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Long non-coding RNAs (IncRNAs), a class of transcribed RNA molecules with the lengths exceeding 200 nucleotides,
are not translated into protein. They can modulate protein-coding genes by controlling transcriptional and post-
transcriptional processes. The dysregulation of IncRNAs has been related to various pathological disorders. In this
review, we summarized the current knowledge of IncRNAs and their implications in the pathogenesis of three common
liver diseases: nonalcoholic fatty liver disease, alcohol-related liver disease, and cholestatic liver disease. Future studies
to further define the role of IncRNAs and their mechanisms in various types of liver diseases should be explored. An
improved understanding from these studies will provide us a useful perspective leading to mechanism-based intervention
by targeting specific INcRNAs for the treatment of liver diseases. (Clin Mol Hepatol 2020;26:705-714)
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INTRODUCTION
Overview of long non-coding RNA (IncRNA)

The central dogma “DNA-RNA-protein” indicates that key ge-
netic information is stored in protein-coding genes; however, only
a small percentage of the human transcriptome is translated into
proteins, leaving the majority of the transcripts undefined. In re-
cent decades, studies have focused on the remaining genome and
found that up to 90% are non-coding RNAs (ncRNAs)."* These
ncRNAs were initially considered as junk RNA or transcriptional
noise; however, lately, they are involved in various cellular and
disease processes, with emerging evidence of their interactions
with each other as a complex regulatory network.” In general,
ncRNAs are divided into two groups depending on the length of
the nucleotides, small ncRNAs (<200 nucleotides), and IncRNAs
(>200 nucleotides).*

Classifications of IncRNAs

LncRNAs are transcribed by RNA polymerase Il or Ill, mostly are
5'-capped, 3'-end poly-adenylated, and multi-exonic.>® They ex-
hibit poorer conservation than protein-coding genes.” Most In-
cRNAs are folded after the transcription to form the tertiary struc-
ture, which impacts their functions.*” Based on their genomic
location, IncRNAs are classified into the following categories;
1) intergenic IncRNA, located in between two protein-coding
genes, transcribed in the same direction; 2) intronic IncRNA, lo-
cated in the intronic regions and transcribed entirely from introns
of a protein-coding gene; 3) sense IncRNA, transcribed from the
same strand and the same direction as the surrounding protein-
coding genes; they can be overlapping with exonic or intronic re-
gions or cover the entire protein-coding sequence through an in-
tron; 4) antisense INcRNA, transcribed from the opposite strand of
surrounding protein-coding genes, also can be both exonic and
intronic; and 5) bidirectional IncRNA, located within 1 kb of the
promoter region of a protein-coding gene, but transcribed from
the opposite strand."'" There are also some other criteria to clas-
sify INcRNAs based on their transcript properties, location in
known genomic annotations, regulatory elements, and func-
tions."”

Functions of IncRNAs

LncRNAs are involved in several biological processes such as

706 https://doi.org/10.3350/cmh.2020.0166

the shaping of chromatin, replication, transcription, splicing,
translation, and post-translational modification of proteins.*" For
example, signal IncRNAs are only expressed at a specific time and
localized to certain subcellular structures where they exert their
functions.” Decoy IncRNAs binds to regulatory factors such as
transcription factor, RNA-binding protein, and chromatin modifier,
thereafter altering their original biological activity.” Guide In-
cRNAs regulate gene activation or repression by forming ribonu-
cleoprotein complexes and mediating their localization to specific
targets.” Scaffold IncRNAs are similar to guide IncRNAs, but they
affect the molecular component of the complex itself.*"” Enhanc-
er IncRNAs are produced from enhancer elements and influence
the activation of target genes."® Moreover, as a reservoir, some In-
cRNAs are processed to generate microRNAs (miRNAs).*** Some
IncRNAs can bind miRNAs and function as a sponge for certain
miRNAs to block their activity, which involves requlating the pro-
tein translation of the target mRNA.”"** The main functions of the
IncRNAs are shown in Figure 1.

Because IncRNAs are involved in a wide variety of important
cellular processes, dysrequlation of IncRNAs has been related to
various pathological disorders. In this review, we summarized the
current knowledge of IncRNAs and their implications in the
pathogenesis of 3 common liver diseases, nonalcoholic fatty liver
disease (NAFLD), alcohol-related liver disease (ALD), and choles-
tatic liver disease.

