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Introduction
Hepatocellular Carcinoma (HCC) is the fifth most common 

cancer and the second leading cause of cancer related deaths in the 
world, causing up to 1 million deaths annually [1,2]. The main risk 
factors of HCC include non-alcoholic fatty liver disease (NAFLD), 
virus infections (HBV and HCV), alcoholic liver disease, aflatoxins 
exposure, and smoking [3-7]. Epigenetic changes including DNA 
hypermethylation or hypomethylation, dysregulation of histone 
modification patterns, chromatin remodeling, and aberrant 
expression of micro-RNAs (miRNAs) and long noncoding RNAs 
(lncRNAs) are all associated with initiation and progression of HCC 
[8,9]. In addition to the abovementioned regulatory mechanisms, 
transcription factors play critical roles in determining gene expression 
and cell phenotype.

The liver constantly adapts to circadian rhythm, metabolic 
processes, changes in the microbiota, and other environmental 
factors such as viral infections and xenobiotics, which results in 

the need for its constant repair and regeneration [10]. In the highly 
variable environment, HCC risk factors including obesity, excessive 
alcohol consumption, and hepatitis viruses cause a disturbance to the 
extremely sensitive hepatic epigenome. Alterations of the epigenome 
such as DNA methylation, chromatin modification, miRNAs, and 
lncRNAs result in uncontrolled cell growth and proliferation, and 
even the progression of HCC from chronic inflammation with or 
without fibrosis in the liver [9-11].

Non-alcoholic steatohepatitis (NASH) and alcoholic 
steatohepatitis (ASH) are the two major risk factors as both conditions 
can lead to cirrhosis and hepatocellular carcinoma (HCC) if left 
untreated [12]. About 3-10% of ASH patients may progress to HCC 
annually [13], while patients with NASH progress to HCC at a much 
lower rate around 0.5% annually [14]. Our group reported many 
molecular findings in both ASH and NASH patient liver specimen 
[15-18]. The present review is to summarize the different epigenetic 
molecular modulations including DNA methylation and histone 
modification between NASH and ASH before HCC development.
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DNA Methylation
DNA methylation is a well characterized epigenetic mechanism 

of gene regulation that occurs in the context of acytosine-phosphate-
guanine (CpG, promoter-rich region of gene) dinucleotide. Generally, 
high density CpG promoters for typical housekeeping genes are 
rarely methylated, while genes that have intermediate density CpG 
content are silenced upon methylation. This modification is carried 
out by three highly conserved enzymes, DNA methyltransferase 1 
(DNMT1), the DNMT3A, and DNMT3B enzymes. Approximately 1 
to 2% of human genome harbors CpG islands or CpG-rich regions 
containing hundred to several thousand base pairs and exists in 
proximity to different gene promoter regions [19]. 

It has been reported that DNA methylation is increased in 
livers of alcoholic hepatitis patients [20]. Loss of DNMT1 in murine 
hepatic progenitor cells leads to severe DNA damage, cell cycle arrest, 
senescence and death [21]. DNMT3B loss inhibits proliferation, 
migration, and invasion in hepatocellular carcinoma cell lines [22]. 
We reported that in both ASH and NASH patients, levels of DNMT1 
and DNMT3B proteins were higher than those in control groups. 
However the DNMT3B protein level was higher in AH compared to 
NASH [16]. 

In HCC and many other tumors, specific promoter 
hypermethylation are often associated with inactivation of tumor-
suppressor genes (TSGs). Silencing of tumor-suppressor genes such 
as RASSF1A downregulates mRNA transcript expression [9]. A 
significant level of DNA methylation of GSTP1 was reported in HCC 
tissues [23]. In our study, the protein levels of three TSGs such as 
RASSF1A and GSTP1 were both increased in ASH, but not in NASH, 
if compared with control groups. Another TSG, RUNX3, although 
increased in both ASH and NASH compared with controls, the 
RUNX3 showed much lower expression in NASH compared to ASH 
[18]. These findings are different from the loss of the TSGs in HCC 
which may suggest that the suppressing/silencing of TSGs expression 
in hepatocytes from ASH and NASH patients could be one of the 
mechanisms for HCC development.

Histone Modification
Histone modifications have a direct impact on chromatin structure 

and gene expression and play important roles in gene silencing 
during tumorigenesis. N-terminal tails of nucleosomal histones can 
be modulated via methylation, acetylation, phosphorylation, and 
ubiquitination to regulate gene activities and cellular processes, 
including DNA repair, DNA replication, and gene transcription. 

