCR lncRNA is found to be upregulated in HCC cells acting as an oncogene regulating differentiation, invasion and metastasis of tumor cells[61]. AB019562 is reported to be upregulated in HCC cells; its knockdown inhibits cell proliferation, arrests cell cycle at G0/G1 phase, suppresses cellular metastasis, induces apoptosis and activates caspase-3 activity[62]. LncARSR is a long non-coding RNA that regulates the sensitivity of the tumor cells to doxorubicin. Upregulation of lncARSR in HCC cells induces its resistance to doxorubicin, indicating poor prognosis through PTEN mRNA depletion and PI3k/Akt activation[63]. AWPPH serves as an oncogene as its overexpression in HCC promotes cell proliferation, migration and metastasis. This is achieved through YBX1 interaction and its mediated activation of downstream transcription factors such as SNAIL1 and PIK3CA and their pathways[64].
Prostate cancer-associated transcript (PCAT)-14 is overexpressed in HCC cells; it induces proliferation, migration and cell cycle arrest. Moreover, it regulates the expression of ATAD2 and Hedgehog pathway via its inhibitory effect on miR-372 that’s achieved by methylation of miR-372’s promoter region. Conversely, miR-372 eliminates PCAT-14’s effects on proliferation and invasion of HCC cells[65]. Another crucial lncRNA is P73 antisense 1 T that is upregulated in HCC cell lines; its knockdown resulted in reduced cellular proliferation, invasion and downregulated HMGB1/ RAGE signaling pathway that also correlates with dysregulated cell death and survival. miR-200a has a negative correlation with TP73-AS1 and HMGB1 expressions and studies revealed that both compete for the same binding site on miR-200a concluding that TP73-AS1 could be oncogenic through miR-200a dependent HMGB1/RAGE regulation[66]. Linnc00441 is an oncogene that’s upregulated in HCC promoting cell proliferation, tumor growth and downregulating RB1 tumor suppressor gene. Transcription factor (TCF)-4 and H3K27 acetylation were found to contribute to Linc00441 upregulation which in turn downregulated RB1 expression through possible enhancement of CpG islands methylation in its promoter region via DNMT3A Linc00441-dependent recruitment[67]. HOST2 is reported to be upregulated in various HCC cell lines and its silencing results in decreased cell proliferation, blocked cell cycle at G0/Gi phase to S phase and reduced cell migration and invasion. Therefore, its marked as an oncogene that supports cellular proliferation, metastasis and inhibits apoptosis in human HCC cells[68]. UC001kfo is an overexpressed lncRNA in HCC cells that positively regulates cellular proliferation and migration through the modulation of its target gene, -SMA, in a positive manner. -SMA also serves as a crucial marker for EMT which in turn regulates cellular migration and invasion via its effect on UC001kfo function[69]. LncBRM is an upregulated RNA in HCC and liver CSCs; it may contribute to the recurrence and self-renewal of the tumor cells. LncBRM modulates BRG1/BRM switch that in turn activates YAP1 signaling pathway via a KLF4-dependent manner giving a result that’s positively correlated with tumor severity and self-renewal ability of the cells[70]. HOX Antisense lincRNA HOXA-AS2 is an oncogene that’s overexpressed in HCC cells and its upregulation correlates with poor prognosis, increased proliferation and metastasis. The knockdown of HOXA-AS2 significantly suppressed proliferation, migration and promoted apoptosis[71]. CRNDE is reported to be overexpressed in HCC cells inducing cellular proliferation, migration and invasion. It is found that CRNDE inhibits the expression of miR-384 that’s usually downregulated in HCC while enhancing the expression of NF-B and p-AKT, suggesting that CRNDE-miR-384 axis is promising for treatment of HCC[72]. 
One of the antisense lncRNAs investigated is ZEB2-AS1; it is reported to be overexpressed in HCC cells especially Huh7. The study confirmed the that changes in ZEB2-AS1 levels fluctuates EMT-induced markers and the silencing of the RNA decreases cellular proliferation, viability and invasion[73]. Unigene56159 is an HBV related lncRNA that could be induced by HBV infection aiding in HCC development, migration and EMT. This happens because Unigene56159 directly binds to miR-140-5p acting as a competing endogenous RNA (ceRNA) for the miRNA, abolishing its inhibitory effect on its other target Slug hence, promoting EMT in HCC cells[74]. CCHE1 is an oncogene that’s noted to be upregulated in HCC and its knockdown enhanced growth arrest and cell apoptosis. The knockdown also reduced tumorigenicity and inhibited ERK/MAPK pathway, with a function in cellular proliferation, differentiation and survival, hence the decreased cellular viability[75]. GPC3-AS1 is suggested to be upregulated in HCC due to possible increase in histone acetylation in the promoter region. GPC-AS1 upregulation recruits PCAF to the GPC3 body upregulating its transcription and hence promoting cellular proliferation and migration[76]. GIHCG is upregulated in HCC cells and significantly promotes tumor growth and metastasis through association with EZH2. This upregulates H3K27me3 and DNA methylation levels by DNMT1 of miR-200b/a/429 promoter hence epigenetically silencing miR-200b/a/429 expression in HCC cells[77]. LncCAMTA1 is overexpressed in HCC and is associated with poor prognosis, increased HCC proliferation and tumorigenesis. LncCAMTA1 is noted to inhibit CAMTA1 transcription by promoting a repressive chromatin structure of the gene and this relation is essential for lncCAMTA1 proliferative effect on HCC cells[78]. LncSox4 is upregulated in HCC and tumor initiating cells (TIC) that has proved essential for liver TIC self-renewal and tumor initiation. LncSox4 interacts with and recruits Stat3 to the Sox4 promoter enhancing Sox4 expression which is also required for TIC self-renewal[79]. Small nucleolar rna host gene (SNHG)3 shows high expression levels in HCC patients and is significantly correlated with tumor size, overall survival, poor prognosis and malignant status[80].
SNHG12 is overexpressed in HCC tissues promoting cellular proliferation and inhibiting apoptosis via functioning as a sponge for miR-199a/b-5p reducing their inhibitory action on MLK3, thus enhancing MLK3 expression and its downstream targets in the NF-B pathway[81]. Furthermore, SNHG15 is reported to be upregulated in HCC tissues compared to normal control and positively correlates with histological grade, vein invasion and poor prognosis hence, is a promising clinical biomarker for HCC[82]. BAIAP2-AS1 is overexpressed in HCC tissues with positive correlation to proliferation and invasion processes through the regulation of MAPKAP1, E2F3and RAF1 which are downstream targets of several miRNAs that BAIAP2-AS1 functions as a sponge for[83]. Additionally, one of the studies investigating deregulated lncRNAs in HCC concluded that LINC01419 and AK021443 are upregulated in early HCC stages hence concluding their involvement in cell cycle progression and tumor initiation[45]. Another interesting study investigated the levels of lnc-HEIH in HBV related HCC cases and reported to be upregulated and involved in cell cycle modulation through the association with EZH2 and suppression of p16, p27 and p21 which mainly regulate the cell cycle arrest. All these actions facilitate its oncogenic properties and promote cellular proliferation and invasion in HCC tissues[84]. A study was done revealing that hypoxic conditions in HCC tissues could modulate lncRNAs expression such as linc-ROR that’s overexpressed in hypoxic HCC tissues. Linc-ROR itself regulates cellular responses during hypoxic conditions by altering the expression of HIF-1 and its downstream target PDK1 in a positive manner through inhibiting the expression of miR-145[85]. On a further note, linc-ROR modulate chemotherapy induced apoptosis and cell survival through p53 dependent signaling[86]. Lnc--Catm associates with -catenin and the methyltransferase EZH2, leading to activation of Wnt–-catenin signaling, resulting in cancer severity in people with HCC[87]. 
UC338 enhances cell proliferation as it directly interacts with BMI1 and suppresses p21 expression in HCC[88]. LINC01225 in HCC, stimulates proliferation and invasion through binding to protein, leading to increase the level of epidermal growth factor receptor (EGFR) as a consequence, thus fine tuning the EGFR/MAPK signaling pathway[89]. PlncRNA-1 act as an oncogene in HCC progression, by induction of EMT signaling[90]. BANCR overexpression is associated with HCC carcinogenesis. Downregulation of BANCR would decrease cell proliferation, enhance cell apoptosis, and impair cell invasion and migration[91]. LncRNA CARLo-5 enhances proliferation, migration and invasion of HCC and its upregulation was associated with poor prognosis of HCC patients[92]. MVIH enhanced cell growth and inhibited cell apoptosis of HCC through inhibition of miR-199a expression; si-MVIH inhibited HCC cell viability and enhanced cell apoptosis, but this effect was reversed by miR-199a inhibitor as miR-199a had a direct binding ability to MVIH RNA[93]. Overexpression of ZEB1-AS1 reduces protein levels of epithelial markers and increases protein levels of mesenchymal markers, proving that ZEB1-AS1 promotes EMT and its role in tumor progression[94]. lncRNA Sox2ot may play a tumor oncogenic role in HCC as the up-regulation of lncRNA Sox2ot promotes the metastasis ability of HCC cells[95]. ZFAS1 acts as tumor promoter in HCC progression by binding miR-150 and abolishing its tumor-suppressive function. miR-150 repressed HCC cell invasion by inhibiting ZEB1 and the matrix metalloproteinases MMP14 and MMP16. Conversely, ZFAS1 activated ZEB1, MMP14, and MMP16 expression, inhibiting these effects of miR-150. This mean that upregulation of ZFAS1 in HCC enhances tumor metastasis in a miR-150–dependent manner[96]. The lincRNA-UFC1, a target of microRNA 34a, promotes proliferation and decreases apoptosis in HCC cells through interaction with the mRNA stabilizing protein HuR to regulate levels of -catenin in HCC cells[97]. Also, URHC may function as an oncogene that regulates cell proliferation and apoptosis through down-regulating of ZAK expression, and inactivation of the ERK/MAPK pathway by URHC-ZAK regulation[98]. LncRNA-PE promotes HCC cell invasion by upregulating ZEB1, the master inducer of EMT via inhibiting transcription of miR-200a/b[99]. ZNF667 serves as oncogene, promotes the cell proliferation, invasion and migration via interference with the expression of Bcl-2 and BAX[100]. The upcoming section discusses individual lncRNA that were found to be extensively studied.