A CRITICAL ROLE OF LncRNAs IN NAFLD

NAFLD comprises a spectrum of histopathological disorders
ranging from simple steatosis, steatohepatitis, advanced fibrosis,
and cirrhosis.”> Emerging studies have shown that IncRNAs are
implicated in the pathogenesis of NAFLD through their roles in
lipid and glucose metabolism.

LncRNA steroid receptor RNA activator (SRA)

SRA is involved in glucose and lipid metabolism.** A study
showed that the expression of liver adipose triglyceride lipase
(ATGL) is induced in SRA knockout mice, and liver SRA and ATGL
expression are inversely regulated under fasting conditions.”
Fork-head box protein 01 (FOXO1) is a key transcription factor in
the regulation of gluconeogenesis and the insulin response in the
liver, which plays an important role in glucose homeostasis.*
FOXO1 mainly targets insulin signaling and regulates metabolic
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Figure 1. The main biological functions of INCRNA. (A) Signal INcRNA promotes gene expression. (B) Decoy IncRNA binds to regulatory factors and af-
fects gene expression. LncRNA can sponge miRNA and affects its function. (C) Reservoir INcRNA generates miRNA. (D) Guide IncRNA takes ribonucleo-
protein complexes to specific target. (E) Scaffold INcRNA combines other molecules to form complex. (F) Enhancer INcCRNA increases target gene ex-

pression. INCRNA, long non-coding RNA; miRNA, microRNA.

homeostasis in response to oxidative stress, which also promotes
the transcription of ATGL. By inhibiting the ability of FOXO1, In-
cRNA SRA inhibits ATGL promoter activity and requlates ATGL ex-
pression; a potential mechanism underlies NAFLD pathogenesis.

LncRNA maternally expressed gene 3 (MEG3)

LncRNA MEG3 is involved in hepatic glucose metabolism.”’
MEG3 is uprequlated in mice fed with a high-fat diet, while
knockdown of MEG3 remarkably abolishes hepatic triglyceride
(TG) accumulation, up-requlates glycogen content, and promotes
glucose tolerance.” Palmitate, oleate or linoleate also increases
MEGS3 expression level in primary hepatocytes. Histone deacety-
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lases (HDACs) are a class of enzymes involved in expression of
DNA, which catalyze the removal of acetyl groups from lysine res-
idues in both histone and non-histone proteins. Knocking down
of HDAC3 using siRNA or its inhibitor (RGFP966) significantly
promotes MEG3 expression level, suggesting the role of histone
acetylation in regulating its expression.”’” Upregulation of MEG3
also increases FOXO1 expression and hepatic insulin resistance.”

LncRNA activated in renal cell carcinoma with
sunitinib resistance (IncARSR)

The mRNA levels oflong non-coding RNA activated in renal cell
carcinoma with sunitinib resistance (IncARSR) both in the serum

707



CLINICAL and MOLECULAR
HEPATOLOGY
Volume_26 Number_4 October 2020

and liver are significantly increased in NAFLD patients compared
with the healthy controls (HC).” Hepatic IncARSR s also induced
in mice fed with methionine choline deficient diet. Overexpression
of IncARSR enhances while knockdown of IncARSR ameliorates
hepatic lipid accumulation in vivo and in vitro. Transient overex-
pression of IncARSR using AAV8-IncARSR virus markedly induces
the expression of IncARSR and causes significant increase of in-
tracellular TG contents in HepG2 cells.” LncARSR overexpression
also induces the expression of genes associated with lipogenesis,
such as sterol regulatory element-binding protein 1 (SREBP-1c),
fatty acid synthase (FASN), and stearoyl-CoA desaturase. Knock-
down of SREBP-1c by short hairpin RNA is shown to block the ef-
fect of INCARSR on lipogenesis. In addition to SREBP-1c, overex-
pression of IncARSR also increases the level of phosphorylated
Akt, and its effects was inhibited in the presence of LY294002,
the phosphatidylinositol 3-kinase (PI13K) inhibitor. These data sug-
gest the role of IncARSR-PI3K-Akt axis in requlating lipogenesis
through SREBP-1c.”