DNA methylation is closely associated with histone modification 
because inhibitors reverse the histone modification changes on 
H3-K4 and H3-K9 codes [24]. H3K27 trimethylation is another 
distinct histone modification and is one of the candidates for a 
silencing mechanism for tumor-suppressor genes [9]. Histone 
methyltransferases (HMTs), SUV39H1 and G9a, mediate the histone 
H3-K9 trimethylation and dimethylation (H3-K9 diMe), respectively 
[25]. H3K9 methylation is associated with silencing of several tumor-
suppressor genes. In our study, SUV39H1 protein level increased 
dramatically in ASH but not in NASH compared with control [15]. In 
contrast to SUV39H1, G9a protein level was increased in both ASH 
and NASH, although the G9a level was higher in ASH compared to 
NASH [Jia Y., et al.unpublished data, reported in EB2019 annual 
meeting].

Histone acetylation is associated with active transcription and 
is under the control of HATs and HDACs. Histone deacetylases 
(HDACs) are the enzymes that regulate gene expression by removing 
acetyl group from histones that make the DNA more compact 
leading to gene silencing. HDACs may act as tumor suppressors 
and therapeutic targets [26]. Accumulating evidence suggests a 
correlation of individual HDAC overexpression with poor prognosis 
in different types of cancer including HCC [27]. Overexpression of 
HDAC3 was correlated with early recurrence of HCC after surgery 
and advance tumor stage. A tumor-suppressor role of HDACs has 
also been noticed, as overt HCC occurred as a result of liver-specific 
knockdown of HDAC3 [28]. Suppressing/silencing of HDAC3 may 
lead to cancer development and DNA damage by increasing the 
histone acetylation during S phase [29]. HDAC2 removes acetyl 
groups from histones resulting in further winding of DNA around 
histones and transcriptional suppression [30]. Overexpressed 
HDAC2 in hepatocellular carcinoma patients is associated with poor 
survival in low-grade and early-grade tumors [31]. We found that in 
ASH and NASH patients, the level of HDAC2 was elevated compared 
to controls, but there was no difference between ASH and NASH 
groups [16]. HDACs also remove acetyl-lysine on diverse nonhistone 
proteins such as NFkB, transcription factors p53, and many others 
[32]. HDAC2 knockdown studies revealed that HDAC2 dysregulation 
contributes to HCC pathogenesis by modulating expression of genes 
involved in apoptosis, cell cycle and lipid metabolism [33].

Histidine phosphorylation has important roles in protein and 
cellular function including cell cycle regulation, phagocytosis, and 
tumorigenesis. Two mammalian histidine kinases and two pHis 
phosphatases (PHPT1 and LHPP) were identified [34]. Histidine 
phosphorylation increases significantly in liver tumors. Proteomic 
analysis of 12 tumors from an mTOR-driven HCC mouse model 
revealed that expression of the putative histidine phosphatase 
LHPP was downregulated specifically in the tumors [35]. Sustained 
expression of LHPP in the HCC mouse model liver suppresses tumor 
and preserves the liver function, while decreased LHPP level correlates 
with more advanced tumor and reduces overall survival in HCC 
patients [35]. Over-expressed LHPP reduced tumor cell proliferation, 
migration and invasion, possibly via blocking AKT activation and 
restraining p53 expression levels in cervical cancer cells [36]. LHPP is 
not only a protein histidine phosphatase but also a tumor suppressor. 
In our study, the expression of LHPP protein was upregulated both 
in ASH and NASH specimens and there was no significant difference 
between ASH and NASH groups [Jia, unpublished data, reported in 
EB2019 annual meeting].

A significant decrease in histone H2A ubiquitination was 
reported in HCC [37]. It has been reported that the functionally 
important histone H2A PTM H2A119ub (H2Aub) markedly 
decreases in hepatocellular carcinoma [37]. The H2A deubiquitinase, 
Usp21, is probably responsible for decrease of H2Aub. In addition, 
H2Aub levels were inversely correlated with H3S10 phosphorylation 
(H3S10p) and the proliferative state of the cells. 

Summary 
The hepatic epigenome modulation is extremely important to 

keep the liver’s adaptability to daily challenges including dietary, 
metabolic, xenobiotic and microbial factors. However, if this capacity 
is compromised, epigenetic adaptions can become dysfunctional 
and lead to disorder, even tumorogenesis. We summarized the key 
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components of the epigenetic machinery such as DNA methylation 
and histone modification in the context of ASH and NASH patients 
before the HCC development. These studies may be very helpful to 
understand the pathogenesis of HCC in ASH and NASH patients and 
to direct possible diagnosis, prevention and treatment choices.
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Figure 1: Putative pathway for Epigenetic Modulation in the HCC tumorigenesis. The similar expression pattern of G9a and LHPP proteins 
suggests similar pathways been involved in ASH and NASH, including certain epigenetic modulators in HCC tumorigenesis. But other 
epigenetic modulators such as DNMTs, SUV39H1, and HDAC 2 have different expression pattern in ASH and NASH specimens which 
indicates the complexity of HCC tumorigenesis from different stressors.
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