Highly up-regulated in liver cancer
Highly up-regulated in liver cancer (HULC), present on chromosome 6, could be identified as the most over-expressed lncRNA in HCC with various mechanisms in promoting tumorigenesis and carries a huge perspective in RNA-targeted therapy[101]. High levels of HULC in plasma of HCC patients could be exploited as a noninvasive biomarker for HCC diagnosis[102]. HULC is reported to have high plasma levels in HCC patients and its combination with Linc00152 and AFP would achieve better diagnostic accuracy[103]. Overexpression of HULC is reported with upregulation in HEIH which resulted in increased proliferation, invasion and snail protein expression in HepG2 cells[104]. HULC is overexpressed in HCC as it promotes growth in cancer cells through enhancing ubiquitin-specific peptidase 22 (USP22) which reduces ubiquitin-mediated degradation of COX-2 protein hence stabilizing and upregulating COX-2 protein[105]. A similar mechanism of HULC in HCC is reported where it promotes the deubiquitination of sirt1 protein through inducing USP22 which promotes the levels of sirt1 proteins necessary for autophagy induction in chemotherapy treatment. Another set of miRNAs miR-6825-5p, miR-6845-5p and miR-6886-3p work opposite to HULC and suppress USP22 and they were found to be inhibited by HULC expression which modulate the sensitivity of cancer cells to chemotherapy[106]. HULC promotes tumor progression through acting as a ceRNA for miR-200a-3p inhibiting its function hence upregulating ZEB1 expression and inducing EMT, tumor proliferation and metastasis[107]. HULC contributes to HCC angiogenesis through interaction and downregulation of miR-107 which upregulates E2F1 and finally activates SPHK1 which aids in tumor angiogenesis (as illustrated in Figure 2)[108]. 
HULC is reported to be regulated by the Specificity protein (Sp) transcription factors that significantly modulate HCC proliferation and migration. The anti-diabetic drug, metformin downregulates Sp transcription factors and by default Sp-regulated genes such as HULC, giving metformin a strong evidence to be used in combination treatments for HCC patients[109]. One of the microRNAs that interact with HULC is miR-203 which shows a negative relation on HULC as its upregulation inhibits cell proliferation and induces cell apoptosis through downregulation of HULC and another oncogene, ADAM9. Also, the overexpression of HULC diminishes the antitumor effect of miR-203[110]. HULC contributes to the deregulation of lipid metabolism in HCC due to the upregulation of transcription factor PPARA which activates ACSL1. Moreover, an interaction with miR-9 is present as it is downregulated by HULC through promoter methylation and miR-9 itself inhibits PPARA expression as well. ACSL1 is capable of upregulating HULC via RXRA activation in hepatoma cells thus suggesting a positive feedback loop HULC/miR-9/PPARA/ACSL1/HULC is present in HCC cells[111]. HULC binds to YB-1 protein and promotes its phosphorylation through ERK and induces the translation of associated mRNAs hence increasing proliferation n HCC through promoting G1/S transition[112]. Another study suggests that HULC promotes hepatocarcinogenesis through the disruption of the circadian rhythm and upregulating circadian oscillator CLOCK in hepatoma cells[113]. Moreover, HULC is reported to be upregulated by HBx protein which results in increased cellular proliferation due to the inhibition of the tumor suppressor gene p18 on the mRNA and protein level[114]. An interesting study revealed the binding of CREB to the promoter region of HULC, activating its expression and function as an endogenous sponge to miR-372 which in turn results in further activation of HULC in an auto-regulatory loop of CREB/HULC/miR-372/PRKACB/CREB/HULC enhancing cellular proliferation (as illustrated in Figure 3)[115]. 

