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Abstract

The incidence of hepatocellular carcinoma (HCC) is steadily increasing in worldwide, 
which has been a public concern significantly associated with diabetes and non-alcoholic 
fatty liver disease (NAFLD) is an emerging risk factor with increasing prevalence nowa-
days, with gradually instead of HBV and HCV, aflatoxin, or alcohol liver disease as major 
etiological factors. The deeply worrisome aspects of these high risk factors are their large 
spread in population. Systemic and genetic mechanisms involved in malignant trans-
formation of liver cells as well as useful biomarkers at early stage of HCC are being 
investigated. However, the exact mechanisms from NAFLD to HCC still remain to be 
explored. In this paper, some advances of liver lipid accumulation were summarized on 
the relationship between NAFLD and hepatocytes malignant transformation.

Keywords: nonalcoholic fatty liver disease, hepatocellular carcinoma, metabolism

1. Introduction

Hepatocellular carcinoma (HCC) is one of the fifth most common malignant tumors, the third 
most frequent cause of cancer mortality worldwide [1, 2], and ranks the second in China 
among all malignancies with its mortality almost equal to its morbidity, especially in the 

inshore area of the Yangtze River [3, 4]. The principal treatment of HCC patient is surgical 

resection or liver transplantation, depending on whether the patient is a suitable transplant 
candidate [5, 6]. However, in most HCC patients with diagnosis at early stage is very dif-
ficult, thereby excluding the patients from definitive surgical resection. Sorafenib, the most 
commonly used systemic therapy, has shown to only minimally impact on patient survival 
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by several months. Besides, neither chemotherapy nor radiotherapy are generally effective. 
Due to the poor prognosis of HCC patients, the early diagnosis and effective therapy of HCC 
are needed with several being in development, either in preclinical or clinical studies [7, 8].

The development of HCC is a complex multi-step process involved multiple genes. Major risk fac-
tors of HCC include hepatitis B virus (HBV) or hepatitis C virus (HCV) infection, alcoholic or non-
alcoholic fatty liver disease, nitrosamines, aflatoxin, and other harmful substances [9–12]. Chronic 

persistent infection of nonalcoholic is still the main pathological factor of inducing cirrhosis and 

HCC. However, with the changes of people’s dietary structure and lifestyle, the incidence of fatty 
liver disease (FLD) also rose sharply [13–15]. A median prevalence of alcoholic fatty liver disease 
(AFLD) and nonalcoholic fatty liver disease (NAFLD) is 4.5 and 15.0%, respectively [16, 17]. It is 
worrying that if no interference is conducted in the treatment, nonalcoholic steatohepatitis (NASH) 
or alcoholic hepatitis can also be developed for liver fibrosis, cirrhosis and liver cancer (Figure 1), 

and its exact mechanism is worth exploring. However, the underlying molecular mechanisms that 
lead to malignant transformation of infected liver cells still remain to be explored. Most of HCC 
patients died quickly because of the rapid tumor growth, and surgical operation or liver transplan-
tation still is the only effective treatment for HCC [18, 19]. This article summarizes new advances 
on relationship between NAFLD and hepatocytes malignant transformation.

2. Mitochondria and fatty β-oxidation

2.1. Mitochondria

Liver is one of the most important organs in human for maintaining energy supply and lipid 
metabolism [20, 21]. The peroxisomal compartment in hepatocytes hosts several essential 

Figure 1. NAFLD progression and clinical diagnosis. ALT: alanine aminotransferase, NAFLD: non-alcoholic fatty liver 
disease, NAFL: nonalcoholic fatty liver, NASH: non-alcoholic steatohepatitis, HCC: hepatocellular carcinoma, HBsAg: 
hepatitis B surface antigen, HCV: hepatitis C virus, ANA: antinuclear antibody.
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metabolic conversions. Upon nutrient deprivation, cells metabolize fatty acids (FAs) in mito-
chondria to supply energy. FAs mobilization depends on triacylglycerol lipolysis, whereas 
autophagy feeds the lipid droplet pool for continued fueling of mitochondria. Proteome 

imbalance of mitochondrial electron transport chain in brown adipocytes leads to metabolic 

benefits [22]. Lipid metabolism are defective in peroxisomal disorders that are either caused 
by failure to import the enzymes such as carnitine palmitoyltransferase (CPT) in the organelle 
or by mutations in the enzymes or in transporters needed to transfer the substrates across the 
peroxisomal membrane (Figure 2). Hepatocytes specific differences have been confirmed in 
mitochondrial DNA maintenance and expression [23]. Hepatic pathology is one of the cardi-
nal features in disorders of peroxisome biogenesis and peroxisomal β-oxidation, although it 
rarely determines the clinical fate. Besides of the morphological changes, the impact of peroxi-
some malfunctions on other cellular compartments includes thermal instability of carnitine 

palmitoyltransferase II (CPT-II) variants in mitochondria and endoplasmic reticulum (ER) 
[24–26]. Proteomics analysis revealed numerous enzymes expression involved with the elec-
tron transport system, the tricarboxylic acid cycle, as well as lipid and amino acid metabolism 
in response to anoxia exposure [27].