LncARSR also modulates cholesterol metabolism in vitro and in
vivo.”* LncARSR overexpression significantly elevated the serum
total cholesterol (TC), low density lipoprotein cholesterol, and he-
patic TC. The expression of genes related to cholesterol biosyn-
thesis such as Srebp2, HMG-CoA reductase (Hmgcr), and HMG-
CoA synthase also increases, while the expression of (yp7al, the
rate limiting enzyme of the conversion of cholesterol to bile acid
(BA), decreases, suggesting the modulation of hepatic cholesterol
biosynthesis by IncARSR.” The effect of IncARSR on cholesterol
biosynthesis is dependent on Akt/SREBP-2 pathway.”

Lnc18g22.2

Lnc18q22.2, a liver-specific IncRNA, is markedly induced in the
liver tissue of nonalcoholic steatohepatitis (NASH) patients and
correlated with NASH severity.”' The silencing of Inc18g22.2 ex-
pression results in reduced growth in HepG2 and immortalized
human hepatocyte cells and promotes cell death in Huh7 and
Hep3B cells; suggesting its crucial role for growth and viability of
hepatocytes.’' Lnc18g22.2 is directly or indirectly involved in nu-
merous essential biological processes in hepatocytes, including
oxidation reduction, translation elongation, and regulation of cell
death. Genes negatively requlated by Inc18g22.2 are enriched in
the process of oxidation reduction; the finding which is consistent
with the observation that NAFLD is often accompanied by in-
creased oxidative stress.”’ One of the most enriched pathways
which is affected in the loss of Inc18g22.2 function is the regula-
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tion of cell death and apoptosis which may underlie the cell viabil-
ity. Hepatocyte apoptosis is a major feature in NASH and in fact
several anti-apoptosis genes were down-regulated after
Inc18g22.2 knockdown, including MCL1, BCL2L1, BCL2L2, BFAR,
CARD10, IGFIR, and MKL.”"

LncRNA suppressor of hepatic gluconeogenesis and
lipogenesis (IncSHGL)

The expression of IncSHGL in mouse and its human homologous
INCRNA B4GALT1-AST are decreased in the liver of obese mice
and NAFLD patients.” Fasting hyperglycemia is improved at the
4th and 7th day after the injection of adenovirus overexpressed
IncSHGL in mice fed with high fat diet. Insulin tolerance test and
hyperinsulinemic euglycemic clamp shows the improvement of
global insulin resistance with the reduction in hepatic gluconeo-
genesis at the 7th day post injection. LncSHGL overexpression
also reduces hepatic TG and serum insulin levels. Consistent with
enhanced insulin sensitivity, hepatic IncSHGL overexpression re-
pressed the lipolysis of white adipose tissue and reduced serum
free fatty acid levels in high fat diet fed mice.”” LncSHGL overex-
pression also increases phosphorylated Akt with reduced protein
levels of phosphoenolpyruvate carboxykinase, glucose 6-phos-
phatase, and FASN. Further mechanistic studies reveal that IncSH-
GL promotes Akt activation and FOXO1 nuclear exclusion in
calmodulin-dependent manner. LncSHGL recruits heterogeneous
nuclear ribonucleoprotein A1 to enhance calmodulin mRNA trans-
lation, activates the PI3K/Akt pathway, and inhibits the mammali-
an target of rapamycin (mTOR)/SREBP-1c pathway to prevent he-
patic steatosis.”

Nuclear enriched abundant transcript 1 (NEAT1)

LncRNA NEATT1 is involved in many diseases. As an oncogenic
INcRNA, NEAT1 is remarkably up-regulated in lung cancer and
breast cancer cells and promotes the breast cancer cell prolifera-
tion and DNA synthesis.”> NEAT1 also plays an important role in
NAFLD pathogenesis. The levels of NEAT1 are increased in NAFLD
in vivo and in vitro.** Qverexpression of NEAT1 increases both
mRNA and protein level of acetyl coA carboxylase and FASN. It
also leads to the induction of phosphorylated-mTOR and phos-
phorylated-p70S6K1. The effect of NEATT on acetyl co-A carbox-
ylase (ACC) and FAS expression is ameliorated in the presence of
rapamycin, an inhibitor of mTOR/S6K1 pathway.** The inhibition
of mTOR/S6K1 pathway mimics the effect of NEAT1 knockdown
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on the expression of ACC and FAS mRNA levels. Knocking down
of NEAT1 significantly improves NAFLD phenotypes in the NAFLD
rat model; suggesting the important role of the NEAT1/mTOR/
S6K1 axis in the pathogenesis of NAFLD.*

Metastasis-associated lung adenocarcinoma
transcript (MALAT1)