HOTAIR
HOTAIR is a lncRNA of 2158 bp length in chromosome 12 representing an antisense strand of homeobox C gene[116]. High levels of HOTAIR in HCC patients compared to normal control is significantly correlated with rapid proliferation, large tumor size and poor prognosis[117]. Another study reported that significantly high levels of HOTAIR is related with shorter recurrence-free survival period and its suppression reduced cell viability and induced apoptosis and chemotherapy sensitivity of HCC[118]. HOTAIR upregulation in HCC patients enhances tumor progression, migration and recurrence via the regulation of Wnt/-catenin pathway[119]. Increased expression of HOTAIR in HCC patients show increased risk of recurrence and lymph node metastasis through the regulation of matrix metalloproteinase-9 (MMP-9) and vascular endothelial growth factor protein (VEGF)[120]. In a relevant study, HOTAIR overexpression in HCC patients is reported to upregulate autophagy related 3 (ATG3) and ATG7 expressions which induces cellular proliferation[121]. 
A study investigating the molecular mechanism of HOTAIR as an oncogene in HCC tissues revealed that it achieves its action through abolishing SETD2 expression and phosphorylation, inhibiting H3K36me3 binding to hMSH2 and SKP2 and modulating various epigenetic changes such as DNA damage repair, microsatellite instability and abnormal gene expression[122]. Interestingly, HOTAIR’s overexpression in HCC patients unveiled several molecular relations with transcription factors and miRNAs, as it is partially regulated by the transcription factor FOXC1 which binds to HOTAIR promoter regions and activates its expression. Moreover, HOTAIR is found to downregulate miR-1 and vice versa due to the presence of miR-1 binding site on HOTAIR[123]. In an extensive study, HOTAIR was found to act as a binding site to both DDX5 and Mex3b in a competitive manner where the binding of Mex3b induces the ubiquitination of SUZ12 and derepression of PRC2 targets in G2 phase of the cell cycle promoting hepatocarcinogenesis in HBV patients[124]. A study on 52 paired HCC specimens proved HOTAIR as an oncogene in HCC as its knockdown activates P16(lnk4a) and P14(ARF) downstream signaling of miR-218, enhances miR-218 expression and suppresses Bmi-1 expression hence HOTAIR suppression inhibits cell viability and tumorigenesis[125]. Additionally, it was proposed that HOTAIR promotes HCC proliferation and migration through the inhibition of RNA binding motif protein 38 (RBM38) which is crucial for biological processes and exhibits a negative relation with HOTAIR[126].

MALAT1
LncRNA MALAT1 is located on chromosome 11q13. It has been found to participate in the carcinogenesis of several types of tumors such as lung cancer, breast cancer, nasopharyngeal carcinoma, and so on[127-129]. MALAT1 acts as an oncogene since it suppressed miR-143-3p. MALAT1 functioned as a molecular sponge for miR-143-3p, and inhibited its function. This study results suggested that MALAT1 regulated ZEB1 expression and the proliferation and invasion through miR-143-3p in HCC cells[130]. Another study showed another mechanism for how MALAT-1 acts as oncogene. MALAT1 could promote tumor growth and metastasis by activating and upregulation of LTBP3 (latent transforming growth factor -binding protein 3), which could also be up-regulated by hepatitis B virus X protein(HBx), which is known to be involved in HCC progression. These results introduce a vital mechanism of hepatocarcinogenesis through the signaling of HBx- MALAT1/LTBP3 axis[131]. In addition, lncRNA MALAT1 act as a molecular sponge of miR-146b-5p to down-regulate its expression in HCC. MiR-146b-5p acts as tumor suppressive by inhibiting the phosphorylation of Akt mediated by TRAF6. As they found that TNF receptor associated factor 6 (TRAF6) is a direct target of miR-146b-5p in HCC. This proves that miR-146b-5p inhibits tumor growth and metastasis of HCC by targeting TRAF6 mediated Akt phosphorylation[132]. 
lncRNA MALAT1 plays a crucial role in tumor progression as study showed that patients with high expression level of malat-1 have high risk of tumor recurrence after liver transplant. Inhibition of MALAT1 would significantly decrease cell viability, motility, invasiveness, and increase the sensitivity to apoptosis[133]. MALAT1 is a proto-oncogene upregulated in HCC that acts by activation of Wnt pathway and promotion of the oncogenic splicing factor SRSF1. Induction of SRSF1 by MALAT1 modulates SRSF1 splicing targets, by modulating the alternative splicing of S6K1, promoting the production of antiapoptotic splicing isoforms and activating the mTOR pathway. Inhibition of SRSF1 expression or mTOR activity reduces the oncogenic properties of MALAT1, concluding that SRSF1 induction and mTOR activation may be vital for MALAT1-induced transformation[134]. Studies have indicated that the MALAT1 not only regulates tumorigenesis in HCC, but also controls cell cycle progression in hematopoietic cells. Researchers have found that MALAT1 plays different biological functions in hematopoietic cells, including the regulation of the cell cycle. MALAT1 was upregulated during liver regeneration. MALAT1 accelerated hepatocyte proliferation by enhancing cell cycle progression from the G1 to the S phase and inhibiting apoptosis in vitro. Moreover, MALAT1 was found to be regulated by p53 during liver regeneration, and hence, p53 may be a key regulator of MALAT1 activity. This study found that MALAT1 activated the Wnt/-catenin pathway by inhibiting the expression of Axin1 and adenomatous polyposis coli (APC), causing expression promotion of cyclin D1. The results of this study suggest that MALAT1 is a crucial molecule for liver regeneration[135, 136]

MEG-3
Maternally expressed gene 3 (MEG3) is the first lncRNA to be found to have tumor suppressor function, which is expressed in many human normal tissues[137]. Frequently, the expression levels of miR-26a and MEG3 were found to be downregulated in HCC tissues compared to non-malignant tissues. Upregulation of miR-26a markedly decreased the proliferation, invasion and migration of HCC cells. They thought that DNA methyltransferase 3b (DNMT3B) was a direct target gene of miR-26a. Overexpressed miR-26a suppressed the expression level of DNMT3B. Inhibited expression of DNMT3B showed similar tumor suppressive effects induced by miR-26a upregulation, and resulted in the upregulation of MEG3. Moreover, the expression levels of DNMT3B were upregulated in the HCC tissues and it was inversely correlated with miR-26a and MEG3 in HCC tissues. These findings demonstrated a new mechanism miR-26a/DNMT3B/MEG3 axis to HCC development[138]. 
A study confirmed that the TF, NF-B, could bind to the MEG3 promoter region and might affect the transcription of MEG3. MEG3 overexpression would competitively “sponge” miRNA-664, relieving the inhibition of miR-664 on the transcription and translation of alcohol dehydrogenase 4 (ADH4) playing a role in inhibiting HCC cell proliferation[139]. P53 is an important tumor suppressor which is incorporated in preventing cancer through taking place as a transcription factor to regulate its target genes. In this study, MEG3 acts as a tumor suppressor in hepatoma cells through interacting with p53 protein to activate p53-mediated transcriptional activity and affect the expression of partial p53 target genes[140-143]. MEG3 regulates HCC cell proliferation and apoptosis partially through p53 accumulation. 
Down-regulation of UHRF1, a new identified oncogene which is required for DNA methylation, caused MEG3 overexpression in HCC cell lines, which could be reversed by the up-regulation of UHRF1. Furthermore, overexpression of MEG3 in HCC cells partially abolished the promotion of proliferation induced by UHRF1. These data suggest that MEG3 functioning as a potential biomarker in predicting the prognosis of HCC, was regulated by UHRF1 via recruiting DNMT1 and regulated p53 expression. This means that UHRF1/DNMT1/MEG3/p53 axis signaling might be involved in HCC development[144]. Another study showed that enforced expression of MEG3 in HCC cells significantly decreased cell growth, and induced apoptosis. This study found that miR-29, which can modulate DNMT 1 and 3, could regulate MEG3 expression. Overexpression of mir-29a increased expression of MEG3. These findings show that methylation-dependent tissue-specific regulation of the lncRNA MEG3 by miR-29a may contribute to HCC growth and highlight the inter-relationship between two classes of non-coding RNA, miRNAs and lncRNAs[145]. Due to resistance of HCC to chemotherapy, this gives novel cancer treatment methods an overwhelming significance. Epigenetic therapy in cancer is useful in reversing some of the cancer defects because of reversibility of the epigenetic alterations. A study found that the “Dendrosomal curcumin” DNC dependent overexpression of miR-29a and miR-185 can decrease the expression of DNMT1, 3A and 3B and hence increases the expression of MEG3. So, DNC may enhance DNA hypomethylation and re-expression of silenced tumor suppressor genes in HCC. These findings suggest that DNC could be an effective choice for epigenetic therapy of HCC[146].