Figure 2. Fatty acid oxidation and ATP production in mitochondria. The distribution of mitochondrial CPT-I or CPT-II 
with regulation plays important roles in fatty acid metabolism. Fatty acid (FA) β-oxidation requires successive carnitine 
acyltransferases to translocate acyl-coenzyme As (acyl-CoAs) from the cytoplasm into matrix. As initial and rate-limiting 
CPT-I generates acylcarnitines that traverse mitochondrial membranes via specific transporters into matrix, CPT-II 
produces acyl-CoAs from acylcarnitines for FA β-oxidation to acetyl-CoA. Then carnitine crosses the inner membrane, 
binds with the endogenous or exogenous acyl CoA to prevent acyl CoA accumulation causing poisoning. ACC: acetyl 
CoA carboxylase, CoA: coenzyme A, TCA: tricarboxylic acid cycle, UCP: uncoupling protein, I II III IV: electron transfer 

complex [29].
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2.2. Carnitine level

Carnitine is a physiological substance that is essential for the proper metabolism of fat 

and energy production that actually transports both long and medium fatty acid chains. 
L-carnitine attracts long and medium fatty acid chains, breaks them down, and carries them 
to the mitochondria of the cells where they are metabolized (burned). The L-carnitine plays 
important roles in the catabolism of long-chain fatty acids in the mitochondria, not only due 
to increased mitochondrial fatty acid oxidation reflected by increased mitochondrial biogen-
esis, but also to changes in plasma clearance and reduced triacylglycerol (TAG) biosynthesis 
[28]. The ultimate result is that you burn more fats, and in the process give your body more 
natural energy. In the previous study, the increasing liver weight with lipid accumulation 
was discovered during the course of the wild-type mice (Figure 3) in circulating carnitine 

analogues [3-(2,2,2-trimethyl hydrazinium) propionate dihydrate, THP] [29, 30].

Figure 3. Liver lipid accumulation and liver weight tissues in mice models after carnitine analogues. A–D, the mice liver 
tissues with Oil red O staining: A & B, the control livers; C & D, the experimental livers; E, the alterations of different 
tissue weight after the experimental mice with carnitine analogues [29].
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2.3. Carnitine palmitoyltransferase (CPT)

Hepatic CPT-II is a mitochondrial protein which is transported to mitochondrial inner 
membrane. It together with CPT-I oxidizes long-chain fatty acids in mitochondria. Defects 
or mutation of this gene are associated with mitochondrial long-chain fatty-acid oxidation 
disorders. Decreasing of its activity is a disorder of mitochondrial fatty acid oxidation with 
autosomal recessive mode of inheritance. The variants exert a dominant-negative effect 
on the homotetrameric protein of the enzyme (Figure 4), with reduced activities, thermal 
instability, fatty acid β-oxidation decreased to 30–59%, intracellular ATP to 48–79%, a sig-
nificantly decreasing of mitochondrial membrane potential with increasing temperature at 

Figure 4. Mutation of CPT-II gene and hepatic lipid accumulation. (A) The CPT-II gene exon 1–5. (B) The sequence 
fragments of CPT-II gene exon 4 were amplified on mitochondrial inner membrane. The mutation analysis of CPT-II 
gene exon-4 using the specific primers were designed by sequencing with 1974 nucleotides coded 658 amino acids. 
Compared with the original sequence from Genbank, the two substitution sites were found at 1618 (G→A) and 1858 
(T→C), and code amino acids at V368I and F448L, respectively [29].
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Figure 5. Rat liver tissues and their pathological examination. Liver alterations after the rats (from left to right: upper, 
A, B, C, D, and E; under A1, B2, C3, D4, and E5) were sacrificed at different time according to the plan schoule. (A) A 
representative liver from rat with normal diet; (B) a representative liver from the rat with high-fat diet (HFD) without 
2-fluorenyl acetamide (2-FAA); (C) a representative liver from the rats with HFD containing 2-FAA at early stage; (D) a 
representative liver at interim stage; and (E) a representative liver at later stage. The liver sections were examined with 
hematoxylin and eosin staining and then divided into the control (A1), fatty liver (B1), degeneration (C1), precancerous 
(D1), and cancerous (E1) groups; A1-E1: The original magnification of the corresponding rat liver sections was ×200 [29].

41°C, and shortening half-lives of CPT-II, and the enzyme variant proteins were polyubiq-
uitinated and rapidly degraded by a lactacystin-sensitive proteasome pathway [24]. The 

very unstable CPT II variants with decreased enzymatic activities may bring mitochondrial 
fuel utilization below the phenotypic threshold during high fever in humans with hepatitis 
virus infection, and thus might be as novel potential mechanisms for NAFLD formation 
[31, 32].

