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Abstract: Long non-coding RNAs (lncRNAs) play multifaceted roles in modulating gene expression
under both physiological and pathological processes. The dysregulation of lncRNAs has been
increasingly linked with many human diseases, including a plethora of cancers. Mounting evidence
indicates that lncRNAs are aberrantly expressed in hepatocellular carcinoma (HCC) and can regulate
HCC progression, as well as metastasis. In this review, we summarize the recent findings on the
expanding roles of lncRNAs in modulating various functions of HCC, and elaborate on how can
lncRNAs impact HCC metastasis and progression via interacting with chromatin, RNA, and proteins
at the epigenetic, transcriptional, and post-transcriptional levels. This mini-review also highlights the
current advances regarding the signaling pathways of lncRNAs in HCC metastasis and sheds light
on the possible application of lncRNAs for the prevention and treatment of HCC.
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1. Introduction

The long non-coding RNAs (lncRNAs) are widely defined as a large class of regulatory transcripts
with a length of more than 200 nucleotides and lacking obvious protein-coding potential [1]. A large
body of studies have shown that lncRNAs can functions as critical mediators in the basic physiological
and pathological processes, as well as cancer metastasis [2,3]. To date, a wealth of independent research
has indicated that the dysregulation of lncRNAs exerts a significant role in hepatocellular carcinoma
metastasis. However, the potential molecular mechanisms of lncRNAs in HCC metastasis are not
comprehensively understood.

Hepatocellular carcinoma (HCC) is the fourth-leading cause of cancer death in the world,
with 841,000 new cases and 782,000 deaths each year [4]. Although recent diagnostic methods and
surgical techniques has been significantly improved, the five-year survival rate for advanced HCC
remains low. The disappointing clinical outcome of HCC is mainly due to the high metastases or
recurrence rate [5]. Therefore, in order to promote the research progress of HCC, especially advanced
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HCC with metastasis, elucidating the possible molecular mechanisms of malignant biological behaviors
of tumor cells is particularly important.

Several recent reviews focus on the emerging role of lncRNAs in HCC [6–8]. The main aspect
of our review is to summarize the increasingly recognized functions of lncRNAs in HCC metastasis.
We highlight a broad repertoire of functions and molecular mechanisms of lncRNAs at the epigenetic,
transcriptional, and post-transcriptional levels in HCC metastasis. Moreover, we briefly elaborate on
the current advances regarding the signaling pathways of lncRNAs in HCC metastasis and the role of
lncRNAs in the multi-step process of HCC metastasis.

2. LncRNAs as Novel Regulators in HCC Metastasis

LncRNAs are a large class of non-coding RNA transcripts, which are increasingly known to be
important for the development and progression of chronic diseases. LncRNAs act as versatile regulators
that can interact with RNA, DNA, or proteins to modulate gene expression at different molecular levels,
including epigenetic modification, transcriptional, and post-transcriptional regulation [9]. Currently,
there are four accepted general archetypes for classifying the functions of lncRNAs: signals, decoys,
guides, and scaffold [3,10]. As signals, lncRNAs can regulate gene regulation in a spatiotemporal way
via reflecting the combinatorial biological outcome of transcription factors (TFs) or signaling pathways.
As decoys, lncRNAs bind and titrate TFs and diverse proteins away from chromatin or titrate the protein
into nuclear subdomains. As guides, lncRNAs may recruit RNA-binding proteins (RBPs) to target
genes, either in cis or in trans. As flexible scaffolds, lncRNAs can also absorb different macromolecules,
form complexes, and play different biological functions. Many recent reports have revealed that
lncRNAs are involved in the multiple biological functions of tumor cells, such as proliferation, invasion,
metastasis, and drug resistance [11–15].

Mounting evidence indicates that abnormal expression of lncRNAs can impact multiple steps of
HCC progression, including HCC metastasis. A well-described example for functionally important
lncRNA in HCC metastasis was termed HULC (highly up-regulated in liver cancer), which was related
with highly specific up-regulation characterized in HCC tissues and associated with intrahepatic
metastases, tumor node metastasis (TNM) stage, and HCC recurrence [16]. Another lncRNA MVIH
(microvascular invasion in HCC) has also been proved to be an oncogenic regulator that is responsible
for tumor growth and can serve as a key regulatory center in HCC intrahepatic metastasis by
activating angiogenesis. Moreover, the overexpressed MVIH can serve as an independent risk factor
for predicting poor RFS (recurrence-free survival) after a hepatectomy [17] LncRNAs may function as
a novel participant in the complex steps of HCC metastasis (Table 1). Thus, summarizing the current
findings of lncRNAs will enhance our understanding related to the role of lncRNAs in metastasis and
may assist in formulating lncRNA-related therapeutic strategies against HCC.
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Table 1. Summary of long non-coding RNAs (lncRNAs) involved in the hepatocellular carcinoma (HCC) metastasis at different molecular levels.

LncRNA Interaction
Class

Interaction
Partner

Expression of
LncRNA Pathway Function Mechanism Reference

linc-GALH RNA-TFs DNMT1 Upregulated AKT signaling Promote
metastasis

Epigenetically regulates Gankyrin by adjusting the
ubiquitination status of DNMT1 [18]

lncRNA
GIHCG RNA-TFs EZH2

DNMT1 Upregulated Promote
metastasis

Inhibits miR200b/a/429 transcript by recruiting DNMT1
and EZH2 to miR-200b/a/429 promoter [19]

lncRNA
SOX21-AS1 RNA-TFs EZH2 Downregulated Inhibit

metastasis
Epigenetically silenced p21 via recruiting EZH2 to the

promoter of p21 [20]

lncFZD6 RNA-TFs FZD6 Upregulated Wnt/β-catenin
signaling

Promote
metastasis

Interacts with FZD6 promoter and recruits BRG1 to
initiate transcription [21]

lncHOXA10 RNA-TFs EZH2 Upregulated Promote
metastasis

Recruits SNF2L to the promoter to initiate the expression
of HOXA10 [22]

lncSox4 RNA-TFs Stat3 Upregulated Promote
metastasis

Drives Sox4 expression by recruiting Stat3 to be a Sox4
promoter [23]

lncAPC RNA-TFs EZH2 Upregulated Wnt/β-catenin
signaling

Promote
metastasis

Inhibits APC transcription by recruiting EZH2 to be a
APC promoter [24]

lncWDR26 RNA-TFs SIX3 Downregulated Inhibit
metastasis Inhibits WDR26 transcription by binding with SIX3 [25]

lncRNA-NEF RNA-TFs FOXA2 Upregulated Promote
metastasis

Interacts with β-catenin to increase the binding of GSK3β
with β-catenin and inhibits phosphorylation of β-catenin [26]

H19 RNA-protein
hnRNP

U/PCAF/RNA
Pol II

Downregulated Inhibit
metastasis

Associates with hnRNP U/PCAF/RNA Pol II and activates
miR-200 family by increasing histone acetylation [27]

MIR22HG RNA-protein HuR Downregulated Inhibit
metastasis Interacted with HuR to increase its stability [28]

LINC01093 RNA-protein IGF2BP1 Downregulated Inhibit
metastasis Recruits IGF2BP1, preventing GLI1 binding to IGF2BP1 [29]

HNF1A-AS1 RNA-protein SHP-1
C-terminal Downregulated Inhibit

metastasis
Acts as phosphatase activator through interacting with

SHP1 [30]

LINC01138 RNA-protein PRMT5 Upregulated Promote
metastasis Interacts with PRMT5 and enhances its protein stability [31]

miR503HG RNA-protein HNRNPA2B1 Downregulated NF-κB signaling Inhibit
metastasis

Interacts with the HNRNPA2B1 and modulates the
ubiquitination status of HNRNPA2B1 [32]
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Table 1. Cont.

LncRNA Interaction
Class

Interaction
Partner

Expression of
LncRNA Pathway Function Mechanism Reference

lncRNA uc.134 RNA-protein CUL4A Downregulated Hippo kinase
signaling

Inhibit
metastasis

Inhibits the translocation of CUL4A from the nucleus to
the cytoplasm [33]

lncRNA-LET RNA-protein NF90 Downregulated Inhibit
metastasis Associates with NF90 to enhance the degradation of NF90 [34]

AWPPH RNA-protein YBX1 Upregulated Promote
metastasis

Promotes YBX1-mediated activation of SNAIL1
translation and PIK3CA transcription [35]

TSLNC8 RNA-protein
RNA-TFs

TKT
STAT3 Downregulated STAT signaling Inhibit

metastasis
Interacts with TKT and STAT3, and inhibits STAT3

phosphorylation and transcriptional activity [36]

lncRNA HCAL RNA-RNA
miR-15a

miR-196a
miR-196b

Upregulated Promote
metastasis

Binds to miR-15a, miR-196a, or miR-196b, and by
increasing LAPTM4B expression [37]

MALAT1 RNA-RNA miR-204 Downregulated Inhibit
metastasis Sponges miR-204 and release SIRT1. [38]

HOXD-AS1 RNA-RNA miR-130a-3p Upregulated MEK/ERK
signaling

Promote
metastasis

Binds to miR-130a-3p that prevented SOX4 degradation,
activates the expression of EZH2 and MMP2 [39]