Actin filament associated protein 1-antisense RNA 1
lncRNA actin filament associated protein 1-antisense RNA 1 (AFAP1-AS1) is significantly upregulated in HCC patients with association to poor prognosis. Its knockdown inhibits cellular proliferation, invasion and metastasis and increased apoptosis in vivo[147]. Moreover, AFAP1-AS1 reported to induce cellular proliferation and invasion and inhibit apoptosis by the upregulation of RhoA/Rac2 pathway in the cell cycle, MMP-9 and PCNA protein levels and apoptotic indexes cyclinD1 along with the downregulation of Bax[148].

ANRIL (CDKN2B-AS)
A study results showed that , lncRNA ANRIL could serve as a potential therapeutic target as lncRNA ANRIL expression is significantly increased in HCC tissues and strongly correlated with advanced clinical features, and the down-regulated expression of lncRNA ANRIL could inhibit HCC cells proliferation, migration and invasion[149]. Another study showed that its overexpression may be an important factor for HCC progression, through silencing of Kruppel-like factor 2 (KLF2) by binding with PRC2[150].

ATB
lncRNA-ATB enhanced the expression of ZEB1 and ZEB2 by competitive binding to the miR-200 family and hence, induced EMT and invasion. Furthermore, lncRNA-ATB stimulated organ colonization of disseminated tumor cells by binding IL-11 mRNA, autocrine induction of IL-11, and triggering STAT3 signalling. Generally, lncRNA-ATB promotes the invasion-metastases cascade[151].

Colon cancer associated transcript 1
Colon cancer associated transcript 1 (CCAT1) is found to be overexpressed in HCC patients and could promote cellular proliferation and migration in tumor cells in vitro[152]. Additionally, CCAT1’s overexpression in HCC patients is regulated by c-myc expression that binds to the E-box of CCAT1 promoter region, increasing it expression and cellular proliferation and tumorigenesis effect[153]. In an interesting study, CCAT1 is found to exert its effect in HCC through acting as a molecular sponge for let-7, inhibiting its functions and restoring the levels of HMGA2 and c-myc hence enhancing cell proliferation and migration[154]. CCAT1 regulated CDK1 expression through functioning as a ceRNA and inhibiting miR-490-3p in HCC hence promoting cellular proliferation and invasion[155].

CCAT2
CCAT2 is referred to as an oncogene as it is overexpressed in HCC, promoting cellular proliferation, invasion and metastasis while inhibiting apoptosis[156]. The upregulation of CCAT2 present in HCC patients induces tumor growth and invasion via enhancing EMT through regulating its factors, increasing vimentin and Snail2 expressions while decreasing E-cadherin expression hence accelerating HCC progression[157].

DANCR
DANCR is upregulated in HCC tumor tissue and plasma levels of patients with better diagnostic value and accuracy than alpha fetoprotein (AFP). High levels of DANCR promotes microvascular invasion and metastasis and its knockdown inhibits cellular proliferation and metastasis through inhibiting -catenin signaling pathway[158]. DANCR is also found to increase the stem-like characters of HCC cells aiding tumorigenesis, proliferation and invasion via the interaction with CTNNB1 which reverses the inhibitory effect miR-214, miR-320a and miR-199a exerted on CTNNB1[159]. 

EGFR
It was found the EGFR-AS1 was up regulated in HCC, furthermore it was determined that it promotes HCC development by improving the ability of invasion and proliferation of HCC cell, Beside the fact that it affects the cell cycle. To sum up, EGFR-AS1 may act as a prognostic factor in HCC and , on the other hand, it was observed that the inhibition of EGFR-AS1 in HCC cells significantly impeded cells proliferation and invasion in vivo which might provide a potential possibility for targeted therapy for HCC[160]. Another study showed that lnc-epidermal growth factor receptor (EGFR) up regulation in tergs correlates positively with the tumor size and expression of EGFR/Foxp 3, but negatively with INF-y expression in patients and xenografted mouse models. Lnc-EGFR stimulates treg differentiation, suppression CTL activity and promotes HCC growth in an EGFR-dependent manner. Lnc-EGFR links an immunosuppressive state to cancer by promoting treg cell differentiation, thus offering a potential therapeutic target for HCC[161].

Five prime to XIST
Lnc-FTX (five prime to XIST) represses Wnt/-catenin signaling activity by competitively sponging miR-374a and inhibits HCC cell EMT and invasion. Furthermore, lnc-FTX binds to the DNA replication licensing factor MCM2, impeding DNA replication and inhibiting proliferation in HCC cells. These findings suggest that lnc-FTX can function as a tumor suppressor in HCC by physically binding miR-374a and MCM2[162]. A study showed that the lncRNA Ftx exerted the oncogenic function via miR-545. As RIG-I is a downstream mediator of miR-545 function in HCC. Additionally, lncRNA Ftx or miR-545 caused upregulation of cell cycle regulator Cyclin D1 and downregulation of p27 by activation of PI3K/Akt. These findings suggest that lncRNA Ftx/miR-545 axis promotes HCC progression by activation of Akt signaling pathway by targeting RIG-I [163].

GAS5
A study showed that lncRNA GAS5 was down-regulated in the HCC, The aberrant expression of GAS5 was linked to a poor prognosis[164]. Another study showed that the expression level of GAS5 is significantly downregulated in HCC tissues compared to adjacent normal controls. GAS5 overexpression decreases hepatoma cell proliferation and invasion, promoted the apoptosis of hepatoma cells, downregulated the vimentin level and upregulated E-cadherin level in hepatoma cells[165]. Overexpression of GAS5 decreases the migration and invasion of HCC cells and high expression of miR-21 eliminates GAS5-mediated suppression of HCC cell migration and invasion.This mean that GAS5 acts as a tumor suppressor in HCCs through negative regulation of miR-21[166].

H19
lncRNA H19 is paternally imprinted and maternally expressed[167], and is located on chromosome 11p15.5, which is always linked to various diseases and higher incidence of tumorigenesis. The studies have proven that LncRNA H19 acts as an oncogene or a suppressor gene. lncRNA H19 promotes bladder cancer metastasis by associating with EZH2 and inhibiting E-cadherin expression[168]. In contrast, H19 acts as tumor suppressor, lncRNA H19 may suppress HCC metastasis through enhancing hnRNPU/PCAF/RNAPol II, and activating miR-200 family[169]. Moreover, another study showed that inhibition of lncRNA H19 and miR-675 may promote migration and invasion of HCC cells through activating the AKT/ GSK-3/Cdc25A signaling pathway[170]. 

HOXA transcript at the distal TIP
The upregulation of HOXA transcript at the distal TIP (HOTTIP) in HCC could be a result of loss in miR-125b, upregulation in HOXA13, downregulation of miR-192 and miR-204 or several other interactions with ncRNAs[171]. HOTTIP is discovered to be significantly upregulated in HCC patients with positive relation to levels of HOXA13. This increased loop of HOTTIP/HOXA13 enhances cell proliferation and metastasis in HCC patients[172]. Furthermore, HOTTIP is shown to be the downstream target of miR-192 and miR-204 which in turn positively modulate glutaminase (GLS1). miR-192 and miR-204 negatively regulate HOTTIP hence inhibiting GLS1 mediated glutaminolysis which interrupts HCC proliferation and cell viability[173]. The knockdown of HOTTIP caused by overexpression of miR-125b inhibited HCC proliferation, migration and tumorigenicity along with some HOXA gene expression[174].