The dynamic alterations of hepatic CPT-II expression in the mitochondrial inner membrane 
were investigated during the malignant transformation of hepatocytes induced by abnormal 
fatty accumulation. After the male Sprague-Dawley (SD) rats were fed with control, high 
fat (HF), and HF containing 2-fluorenylaceta-mide (2-FAA) diet, respectively. The rats were 
divided into control, fatty liver, degeneration, pre-cancerous, and cancerous groups according 
to the hematoxylin and eosin staining (H&E) of liver pathological examination, hepatic lipids 
accumulation were confirmed with the Oil Red O staining. Massive lipid accumulation hepa-
tocytes were seen in rats on HF and HF containing 2-FAA diets. The lipid levels in the control 
group were significantly lower than those in the fatty liver, degeneration, precancerous, and 
cancerous groups. The serum triglyceride and total cholesterol levels in the degeneration, 
precancerous, and cancerous groups were 2–3 times higher than those in the control group. 

The serum aspartate aminotransferase and alanine aminotransferase levels (Figure 5) in the 

degeneration, precancerous, and cancerous groups were significantly higher (4–8 times) than 
those in the control group. The specific concentration (μg/mg protein) of liver CPT-II expres-
sion was significantly reduced during hepatocyte malignant transformation, as confirmed 
by immunohistochemistry, with the CPT-II levels significantly lower in the cancerous group 
than in any of other groups, indicated that low hepatic CPT-II expression might lead to abnor-
mal lipid accumulation in hepatocytes, which should promote the malignant transformation 

of hepatocytes [33, 34].
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3. Abnormal liver lipid accumulation

3.1. Lipid accumulation

Lipid accumulation in liver or HCC will cause tumor-associated molecular signaling alteration 
including NF-κB (nuclear factor-kappa B), JNK (c-Jun N-terminal kinase)/activation protein-1 
activation, and alterations of HCC development-related genes, respectively. For example, 
liver unsaturated fatty acids (UFA) inhibit the expression of phosphatase and tensin homolog 
(PTEN) deleted on chromosome 10 (10q23.3) via activating NF-κB/mTOR (mammalian target 
of rapamycin) complex [35]. As a tumor suppressor gene PTEN regulates the PKB/akt (serine-
threonine kinase protein kinase B) pathway, and PTEN deficiency induces the proliferation 
of hepatocytes by inhibiting cell apoptosis and promoting HCC formation confirmed in mice 
models with the PTEN deficiency in resembling non-alcoholic steatohepatitis (NASH) fea-
tures with developing steatosis, and inflammation damages or fibrosis in liver tissues [36].

DNA injury affects hepatic lipid metabolism. Reactive oxygen species (ROS) is an important 
factor in carcinogenesis. It can be induced in NAFLD patients with contiguous DNA damage 
by some of hepatic inflammatory cytokines or hepatitis virus infection and react with poly-
unsaturated fatty acids derived from hepatocyte membrane phospholipids, and subsequently 
results in reactive aldehydes production as lipid oxidation (LPO) byproducts, for example, 
4-hydroxynonenal (4 HNE) that can react with DNA to form mutagenic exocyclic etheno-
DNA adducts. Importantly, they are preferably formed in codon 249 of TP53, resulting in inac-
tivation of tumor suppressor p53 gene, secondary growth advantage, and anti-apoptosis [37].

3.2. Adipokines

Adipokine is a plethora of pro- and anti-inflammatory cytokines that secretes from adipose 
tissue with low-grade inflammation. Adiponectin and leptin have evolved as crucial signals 
in many obesity-related pathologies including (NAFLD) [38–40]. Adiponectin regulates the 
metabolism of blood glucose and hepatic fatty acid, and is decreased in NAFLD that might 
be critically involved in the pro-inflammatory state associated with obesity and related dis-
orders, overproduction of leptin, a rather pro-inflammatory mediator, is considered of equal 
relevance [41, 42]. An imbalanced adipokine profile in obesity consecutively contributes to 
metabolic inflammation in NAFLD, which is also associated with a substantial risk for devel-
oping HCC in the non-cirrhotic stage of disease [43, 44]. Both related to liver tumorigenesis 
especially in preclinical models, especially in hepatic satellite cell activation with stimulating 
the tissue inhibitor of metalloproteinase 1 production via the JAK/STAT (Janus kinase/signal 
transducer and activator of transcription) pathway promoting fibrogenesis [45, 46], or angio-
genesis or progression from NASH to HCC that has been confirmed in mice models [47, 48].