MALAT1 plays an important role in diabetic complications and
in the pathogenesis of diabetes-related microvascular disease and
diabetic retinopathy.” MALAT1 stimulates the production of in-
flammatory cytokine in the endothelial cells in the presence of
high glucose.” MALAT1 expression is dose-dependently increased
in HepG2 cells and primary mouse hepatocytes when they are ex-
posed to different doses of palmitate.”” The MALAT1 levels are
also elevated in livers from ob/ob mice.”’” Knockdown of MALAT1
significantly reduces the palmitate-induced TG and cholesterol ac-
cumulation in HepG2 cells and primary mouse hepatocytes. The
reduction of MALAT1 expression abolishes palmitate-enhanced
nuclear SREBP-1c protein level but had no effect on SREBP-1c pre-
cursor and SREBP-1c mRNA in HepG2 cells and mouse hepato-
cytes. MALAT1 knockdown also results in a significant decrease
in the expression of SREBP-1c target genes. MALAT1 upregulates
SREBP-1c expression by stabilizing SREBP-1c protein in hepato-
cytes by preventing ubiquitin-mediated degradation.” Lastly,
MALAT1 is also involved in NASH fibrosis. MALAT1 regulates C-X-
C motif chemokine ligand 5 (CXCL5) expression and the expres-
sion of both MALAT1T and CXCL5 is altered during the transition
of hepatic stellate cells (HSCs) from a quiescent to activated
state.”®

LncRNA H19

H19 as well as genes that are involved in hepatic lipogenesis
are uprequlated in mice fed with high fat diet.*®*° H19 directly
downregulates the expression of miR-130a which in turn inhibits
the expression of peroxisome proliferator-activated receptor y lev-
el in the liver.” It also promotes steatosis by requlating transcrip-
tion factor MLX-interacting protein-like (MLXIPL) or carbohydrate-
responsive element-binding protein.* H19 also serves as a lipid
sensor by synergizing with RNA-binding protein, polypyrimidine
tract-binding protein 1 (PTBP1), to modulate hepatic metabolic
homeostasis.” H19 can interact with PTBP1 to increase SREBP1
protein cleavage, stability, and transcriptional activity to activate
lipogenesis genes.”'
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A CRITICAL ROLE OF LncRNAs IN ALD

ALD occurs in a subset of patients with excessive alcohol in-
take.** Similar to NAFLD, ALD also consists of a spectrum of
pathological changes ranging from steatosis to fibrosis and cir-
rhosis. Although the relationship between alcohol consumption
and liver disease is well established, severe alcohol-related mor-
bidities develop in only a minority of people who consume alcohol
in excess. Inter-individual differences in susceptibility to the toxic
effects of alcohol have been extensively studied.” Several new
lines of evidence demonstrate the important role of INcRNAs in
ALD pathogenesis

MEG3

Chronic alcohol consumption induced MEG3 expression in he-
patocytes in both /n vivo and in vitro models. Knocking down of
MEGS3 leads to a significant decrease in intracellular lipid accumu-
lation in the presence of ethanol secondary to the inhibition of
SREBP-1c and FASN.** LncRNAs have been reported to act as de-
coys to sequester miRNAs to prevent them from binding to tar-
gets.” There is a negative regulation between MEG3 and let-7c-
5p, as MEG3 is a target of let-7c-5p in alcohol-induced liver
injury.** Overexpression of let-7¢-5p Inhibits alcohol-induced ste-
atosis by the regulation of its target gene NOD-like receptor family
CARD domain containing 5.

LncRNAs AK128652 and AK054921

Our group has conducted a study with the hypothesis that spe-
cific IncRNAs are critical for the progression from excessive drink-
ers (ED) without underlying liver disease to ALD and their unique
role underpins the clinical observation on why only a subset of ED
develop ALD. Using the IncRNA microarray global profiling, we
identified unique IncRNA signature changes in HC and ED with
more differentially expressed IncRNAs in patients with alcoholic
cirrhosis.*® Detailed analysis of these IncRNAs in alcoholic cirrho-
sis stratified by Child-Pugh classes demonstrates 244 up-regulat-
ed and 181 down-regulated IncRNAs compared to HC. The num-
ber of uniquely up-regulated IncRNAs increased from 252 for
those in Child-Pugh class A to 1,417 for those in Child-Pugh class
C, whereas the number of uniquely down-regulated IncRNAs in-
creased from 100 in those with Child class A to 1,594 for those in
Child class C.*® We reported 19 unique IncRNAS to be present in
the liver on differential expression either >2 or<2 folds change.
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Among them, IncRNA AK128652 exhibited the highest induction
in patients with alcoholic cirrhosis followed by IncRNA AK054921.
These two IncRNAs also exhibit prognostic significance on surviv-
al in patients with alcoholic cirrhosis; suggesting the unique roles
of IncRNAs as potential prognostic biomarkers in patients with
ALD."®