HOXD-AS1 RNA-RNA miR19a Upregulated Promote
metastasis Upregulates the ARHGAP11A via bind to miR19a [40]

lnc-ATB RNA-RNA miR-200 and
IL-11 mRNA Upregulated TGF-β signaling Promote

metastasis

Binds with the miR-200 family and sequestrates the
repression effect of the miR-200s on ZEB1/2; binds with

IL-11 mRNA to promote organ colonization
[41]

lnc-MUF RNA-RNA miR-34a Upregulated Wnt/β-catenin
signaling

Promote
metastasis Upregulate SNAIL1 expression [42]

linc-ROR RNA-RNA miR-145 Upregulated Promote
metastasis

Sponges miR-145 to de-repress the expression of target
gene ZEB2 [43]

MALAT1 RNA-RNA miR-143-3p Upregulated Promote
metastasis Regulates the expression of ZEB1 by sponging miR-143-3p [44]

lncRNA ICR RNA-RNA ICAM-1 mRNA Upregulated Promote
metastasis

Regulates ICAM-1 expression by increasing the stability
of ICAM-1 mRNA through RNA duplex formation [45]

TFs: transcription factors; DNMT1: DNA methyltransferase 1; TICs: tumor-initiating cells; EZH2: Enhancer of Zeste Homolog 2; YBX1: Y-Box Binding Protein; FOXA2: Forkhead box A2;
TKT: transketolase; STAT3: signal transducer and activator of transcription 3; HOXD-AS1: HOXD antisense growth-associated long noncoding RNA.
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3. The Molecular Mechanisms of LncRNAs in HCC Metastasis

3.1. LncRNAs in HCC Metastasis at the Epigenetic and Transcriptional Level

3.1.1. Chromatin Modification and Regulation

Accumulating studies show that lncRNAs may exert a diverse range of functions to regulate
gene transcription involved in epigenetic modifiers in HCC [46,47]. Histone methylation and DNA
methylation, as important epigenetic modification manners, are involved in modulating the expression
of numerous cancer-related genes [48,49]. For instance, a recent study revealed that linc-GALH
(Gankyrin associated lincRNA in hepatocellular carcinoma), which might be a new biomarker for
judging HCC metastasis, could promote the degradation of DNMT1 (DNA methyltransferase 1)
by enhancing the ubiquitination and expression of Gankyrin (standard nomenclature is PSMD10)
by lowering the methylation state in HCC [18]. Considerable evidence suggests that the EMT
(epithelial–mesenchymal transition) is responsible for the metastasis and recurrence of tumors,
including HCC. Moreover, several lncRNAs have recently been proved to be associated with epigenetic
regulators to mediate the expression of EMT-related genes or microRNAs. LncRNA GIHCG (gradually
increased during hepatocarcinogenesis) physically binds with an EZH2 (Enhancer of Zeste Homolog
2) and miR200b/a/429 promoter, recruits EZH2 and DNMT1 to the miR-200b/a/429 promoter regions,
upregulates histone H3K27 trimethylation and DNA methylation levels on the miR200b/a/429 promoter,
and significantly inhibits the expression of miR-200b/a/429 expression (Figure 1A) [19]. Thus, GIHCG
promotes proliferation and metastasis via inhibiting transcription of miRNA clusters in HCC. Inversely,
lncRNA H19 inhibits HCC metastasis and the expression of markers of EMT by associating with the
protein complex hnRNP U/PCAF/RNA Pol II and activating the miR-200 family through increasing
histone acetylation [27]. Another study has shown that reducing lncRNA SOX21-AS1 (SOX21 antisense
divergent transcript 1) expression facilitates HCC metastasis by epigenetically silencing p21 via
recruiting EZH2 to the promoter of p21 (Figure 1A) [20]. Together, these studies indicated that
increasing lncRNAs can interact directly or indirectly with epigenetic regulator EZH2 to modulate
gene expression, thereby affecting the metastasis of HCC.

Liver tumor initiating cells (TICs), a small subset of cells in HCC, are considered to account for
the origin, metastasis, and recurrence of HCC [50]. Recent studies have revealed that lncRNAs exert
the critical roles in maintaining TIC self-renewal. For example, LncFZD6, which is overexpressed in
liver cancer and liver TICs, drives liver TIC self-renewal and tumor initiation capacity. Mechanistically,
lncFZD6 directly binds and recruits the BRG1 (Brahma-related Gene 1 protein)-embedded the
switch/sucrose non-fermenting (SWI/SNF) complex to the FZD6 promoter, which facilitates the
transcription of FZD6 via chromatin remodeling [21]. Similarly, the overexpressed lncHOXA10
recruits the nucleosome remodeling factor (NURF) chromatin remodeling complex to the HOXA10
promoter to initiate the expression of HOXA10, and ultimately promotes the self-renewal of liver
TICs and the progression of HCC [22]. Collectively, increasing studies have shown that lncRNAs
epigenetically regulate gene transcription by manipulating DNA methylation and histone acetylation.
Additionally, lncRNAs modulate the transcription of neighbor or distant genes in cis or trans form by
recruiting various remodeling complexes to gene promoters, resulting in activation or inhibition of
HCC metastasis-related genes.
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Figure 1. LncRNAs regulate hepatocellular carcinoma metastasis at different molecular levels. LncRNAs
play a pivotal role in gene regulation and exert their effects in hepatocellular carcinoma metastasis
through diverse mechanisms, including (A) epigenetic modification, (B,C) transcriptional regulation,
and (D–F) post-transcriptional regulation.

3.1.2. Transcriptional Regulation

For transcription regulation, lncRNAs may bind to the promoter of neighbor or distant genes, and
recruit transcription factors (TFs) to manipulate transcriptional initiation [3]. LncSox4 is overexpressed
in liver cancer and liver TICs, especially in advanced liver tumor. LncSox4 promotes liver TIC
self-renewal by driving Sox4 transcription via recruiting Stat3 to the Sox4 promoter (Figure 1B) [23].
Moreover, a novel lncRNA-NEF (neighboring enhancer of FOXA2) can significantly antagonize EMT
progression and cancer metastasis. It can be transcriptionally activated by EMT suppressor FOXA2 via
interacting with β-catenin and triggering β-catenin inhibitory phosphorylation, thereby attenuating
Wnt/β-catenin signaling and activating FOXA2 expression, which may form a positive feedback loop
and thus regulating HCC metastasis [26]. Another novel lncRNA called lncRNA-AWPPH, which is
highly expressed in HCC tissues, as well as in liver metastatic portal vein tumor thrombus (PVTT) tissues,
promotes YBX1-mediated activation of SNAIL1 translation and PIK3CA transcription, and activates
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the PI3K/AKT pathway. The Pearson chi-square test was used to analyze the correlations between the
expression of lncRNA-AWPPH and clinicopathological features in 88 HCC patients. The results showed
that a high expression of lncRNA-AWPPH was correlated with microvascular invasion (p = 0.033;
p < 0.05 denotes significance) [35]. Additionally, a divergent lncRNA of Mitogen-activated protein
kinase 6 (MAPK6), called lncMAPK6, is highly expressed along with liver tumorigenesis. It interacts
with and recruits RNA polymerase II to be a MAPK6 promoter, and finally activates the transcription
of MAPK6 (Figure 1B) [21].

On the contrary, lncAPC inhibits transcription of APC via recruiting EZH2 to be a APC promoter,
which facilitates the activation of Wnt/β-catenin signaling and liver TIC self-renewal [24] (Figure 1C).
Overexpression of lncWDR26 (GenBank Accession no. RP11-365O16) can suppress HCC growth and
metastasis through the inhibition of WDR26 transcription via association with SIX3 (Figure 1C) [25].
Taken together, lncRNAs act as versatile molecules to activate or inhibit metastasis-related genes at the
transcriptional level.

3.2. LncRNAs in HCC Metastasis at the Post-Transcriptional Level

3.2.1. Interactions with miRNAs

Over the past decade, with the continuous development of biotechnology, competing endogenous
RNA (ceRNA) has emerged as a common molecular mechanism involving tumor-related lncRNAs.
There has been considerable evidence suggesting that several lncRNAs are involved in regulating gene
expression via interacting with miRNAs, thus preventing specific miRNAs from binding to their target
mRNA [51–53]. For instance, lncRNA HCAL (HCC-associated lncRNA) promotes HCC metastasis by
competitively binding to miR-15a, miR-196a, or miR-196b and by subsequently increasing LAPTM4B
(lysosomal-associated transmembrane protein 4B) expression (Figure 1D) [37]. LncRNA MALAT1
(metastasis-associated lung adenocarcinoma transcription 1) was reported to promote the migration and
invasion of HCC by sponging miR-204 and releasing silent information regulator 1 (Sirt1) [38]. The high
expression level of lncRNA HOXD-AS1 has been closely associated with a high tumor node metastasis
stage in HCC patients. Mechanistically, lncRNA HOXD-AS1 competitively binds to miR-130a-3p,
which can prevent SOX4 from miRNA-mediated degradation, thus activating the expression of EZH2
and MMP2 and can facilitate HCC metastasis [39]. In another study, intriguingly, lncRNA HOXD-AS1
up-regulated the Rho GTPase activating protein 11A (ARHGAP11A) via competitively interacting
with miR-19a, leading to HCC metastasis [40]. In short, increasing studies show that the mechanism
whereby lncRNAs act as ceRNAs controls the progression and metastasis of HCC.