According to the data from animal models with HCC cell lines, adiponectin could increase 
JNK activation and induce cell apoptosis with AMPK alteration, which could inhibit mTOR 
phosphorylation, xenograft growth, tumor growth and metastasis by suppression of tumor 
angiogenesis in nude mice. However, lower circulating adiponectin favors tumorigenesis in 
NASH model [49]. Adipose-derived tumor necrosis factor is a potent activator of pro-oncogenic 
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pathways involving in mTOR, JNK, NF-κB, and extra-cellular signal-regulated kinases; 
Interleukin-6 (IL-6) combining with its receptors on liver or non-parenchymal cells can promote 
signal-transmuting receptor (gp130) complex with IL-6R activating JAK1 signaling, and STAT3 
activation or phosphorylation promotes the proliferation and anti-apoptosis of cancer cells [50], 

indicated that adiponectin coefficient action from adipose tissues and related- cytokines affect 
fatty acid metabolism and hepatocyte malignant transformation via many signal molecules.

4. Inducing roles of related proteins

4.1. Sterol regulatory element-binding proteins (SREBPs)

Lipid reprogramming has been considered as a crucial characteristic in HCC initiation and pro-
gression. SREBPs are the key transcription regulators of hepatic lipogenesis, and activate hepatic 
steatosis at the early stage. Tat-interacting protein 30 (TIP30) is a tumor suppressor protein that 
has been found to be expressed in a wide variety of tumor tissues that is involved in the control of 
cell apoptosis, growth, metastasis, angiogenesis, DNA repair, and tumor cell metabolism. TIP30 
regulates lipid metabolism in human HCC by regulating SREBP1 (sterol regulatory element-
binding protein 1) through the Akt/mTOR signaling pathway [51, 52]. In human HCC tissues, 
SREBP1 could significantly induce lipogenesis and be associated with a poor prognosis [53].

SREBP1c gene at mRNA level was up-regulated in human HCC tissues and not in their adjacent 
non-cancerous or non-cancerous liver tissues. The inhibition of SREBP1 expression resulted in 
growth arrest and apoptosis of cancerous cells, and increased the cell proliferation ability. HBx 
(HBV protein X) expression induces lipid accumulation in hepatic cells mediated by the induc-
tion of SREBP1, a key regulator of lipogenic genes in the liver. HBx interacts with LXRalpha 
(liver X receptor alpha) and enhances the binding of LXRalpha to LXRE (LXR-response ele-
ment), thereby resulting in the up-regulation of SREBP1 and fatty acid synthase, suggested 
that HBV infection can stimulate the SREBP1-mediated control of lipid accumulation [54].

4.2. Loss of tripartite motif 24 (TRIM24)

Aberrantly high expression of TRIM24 occurs in human HCC clinical samples and positively 
correlated with HCC tumor grade. Its knockdown inhibits proliferation and migration in HCC 
cells in vitro, with impeding of tumor growth in vivo [55, 56]. TRIM24 in mice is reportedly a 
liver-specific tumor suppressor, and appears to promote liver tumor development via AMPK 
signaling [57]. TRIM24 as an epigenetic co-regulator of some gene transcription that directly or 
indirectly inhibits mouse hepatic lipid accumulation, liver cell inflammation, liver fibrosis, and 
hepatocyte damage. Additionally, the global expression analyses of TRIM24−/− livers unveiled 
signaling pathways that closely associated with some features of NAFLD, inflammatory, cell 
apoptosis, and hepatocyte damage. The loss of liver TRIM24 expression could lead to the pro-
gression from patients with NAFLD to NASH or HCC in a time dependent manner [58].

4.3. Osteopontin (OPN)

According to accumulating data, human liver OPN is a multifunctional protein involved in 
some pathological alterations including hepatic immunity, hepatocytes inflammation, liver 
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fibrosis, and the development of HCC. Deficiency of OPN in obese mice fed with a high-fat 
diet reduced hepatic steatosis and inflammation, and liver cell ballooning, portal leukocyte 
infiltration and macrophage accumulation were attenuated. It is induced by Hedgehog sig-
naling, may directly promote pro-fibrogenic responses in steatohepatitis, or act as a paracrine 
factor secreted by bile duct or natural killer T cells (NKT), and also can be as an autocrine 
factor promoting fibrosis in hepatic satellite cells (HSC) [59].

The silencing OPN gene transcription by specific shRNA could result in increasing Bax, 
decreasing Bcl-2/Bcl-xL and X-linked inhibitor of apoptosis protein expression, and NF-κB 

activation, and induction of mitochondria-mediated apoptosis in HCCLM3 cells [19]. There 

were statistically significant differences in plasma OPN levels between the HCC group and 
the other groups. Regarding the validity of plasma OPN was a predictor of fatty change, with 
50% diagnostic accuracy, 70% sensitivity, 45% specificity, 50% positive predictive value, and 
75% negative predictive value at a cutoff value of 134 ng/mL. The data indicated that plasma 
OPN level could be of diagnostic potential value in NAFLD [60].

5. Promoting role of related cells

5.1. Hepatic satellite cells (HSC)

Human hepatic satellite cells (hHSC) in the perisinusoidal space between sinusoids and hepa-
tocytes are the predominant fibrogenic cells in liver tissues, and activated by liver cell injury to 
transdifferentiate from a quiescent state to proliferate matrix producing myofibroblasts [61–63]. 