Nuclear enriched abundant transcript 1
Nuclear enriched abundant transcript 1 (NEAT1) was concluded to be upregulated in HCC patients accelerating cellular proliferation, metastasis and vaso-invasion. Additionally, the high levels were associated with the expression of MTDH, NM23 and MALAT1[175]. The expression of NEAT1 in HCC patients was significantly increased which promoted cell viability and inhibited apoptosis. The mechanism underlying this effect could be the inhibition of miR-129-5p by NEAT1 through regulating VCP/ IB which are the downstream targets of the miRNA[176]. The high levels of NEAT1 in HCC patients promote cellular proliferation and migration through binding to U2AF65 and regulating hnRNP A2 expression[177].

Long intergenic non-coding RNA 00152
Long intergenic non-coding RNA 00152 (linc00152) is significantly upregulated in HCC patients with fine diagnostic accuracy between HCC samples and control[103]. Linc00152 promotes cellular proliferation and tumor growth through the phosphorylation and activation of the mechanistic target of rapamycin(mTOR) signaling pathway by binding to EpCAM promoter and upregulating its expression[178].

P21 (CDK-interacting protein 1)
lincRNA-p21 is one of the lncRNAs, which contains longer than 200 nucleotides. It is initially identified as a direct transcriptional target of p53 and acts as a translational suppressor by direct binding to the target mRNA[179]. A study showed that overexpression of lincRNA-p21 led to downregulation of Notch signal-related proteins Hes-1 and NICD and the expression of EMT-related proteins E-cadherin and Claudin-1 was increased, and the expression of proteins N-cadherin and snail was reduced causing inhibition of invasion[180]. Another study showed that lincRNA-p21 negatively regulated miR-9 expression level, and miR-9 was upregulated in human HCC tissues and cells. The knock down of miR-9 suppressed HCC migration and invasion in vitro, since E-cadherin was a direct target of miR-9, the expression level of E-cadherin was found to be regulated by lincRNA-p21 and miR-9. The data suggested that lincRNA-p21 inhibits migration and invasion of HCC by regulating miR-9-mediated E-cadherin cascade signaling pathway[181].

PCAT-1
A study showed that overexpression of PCAT‑1 led to increase cell proliferation and migration, and inhibit apoptosis. Findings suggest that PCAT‑1 acts as an tumor promotor in HCC and silencing PCAT-1 may be a potential novel therapeutic strategy for HCC[182]. Another study suggests that the increased expression of PCAT-1 was correlated with advanced clinical parameters and poor overall survival of HCC patients, indicating that PCAT-1 up-regulation may serve as a novel biomarker of poor prognosis in HCC patients[183].

PVT1 (Pvt1 oncogene)
A study on serum lncRNA for diagnosis of HCC concluded that PVT1 and uc002mbe.2 in combination served as an accurate diagnostic biomarker that can be associated with tumor size and BCLC value with a predictive ability better than AFP[184]. Human PVT1 is upregulated in HCC tissues and is associated with poor prognosis, enhanced cellular proliferation and migration which is achieved through binding and stabilizing NOP2, a cell cycle gene, all under the control of TGF-1[185]. As an oncogene, PVT1 enhances tumor growth and migration through functioning as an endogenous sponge for miR-186-5p abolishing its inhibitory action on YAP1, restoring its upregulation in HCC hence promoting tumorigenesis[186]. 

SNHG1
SNHG1 overexpression in HCC is correlated with large tumor size, poor differentiation and poor prognosis. SNHG1 promoted cell proliferation and inhibited cell apoptosis through the inhibitory action on p53 and p53 target genes[187]. SNHG1 is found to be significantly upregulated in HCC aiding in cellular proliferation, invasion a migration in HepG2 cells which is achieved through the possible inhibition of miR-195 proving to be one of its downstream targets[188].

SNHG6
SNHG6 is reported to be among the dysregulated genes in HCC and its expression is related to co-expressed genes on 8q involved in structural integrity of ribosome and translation[189]. Among various SNHG6 transcripts, SNHG6-003 only showed to be oncogenic enhancing cell proliferation and drug resistance. SNHG6-003 functions as a ceRNA, acting as a sponge for miR-26a and miR-26b inhibiting their functions hence, modulating the levels of transforming growth factor--activated kinase 1(TAK1). Additionally, SNHG6-0003 shows a significant co-expression pattern with TAK1 as both are upregulated in various kinds of cancers[190].

SNHG20
SNHG20 is significantly upregulated in HCC patients and positively correlated to tumor size, cellular proliferation, invasion and poor prognosis. Its knockdown results in remarkable inhibition of cellular proliferation and invasion in SK-Hep-1 cells[191]. The consequence of high levels of SNHG20 on HCC cells occurs due to the binding of SNHG20 to the enhancer of zeste homolog 2 (EZH2) that regulates E-cadherin expression along with SNHG20’s ability to modulate ZEB1, ZEB2, N-cadherin and vimentin in a positive relation[192]. 

Sprouty 4-intron transcript 1
Sprouty 4-intron transcript (SPRY4-IT) was significantly increased in HCC cells, and overexpression of SPRY4-IT1 can promote cell proliferation and increase the cell invasion ability via promoting EMT progression and interacting with Estrogen Related Receptor  (ERR-)[193]. Moreover, it can suppress Twist1 and vimentin expression and increase E-cadherin expression[194].

The taurine upregulated gene 1
The taurine upregulated gene 1 (TUG1) many studies have found that TUG1 plays vital roles in many human cancers, such as HCC, osteosarcoma, glioma and bladder cancer[195-198]. A study showd that TUG1 was up-regulated in HCC tissues than that in corresponding non-tumor tissues. The findings suggest that TUG1 upregulation was induced by nuclear transcription factor SP1 and TUG1 can regulate KLF2 expression in the epigenetic level by binding to PRC2[195].

TCF7
LncRNA TCF7, as a T cell factor, is well known for its function in T lymphocyte development and multipotential hematopoietic cell self-renewal[199]. A study found that IL-6 transcriptionally activated the expression of lncTCF7 in HCC cells by activating STAT3, a transcription activator which binds to promoter regions of lncTCF7. Moreover, STAT3 knock down reduced lncTCF7 expression. Importantly, RNA interference-based attenuation of lncTCF7 prevented IL-6-induced EMT and cell invasion. These findings highlights the existence of an aberrant IL-6/STAT3/lncTCF7 signaling axis that leads to HCC aggressiveness through EMT induction[200]. Another study showed that lncTCF7 can promote liver CSC self-renewal and tumor progression by activation of Wnt signaling through recruiting the SWI/SNF complex to the TCF7 promoter[201].

UCA1
A study indicated that UCA1 expression may potentially promote the EMT in HCC, by upregulating the expression of Snail2. MiR-203 was a target of UCA1 and UCA1 upregulated Snail2 by negatively regulating miR-203. This indicated a novel UCA1/miR203/Snail2 signaling pathway regulatory network in HCC[202]. A study discovered that UCA1, upregulated by HBx, displayed a crucial role in G1/S transition in both hepatic and hepatoma cells. Moreover, a positive correlation between the expression of UCA1 and HBx and a negative correlation between UCA1 and p27 were observed in HCC specimens, suggesting the significance of UCA1 in HBx-mediated hepatocarcinogenesis. Also, they demonstrated that UCA1 repressed p27 expression at least partly through associating with chromatin-modifying complexes PRC2 component EZH2 in HCC cells. So, they provided a significant mechanism of hepatocarcinogenesis through the signaling of HBx-UCA1/EZH2-p27Kip1 axis[203]. UCA1 acts as an oncogene by promoting malignant progression of human HCC, UCA1 acts as an endogenous sponge to reduce miR-216b expression, resulting in derepression of FGFR1 expression and activation of FGFR1/ERK signaling pathway in HCC, providing a novel signaling pathway UCA1-miR-216b-FGFR1-ERK in HCC[204].