Interestingly, some lncRNAs have been reported to promote or inhibit HCC metastasis by acting
as molecular decoys to sequester miRNAs involved in EMT. A famous lncRNA ATB (activated by
TGF-β), is a crucial regulator of the invasion–metastasis cascade, and can competitively bind with the
miR-200 family and sequestrate the repression effect of the miR-200s on ZEB1/2, leading to EMT, cell
invasion, and intravasation (Figure 1D) [41]. Some other lncRNAs, such as lncRNA HULC, linc-ROR,
lncRNA-MUF, and MALAT1, have also been uncovered to act as miRNA sponges to regulate the
expression of EMT markers in HCC. LncRNA HULC (highly upregulated in liver cancer) promotes
the tumorigenesis and metastasis of HCC via enhancing the EMT progress in the miR-200a-3p/ZEB1
signaling pathway [16]. In a similar manner, linc-ROR induces EMT and promotes HCC metastasis via
competitively binding miR-145, thus increasing ZEB2 levels [43] lncRNA-MUF (mesenchymal stem cell
(MSC) upregulated factor), is one of the most significantly increased lncRNAs in HCC cells induced by
HCC-MSCs. Mechanistically, it can indirectly drive EMT by competitively binding to miR-34a and
upregulating SNAIL1 expression (Figure 1D) [42]. Similarly, lncRNA MALAT1 regulates the expression
of ZEB1 by sponging miR-143-3p and promotes HCC progression [44]. These studies provide evidence
that lncRNAs function as miRNA sponges, thereby suggesting that the lncRNA-miRNA-mRNA
regulatory axis is pivotal for HCC metastasis.
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3.2.2. Interactions with mRNAs

Intriguingly, some lncRNAs also act on the processing of mRNAs to influence their stabilities
and translation processes. LncRNA-ATB can stabilize and increase the mRNA of Interleukin-11
(IL-11) through the crosstalk with lncRNA-mRNA, thus promoting the colonization of disseminated
HCC cells in distant organs (Figure 1E) [41]. In addition, PVTT (portal vein tumor thrombus) is a
major complication encountered in HCC patients and it can be considered a special type of HCC
metastasis [54]. A novel lncRNA ICR (ICAM-1 related) is up-regulated in PVTT tissues. Further
analyses found that ICR enhances the ICAM-1 mRNA stability by forming an RNA duplex with it,
thereby regulating the stem cell properties of ICAM-1+ HCC cells [45]. LncRNA MIR22HG (MIR22
host gene) repressed HCC metastasis by deriving miR-22 and binding with human antigen R (HuR)
to increase MIR22HG stability, alter subcellular location of HuR, and decrease the binding abilities
of HuR with oncogene mRNAs (Figure 1E) [28]. A liver-specific lncRNA LINC01093 suppresses
HCC proliferation and metastasis by acting as a protein scaffold to recruit insulin-like growth factor
2 mRNA-binding protein 1 (IGF2BP1) to facilitate the degradation of GLI1 mRNA [29]. Collectively,
these findings have indicated that lncRNAs may exert a wide variety of roles to impact HCC metastasis
and progression by modulating the mRNA stability.

3.2.3. Protein Modifications

Apart from the multiple aforementioned functions that allow for interactions of lncRNAs with
miRNAs or mRNAs, lncRNAs also exert their biological functions by modifying proteins. Several
studies have reported that lncRNAs may also be involved in the regulation of protein phosphorylation.
A recent study revealed that lncRNA TSLNC8 (also known as LINC00589) exerts its tumor suppressive
activity through the inactivation of the IL-6/STAT3 signaling pathway via physically interacting with
TKT and STAT3, and thus inhibiting STAT3 phosphorylation and transcriptional activity in HCC [36].
Another study indicated that lncRNA HNF1A-AS1 (HNF1A antisense RNA 1) can inhibit the growth
and metastasis of HCC by activating phosphatase through direct binding with the C-terminal of
SHP-1 (SH2-containing protein tyrosine phosphatase-1) [30]. However, the effect of lncRNAs on
gene expression through protein modification is not limited to the phosphorylation of target proteins.
LINC01138 may exert its oncogenic activity through interacting with arginine methyltransferase
5 (PRMT5) and enhancing its protein stability by blocking ubiquitin/proteasome-dependent degradation
in HCC (Figure 1F) [31]. LncRNA miR503HG, a host gene for the MIR503, specifically interacts with
the heterogeneous nuclear ribonucleoprotein A2/B1(HNRNPA2B1), which suppresses metastatic
tumor suppression through modulating the ubiquitination status of HNRNPA2B1 (Figure 1F) [32].
Another lncRNA uc.134, can suppress the migration and invasion of HCC by inhibiting the CUL4A
(Cullin4A)-mediated ubiquitination and degradation of LATS1 (long-acting thyroid stimulator 1) in the
cytoplasm [33]. Additionally, lncRNAs regulate protein degradation by influencing protein acetylation,
an important post-translational protein modification. In another report, lncRNA-LET (low expression
in tumor) is regulated by histone deacetylase 3 (HDAC3), which may be involved in hypoxia-induced
cancer metastasis. Furthermore, lncRNA-LET reduced the degradation of the nuclear factor 90 (NF90)
protein, which plays a pivotal role in hypoxia-induced cellular invasion [34]. Consequently, these
studies indicate that lncRNAs may impact the development of HCC in diverse range of ways; interact
with proteins to modulate post-translational modifications, such as phosphorylation or ubiquitination;
and ultimately influence their activities and functions.

4. Emerging Paradigms on HCC Metastasis

4.1. Pathways Controlled by LncRNAs in HCC Metastasis

Currently, signal pathways affecting cell proliferation, invasion, and metastasis in HCC have
been extensively studied. Furthermore, the involvement of lncRNAs in key carcinogenic or metastatic
signaling pathways have been closely implicated [55].
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Wnt/β-catenin signaling, which is the key mediator for the progression of malignancies [56],
also plays a critical role in the development and metastasis of HCC cells [57,58]. Accumulating
evidence suggests that the activation of the Wnt/β-catenin pathway could play a key role in HCC [59].
Actually, some lncRNAs have been experimentally demonstrated to be involved in the activation
or inhibition of Wnt/β-catenin. For example, lncRNA-LALR1 enhances HCC cell cycle progression
via recruiting CTCF (CCCTC-binding factor) to Axin1 promoter to block its transcription initiation
and thus activates Wnt/β-catenin signaling [60]. LncRNA-MUF not only function as ceRNAs to
regulate miRNAs, but also acts as a scaffold to enhance the interaction between GSK-3β (Glycogen
synthase kinase-3β) and ANXA2 (Annexin A2), thus leading to the activation of Wnt/β-catenin signal
transduction pathway and driving HCC metastasis [42]. Overexpressed linc00210 in liver cancer
tissues can interact with CTNNBIP1 (catenin beta interacting protein 1), thereby blocking the inhibitory
role of CTNNBIP1 in Wnt/β-catenin activation and promoting the interaction of β-catenin and the
TCF/LEF complex, to activate Wnt/β-catenin signaling and liver tumor progression [61]. Moreover,
lncFZD6 can also affect the Wnt/β-catenin signaling pathway, and drives Wnt/β-catenin activation
through lncFZD6-BRG1-FZD6, thus promoting liver TIC self-renewal [21]. Lnc-FTX also inhibits HCC
metastasis and invasion by upregulating the miR-374a target genes WIF1, PTEN, and WNT5A and
repressing Wnt/β-catenin signaling activity [62].

The interactions of lncRNAs with other major signal pathways, such as STAT3, that are involved
in the progression of HCC metastasis have been implicated [63,64]. For example, the lncRNA TSLNC8
and lncRNA-ATB mentioned above are related to the STAT3 pathway. LncRNA PTTG3P (pituitary
tumor-transforming 3, pseudogene) promotes the growth and metastasis of HCC by up-regulating
PTTG1 and activating PI3K/AKT signaling [65]. The lncRNA-AWPPH linc-GALH, which can promote
the metastasis of HCC, is also involved in the regulation of AKT signaling pathway [18,35]. Furthermore,
Linc00974 promotes the proliferation and metastasis via interacting with KRT19 (Keratin 19) in HCC.
Further study shows that TGF-β signal pathways were substantially activated by the upregulation of
KRT19 induced by Linc00974 [66]. Additionally, LncRNA uc.134 activates Hippo kinase signaling by
inhibiting the translocation of CUL4A from the nucleus to the cytoplasm [33].

These studies highlight the diverse mechanisms by which lncRNAs can act as mediators of Wnt,
JAK/STAT, PI3K/AKT, Hippo kinase, and other oncogenic signaling pathways. Nevertheless, how they
affect the metastasis of HCC remains to be further elucidated, though the link between lncRNAs and
signaling pathways has opened new window for the development of novel diagnostic and therapeutic
applications in HCC.