The excessive production of extra-cellular matrix might result in cirrhosis occurrence. Human 
amphiregulin could increase the cell proliferation via EGFR, PI3K, and p38 mitogenic signal-
ing pathways, inducing significantly up-regulation of fibrogenic biomarkers, confirmed by 
the mice NASH model that exhibited rapid progression of advanced fibrosis and HCC, with 
mimics histological, immunological and transcriptomic features of NASH, and a useful tool for 
preclinical drug testing [64, 65]. In addition, fatty liver as a pro-metastasis microenvironment 
with hHSCs could promote HCC migration and proliferation. Fasting and specific microRNAs 
could inhibit hHSC activation or potentiate anti-cancer activity of Sorafenib in HCC [66, 67].

5.2. Immune cells

Activated immune cells interact with cells in tissues by metabolic stress will migrate to liver 
and drive the progression from NAFLD to HCC. The dysregulation of lipid metabolism in 
NAFLD from mice models or human samples causes a selective loss of intrahepatic CD

4
+ 

but not CD
8
+ T lymphocytes, leading to accelerated hepatocarcinogenesis via cross-talk with 

liver cells [68, 69]. The NKT cells primarily cause steatosis in liver tissues via secreted a type 
II trans-membrane protein (a TNF ligand super-family member, TNFSF14), and both of CD

8
+ 

and NKT cells cooperatively induce liver injury by feeding choline-deficient high-fat diet [70]. 

CD
4
+ T lymphocytes have greater mitochondrial mass than CD

8
+ T lymphocytes and generate 

higher levels of mitochondrially derived reactive oxygen species (ROS) [71].

Disruption of mitochondrial function by linoleic acid, a fatty acid accumulated in NAFLD, 
causes more oxidative damage than other free fatty acids such as palmitic acid, and mediates 
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selective loss of intrahepatic CD
4

+ T lymphocytes. Hepatic immune cells recognize cell injury 
or pathogen invasion with intracellular or surface-expressed pattern recognition receptors, 
subsequently initiating signaling cascades that trigger the release of factors promoting 

inflammatory response during NAFLD progression, demonstrating that the transition from 
NASH to HCC through liver cell lymphotoxin-β receptor (LTβR) and NF-κB signaling. In vivo 

blockade of ROS reversed NAFLD-induced hepatic CD
4
+ T lymphocyte decrease and delayed 

NAFLD-promoted HCC [72, 73].

5.3. Polyploidization

Polyploidization is one of the most dramatic genomic changes with rarely reported. The 
physiological events occur in liver development or adult life. However, the pathological poly-
ploidization takes place in NAFLD, a widespread metabolic disorder that maybe is a risk 
factor for HCC. The liver parenchyma in NAFLD models displayed the process alterations 
with a large ratio of highly polyploid mononuclear cells, but was not observed in normal liver 
parenchyma. Biopsies from NASH patients revealed the alterations in hepatocyte ploidy com-
pared with tissue from controls. Hepatocytes from NAFLD mice revealed that progression 
through the S/G2 phases of the cell cycle was inefficient and associated with activation of a 
G2/M DNA damage checkpoint, which prevented activation of the cyclin B1/CDK1 complex. 
The oxidative stress promotes the highly polyploid cells, and antioxidant- treated NAFLD 
hepatocytes resumed normal cell division and returned to normal state of polyploidy, indi-
cated that oxidative stress promote pathological polyploidization in NAFLD that might con-
tribute to HCC [74].

6. Alterations of small molecules

6.1. Oxidative stress

NAFLD is characterized by excess lipids in hepatocytes, due to excessive fatty acid influx from 
adipose tissue, de novo hepatic lipogenesis, in addition to excessive dietary fat and carbohy-
drate intake [44, 19]. Serious imbalance was found between limited antioxidant defenses and 
excessive formation of reactive species produced by liver oxidative stress such as ROS or RNS 
(reactive nitrogen species). Obese persons could increase free fatty acids uptake, stimulates 
FA oxidation for compensating excessive liver fat storage, and accelerate β-oxidation leads to 
increased production of ROS that damage mitochondrial membrane and DNA [75, 37].

Chronic lipid overload in hepatocytes induces mitochondrial oxidative stress or hepatocytes 
damage leading the NAFLD developing into a more severe liver disease condition, NASH, cir-
rhosis or HCC. Oxidative stress may induce endoplasmic reticulum (ER) dysfunction for liver 
malignancy. ER plays an important role in NAFLD pathogenesis, and consecutive increasing 
oxidative stress, inflammation and activation of NF-κB and JNK signaling pathways lead to 
the accumulation of intracellular lipids [76]. Extra-cellular signal-regulated protein kinase 
(ERK) is highly expressed in HCC via PIK13 activation. Among others, copper is one of the 
main bio-metals required for the preponderance of the enzymes involved in physiological 
redox reactions, which primarily occurs during mitochondrial respiration. Antioxidant food 
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agents recognized to improve NAFLD and its complications have been described in the 
copper-related literatures [77, 78].