LncRNA Gm5091

Hepatic fibrosis is a result of the dysrequlation of the extracellu-
lar matrix (ECM) synthesis secondary to HSCs activation. HSCs ac-
tivated by various toxic stimuli undergo proliferation and myofi-
broblastic transformation, lose their retinol and produce a
considerable amount of ECM, such as a-smooth muscle actin and
type | collagen.”*® Several IncRNAs have been implicated in the
pathogenesis of fibrosis and cirrhosis through their functions as
either pro-fibrotic and anti-fibrotic effects.*** LncRNA Gm5091 is
enriched in mouse HSC and significantly downregulated in the liv-
er during alcohol-induced hepatic fibrosis.”> LncRNA Gm5091
negatively regulates cell migration, reactive oxygen species con-
tent, interleukin-1f secretion, and expression of collagen | and

Table 1. Summary of INcRNAs and their roles in liver diseases

markers of HSC activation by sponging miR-27b/23b/24.”

A CRITICAL ROLE OF LncRNAs IN CHOLESTATIC
LIVER DISEASE

Cholestasis is a condition with a decrease in bile flow, either
due to impaired secretion by hepatocytes or by obstruction.” BAs,
synthesized from cholesterol in the liver, play an essential role in
eliminating cholesterol and facilitating dietary fat absorption. BA
metabolism is strictly controlled by nuclear receptor signaling to
coordinate BA synthetic enzymes and transporters.” Accumula-
tion of BAs in the hepatocytes can cause cell damage leading to
inflammation and fibrosis.”> The nuclear receptor small heterodi-
mer partner (SHP; NROB2) is an essential component in the nega-
tive feedback regulation of BA synthesis. In response to the intra-
hepatic accumulation of BA, nuclear receptor farnesoid X receptor
(FXR) activates SHP to repress the expression of two regulatory
enzymes sterol 12a-hydroxylase and cholesterol 7a-hydroxylase
for de novo synthesis of BA.***’ The activation of SHP also re-
presses the transactivation of basolateral BA transporter of the

LncRNA Gene name Targeted pathway Related liver disease Reference
H19 Imprinted maternally expressed Let-7 Cholestatic liver disease 59
untranslated mRNA CCL2, 16 Cholestatic liver disease 66
LncARSR LncRNA regulator of Akt signaling SREBP-1c NASH 29
associated with HCC and RCC
MEG3 MEG3 FOXO1 NAFLD 27
PTBP1/SHP Cholestatic liver damage 50
miR-7-5p ALD 44
MALAT1 MALATI SREBP-1c NAFLD 37,51
SRA Steroid receptor coactivator FOXO1/ATGL NAFLD 25
NEAT1 NEAT1 Unclear NAFLD 34
LncSHGL LncSHGL mTOR/SREBP-1c NAFLD 32
Lnc18g22.2 = Unclear NASH 31
AK054921 - Unclear ALD 46
AK128652 - Unclear ALD 46
Gm5091 - miR-27b/23b/24 Alcoholic cirrhosis 53

IncRNA, long non-coding RNA; IL, interleukin; IncARSR, long non-coding RNA activated in renal cell carcinoma with sunitinib resistance; HCC, hepatocellular
carcinoma; RCC, renal cell carcinoma; SREBP-1¢, sterol regulatory element-binding protein 1; NASH, nonalcoholic steatohepatitis; MEG3, maternally expressed
gene 3; FOXO1, Fork-head box protein O1; PTBP1, polypyrimidine tract-binding protein 1; SHP, small heterodimer partner; NAFLD, nonalcoholic fatty liver
disease; ALD, alcohol-related liver disease; MALAT1, metastasis-associated lung adenocarcinoma transcript; SRA, steroid receptor RNA activator; ATGL, adipose
triglyceride lipase; NEAT1, nuclear enriched abundant transcript 1; IncSHGL, long non-coding RNA suppressor of hepatic gluconeogenesis and lipogenesis;

mTOR, mammalian target of rapamycin.
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hepatocytes such as sodium-taurocholate co-transporting poly-
peptide (NTCP) to block uptake of BA.”® Recent studies suggest
the role of IncRNAs in cholestasis.