4.2. Role of LncRNAs in the Multi-Step Process of HCC Metastasis

Tumor metastasis is a complex and dynamic process involving the reciprocal interplay between
tumor cells and host stroma from the microenvironment [67]. About 100 years ago, Stephen Paget
described tumor metastasis by proposing the hypothesis of “seeds and soils” [68]. Nowadays, it is
generally accepted that primary tumors may have already modulated the local microenvironment of
distant organs in preparation for the colonization of tumor cells before their arrival. Presently, the
microenvironment, which is termed the pre-metastatic niche, along with a series of changes—including
inflammation, macrophage infiltration, hypoxia, and angiogenesis—may act in concert with lncRNAs
and other various molecular events to orchestrate HCC metastasis. Thus, it has been recognized
that lncRNAs may also be closely involved in the multistep metastasis of hepatocellular carcinoma.
We summarize below the possible role of related lncRNA in terms of the pre-metastasis niche, cell
differentiation, EMT, intravasation, extravasation, and angiogenesis (Figure 2).
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and MITA1), (b) TIC self-renewal (e.g., lncSox4 and lncFZD6), (c) EMT and migration (e.g., H19 and 
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Figure 2. LncRNAs in the multi-step process of HCC metastasis. LncRNAs exert diverse regulatory
roles in the multi-step metastasis of HCC, including (a) the pre-metastasis niche (e.g., lncRNA cox-2
and MITA1), (b) TIC self-renewal (e.g., lncSox4 and lncFZD6), (c) EMT and migration (e.g., H19
and Sox21-AS1), (d) intravasation and extravasation (e.g., lnc-ATB), (e) angiogenesis (e.g., H19 and
Sox21-AS1), and (f) distant growth (e.g., MVIH and UBE2CP3).

In the pre-metastasis niche, lncRNA cox-2 prohibits immune evasion and metastasis of HCC by
impeding the polarization of M1/M2 macrophages [69]. The hepatitis B virus X protein (HBx)-related
lncRNA down-regulated expression by HBx (lncRNA-Dreh) attenuates HCC metastasis by targeting
the intermediate filament protein vimentin [70]. In addition, lncRNAs also mediate tumor cells
that exhibit unique metabolic phenotypes, such as lncRNA TUG1 (taurine up-regulated gene 1),
which exerts a master regulator to coordinate glycolysis and metastasis in HCC [71]. Furthermore,
emerging findings revealed that lncRNAs can modulate the transcription of metastasis-related genes
to maintain TIC self-renewal and tumor initiation capacity, such as lncSox4 [23], lncFZD6 [21], and
lncHOXA10 [22]. Moreover, lncRNA HULC and MALAT1 may promote HCC metastasis via enhancing
EMT and migration in the miRNAs/ZEB1 signaling [16,38]. LncRNA-NEF and lncRNA-AWPPH
can impede EMT progression and cancer metastasis via inhibiting the Wnt/β-catenin and PI3K/AKT
pathway [26,35]. Another novel lncRNA MITA1, which is induced by energy stress, may promote EMT
in a central step of HCC metastasis [72]. Intravasation and extravasation require the movement of
cancer cells to the blood vessel, where lnc-ATB can regulate multiple steps of HCC metastasis, including
EMT, invasion, and intravasation [41]. Notably, emerging studies show that the dysregulation of
angiogenesis can be associated with HCC progression and metastasis. LncRNA UBE2CP3 [73] and
MVIH [17] participate in HCC tumorigenicity and metastasis by modulating angiogenesis. MVIH
could activate tumor-inducing angiogenesis by inhibiting the secretion of phosphoglycerate kinase 1
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(PGK1); for example, MVIH expression was negatively correlated with the PGK1 level and positively
correlated with the micro-vessel density in 65 cases of HCC.

Thus, summarizing the emerging link between lncRNAs and multi-step process of HCC metastasis
will open up a new perspective on the role of lncRNA in modulating HCC metastasis, which may
accelerate the progress of developing novel anti-metastasis strategies.

5. Potential Diagnostic and Therapeutic Applications

Although various diagnostic and treatment strategies are available for HCC, including surgical
resection, liver transplantation, radio-frequency ablation, radiation therapy, radioembolization, and
targeted therapies [74], most HCC patients are still usually diagnosed at the advanced stages, where
there are limited treatment options and poor clinical effects. Metastasis is usually a major factor for the
long-term survival of patients with advanced HCC. Therefore, it is urgent to explore new strategies for
the early diagnosis, prognosis, and treatment of HCC. Several studies have shown that lncRNAs can be
detected in the serum, blood, plasma, and urine of cancer patients [75,76]. Furthermore, lncRNA PCA3
has been approved by the FDA (Food and Drug Administration) as an early diagnostic biomarker of
prostate cancer [77]. Many HCC-related clinicopathological parameters are found to be associated with
lncRNAs, including the overall survival (OS) rate, PFS (Progression Free Survival), and metastasis rate.
Notably, these characteristics enable lncRNAs to act as potential biomarkers for HCC. A study found
that levels of lncRNA ZFAS1 are higher in HCC patients than in healthy controls, and in patients with
cirrhosis and hepatitis B, and the expression of ZFAS1 is correlated with serum AFP (alpha fetoprotein).
ZFAS1 could be identified as a novel serum biomarker for HCC diagnosis [78]. The researchers found
that the up-regulation of MVIH could predict the frequent recurrence of early-stage HCC patients,
suggesting that MVIH might be a potential biomarker for risk prediction and the individualized
treatment screening of HCC patients after a hepatectomy. Moreover, it is also worth mentioning that
recent studies have revealed that exosomal lncRNAs may also be important for predicting tumor
invasion and metastasis, including HCC [79,80]. A previous study has provided strong evidence that
the exosome-mediated transfer of lncRNA-TUC339 can modulate the adhesion of tumor cells and
facilitate the migration of HCC [81]. Although there are only a few studies on circulating exosomal
lncRNA biomarkers of HCC, tumor-derived exosomes contain tumor-specific lncRNAs, and their roles
in cancer progression and metastasis are emerging. Combining lncRNAs and current biomarkers could
be a feasible strategy to evaluate the efficacy and prognosis of HCC therapy.

Moreover, the possible role of lncRNA gene polymorphism in the risk of HCC was also explored,
where data from a recent study demonstrated an inverse association of CASC8 gene polymorphisms,
rs3843549, and rs13281615 with HCC progression and prognosis [82]. Collectively, lncRNAs gene
polymorphism were associated with HCC with moderate epidemiological evidence and deserve further
study and additional biological and clinical assessment.

Besides the imminent use of lncRNAs as biomarkers for diagnosis and prognosis, the therapeutic
targeting of lncRNAs is also being explored. One of the approaches toward influencing lncRNA
function is by utilizing specifically designed siRNAs (small interfering RNAs) against lncRNAs.
Based on the mechanism of lncRNAs as molecular sponge of miRNAs. It is suggested that targeting
diverse miRNAs using the artificial lncRNA could be a potential promising strategy for overcoming
sorafenib resistance in HCC therapy [83]. Alternatively, antisense oligonucleotides (ASOs) have
been proved to be able to regulate the coding genes link to a plethora of diseases, including solid
tumors and lymphoma [84,85]. Preclinical studies have also demonstrated the therapeutic efficacy
of ASOs targeting tumor-related lncRNAs [86]. We anticipate that the technological innovation of
regulating lncRNA in vivo and in-depth study of lncRNA will help to develop a better therapy based
on lncRNA to maximize the therapeutic potential. However, more clinical trials are needed to drive
the development of lncRNA-based diagnostic tests and therapeutic interventions in order to benefit
HCC patients.
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6. Conclusions

The occurrence of HCC is a complex multi-gene and multi-step process. In the article above,
we have highlighted the multifaceted regulatory mechanisms and signaling pathways of lncRNAs
in HCC metastasis. LncRNAs execute a broad repertoire of functions involved in diverse molecule
mechanisms, including epigenetic modification, transcriptional regulation, and post-transcriptional
regulation. They are localized to specific cellular compartments, depending on their biological function.
LncRNAs in the nucleus can function as versatile molecules via interacting with transcription factors
or chromatin modifiers to regulate gene expression. Cytoplasmatic lncRNAs often act as regulators
of post-transcriptional modulation, either acting as ceRNA or directly regulating mRNA stability.
Additionally, we have summarized the current knowledge about the roles of lncRNA in regulating the
tumor microenvironment and signal transduction pathways that can influence HCC metastasis, with
the view of identifying novel strategies that may serve as future therapy for HCC.

Current treatment options for HCC, especially advanced HCC with metastasis, are extremely
limited. Lack of highly specific and sensitive detection systems and appropriate therapeutic targets for
HCC remain a major clinical challenge. As a participant in the metastasis of HCC, the new function of
lncRNAs is still being explored, and it is expected to become a new potential target for cancer therapy
and function as potent biomarkers to facilitate early diagnosis. Therefore, the emerging correlation
between lncRNAs and HCC metastasis have opened up a more profound awareness of lncRNA-based
diagnostics and targeted therapeutics.

Author Contributions: X.C. and F.-R.T. designed the outline of the article and wrote it. Z.M., J.Y. and G.S.
designed the outline of the article initial draft revised and expanded the manuscript. F.A. and W.-Q.C. helped
with intellectual contributions. All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by grants from the Natural Science Foundation of Hubei Province (2019CFB591
to Z.M.), Foundation of Health and Family Planning Commission of Hubei Province (WJ2016-Y-02 to M.Z.),
Central Funds Guiding the Local Science and Technology Development of Hubei Province (2019ZYYD066), and
National Research Foundation of Singapore (F.-R.T., G.S.).

