1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Hepatology. Author manuscript; available in PMC 2023 April 04.

-, HHS Public Access
«

Published in final edited form as:
Hepatology. 2021 September ; 74(3): 1652-1659. d0i:10.1002/hep.31765.

Long non-coding RNA H19: A key player in liver diseases
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Abstract

The rapid advance in deep sequencing technologies has identified numerous long non-coding
RNAs (IncRNA) and their biological functions are increasingly being recognized as important
regulators of gene expression and cell signaling pathways. H19 is the first IncRNA identified and
characterized as the first imprinted gene in the pre-genomic era. During the last three decades,
H19 has been extensively investigated as a multitasking IncRNA. H19 plays a crucial role in
regulating many biological functions and is intimately involved in the pathogenesis of various
human diseases. Here, we highlight the recent findings related to H19 in liver diseases. The
unique features of H19 biogenesis and regulation make it an attractive diagnostic and prognostic
biomarker and potential therapeutic target for certain liver diseases.

Conclusions: The roles of H19 in liver disease remains obscure. The rapid advance in
new technologies offers promise for the understanding of the mechanisms of IncRNA H19
in physiological and pathological processes of liver diseases and for the development novel
therapeutics.
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Introduction

The completion of human genome sequencing in the early 2000s identified that most

of the human genome (~93%) is transcribed, but less than 2% of transcripts encode

proteins. Most of the transcripts represent non-coding RNAs (ncRNAs). Long non-coding
RNAS (IncRNAs) are ncRNAs with more than 200 nucleotides. LncRNAs are further
classified into sense, antisense, bidirectional, intronic, and intergenic IncCRNA based on

their topographic relation to the nearest protein-coding gene (1). Recent advance in next-
generation sequencing has identified thousands of INcRNA loci and the number of InNCRNAs
which are linked to human diseases, including liver disease, is rapidly growing (2). However,
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compared to protein-coding genes and microRNAs (small ncRNAs with 20-24 nucleotides),
IncRNASs are poorly characterized, and their biological functions remain largely unknown.

LncRNA H19 was the first IncRNA and first imprinted gene identified in eukaryotes as a
hepatic fetal-specific non-translatable mRNA in the late 1980s (3). Its role in embryogenesis
has been well characterized. The biological function of H19 as an RNA molecule remained a
mystery until the identification of another INCRNA X-inactive-specific transcript in the early
1990s (4). During the last three decades, H19 has been well characterized as a multitasking
IncRNA. The aberrant expression of H19 has been linked to various human cancers,
including gastric, liver, and pancreatic cancers (5, 6). Recent studies also reported that

H19 is involved in chronic liver diseases such as nonalcoholic fatty liver disease (NAFLD)
and cholestatic liver disease, which are major global health issues. The high mortality

and morbidity associated with hepatocellular carcinoma (HCC) and cholangiocarcinoma,

the end stages of most chronic liver diseases, have imposed huge financial burdens on
individuals and the health care systems (7). Therefore, there is an unmet need to identify
novel diagnostic biomarkers and therapeutic targets for chronic liver diseases. In this concise
review, we discussed the current understanding of H19 in the pathogenesis of chronic liver
diseases.

Expression and regulation of H19 and functional mechanisms

The role of InNcRNA H19 in the regulation of liver development has been well-documented
(8). Genetic and molecular studies have shown that H19 is a parentally imprinted and
maternally expressed gene, which is localized to chromosome 7 in mice and chromosome
11p15.5 in humans, respectively; downstream of another maternally imprinted and
paternally expressed protein-coding gene, called insulin-like growth factor 2 (1gf2) (9).
The H19 gene contains five exons and four small introns and encodes a ~2.3 kb fully
capped, spliced, and polyadenylated transcript (8). The expression of H19 is controlled by
a promoter and an imprinting control region (ICR), also called a differentially methylated
domain (DMD) or a differentially methylated region (DMR). H19 and IGF2 are expressed
in the same tissues, and their reciprocal expression is controlled by the zinc-finger protein,
CCCTC binding factor (CTCF), which binds to unmethylated maternal ICR and prevents
the activation of 1gf2 by downstream enhancers. It also has been reported that H19 is the
precursor of miRNAG675, which is embedded in exon 1 of H19. The excision process of
miRNAG75 from H19 is regulated by RNA-binding protein (RBP) human antigen R (HUR)
(Fig.1) (10). H19 is highly expressed during fetal development and down-regulated after
birth, except in skeletal muscle. Aberrant expression of H19 has been linked to various
human diseases, especially tumorigenesis (11). It also has been reported that H19 expression
is upregulated by estrogen, c-Myc, hypoxia, and oxidative stress (12-15). The hepatic