LncRNA H19

In the bile duct ligation (BDL) model, the hepatic let-7 family is
markedly induced by H19.® H19 promotes the biogenesis and ex-
pression of a cluster of let-7 miRNAs, including let-7a-5p, let-7d-
5p, and let-7f-5p, in hepatic cholestasis and functionally sup-
presses their bioavailability. H19 antagonizes the expression of its
binding partner, PTBP1, which associates with pre-let-7d and pre-
let-7a-1 and inhibits let-7 biogenesis but promotes their bioavail-
ability.” H19 facilitates hepatic cholestasis by preventing zinc fin-
ger E-box binding homeobox 1 (ZEB1) mediated inhibition of
epithelial cell adhesion molecule (EpCAM). ZEB1 is a transcrip-
tional repressor that plays a role in epithelial-to-mesenchymal
transition during fibrogenesis.*® H19 induces EpCAM but inhibits
ZEB1 expression in the BDL model and overexpression of ZEB1 or
knockdown of EpCAM ameliorates H19-induced cholestasis.”

In another model of cholestasis using multidrug resistance 2 de-
ficient (Mdr2™") mice, the expression of hepatic H19 in 100-days-
old wild-type mice was very low with a slight but significant in-
crease in male Mdr2™”™ mice. However, there was a markedly
increase in its expression by 200-folds in female Mdr2”~ mice
with more severe cholestasis.®” Further mechanistic experiments
revealed that taurocholate and 17p-estradiol up-requlate H19 ex-
pression and that knocking down H19 ameliorates cholestatic liver
injury in female Mdr2”~ mice.”

H19 is also implicated in biliary atresia.” Hepatic H19 expres-
sion and the levels of serum H19 are associated with the degree
of fibrosis in patients with biliary atresia.” Additionally, its expres-
sion is correlated with the up-regulation of hepatic sphingosine
1-phosphate receptor 2 and sphingosine kinase 2 which are
known to attribute to cholestatic liver injury by enhancing cholan-
giocyte proliferation and inflammatory responses.”®

MEG3

MEG3 can interact with PTBP1 as identified using RNA pull-
down with biotin-labeled sense or anti-sense MEG3RNA followed
by mass spectrometry. Forced expression of MEG3 in hepatocellu-
lar carcinoma cells guided and facilitated PTBP1 binding to SHP
coding region, resulting in SHP mRNA decay. Transient overex-
pression of MEG3RNA /n vivo in mouse liver caused rapid SHP
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mRNA degradation and cholestatic liver injury, which was accom-
panied by the disruption of BA homeostasis, the elevation of liver
enzymes, and dysregulation of BA synthetic enzymes and meta-
bolic genes.”® Summary of IncRNAs and their roles in liver diseases
are shown in Table 1.

PERSPECTIVES AND CONCLUSION

Numerous IncRNAs are implicated in the pathogenesis of
NAFLD, ALD, and cholestatic liver diseases. The regulatory net-
work of IncRNAs and the underlying mechanisms leading to liver
diseases are complicated. Given a large number of IncRNAs and
the extensive studies in this area, new IncRNAs with relevance to
liver diseases are likely to be discovered. While the field is advanc-
ing, there is a critical need to translate the observations in cell
lines or animal models and determine if the functions of these In-
cRNAs recapitulate the disease pathogenesis in humans. Detec-
tion of circulating InNcRNAs raises the potential for their use as the
biomarkers for risk prediction, diagnostic applicability, or predic-
tors of prognosis in liver diseases. It will be of interest to deter-
mine the use of specific INcRNAs that can perhaps supplement
and eventually replace invasive liver biopsy for diagnostic and
prognostic purposes. Modulation of specific INcRNAs especially in
mouse models has a profound impact on the liver disease pheno-
types, suggesting the therapeutic potentials of IncRNA-based
therapy. Despite the considerable promise, there are several chal-
lenges on the safety and the potential off-target effects. An im-
proved understanding and knowledge resulting from the intensive
studies of IncRNAs in liver diseases will unquestionably provide
useful perspectives and generate new information that will even-
tually translate to novel clinical applications.
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