Acknowledgments: We are grateful to Jun-Ting Cheng for outstanding technical support in figures. We apologize
in advance for not being able to cite all of the original research articles due to space limitations.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Ponting, C.P.; Oliver, P.L.; Reik, W. Evolution and functions of long noncoding RNAs. Cell 2009, 136, 629–641.
[CrossRef] [PubMed]

2. Shimokawa, M.; Ohta, Y.; Nishikori, S.; Matano, M.; Takano, A.; Fujii, M.; Date, S.; Sugimoto, S.; Kanai, T.;
Sato, T. Visualization and targeting of LGR5(+) human colon cancer stem cells. Nature 2017, 545, 187–192.
[CrossRef] [PubMed]

3. Wang, K.C.; Chang, H.Y. Molecular mechanisms of long noncoding RNAs. Mol. Cell 2011, 43, 904–914.
[CrossRef] [PubMed]

4. Bray, F.; Ferlay, J.; Soerjomataram, I.; Siegel, R.L.; Torre, L.A.; Jemal, A. Global cancer statistics 2018:
GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J.
Clin. 2018, 68, 394–424. [CrossRef]

5. Forner, A.; Reig, M.; Bruix, J. Hepatocellular carcinoma. Lancet 2018, 391, 1301–1314. [CrossRef]
6. DiStefano, J.K. Long noncoding RNAs in the initiation, progression, and metastasis of hepatocellular

carcinoma. Non-Coding RNA Res. 2017, 2, 129–136. [CrossRef]
7. Mai, H.; Zhou, B.; Liu, L.; Yang, F.; Conran, C.; Ji, Y.; Hou, J.; Jiang, D. Molecular pattern of lncRNAs in

hepatocellular carcinoma. J. Exp. Clin. Cancer Res. CR 2019, 38, 198. [CrossRef]
8. Huo, X.; Han, S.; Wu, G.; Latchoumanin, O.; Zhou, G.; Hebbard, L.; George, J.; Qiao, L. Dysregulated

long noncoding RNAs (lncRNAs) in hepatocellular carcinoma: Implications for tumorigenesis, disease
progression, and liver cancer stem cells. Mol. Cancer 2017, 16, 165. [CrossRef]

9. Guttman, M.; Rinn, J.L. Modular regulatory principles of large non-coding RNAs. Nature 2012, 482, 339–346.
[CrossRef]

http://dx.doi.org/10.1016/j.cell.2009.02.006
http://www.ncbi.nlm.nih.gov/pubmed/19239885
http://dx.doi.org/10.1038/nature22081
http://www.ncbi.nlm.nih.gov/pubmed/28355176
http://dx.doi.org/10.1016/j.molcel.2011.08.018
http://www.ncbi.nlm.nih.gov/pubmed/21925379
http://dx.doi.org/10.3322/caac.21492
http://dx.doi.org/10.1016/S0140-6736(18)30010-2
http://dx.doi.org/10.1016/j.ncrna.2017.11.001
http://dx.doi.org/10.1186/s13046-019-1213-0
http://dx.doi.org/10.1186/s12943-017-0734-4
http://dx.doi.org/10.1038/nature10887


Biomolecules 2020, 10, 66 13 of 17

10. Liu, C.J.; Gao, C.; Ma, Z.; Cong, R.; Zhang, Q.; Guo, A.Y. lncRInter: A database of experimentally validated
long non-coding RNA interaction. J. Genet. Genom. 2017, 44, 265–268. [CrossRef]

11. Weidle, U.H.; Birzele, F.; Kollmorgen, G.; Ruger, R. Long Non-coding RNAs and their Role in Metastasis.
Cancer Genom. Proteom. 2017, 14, 143–160. [CrossRef] [PubMed]

12. He, Y.; Meng, X.M.; Huang, C.; Wu, B.M.; Zhang, L.; Lv, X.W.; Li, J. Long noncoding RNAs: Novel insights
into hepatocelluar carcinoma. Cancer Lett. 2014, 344, 20–27. [CrossRef] [PubMed]

13. Ding, B.; Lou, W.; Xu, L.; Fan, W. Non-coding RNA in drug resistance of hepatocellular carcinoma. Biosci.
Rep. 2018, 38, BSR20180915. [CrossRef] [PubMed]

14. Ma, Z.; Wang, Y.Y.; Xin, H.W.; Wang, L.; Arfuso, F.; Dharmarajan, A.; Kumar, A.P.; Wang, H.; Tang, F.R.;
Warrier, S.; et al. The expanding roles of long non-coding RNAs in the regulation of cancer stem cells. Int. J.
Biochem. Cell Biol. 2019, 108, 17–20. [CrossRef]

15. Cheng, J.T.; Wang, L.; Wang, H.; Tang, F.R.; Cai, W.Q.; Sethi, G.; Xin, H.W.; Ma, Z. Insights into Biological
Role of LncRNAs in Epithelial-Mesenchymal Transition. Cells 2019, 8, 1178. [CrossRef]

16. Li, S.P.; Xu, H.X.; Yu, Y.; He, J.D.; Wang, Z.; Xu, Y.J.; Wang, C.Y.; Zhang, H.M.; Zhang, R.X.; Zhang, J.J.; et al.
LncRNA HULC enhances epithelial-mesenchymal transition to promote tumorigenesis and metastasis of
hepatocellular carcinoma via the miR-200a-3p/ZEB1 signaling pathway. Oncotarget 2016, 7, 42431–42446.
[CrossRef]

17. Yuan, S.X.; Yang, F.; Yang, Y.; Tao, Q.F.; Zhang, J.; Huang, G.; Yang, Y.; Wang, R.Y.; Yang, S.; Huo, X.S.;
et al. Long noncoding RNA associated with microvascular invasion in hepatocellular carcinoma promotes
angiogenesis and serves as a predictor for hepatocellular carcinoma patients’ poor recurrence-free survival
after hepatectomy. Hepatology 2012, 56, 2231–2241. [CrossRef]

18. Xu, X.; Lou, Y.; Tang, J.; Teng, Y.; Zhang, Z.; Yin, Y.; Zhuo, H.; Tan, Z. The long non-coding RNA Linc-GALH
promotes hepatocellular carcinoma metastasis via epigenetically regulating Gankyrin. Cell Death Dis. 2019,
10, 86. [CrossRef]

19. Sui, C.J.; Zhou, Y.M.; Shen, W.F.; Dai, B.H.; Lu, J.J.; Zhang, M.F.; Yang, J.M. Long noncoding RNA GIHCG
promotes hepatocellular carcinoma progression through epigenetically regulating miR-200b/a/429. J. Mol.
Med. 2016, 94, 1281–1296. [CrossRef]

20. Wei, C.; Wang, H.; Xu, F.; Liu, Z.; Jiang, R. LncRNA SOX21-AS1 is associated with progression of hepatocellular
carcinoma and predicts prognosis through epigenetically silencing p21. Biomed. Pharmacother. 2018,
104, 137–144. [CrossRef]

21. Chen, Z.; Gao, Y.; Yao, L.; Liu, Y.; Huang, L.; Yan, Z.; Zhao, W.; Zhu, P.; Weng, H. LncFZD6 initiates
Wnt/beta-catenin and liver TIC self-renewal through BRG1-mediated FZD6 transcriptional activation.
Oncogene 2018, 37, 3098–3112. [CrossRef] [PubMed]

22. Shao, M.; Yang, Q.; Zhu, W.; Jin, H.; Wang, J.; Song, J.; Kong, Y.; Lv, X. LncHOXA10 drives liver TICs
self-renewal and tumorigenesis via HOXA10 transcription activation. Mol. Cancer 2018, 17, 173. [CrossRef]
[PubMed]

23. Chen, Z.Z.; Huang, L.; Wu, Y.H.; Zhai, W.J.; Zhu, P.P.; Gao, Y.F. LncSox4 promotes the self-renewal of liver
tumour-initiating cells through Stat3-mediated Sox4 expression. Nat. Commun. 2016, 7, 12598. [CrossRef]
[PubMed]

24. Fu, X.; Lin, J.; Qin, F.; Yang, Z.; Ding, Y.; Zhang, Y.; Han, L.; Zhu, X.; Zhang, Q. LncAPC drives Wnt/beta-catenin
activation and liver TIC self-renewal through EZH2 mediated APC transcriptional inhibition. Mol. Carcinog.
2018, 57, 408–418. [CrossRef]

25. Chen, B. A novel long noncoding RNA lncWDR26 suppresses the growth and metastasis of hepatocellular
carcinoma cells through interaction with SIX3. Am. J. Cancer Res. 2018, 8, 688–698.