XIST
During previous studies, it is concluded that XIST and its activator JPX are downregulated in HCC patients and their levels serve as a biomarker of poor prognosis[205]. XIST modulates the regulation of miR-181a on PTEN as siXIST enhances cellular proliferation and migration in HCC patients via binding to miR-181a at multiple binding sites[206]. XIST functions as a tumor suppressor through interacting with miR-92b and inhibiting its miR-92b/Smad7 axis hence inhibiting its oncogenic effect on HCC cells[207]. On the contrary to previous studies, XIST was reported upregulated in HCC patients associated with poor prognosis and enhanced tumorigenesis. This is achieved through activation of AKT signaling via modulation of miR-139-5p/PDK1 axis as XIST has a reciprocal repression with miR-139-5p[208].

INTERPLAY OF lncRNAs WITH miRNAs
Emerging evidences proved an intensive interaction between lncRNAs and microRNAs as summarized in Table 1. 
Emerging studies have demonstrated the manipulation of lncRNAs expression in different models. Mice models as well as in vivo and in vitro models are summarized in Table 2.

CONCLUSION
In conclusion, despite the various unanswered questions about ncRNAs, specifically lncRNAs; their role in HCC has been exhaustively researched. This research reached to a conclusion that lncRNA act as an important regulator in various biological processes rendering its dysregulation a factor in various diseases, including HCC. HCC-related lncRNAs play a crucial role in tumor initiation, progression and treatment. Their functions could be exploited for diagnosis as well as treatment giving them an exceptional potential in targeted therapy of HCC. During the years, various lncRNAs have been studied and several molecular mechanisms have been understood, however, further researches need to be done to enlighten more research calibers about lncRNAs giving it the distinction it deserves to intrigue the biopharmaceutical field. During this review, certain lncRNAs such as HULC, HOTAIR, MALAT1 and MEG3 showed extensive roles related to HCC tumorigenesis. Moreover, in this review, the focus was showing the interplay between lncRNAs and other ncRNAs contributing to HCC progression or treatment. Complex pathways have been discovered that included lncRNAs affecting miRNAs and proteins aiding or suppressing HCC. These pathways are good candidates for targeted therapy in HCC patients. Moreover, the serum and tissue levels of lncRNAs serve as an accurate diagnostic marker for HCC patients that could overcome AFP’s accuracy in the future. Finally, all the work that is being done adds to the functional benefits of lncRNAs and the beneficial roles in diagnosis, treatment and prognosis of HCC.
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Figure 1  Long non-coding RNAs actions and interaction in cancer development; a schematic representation to the role of deregulated long non-coding RNAs in various types of cancers. lncRNAs: Long non-coding RNAs.
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Figure 2  Highly up-regulated in liver cancer interactions with miRNA. Highly up-regulated in liver cancer (HULC) inhibits the actions of miR-6825-5p, miR 6845-5p and miR 6886-3p which modulates the cell sensitivity to chemotherapy and autophagy. Moreover, it inhibits the function of miR-200a-3p hence inducing EMT and metastasis. HULC downregulates miR-107 promoting angiogenesis and tumor proliferation. Overexpression of HULC diminishes miR-203 antitumor effect. While HULC contributes to lipid deregulation and tumor progression through the downregulation of miR-9, ZNFX1-AS1 upregulates miR-9 resulting in tumor suppression HULC and PCAT-14 promote proliferation through the inhibition of miR-372 however through different mechanisms. (-): Inhibits/Downregulates (+): Upregulates. EMT: Epithelia-mesenchymal transition; PCAT: Prostate cancer-associated transcript.
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Figure 3  The auto-regulatory loop of highly up-regulated in liver cancer through inhibition miRNA-372 in hepatocellular carcinoma. miR-372 binding to HULC can repress the expression and activity of miR-372. Inhibition of miR-372 leads to a reduction in translational repression of its target gene PRKACB, which in turn induces phosphorylation of CREB, thereby increasing the amount of CREB that can bind to the proximal promoter of HULC to induce HULC expression. HULC: Highly up-regulated in liver cancer.
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Table 1  Interplay between long non-coding RNAs and miRNAs
lncRNA

miRNA

Effect/ relationship

Pathway

HULC

miR-6825-5p, miR-6845-5p, miR-6886-3p

Inhibitory

Increasing chemotherapy sensitivity through USP22 and sirt1 levels controlling autophagy


miR-200a-3p

Inhibitory

Increasing ZEB1 expression, EMT and metastasis


miR-107

Inhibitory

Upregulates E2F1, activates SPHK1 and angiogenesis


miR-203

Inhibitory

Inhibits cellular proliferation and induces apoptosis


miR-9 (ZNFX1-AS1)

Inhibitory

Positive feedback loop of HULC/miR-9/PPARA/ACSL1/HULC for lipid metabolism regulation


miR-372 (PCAT-14)

Inhibitory

Auto-regulatory loop of CREB/HULC/miR-372/PRKACB/CREB/HULC enhancing cellular proliferation

XIST

miR-181a

Inhibitory

Binds to several binding sites on miR-181a modulating its function


miR-92b

Inhibitory

Suppresses miR-92b/Smad7 oncogenic axis


miR-139-5p

Inhibitory

Modulate the miR-139-5p/PDK1/AKT axis

CCAT1

Let-7

Inhibitory

Restoring HMGA2 and c-myc levels and enhancing cell proliferation


miR-490-3p

Inhibitory

Regulate CDK1 and HCC proliferation

AF113014

miR-20a

Interaction

Regulate Erg2 expression

CRNDE

miR-384

Inhibitory

Enhances expression of NF-κB and p-AKT

DANCR

miR-214, miR-320a, miR-199a

Cancels its effect

Cancels the inhibitory effect they exert on CTNNB1 hence enhancing tumorigenesis

FTX

miR-374a

inhibitory

represses Wnt/-catenin signaling pathway


miR-545

interaction

Tumor promotor through activation of PI3K/Akt

GAS5

miR-21

inhibitory

downregulated the vimentin level and the upregulated E-cadherin level

GIHCG

miR-200a/b/429

Inhibitory

Associates with EZH2 and silences miRNA

H19

miR-200

activation

tumor-suppressive by mediating hnRNPU/PCAF/RNAPol II


miR-675

inhibitory

Activation of the AKT/ GSK-3/Cdc25A signaling pathway

HOTAIR

miR-1

Inhibitory



miR-218

Inhibitory

Inhibits P16(lnk4a) and P14(ARF) expression, activates Bmi-1 and tumorigenesis

HOTTIP

miR-192, miR-204

Negative

Inhibit HOTTIP expression, GLS1 and HCC proliferation


miR-125b

Negative

Inhibits HOTTIP expression and HOXA genes

Linc00052

miR-128, miR-485-3p

Complementary base pairing

Modulating NTRK3 expression

Linc-ROR

miR-145

Inhibitory

Enhances HIF-1/PDK1 expression

MALAT-1

miR-143-3p

inhibitory

regulated ZEB1 expression


miR-146b-5p

inhibitory

targeting TRAF6 mediated Akt phosphorylation

MEG-3

miR-29a

interaction

modulate DNMT 1 and 3


miR-26a

Negative

Modulates miR-26a/DNMT3B/MEG3

NEAT1

miR-129-5p

Inhibitory

Inhibits the miRNA through regulating VCP/IB, its downstream pathway

lincRNA-p21 

miR-9

inhibitory

Tumor suppressive

PCAT-14

miR-372 (HULC)