6.2. Insulin resistance

NAFLD is associated with insulin resistance (IR) leading to a resistance in the antilipolytic 
effect of insulin in adipose tissue with an increase of FFAs. The increase of FFAs induces 
mitochondrial dysfunction and lipotoxicity [79]. Liver steatosis defined as lipid accumulation 
in hepatocytes is very frequently found in adults and obese adolescents. Etiologically, obesity 
and IR or excess alcohol intake are the most frequent causes of liver steatosis. Insulin as a key 
hormone regulates lipogenesis and lipolysis in adipose depots. The adipose tissue becomes 

resistant to the antilipolytic effect of insulin and FA release is increased with lipolysis or lipid 
intake, promoting triglyceride synthesis with lipid accumulation occurrence in livers [80, 81].

Liver lipid accumulation causes IR by the activation of NF-κB pathway and leads to hyperinsu-
linemia to activate phosphatidylinositol-3 kinase (PI3K)/Akt signaling pathway, implicated the 
malignant transformation of hepatocytes or in hepatocarcinogenesis [82]. Hyperinsulinemia 

up-regulates insulin-like growth factor-1 that stimulates cell proliferation and inhibits cell 
apoptosis [83]. Insulin activates insulin receptor substrate-1 (IRS-1) with up-regulating expres-
sion in HCC [84]. The IRS-1-mediated related-signaling molecules may act as survival factors, 
promote liver cell proliferation via mitogen-activated protein kinase and PI3K, and protect 
against transforming growth factor β1-induced apoptosis in HCC progression [85, 86].

6.3. Iron deposition

Liver is the main storage site for iron in the body because of its rich reticuloendothelial system 
[87]. Acquired hepatic iron overload is seen in a number of NAFLD patients. The dietary iron 
supplementation enhances experimental steatohepatitis induced by long-term high-fat diet 
feeding rats [88]. Excess liver iron may increase NASH risk and its progression to HCC [89, 

90]. Abnormal iron deposition in liver is more frequent in NASH patients, in which necroin-
flammation may be the driving factor. Iron and the coexistence of hyperinsulinemia are risk 
factors for NASH development and together they may contribute to insulin resistance, dis-
ease progression and HCC. Iron reduction has been proposed as treatment for dysmetabolic 
iron overload syndrome and NAFLD or iron deprivation can suppress HCC growth in vivo 

and in vitro experiments [91].

6.4. Alcohol

While tobacco and alcohol are established risk factors for HCC, the most common type of 
primary liver cancer [92]. Chronic alcohol intake results in the induction of liver cytochrome 
P450 2E1 leads to generation of ROS with direct or indirect carcinogenic consequences [93]. 

Many genetic factors regulating alcohol metabolism could predispose in developing alco-
holic pancreatitis or cirrhosis. Some studies revealed that alcohol could be metabolized by 
oxidative and non-oxidative. The main oxidative pathway includes alcohol dehydrogenase, 
aldehyde dehydrogenase, and cytochrome P450 2E1. In addition, neurocan in neuronal tissue 
is also expressed in liver and the common polymorphism of its gene rs2228603 is associated 
with HCC in alcoholic liver disease [94].
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6.5. MicroRNA (miR)

Regulating control miRs are highly conserved, small non-coding RNAs (about 18–25 nucleo-
tides in length) regulates transcription or translation of target genes and fatty acid metab-
olism. Both of miR-197 and miR-99 were associated with liver fibrosis in NASH patients. 
Altered miRNA expression was associated with activation of major hepatocarcinogenesis-
related pathways, including the TGF-β, Wnt/β-catenin, ERK1/2, mTOR, and EGF signaling. 
The over-expression of the miR-221-3p and miR-222-3p and oncogenic miR-106b~25 cluster 
was accompanied by the reduced protein levels of their targets, including E2F transcription 
factor 1, phosphatase and tensin homolog, and cyclin-dependent kinase inhibitor 1. miR-
93-5p, miR-221-3p, and miR-222-3p have been confirmed over-expressed in HCC. Aberrant 
expression of miRNAs may have mechanistic significance in NASH-associated liver carcino-
genesis and may serve as an indicator for the development of NASH-derived HCC [94, 95].

Some studies found that miR-122 is a key regulator of glucose and lipid metabolism in 
livers [96] and significantly higher circulating miR-122, miR-34a, and miR-16 expression 
were found in NAFLD. During the development of NAFLD patients with simple steatosis 
to steatohepatitis, the serological levels of miR-122 and miR-34a were positively correlated 
with disease severity, liver enzyme activities, fibrosis staging, active inflammation, and 
silencing of microRNA-122 is an early event during hepatocarcinogenesis from NASH [97], 

suggesting that the alteration of circulating miR-122 could be an early event from NASH to 
hepatocarcinogenesis..