26. Liang, W.C.; Ren, J.L.; Wong, C.W.; Chan, S.O.; Waye, M.M.; Fu, W.M.; Zhang, J.F. LncRNA-NEF antagonized
epithelial to mesenchymal transition and cancer metastasis via cis-regulating FOXA2 and inactivating
Wnt/beta-catenin signaling. Oncogene 2018, 37, 1445–1456. [CrossRef]

27. Zhang, L.; Yang, F.; Yuan, J.H.; Yuan, S.X.; Zhou, W.P.; Huo, X.S.; Xu, D.; Bi, H.S.; Wang, F.; Sun, S.H. Epigenetic
activation of the MiR-200 family contributes to H19-mediated metastasis suppression in hepatocellular
carcinoma. Carcinogenesis 2013, 34, 577–586. [CrossRef]

28. Zhang, D.Y.; Zou, X.J.; Cao, C.H.; Zhang, T.; Lei, L.; Qi, X.L.; Liu, L.; Wu, D.H. Identification and Functional
Characterization of Long Non-coding RNA MIR22HG as a Tumor Suppressor for Hepatocellular Carcinoma.
Theranostics 2018, 8, 3751–3765. [CrossRef]

http://dx.doi.org/10.1016/j.jgg.2017.01.004
http://dx.doi.org/10.21873/cgp.20027
http://www.ncbi.nlm.nih.gov/pubmed/28446530
http://dx.doi.org/10.1016/j.canlet.2013.10.021
http://www.ncbi.nlm.nih.gov/pubmed/24183851
http://dx.doi.org/10.1042/BSR20180915
http://www.ncbi.nlm.nih.gov/pubmed/30224380
http://dx.doi.org/10.1016/j.biocel.2019.01.003
http://dx.doi.org/10.3390/cells8101178
http://dx.doi.org/10.18632/oncotarget.9883
http://dx.doi.org/10.1002/hep.25895
http://dx.doi.org/10.1038/s41419-019-1348-0
http://dx.doi.org/10.1007/s00109-016-1442-z
http://dx.doi.org/10.1016/j.biopha.2018.05.010
http://dx.doi.org/10.1038/s41388-018-0203-6
http://www.ncbi.nlm.nih.gov/pubmed/29535420
http://dx.doi.org/10.1186/s12943-018-0921-y
http://www.ncbi.nlm.nih.gov/pubmed/30545354
http://dx.doi.org/10.1038/ncomms12598
http://www.ncbi.nlm.nih.gov/pubmed/27553854
http://dx.doi.org/10.1002/mc.22764
http://dx.doi.org/10.1038/s41388-017-0041-y
http://dx.doi.org/10.1093/carcin/bgs381
http://dx.doi.org/10.7150/thno.22493


Biomolecules 2020, 10, 66 14 of 17

29. He, J.; Zuo, Q.; Hu, B.; Jin, H.; Wang, C.; Cheng, Z.; Deng, X.; Yang, C.; Ruan, H.; Yu, C.; et al. A novel,
liver-specific long noncoding RNA LINC01093 suppresses HCC progression by interaction with IGF2BP1 to
facilitate decay of GLI1 mRNA. Cancer Lett. 2019, 450, 98–109. [CrossRef]

30. Ding, C.H.; Yin, C.; Chen, S.J.; Wen, L.Z.; Ding, K.; Lei, S.J.; Liu, J.P.; Wang, J.; Chen, K.X.; Jiang, H.L.; et al.
The HNF1alpha-regulated lncRNA HNF1A-AS1 reverses the malignancy of hepatocellular carcinoma by
enhancing the phosphatase activity of SHP-1. Mol. Cancer 2018, 17, 63. [CrossRef]

31. Li, Z.; Zhang, J.; Liu, X.; Li, S.; Wang, Q.; Di, C.; Hu, Z.; Yu, T.; Ding, J.; Li, J.; et al. The LINC01138 drives
malignancies via activating arginine methyltransferase 5 in hepatocellular carcinoma. Nat. Commun. 2018,
9, 1572. [CrossRef] [PubMed]

32. Wang, H.; Liang, L.; Dong, Q.; Huan, L.; He, J.; Li, B.; Yang, C.; Jin, H.; Wei, L.; Yu, C.; et al. Long noncoding
RNA miR503HG, a prognostic indicator, inhibits tumor metastasis by regulating the HNRNPA2B1/NF-kappaB
pathway in hepatocellular carcinoma. Theranostics 2018, 8, 2814–2829. [CrossRef] [PubMed]

33. Ni, W.; Zhang, Y.; Zhan, Z.; Ye, F.; Liang, Y.; Huang, J.; Chen, K.; Chen, L.; Ding, Y. A novel lncRNA uc.134
represses hepatocellular carcinoma progression by inhibiting CUL4A-mediated ubiquitination of LATS1.
J. Hematol. Oncol. 2017, 10, 91. [CrossRef] [PubMed]

34. Yang, F.; Huo, X.S.; Yuan, S.X.; Zhang, L.; Zhou, W.P.; Wang, F.; Sun, S.H. Repression of the long noncoding
RNA-LET by histone deacetylase 3 contributes to hypoxia-mediated metastasis. Mol. Cell 2013, 49, 1083–1096.
[CrossRef] [PubMed]

35. Zhao, X.; Liu, Y.; Yu, S. Long noncoding RNA AWPPH promotes hepatocellular carcinoma progression
through YBX1 and serves as a prognostic biomarker. Biochim. Biophys. Acta Mol. Basis Dis. 2017, 1863,
1805–1816. [CrossRef]

36. Zhang, J.; Li, Z.; Liu, L.; Wang, Q.; Li, S.; Chen, D.; Hu, Z.; Yu, T.; Ding, J.; Li, J.; et al. Long noncoding RNA
TSLNC8 is a tumor suppressor that inactivates the interleukin-6/STAT3 signaling pathway. Hepatology 2018,
67, 171–187. [CrossRef]

37. Xie, C.R.; Wang, F.; Zhang, S.; Wang, F.Q.; Zheng, S.; Li, Z.; Lv, J.; Qi, H.Q.; Fang, Q.L.; Wang, X.M.; et al.
Long Noncoding RNA HCAL Facilitates the Growth and Metastasis of Hepatocellular Carcinoma by Acting
as a ceRNA of LAPTM4B. Mol. Ther. Nucleic Acids 2017, 9, 440–451. [CrossRef]

38. Hou, Z.; Xu, X.; Zhou, L.; Fu, X.; Tao, S.; Zhou, J.; Tan, D.; Liu, S. The long non-coding RNA MALAT1
promotes the migration and invasion of hepatocellular carcinoma by sponging miR-204 and releasing SIRT1.
Tumour Biol. 2017, 39, 1010428317718135. [CrossRef]

39. Wang, H.; Huo, X.; Yang, X.R.; He, J.; Cheng, L.; Wang, N.; Deng, X.; Jin, H.; Wang, N.; Wang, C.; et al.
STAT3-mediated upregulation of lncRNA HOXD-AS1 as a ceRNA facilitates liver cancer metastasis by
regulating SOX4. Mol. Cancer 2017, 16, 136. [CrossRef]

40. Lu, S.; Zhou, J.; Sun, Y.; Li, N.; Miao, M.; Jiao, B.; Chen, H. The noncoding RNA HOXD-AS1 is a critical
regulator of the metastasis and apoptosis phenotype in human hepatocellular carcinoma. Mol. Cancer 2017,
16, 125. [CrossRef]

41. Li, W.; Kang, Y. A new Lnc in metastasis: Long noncoding RNA mediates the prometastatic functions of
TGF-beta. Cancer Cell 2014, 25, 557–559. [CrossRef] [PubMed]

42. Yan, X.; Zhang, D.; Wu, W.; Wu, S.; Qian, J.; Hao, Y.; Yan, F.; Zhu, P.; Wu, J.; Huang, G.; et al. Mesenchymal
Stem Cells Promote Hepatocarcinogenesis via lncRNA-MUF Interaction with ANXA2 and miR-34a. Cancer
Res. 2017, 77, 6704–6716. [CrossRef] [PubMed]

43. Li, C.; Lu, L.; Feng, B.; Zhang, K.; Han, S.; Hou, D.; Chen, L.; Chu, X.; Wang, R. The lincRNA-ROR/miR-145
axis promotes invasion and metastasis in hepatocellular carcinoma via induction of epithelial-mesenchymal
transition by targeting ZEB2. Sci. Rep. 2017, 7, 4637. [CrossRef] [PubMed]

44. Chen, L.; Yao, H.; Wang, K.; Liu, X. Long Non-Coding RNA MALAT1 Regulates ZEB1 Expression by Sponging
miR-143-3p and Promotes Hepatocellular Carcinoma Progression. J. Cell. Biochem. 2017, 118, 4836–4843.
[CrossRef] [PubMed]

45. Guo, W.; Liu, S.; Cheng, Y.; Lu, L.; Shi, J.; Xu, G.; Li, N.; Cheng, K.; Wu, M.; Cheng, S.; et al. ICAM-1-Related
Noncoding RNA in Cancer Stem Cells Maintains ICAM-1 Expression in Hepatocellular Carcinoma.
Clin. Cancer Res. 2016, 22, 2041–2050. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.canlet.2019.02.033
http://dx.doi.org/10.1186/s12943-018-0813-1
http://dx.doi.org/10.1038/s41467-018-04006-0
http://www.ncbi.nlm.nih.gov/pubmed/29679004
http://dx.doi.org/10.7150/thno.23012
http://www.ncbi.nlm.nih.gov/pubmed/29774077
http://dx.doi.org/10.1186/s13045-017-0449-4
http://www.ncbi.nlm.nih.gov/pubmed/28420424
http://dx.doi.org/10.1016/j.molcel.2013.01.010
http://www.ncbi.nlm.nih.gov/pubmed/23395002
http://dx.doi.org/10.1016/j.bbadis.2017.04.014
http://dx.doi.org/10.1002/hep.29405
http://dx.doi.org/10.1016/j.omtn.2017.10.018
http://dx.doi.org/10.1177/1010428317718135
http://dx.doi.org/10.1186/s12943-017-0680-1
http://dx.doi.org/10.1186/s12943-017-0676-x
http://dx.doi.org/10.1016/j.ccr.2014.04.014
http://www.ncbi.nlm.nih.gov/pubmed/24823634
http://dx.doi.org/10.1158/0008-5472.CAN-17-1915
http://www.ncbi.nlm.nih.gov/pubmed/28947421
http://dx.doi.org/10.1038/s41598-017-04113-w
http://www.ncbi.nlm.nih.gov/pubmed/28680141
http://dx.doi.org/10.1002/jcb.26158
http://www.ncbi.nlm.nih.gov/pubmed/28543721
http://dx.doi.org/10.1158/1078-0432.CCR-14-3106
http://www.ncbi.nlm.nih.gov/pubmed/26667486