Inhibitory

Regulates ATAD2 and hedgehog pathway

PTENP1

miR-17, miR-19b, miR-20a

Inhibitory

Inhibiting PIK3T/AKT pathway and inducing autophagy

PVT1

miR-186-5p

Inhibitory

Restores YAP1 expression levels

SNHG1

miR-195

Inhibitory


SNHG6

miR-26a, miR-26b

Inhibitory

Modulate TAK1 expression

SNHG12

miR-199a/b-5p

Inhibitory

ceRNA, Enhancing MLK3 expression and NF-B pathway

TP73-AS1

miR-200a

Inhibitory

miR-200a dependent HMGB1/RAGE regulation

UCA1

miR-203

interaction

UCA1/miR203/Snail2 signaling pathway regulatory network


miR-216b

inhibitory

activation of FGFR1/ERK signaling pathway

Unigene56159

miR-140-5p

Inhibitory

ceRNA, Restoring slug expression and EMT

ZNFX1-AS1

miR-9

Positive

Tumor suppression

HOTTIP: HOXA transcript at the distal TIP; lncRNAs: Long non-coding RNAs; PCAT: Prostate cancer-associated transcript; HULC: Highly up-regulated in liver cancer; XIST: X-inactive specific transcript; TCF7: Transcription factor 4; TUG1: Taurine upregulated gene 1; EGFR: Epidermal growth factor receptor; CCAT1: Colon cancer associated transcript 1; MALAT1: Metastasis-associated lung adenocarcinoma transcript 1; UCA1: Urothelial carcinoma-associated 1; SPRY4-IT: Sprouty 4-intron transcript; SNHG: Small nucleolar rna host gene.








Table 2  Different models used in studies
lncRNA

Study

Model

Ref.

HULC

Molecular mechanism of HEIH and HULC in the proliferation and invasion of hepatoma cells.

In vitro

[104]


lncRNA HULC promotes the growth of hepatocellular carcinoma cells via stabilizing COX-2 protein

In vitro

[105] 


lncRNA HULC triggers autophagy via stabilizing Sirt1 and attenuates the chemosensitivity of HCC cells.

In vitro and in vivo (nude mice)

[106]


lncRNA HULC enhances epithelial-mesenchymal transition to promote tumorigenesis and metastasis of hepatocellular carcinoma via the miR-200a-3p/ZEB1 signaling pathway.

In vitro and in vivo (nude mice)

[107]


lncRNA HULC promotes tumor angiogenesis in liver cancer by up-regulating sphingosine kinase 1 (SPHK1)

In vitro and in vivo (nude mice)

[108]


Specificity protein (Sp) transcription factors and metformin regulate expression of the long non-coding RNA HULC

In vitro

[109]


miR-203 suppresses the proliferation and metastasis of hepatocellular carcinoma by targeting oncogene ADAM9 and oncogenic long non-coding RNA HULC.

In vitro

[110]


Long noncoding RNA HULC modulates abnormal lipid metabolism in hepatoma cells through an miR-9-mediated RXRA signaling pathway.

In vitro and in vivo (nude mice)

[111]


Long noncoding RNA HULC modulates the phosphorylation of YB-1 through serving as a scaffold of extracellular signal-regulated kinase and YB-1 to enhance hepatocarcinogenesis.

In vitro

[112]

HOTAIR

Clinical significance of the expression of long non-coding RNA HOTAIR in primary hepatocellular carcinoma.

In vitro

[117]


Overexpression of long non-coding RNA HOTAIR predicts tumor recurrence in hepatocellular carcinoma patients following liver transplantation.

In vitro

[118]


Long non-coding RNA HOTAIR is a marker for hepatocellular carcinoma progression and tumor recurrence.

In vitro and in vivo (nude mice)

[119]


Large intervening non-coding RNA HOTAIR is associated with hepatocellular carcinoma progression

In vitro

[120]


The long noncoding RNA HOTAIR activates autophagy by upregulating ATG3 and ATG7 in hepatocellular carcinoma

In vitro

[121]


LncRNA HOTAIR promotes human liver cancer stem cell malignant growth through downregulation of SETD2

In vitro and in vivo (mice)

[122]


HOTAIR, a long non-coding RNA driver of malignancy whose expression is activated by FOXC1, negatively regulates miRNA-1 in hepatocellular carcinoma.

In vitro and in vivo (mice)

[123]


Hotair mediates hepatocarcinogenesis through suppressing miRNA-218 expression and activating P14 and P16 signaling.

In vitro and in vivo (mice)

[125]


Long non-coding RNA HOTAIR promotes cell migration and invasion via down-regulation of RNA binding motif protein 38 in hepatocellular carcinoma cells.

In vitro

[126]

SNHG

SNHG3 correlates with malignant status and poor prognosis in hepatocellular carcinoma.

In vitro

[80]


Long non-coding RNA small nucleolar RNA host gene 12 (SNHG12) promotes tumorigenesis and metastasis by targeting miR-199a/b-5p in hepatocellular carcinoma.

In vitro

[81]


Long noncoding RNA SNHG15, a potential prognostic biomarker for hepatocellular carcinoma

In vitro

[82]


Long noncoding RNA SNHG1 predicts a poor prognosis and promotes hepatocellular carcinoma tumorigenesis

In vitro

[187]


Expression of Long Non-Coding RNA (lncRNA) Small Nucleolar RNA Host Gene 1 (SNHG1) Exacerbates Hepatocellular Carcinoma Through Suppressing miR-195

In vitro

[188]


The long non-coding RNA, SNHG6-003, functions as a competing endogenous RNA to promote the progression of hepatocellular carcinoma.

In vitro

[190]


Up-regulation of LncRNA SNHG20 Predicts Poor Prognosis in Hepatocellular Carcinoma.

In vitro

[191]


Long non-coding RNA SNHG20 predicts a poor prognosis for HCC and promotes cell invasion by regulating the epithelial-to-mesenchymal transition.

In vitro

[192]

MALAT1

Long Non-Coding RNA MALAT1 Regulates ZEB1 Expression by Sponging miR-143-3p and Promotes Hepatocellular Carcinoma progression.

In vitro

[130]


HBx-related long non-coding RNA MALAT1 promotes cell metastasis via up-regulating LTBP3 in hepatocellular carcinoma.

In vitro and in vivo (Male BALB/C nude mice)

[131]


Down-regulation of miR-146b-5p by long noncoding RNA MALAT1 in hepatocellular carcinoma promotes cancer growth and metastasis.

In vitro and in vivo (nude mice)

[132]


Long non-coding RNA MALAT-1 overexpression predicts tumor recurrence of hepatocellular carcinoma after liver transplantation.

In vitro 

[133]

MEG3

Armored long non-coding RNA MEG3 targeting EGFR based on recombinant MS2 bacteriophage virus-like particles against hepatocellular carcinoma.

In vitro and in vivo (BALB/c nude mice)

[137]


MicroRNA-26a inhibits proliferation and metastasis of human hepatocellular carcinoma by regulating DNMT3B-MEG3 axis.

In vitro 

[138]


Overexpression of Long Non-Coding RNA MEG3 Inhibits Proliferation of Hepatocellular Carcinoma Huh7 Cells via Negative Modulation of miRNA-664.

In vitro 

[139]


Long Noncoding RNA MEG3 Interacts with p53 Protein and Regulates Partial p53 Target Genes in Hepatoma Cells

In vitro 

[141]


The aberrant expression of MEG3 regulated by UHRF1 predicts the prognosis of hepatocellular carcinoma.