7. Genetic factors

The development and progression of NAFLD are determined by environmental and genetic fac-
tors [10, 98]. The effect of genetic factors has been demonstrated by familial studies, twin studies 
and several cross-sectional studies. The data from the genome-wide association studies (GWAS) 
have shown that patatin-like phospholipase domain-containing protein 3 (PNPLA3) involved in 
metabolism of triglyceride on chromosome 22 is a genetic factor that promotes NASH develop-
ment, and PNPLA3 gene variant I148M showed a strong relationship with the development and 
progression of NAFLD, NASH, and NAFLD-related HCC. Single nucleotide polymorphism 
(SNP, rs738409) is closely related to fatty liver involved in fibrosis progression of NAFLD. The 
C<G variation in SNP rs738409 also increases HCC risk in NAFLD patients [99, 100].

The whole exome sequencing finds that apolipoprotein B mutations (c.6718A>T, K2240X) 
represent a paradigm of rare variant influencing liver fat content and HCC risk. Besides, the 
Patatin-like phospholipase domain-containing 3 [the trans-membrane 6 superfamily member 
2 (TM6SF2)] genes variant E167K was associated with NAFLD [101, 102]. Telomerase reverse 
transcriptase (TERT) mutations have been associated with hepatic steatosis. The deficiency 
of TERT can reduce the response to liver damage inducing the formation of steatosis and 
fibrosis. In conclusion, the occurrence of NAFLD-HCC seems to be influenced by common 
genetic variants as PNPLA3 and by rare genetic variants. Several genes have been proposed 
as candidate genes to be associated with NAFLD based on case–control studies [103].
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8. Microbiota and toxic substances

8.1. Gut microorganisms

NAFLD has become the most common chronic liver disease worldwide and is well-accepted 
that gut dysbiosis is associated with NAFLD [103]. The gut-liver axis has been proposed as 
a key player in the pathogenesis of NAFLD, as the passage of bacteria-derived products into 
the portal circulation could lead to a trigger of innate immunity, which in turn leads to liver 
inflammation. In intestine, there are trillions of microorganisms including bacteria, archaea, 
yeasts and viruses collectively called intestinal ecosystem through energy harvesting and fat 
storage [78, 104]. The relationship between gut microbiota and NAFLD is dependent on levels 
of choline, bile acid, larger production of endogenous ethanol, higher prevalence of intesti-
nal dysbiosis, higher prevalence of increased intestinal permeability, bacterial translocation, 
pro-inflammatory molecules, endotoxemia, and cytokines. The hepatic manifestation of the 
dysregulation of insulin-dependent pathways leads to IR and adipose tissue accumulation in 
NAFLD patients with liver injury, indicated that the gut liver-axis is the way by which the 
bacteria and their potential hepatotoxic products (LPS, DNA, RNA, etc.) can easily reach liver 
[105, 106].

The interaction between the gut epithelia and some commensal bacteria induces the rapid 

generation of ROS. The main goal of any therapy addressing NASH is to reverse or prevent 
progression to liver fibrosis/cirrhosis [78]. Recently, a new isoform of human manganese 
superoxide dismutase (MnSOD) has been shown to be a powerful antioxidant capable of 
mediating ROS dismutation, penetrating biological barriers via its uncleaved leader peptide, 
and reducing portal hypertension and fibrosis in rats affected by cirrhosis [107]. Primary bile 

acids which derived from cholesterol become secondary bile acids under the action of intes-
tinal microbes. If the bile acids bind to G-protein-coupled cell surface receptor (TGR5), it 
could inhibit inflammation via suppressing NF-κB pathway in macrophages. Many genetic 
and environmental factors have been suggested to contribute to the development of obesity 
and NAFLD, but the exact mechanisms might be the issue of further investigations [108, 109].

8.2. Toxic substances

NAFLD has been implicated in some conditions such as IR, obesity, metabolic syndrome, 
hyperlipemia, hypertension, cardiovascular disease, and diabetes. Dietary or genetic obesity 
induces alterations of gut microbiota, thereby increasing the levels of deoxycholic acid, a gut 
bacterial metabolite known to cause DNA damage [78, 110]. Glyceraldehyde-derived advanced 
glycation end-products (Glycer-AGEs) are the predominant components of toxic AGEs (TAGE). 
More data suggested that TAGE with its receptor might change intracellular signaling, pro-
inflammatory molecules gene expression, and also elicited the oxidative stress generation in 
liver cells including hHSCs. Circulating TAGE levels were significantly higher in NASH patients 
than those with simple steatosis or healthy subjects. Moreover, their TAGE levels inversely cor-
related with adiponectin. Increased lipid availability in livers might provide ATP and structural 
support for cancerous cell proliferation [111, 112].
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9. NAFLD in hepatocarcinogenesis

Recent epidemiological studies have identified NASH, a progressive form of NAFLD, as a 
major risk factor for HCC. Elucidating the underlying mechanisms associated with the devel-
opment of NASH-derived HCC is critical for identifying early biomarkers for the progression 
of the disease and for treatment and prevention [97, 113].