Biomolecules 2020, 10, 66 15 of 17

46. Wang, Z.; Yang, B.; Zhang, M.; Guo, W.; Wu, Z.; Wang, Y.; Jia, L.; Li, S.; Cancer Genome Atlas Research, N.;
Xie, W.; et al. lncRNA Epigenetic Landscape Analysis Identifies EPIC1 as an Oncogenic lncRNA that
Interacts with MYC and Promotes Cell-Cycle Progression in Cancer. Cancer Cell 2018, 33, 706–720. [CrossRef]
[PubMed]

47. Xing, Z.; Lin, A.; Li, C.; Liang, K.; Wang, S.; Liu, Y.; Park, P.K.; Qin, L.; Wei, Y.; Hawke, D.H.; et al. lncRNA
directs cooperative epigenetic regulation downstream of chemokine signals. Cell 2014, 159, 1110–1125.
[CrossRef]

48. Chiappinelli, K.B.; Strissel, P.L.; Desrichard, A.; Li, H.; Henke, C.; Akman, B.; Hein, A.; Rote, N.S.; Cope, L.M.;
Snyder, A.; et al. Inhibiting DNA Methylation Causes an Interferon Response in Cancer via dsRNA Including
Endogenous Retroviruses. Cell 2017, 169, 361. [CrossRef]

49. Guccione, E.; Bassi, C.; Casadio, F.; Martinato, F.; Cesaroni, M.; Schuchlautz, H.; Luscher, B.; Amati, B.
Methylation of histone H3R2 by PRMT6 and H3K4 by an MLL complex are mutually exclusive. Nature 2007,
449, 933–937. [CrossRef]

50. Reya, T.; Morrison, S.J.; Clarke, M.F.; Weissman, I.L. Stem cells, cancer, and cancer stem cells. Nature 2001,
414, 105–111. [CrossRef]

51. Salmena, L.; Poliseno, L.; Tay, Y.; Kats, L.; Pandolfi, P.P. A ceRNA hypothesis: The Rosetta Stone of a hidden
RNA language? Cell 2011, 146, 353–358. [CrossRef] [PubMed]

52. Yoon, J.H.; Abdelmohsen, K.; Gorospe, M. Functional interactions among microRNAs and long noncoding
RNAs. Semin. Cell Dev. Biol. 2014, 34, 9–14. [CrossRef] [PubMed]

53. Cesana, M.; Cacchiarelli, D.; Legnini, I.; Santini, T.; Sthandier, O.; Chinappi, M.; Tramontano, A.; Bozzoni, I.
A long noncoding RNA controls muscle differentiation by functioning as a competing endogenous RNA.
Cell 2011, 147, 358–369. [CrossRef] [PubMed]

54. Quirk, M.; Kim, Y.H.; Saab, S.; Lee, E.W. Management of hepatocellular carcinoma with portal vein thrombosis.
World J. Gastroenterol. 2015, 21, 3462–3471. [CrossRef] [PubMed]

55. Schmitt, A.M.; Chang, H.Y. Long Noncoding RNAs in Cancer Pathways. Cancer Cell 2016, 29, 452–463.
[CrossRef] [PubMed]

56. Panda, P.K.; Naik, P.P.; Praharaj, P.P.; Meher, B.R.; Gupta, P.K.; Verma, R.S.; Maiti, T.K.; Shanmugam, M.K.;
Chinnathambi, A.; Alharbi, S.A.; et al. Abrus agglutinin stimulates BMP-2-dependent differentiation through
autophagic degradation of beta-catenin in colon cancer stem cells. Mol. Carcinog. 2018, 57, 664–677.
[CrossRef]

57. Clevers, H. Wnt/beta-catenin signaling in development and disease. Cell 2006, 127, 469–480. [CrossRef]
58. Clevers, H.; Nusse, R. Wnt/beta-catenin signaling and disease. Cell 2012, 149, 1192–1205. [CrossRef]
59. Monga, S.P. beta-Catenin Signaling and Roles in Liver Homeostasis, Injury, and Tumorigenesis.

Gastroenterology 2015, 148, 1294–1310. [CrossRef]
60. Xu, D.; Yang, F.; Yuan, J.H.; Zhang, L.; Bi, H.S.; Zhou, C.C.; Liu, F.; Wang, F.; Sun, S.H. Long noncoding

RNAs associated with liver regeneration 1 accelerates hepatocyte proliferation during liver regeneration by
activating Wnt/beta-catenin signaling. Hepatology 2013, 58, 739–751. [CrossRef]

61. Fu, X.; Zhu, X.; Qin, F.; Zhang, Y.; Lin, J.; Ding, Y.; Yang, Z.; Shang, Y.; Wang, L.; Zhang, Q.; et al. Linc00210
drives Wnt/beta-catenin signaling activation and liver tumor progression through CTNNBIP1-dependent
manner. Mol. Cancer 2018, 17, 73. [CrossRef] [PubMed]

62. Liu, F.; Yuan, J.H.; Huang, J.F.; Yang, F.; Wang, T.T.; Ma, J.Z.; Zhang, L.; Zhou, C.C.; Wang, F.; Yu, J.; et al.
Long noncoding RNA FTX inhibits hepatocellular carcinoma proliferation and metastasis by binding MCM2
and miR-374a. Oncogene 2016, 35, 5422–5434. [CrossRef] [PubMed]

63. Dai, X.; Ahn, K.S.; Kim, C.; Siveen, K.S.; Ong, T.H.; Shanmugam, M.K.; Li, F.; Shi, J.; Kumar, A.P.; Wang, L.Z.;
et al. Ascochlorin, an isoprenoid antibiotic inhibits growth and invasion of hepatocellular carcinoma by
targeting STAT3 signaling cascade through the induction of PIAS3. Mol. Oncol. 2015, 9, 818–833. [CrossRef]
[PubMed]

64. Rajendran, P.; Li, F.; Shanmugam, M.K.; Vali, S.; Abbasi, T.; Kapoor, S.; Ahn, K.S.; Kumar, A.P.; Sethi, G.
Honokiol inhibits signal transducer and activator of transcription-3 signaling, proliferation, and survival
of hepatocellular carcinoma cells via the protein tyrosine phosphatase SHP-1. J. Cell. Physiol. 2012,
227, 2184–2195. [CrossRef]

http://dx.doi.org/10.1016/j.ccell.2018.03.006
http://www.ncbi.nlm.nih.gov/pubmed/29622465
http://dx.doi.org/10.1016/j.cell.2014.10.013
http://dx.doi.org/10.1016/j.cell.2017.03.036
http://dx.doi.org/10.1038/nature06166
http://dx.doi.org/10.1038/35102167
http://dx.doi.org/10.1016/j.cell.2011.07.014
http://www.ncbi.nlm.nih.gov/pubmed/21802130
http://dx.doi.org/10.1016/j.semcdb.2014.05.015
http://www.ncbi.nlm.nih.gov/pubmed/24965208
http://dx.doi.org/10.1016/j.cell.2011.09.028
http://www.ncbi.nlm.nih.gov/pubmed/22000014
http://dx.doi.org/10.3748/wjg.v21.i12.3462
http://www.ncbi.nlm.nih.gov/pubmed/25834310
http://dx.doi.org/10.1016/j.ccell.2016.03.010
http://www.ncbi.nlm.nih.gov/pubmed/27070700
http://dx.doi.org/10.1002/mc.22791
http://dx.doi.org/10.1016/j.cell.2006.10.018
http://dx.doi.org/10.1016/j.cell.2012.05.012
http://dx.doi.org/10.1053/j.gastro.2015.02.056
http://dx.doi.org/10.1002/hep.26361
http://dx.doi.org/10.1186/s12943-018-0783-3
http://www.ncbi.nlm.nih.gov/pubmed/29540185
http://dx.doi.org/10.1038/onc.2016.80
http://www.ncbi.nlm.nih.gov/pubmed/27065331
http://dx.doi.org/10.1016/j.molonc.2014.12.008
http://www.ncbi.nlm.nih.gov/pubmed/25624051
http://dx.doi.org/10.1002/jcp.22954


Biomolecules 2020, 10, 66 16 of 17

65. Huang, J.L.; Cao, S.W.; Ou, Q.S.; Yang, B.; Zheng, S.H.; Tang, J.; Chen, J.; Hu, Y.W.; Zheng, L.; Wang, Q. The
long non-coding RNA PTTG3P promotes cell growth and metastasis via up-regulating PTTG1 and activating
PI3K/AKT signaling in hepatocellular carcinoma. Mol. Cancer 2018, 17, 93. [CrossRef]

66. Tang, J.; Zhuo, H.; Zhang, X.; Jiang, R.; Ji, J.; Deng, L.; Qian, X.; Zhang, F.; Sun, B. A novel biomarker Linc00974
interacting with KRT19 promotes proliferation and metastasis in hepatocellular carcinoma. Cell Death Dis.
2014, 5, e1549. [CrossRef]