In vitro 

[144]


microRNA-29 can regulate expression of the long non-coding RNA gene MEG3 in hepatocellular cancer.

In vitro 

[145]

AFAP1-AS1

Long noncoding RNA AFAP1-AS1 indicates a poor prognosis of hepatocellular carcinoma and promotes cell proliferation and invasion via upregulation of the RhoA/Rac2 signaling.

In vitro and in vivo (mice)

[148]


Critical role for the long non-coding RNA AFAP1-AS1 in the proliferation and metastasis of hepatocellular carcinoma.

In vitro and in vivo (mice)

[147]

ANRIL

High expression of long non-coding RNA ANRIL is associated with poor prognosis in hepatocellular carcinoma.

In vitro 

[149]

ATB

A long noncoding RNA activated by TGF-beta promotes the invasion metastasis cascade in hepatocellularcarcinoma.

In vitro and in vivo (nude mice)

[151]

CCAT1

Aberrant Expression of CCAT1 Regulated by c-Myc Predicts the Prognosis of Hepatocellular Carcinoma.

In vitro

[153]


CCAT1 promotes hepatocellular carcinoma cell proliferation and invasion.

In vitro

[152]


Long noncoding RNA CCAT1 promotes hepatocellular carcinoma progression by functioning as let-7 sponge.

In vitro

[154]

CCAT2

Long non-coding RNA CCAT2 is associated with poor prognosis in hepatocellular carcinoma and promotes tumor metastasis by regulating Snail2-mediated epithelial-mesenchymal transition.

In vitro

[157]


Long non-coding RNA CCAT2 functions as an oncogene in hepatocellular carcinoma, regulating cellular proliferation, migration and apoptosis

In vitro

[156]

DANCR

Long noncoding RNA DANCR increases stemness features of hepatocellular carcinoma by derepression of CTNNB1.

In vitro and in vivo (mice)

[159]


DANCR Acts as a Diagnostic Biomarker and Promotes Tumor Growth and Metastasis in Hepatocellular Carcinoma

In vitro and in vivo (mice)

[158]

EGFR

The long noncoding RNA, EGFR-AS1, a target of GHR, increases the expression of EGFR in hepatocellular carcinoma.

In vitro and in vivo

[160]

FTX

Ftx non coding RNA-derived miR-545 promotes cell proliferation by targeting RIG-I in hepatocellular carcinoma.

In vitro and in vivo (nude mice)

[163]

GAS-5

Decreased expression of long non-coding RNA GAS5 indicates a poor prognosis and promotes cell proliferation and invasion in hepatocellular carcinoma by regulating vimentin.

In vitro

[165]


Down-regulation of long non-coding RNA GAS5 is associated with the prognosis of hepatocellular carcinoma.

In vitro

[164]

H19

Epigenetic activation of the MiR-200 family contributes to H19-mediated metastasis suppression in hepatocellular carcinoma.

In vitro and in vivo (Nude mice)

[169]

HOTTIP

Long non-coding RNA HOTTIP is frequently up-regulated in hepatocellular carcinoma and is targeted by tumour suppressive miR-125b.

In vivo (mice)

[174]


MiRNA-192 [corrected] and miRNA-204 Directly Suppress lncRNA HOTTIP and Interrupt GLS1-Mediated Glutaminolysis in Hepatocellular Carcinoma.

In vitro and in vivo (mice)

[173]


Long noncoding RNA HOTTIP/HOXA13 expression is associated with disease progression and predicts outcome in hepatocellular carcinoma patients.

In vitro

[172]

Linc00152

LINC00152 promotes proliferation in hepatocellular carcinoma by targeting EpCAM via the mTOR signaling pathway.

In vitro and in vivo (mice)

[178]

NEAT1

Long non-coding RNA NEAT1 promotes hepatocellular carcinoma cell proliferation through the regulation of miR-129-5p-VCP-IB.

In vitro and in vivo (mice)

[176]


Long noncoding RNA NEAT1 promotes cell proliferation and invasion by regulating hnRNP A2 expression in hepatocellular carcinoma cells.

In vitro and in vivo (mice)

[177]

P21

lincRNA-p21 inhibits invasion and metastasis of hepatocellular carcinoma through Notch signaling-induced epithelial-mesenchymal transition.

In vitro and in vivo (nude mice)  

[180]


LincRNA-p21 inhibits invasion and metastasis of hepatocellular carcinoma through miR-9/E-cadherin cascade signaling pathway molecular mechanism.

In vitro 

[181]

PCAT1

Upregulation of long non coding RNA PCAT-1 contributes to cell proliferation, migration and apoptosis in hepatocellular carcinoma.

In vitro 

[182]


Prognostic significance of long non-coding RNA PCAT-1 expression in human hepatocellular carcinoma.

In vitro 

[183]

PRAL

Systemic genome screening identifies the outcome associated focal loss of long noncoding RNA PRAL in hepatocellular carcinoma

In vitro and in vivo (mice)

[44,209]

PVT1

Long non-coding RNA PVT1 serves as a competing endogenous RNA for miR-186-5p to promote the tumorigenesis and metastasis of hepatocellular carcinoma.

In vitro

[186]


Oncofetal long noncoding RNA PVT1 promotes proliferation and stem cell-like property of hepatocellular carcinoma cells by stabilizing NOP2.

In vitro and in vivo (mice)

[185]

SPRY4-IT1

Overexpression of the long non-coding RNA SPRY4-IT1 promotes tumor cell proliferation and invasion by activating EZH2 in hepatocellular carcinoma

In vitro 

[210] 

TCF7

Long noncoding RNA lncTCF7, induced by IL-6/STAT3 transactivation, promotes hepatocellular carcinoma aggressiveness through epithelial-mesenchymal transition

In vitro

[200]


The long noncoding RNA lncTCF7 promotes self-renewal of human liver cancer stem cells through activation of Wnt signaling.

In vitro 

[201]

TUG1

Long non-coding RNA TUG1 is up-regulated in hepatocellular carcinoma and promotes cell growth and apoptosis by epigenetically silencing of KLF2.

In vitro 

[195]

UCA1

HBx-upregulated lncRNA UCA1 promotes cell growth and tumorigenesis by recruiting EZH2 and repressing p27Kip1/CDK2 signaling

In vitro

[203]


Upregulated lncRNA-UCA1 contributes to progression of hepatocellular carcinoma through inhibition of miR-216b and activation of FGFR1/ERK signaling pathway.

In vitro and in vivo (Mice) 

[204]

XIST

Long non-coding RNA XIST regulates PTEN expression by sponging miR-181a and promotes hepatocellular carcinoma progression.

In vitro

[206]


MicroRNA-92b promotes hepatocellular carcinoma progression by targeting Smad7 and is mediated by long non-coding RNA XIST

In vitro and in vivo (mice)

[207]


Long non-coding RNA XIST promotes cell growth by regulating miR-139-5p/PDK1/AKT axis in hepatocellular carcinoma.

In vitro and in vivo (mice)

[208]

HOTTIP: HOXA transcript at the distal TIP; lncRNAs: Long non-coding RNAs; PCAT: Prostate cancer-associated transcript; HULC: Highly up-regulated in liver cancer; XIST: X-inactive specific transcript; TCF7: Transcription factor 4; TUG1: Taurine upregulated gene 1; EGFR: Epidermal growth factor receptor; CCAT1: Colon cancer associated transcript 1; MALAT1: Metastasis-associated lung adenocarcinoma transcript 1; UCA1: Urothelial carcinoma-associated 1; SPRY4-IT: Sprouty 4-intron transcript; SNHG: Small nucleolar rna host gene.
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