H19 expression level is very low under normal physiological conditions, but it can be
upregulated under pathological conditions (16). The relative expression levels of H19 in
different types of hepatic cells depend on the pathophysiological conditions. Despite the
discrepancy found in the previous studies, there is consensus that H19 impacts various
hepatic cells as a multitask regulator of gene expression. The mechanisms by which H19
regulates cellular functions include epigenetic regulation, sponge of miRs, production of
miR-675, and regulation of target gene expression via binding to RBPs (17).
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LncRNA H19 in the nonalcoholic fatty liver disease (NAFLD)

The liver is the most important metabolic organ and plays many vital life functions. The
incidence of NAFLD has rapidly increased during the last two decades due to the global
pandemic of obesity. NAFLD can progress to steatohepatitis (NASH) and is the second
most common indication for liver transplant and a major cause of HCC. Due to the
complexity of disease pathology, no reliable diagnostic biomarkers and regulatory-approved
drugs are available (18). There is compelling evidence supporting the “Multi-hit” over the
“Two-hit” hypothesis of NAFLD pathogenesis (19). NAFLD is not a single organ disease.
The progression from simple steatosis to NASH is correlated with systemic and adipose
tissue inflammation, dysbiosis, and disruption of gut barrier function. It has been reported
that overexpression of H19 disrupts the intestinal barrier function viamiR675 (20). A
recent study further showed that H19 inhibited the function of Paneth and goblet cells

via suppressing autophagy (21). The role of H19 in NAFLD remains unexplored until

the identification of its aberrant expression in the livers of NASH patients (22). By using
H197/~ and AAV8-mediated overexpression of H19 mouse models, Liu, C er a/reported that
H19 promoted lipogenesis by facilitating polypyrimidine tract-binding protein 1 (PTBP1), a
RBP, to stabilize sterol regulatory element-binding protein 1¢ mRNA and increase protein
cleavage and nuclear translocation (23). Recently, two groups reported that H19 expression
is induced by free fatty acids in hepatocytes and high-fat diet feeding /n vivo (24, 25).
Mechanistically, H19 promotes hepatic lipogenesis by downregulating miR130a, an inhibitor
of peroxisome proliferator-activator receptor -y; or upregulating transcription factors, MLX-
interacting protein-like (MLXIPL, also called carbohydrate-responsive element-binding
protein), and PI3BK/mTOR pathways (24, 25). These studies identified H19 as an essential
player in diet-induced hepatic steatosis (Fig.2). However, it remains unclear whether and
how H19 is involved in NAFLD/NASH disease progression.

LncRNA H19 in cholestatic liver disease

Cholestatic liver diseases, such as primary sclerosing cholangitis (PSC) and primary biliary
cholangitis (PBC) in adults and biliary atresia (BA) and Alagille syndrome in children, are

a significant cause of morbidity and mortality and liver transplant. Cholestasis is defined

as the impairment of bile flow due to disruption of bile acid formation or excretion or
obstruction of bile ducts (26). Bile acids are exclusively formed in hepatocytes and play
critical roles in nutrient absorption via intrahepatic circulation. More importantly, bile acids
function as signaling molecules in regulating lipid and glucose metabolism (27). Disruption
of intrahepatic bile acid circulation or accumulation of bile acids in the liver can cause
hepatocyte injury, cholangiocyte proliferation, ductal reaction, activation of hepatic stellate
cells, and inflammation. Although cholestatic liver diseases are relatively rare compared to
NAFLD, the incidence and prevalence are increasing. The available therapeutic agents are
limited to Ursodeoxycholic acid and obeticholic acid for PBC, which are largely nonspecific
and often ineffective. There is an urgent need to identify diagnostic biomarkers and new
therapeutic targets for cholestatic liver diseases. LncRNAS are increasingly recognized as
promising potential therapeutic targets for cholestatic liver diseases (28). Zhang Y, et al. first
identified H19 as a key player in BDL-induced cholestatic liver injury (22). Several studies
have reported upregulation of H19 in different hepatic cells, cholestatic mouse models, and
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human PSC, PBC and BA patients (29-39). H19 not only functions as a sponge of miRNAs
but also activates different signaling pathways involved in the activation of macrophages,
cholangiocytes, and hepatic stellate cells (HSCs). Table 1 summarizes the key findings of the
most recent studies, which assessed the roles of H19 in different hepatic cells and cholestatic
animal models.