67. Mehlen, P.; Puisieux, A. Metastasis: A question of life or death. Nat. Rev. Cancer 2006, 6, 449–458. [CrossRef]
68. Paget, S. The distribution of secondary growths in cancer of the breast. Cancer Metastasis Rev. 1989, 8, 98–101.
69. Ye, Y.; Xu, Y.; Lai, Y.; He, W.; Li, Y.; Wang, R.; Luo, X.; Chen, R.; Chen, T. Long non-coding RNA cox-2 prevents

immune evasion and metastasis of hepatocellular carcinoma by altering M1/M2 macrophage polarization.
J. Cell. Biochem. 2018, 119, 2951–2963. [CrossRef]

70. Huang, J.F.; Guo, Y.J.; Zhao, C.X.; Yuan, S.X.; Wang, Y.; Tang, G.N.; Zhou, W.P.; Sun, S.H. Hepatitis B virus X
protein (HBx)-related long noncoding RNA (lncRNA) down-regulated expression by HBx (Dreh) inhibits
hepatocellular carcinoma metastasis by targeting the intermediate filament protein vimentin. Hepatology
2013, 57, 1882–1892. [CrossRef]

71. Lin, Y.H.; Wu, M.H.; Huang, Y.H.; Yeh, C.T.; Cheng, M.L.; Chi, H.C.; Tsai, C.Y.; Chung, I.H.; Chen, C.Y.;
Lin, K.H. Taurine up-regulated gene 1 functions as a master regulator to coordinate glycolysis and metastasis
in hepatocellular carcinoma. Hepatology 2018, 67, 188–203. [CrossRef] [PubMed]

72. Ma, M.; Xu, H.; Liu, G.; Wu, J.; Li, C.; Wang, X.; Zhang, S.; Xu, H.; Ju, S.; Cheng, W.; et al. Metabolism-induced
tumor activator 1 (MITA1), an Energy Stress-Inducible Long Noncoding RNA, Promotes Hepatocellular
Carcinoma Metastasis. Hepatology 2019, 70, 215–230. [CrossRef] [PubMed]

73. Lin, J.; Cao, S.; Wang, Y.; Hu, Y.; Liu, H.; Li, J.; Chen, J.; Li, P.; Liu, J.; Wang, Q.; et al. Long
non-coding RNA UBE2CP3 enhances HCC cell secretion of VEGFA and promotes angiogenesis by activating
ERK1/2/HIF-1alpha/VEGFA signalling in hepatocellular carcinoma. J. Exp. Clin. Cancer Res. CR 2018, 37, 113.
[CrossRef] [PubMed]

74. Karaman, B.; Battal, B.; Sari, S.; Verim, S. Hepatocellular carcinoma review: Current treatment, and
evidence-based medicine. World J. Gastroenterol. 2014, 20, 18059–18060. [CrossRef] [PubMed]

75. Chauhan, R.; Lahiri, N. Tissue- and Serum-Associated Biomarkers of Hepatocellular Carcinoma. Biomark.
Cancer 2016, 8, 37–55. [CrossRef]

76. Li, J.; Wang, X.; Tang, J.; Jiang, R.; Zhang, W.; Ji, J.; Sun, B. HULC and Linc00152 Act as Novel Biomarkers in
Predicting Diagnosis of Hepatocellular Carcinoma. Cell. Physiol. Biochem. 2015, 37, 687–696. [CrossRef]

77. Fujita, K.; Nonomura, N. Urinary biomarkers of prostate cancer. Int. J. Urol. 2018, 25, 770–779. [CrossRef]
78. Luo, P.; Liang, C.; Zhang, X.; Liu, X.; Wang, Y.; Wu, M.; Feng, X.; Tu, J. Identification of long non-coding RNA

ZFAS1 as a novel biomarker for diagnosis of HCC. Biosci. Rep. 2018, 38, BSR20171359. [CrossRef]
79. Sasaki, R.; Kanda, T.; Yokosuka, O.; Kato, N.; Matsuoka, S.; Moriyama, M. Exosomes and Hepatocellular

Carcinoma: From Bench to Bedside. Int. J. Mol. Sci. 2019, 20, 1406. [CrossRef]
80. Zhang, C.; Ji, Q.; Yang, Y.; Li, Q.; Wang, Z. Exosome: Function and Role in Cancer Metastasis and Drug

Resistance. Technol. Cancer Res. Treat. 2018, 17, 1533033818763450. [CrossRef]
81. Kogure, T.; Yan, I.K.; Lin, W.L.; Patel, T. Extracellular Vesicle-Mediated Transfer of a Novel Long Noncoding

RNA TUC339: A Mechanism of Intercellular Signaling in Human Hepatocellular Cancer. Genes cancer 2013,
4, 261–272. [CrossRef] [PubMed]

82. Wu, E.R.; Hsieh, M.J.; Chiang, W.L.; Hsueh, K.C.; Yang, S.F.; Su, S.C. Association of lncRNA CCAT2 and
CASC8 Gene Polymorphisms with Hepatocellular Carcinoma. Int. J. Environ. Res. Public Health 2019,
16, 2833. [CrossRef] [PubMed]

83. Tang, S.; Tan, G.; Jiang, X.; Han, P.; Zhai, B.; Dong, X.; Qiao, H.; Jiang, H.; Sun, X. An artificial lncRNA
targeting multiple miRNAs overcomes sorafenib resistance in hepatocellular carcinoma cells. Oncotarget
2016, 7, 73257–73269. [CrossRef] [PubMed]

84. Tonus, C.; Cloquette, K.; Ectors, F.; Piret, J.; Gillet, L.; Antoine, N.; Desmecht, D.; Vanderplasschen, A.;
Waroux, O.; Grobet, L. Long term-cultured and cryopreserved primordial germ cells from various chicken
breeds retain high proliferative potential and gonadal colonisation competency. Reprod. Fertil. Dev. 2016,
28, 628–639. [CrossRef] [PubMed]

http://dx.doi.org/10.1186/s12943-018-0841-x
http://dx.doi.org/10.1038/cddis.2014.518
http://dx.doi.org/10.1038/nrc1886
http://dx.doi.org/10.1002/jcb.26509
http://dx.doi.org/10.1002/hep.26195
http://dx.doi.org/10.1002/hep.29462
http://www.ncbi.nlm.nih.gov/pubmed/28802060
http://dx.doi.org/10.1002/hep.30602
http://www.ncbi.nlm.nih.gov/pubmed/30839115
http://dx.doi.org/10.1186/s13046-018-0727-1
http://www.ncbi.nlm.nih.gov/pubmed/29866133
http://dx.doi.org/10.3748/wjg.v20.i47.18059
http://www.ncbi.nlm.nih.gov/pubmed/25548509
http://dx.doi.org/10.4137/BIC.S34413
http://dx.doi.org/10.1159/000430387
http://dx.doi.org/10.1111/iju.13734
http://dx.doi.org/10.1042/BSR20171359
http://dx.doi.org/10.3390/ijms20061406
http://dx.doi.org/10.1177/1533033818763450
http://dx.doi.org/10.1177/1947601913499020
http://www.ncbi.nlm.nih.gov/pubmed/24167654
http://dx.doi.org/10.3390/ijerph16162833
http://www.ncbi.nlm.nih.gov/pubmed/31398859
http://dx.doi.org/10.18632/oncotarget.12304
http://www.ncbi.nlm.nih.gov/pubmed/27689326
http://dx.doi.org/10.1071/RD14194
http://www.ncbi.nlm.nih.gov/pubmed/25482458


Biomolecules 2020, 10, 66 17 of 17

85. Hong, D.; Kurzrock, R.; Kim, Y.; Woessner, R.; Younes, A.; Nemunaitis, J.; Fowler, N.; Zhou, T.; Schmidt, J.;
Jo, M.; et al. AZD9150, a next-generation antisense oligonucleotide inhibitor of STAT3 with early evidence of
clinical activity in lymphoma and lung cancer. Sci. Transl. Med. 2015, 7, 314ra185. [CrossRef] [PubMed]

86. Arun, G.; Diermeier, S.; Akerman, M.; Chang, K.C.; Wilkinson, J.E.; Hearn, S.; Kim, Y.; MacLeod, A.R.;
Krainer, A.R.; Norton, L.; et al. Differentiation of mammary tumors and reduction in metastasis upon Malat1
lncRNA loss. Genes Dev. 2016, 30, 34–51. [CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1126/scitranslmed.aac5272
http://www.ncbi.nlm.nih.gov/pubmed/26582900
http://dx.doi.org/10.1101/gad.270959.115
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	LncRNAs as Novel Regulators in HCC Metastasis 
	The Molecular Mechanisms of LncRNAs in HCC Metastasis 
	LncRNAs in HCC Metastasis at the Epigenetic and Transcriptional Level 
	Chromatin Modification and Regulation 
	Transcriptional Regulation 

	LncRNAs in HCC Metastasis at the Post-Transcriptional Level 
	Interactions with miRNAs 
	Interactions with mRNAs 
	Protein Modifications 


	Emerging Paradigms on HCC Metastasis 
	Pathways Controlled by LncRNAs in HCC Metastasis 
	Role of LncRNAs in the Multi-Step Process of HCC Metastasis 

	Potential Diagnostic and Therapeutic Applications 
	Conclusions 
	References