LncRNA H19 in HCC

HCC is the most common primary liver cancer and is often diagnosed at late stages

due to the lack of diagnostic and prognostic biomarkers. Liver transplant remains the

only therapeutic option. Aberrant up-regulation of H19 in tumorigenesis has been well
established in different types of human cancers (11). However, the role of H19 in HCC is
more complicated and remains controversial. Most studies with human HCC samples were
limited by small sample size and variations in patient populations and tissue sampling. The
major findings in the past three decades related to H19 in HCC and the potential reasons
for the conflicting results are summarized and discussed in an excellent recent review (40).
Studies with cultured HCC cell lines, /n vivo animal models and human HCC patient
samples indicate that H19 can be an oncogene or tumor suppressor by regulating different
miRNAs, RBPs, and diverse signaling pathways (41-46). The most recent studies related
to H19 in HCC are summarized in Table 2. The functions of InNcRNAs are linked to their
intracellular localization. More mechanistic and comprehensive studies are needed to define
the role of H19 in the progression of HCC.

Conclusion and future perspectives

LncRNA H19 has gained increasing attention due to its broad spectrum of physiological
and pathological functions. The ease of detection of IncRNAs in serum and other bodily
fluids make them attractive biomarkers. Although H19 was discovered more than three
decades ago, its potential roles in liver diseases remain largely obscure. Recent studies
have solidified the idea that H19 represents a novel diagnostic and prognostic biomarker
for various liver diseases. The fundamental role of H19 in promoting hepatic lipogenesis,
inflammation, and epithelial-mesenchymal transition makes this INcRNA a promising
therapeutic target in liver diseases. Recent advances in technologies for gene profiling and
editing, as well as nanotechnology for RNA delivery, have rapidly moved the IncRNA
research field forward. Considering the complexity of various liver diseases, it is essential
to understand the comprehensive and systemic effects of H19 in different physiological
and pathological settings. More mechanistic and translational studies with tissue- and cell
type-specific H19~/~ animal models are needed in order to validate H19 as a novel therapy
target for liver diseases.
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A) H19 is expressed from the maternal allele. The binding of CTCF to the unmethylated
imprinting control region (ICR) prevents the down-stream enhancer from interacting with

the promoter region of 1gf2 but allows the enhancer to interact with the H19 promoter.

The H19 transcript contains five exons. In exon 1, there is the coding region for miR675.
The production of pre-miR675 is inhibited by RBP HuR. B) In the parental allele, the ICR

is methylated, which prevents the binding of CTCF and allows the enhancer to interact

with the promoter region of 1gf2. DMR; DNA methylation region; ICR: imprinting control

region; CTCF: CCCTC binding factor.
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miR130a

Fig.2. Potential mechanisms of H19-induced hepatic lipid accumulation
HFD/FFAs induce upregulation of H19 in hepatocytes. A) H19 inhibits miR130a expression,

an inhibitor of PPARY, and results in activation of PPARY and hepatic lipogenesis. B) H19
facilitates RBP, PTBP1, to stabilize the Srebplc mRNA and promotes SREBP1c protein
cleavage and nuclear translocation of the activated nuclear form, nNSREBP1c and results in
the increase of transcription of lipogenic genes. C) H19 induces activation of PI3K/mTOR
pathway and upregulates lipogenic transcription factor, MLXIPL, resulting in increased lipid
accumulation. HFD: High-fat diet; FFAs: free fatty acids; PPARY: peroxisome proliferator-
activated receptor Y; RBP: RNA binding protein; PTBP1: Polypyrimidine Tract Binding
Protein 1; Srebplc: Sterol regulatory element-binding protein 1c; MlIxipl: MLX interacting
protein-like; nSREBP1, the nuclear form of SREBP1c; PI3BK/mTOR: phosphoinositide 3-
kinase/mammalian target of rapamycin.
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