Liver derangements in lipid metabolism, importing FFA and manufacturing, storing, and 
exporting lipids could lead to NAFLD development [114]. The dysregulation of hormonal axes, 
mitochondrial carnitine palmitoyltransferase-II inactivity, and cytokines in NAFLD promotes 
a worse cycle between metabolic and inflammatory stimulus lead to malignant transformation 
of hepatocytes [33, 71]. The majority of NAFLD patients had steatosis about 20% present as 
NASH that was defined by microscopic finding, and consists of liver injury, steatosis, paren-
chymal and portal inflammation, and different fibrosis. Alterations of miRNA in hepatocar-
cinogenesis were associated with TGF-β, Wnt/β-catenin, ERK1/2, mTOR, and EGF signaling 
pathways. Importantly, miR-93-5p, miR-221-3p, and miR-222-3p were also significantly over-
expressed in human HCC. Aberrant expression of miRNAs might have mechanistic signifi-
cance in NASH-associated liver carcinogenesis and serve as an indicator for the development 
of NASH-derived HCC [115, 116].

Hepatic lipid accumulation is accompanied by distinct patterns of perilipin expression, 
suggested that abnormality of hepatic lipid accumulation might promote hepatocyte 

malignant transformation [33]. The levels of high leptin and low adiponectin are hall-
marks of obesity and involved in NAFLD and carcinogenesis [117]. Obesity-promoted 
HCC occurrence was dependent on increasing IL-6 and TNF levels, which resulted in liver 
inflammation and oncogenic STAT3 activation. The long-term chronic inflammatory in 
obesity plus higher IL-6 and TNF might be the risk factor for HCC [118]. The prospective 
studies (25,337 patients with HCC) demonstrated that both of excess body weight and 
obesity in males or females are related to an increased risk factor for HCC occurrence 
[119]. The prospective studies with longer follow-up periods should screen the malignant 
transformation of hepatocytes with specific biomarkers among NASH or NAFLD popula-
tions [3, 120].

10. Perspectives

In the past decade, the discussion of substantially NAFLD increased by hypernutrition and 
HCC had become a cocktail party cliché, and its impact on public health cannot be dismissed. 
With both relationship gradually deepening, more and more evidences have supported that 
NAFLD might promote the malignant transformation of hepatocytes because of liver lipid 
accumulation, its toxicity, endoplasmic reticulum dysfunction, IR, and abnormal fat metabo-
lism. Although the exact mechanisms from NAFLD tumor-promoting mechanism triggered 
by hypernutrition remain to be explored [121], however, the patients with the excessive fat 
deposition feeds this tumor-promoting inflammatory flame and should be treated in time to 
avoid the occurrences of hepatocyte malignant transformation [7, 122].

Neoplasm98



Acknowledgements

This work was supported by the part grants from the Key Program of Jiangsu Province (BE2016698), 
the Projects from the National Natural Science Foundations (31872738, 81673241, 81702419), and 
the International Science & Technology Cooperation Program (2013DFA32150) of China.

Abbreviations

CPT carnitine palmitoyltransferase

HBV hepatitis B virus

HCV hepatitis C virus

HSC hepatic satellite cell

IL-6 interleukin-6

NAFLD non-alcoholic fatty liver disease

NASH nonalcoholic fatty hepatitis

NF-κB nuclear factor kappa B

MiR microRNA

OPN osteopontin

HCC hepatocellular carcinoma

PNPLA patatin-like phospholipase domain-containing protein

ROS reactive oxygen species

SREBP sterol regulatory element-binding protein

TAGE toxic advanced glycation end-products

Author details

Min Yao1*, Wenjie Zheng3, Li Wang2, Miao Fang3, Zhizhen Dong3 and Dengfu Yao3*

*Address all correspondence to: yaodf@ahnmc.com and erbei@ntu.edu.cn

1 Department of Immunology, Medical School of Nantong University, Nantong,  
Jiangsu Province, China

2 Department of Medical Informatics, Medical School of Nantong University, Nantong, 
Jiangsu Province, China

3 Research Center of Clinical Medicine, Affiliated Hospital of Nantong University, Nantong, 
Jiangsu Province, China

Novel Mechanism of Nonalcoholic Lipid Accumulation Promoting Malignant Transformation…
http://dx.doi.org/10.5772/intechopen.77400

99



References

[1] Ding J, Wang H. Multiple interactive factors in hepatocarcinogenesis. Cancer Letters. 
2014;346:17-23

[2] Daher S, Massarwa M, Benson AA, Khoury T. Current and future treatment of hepa-
tocellular carcinoma: An updated comprehensive review. Journal of Clinical and 
Translational Hepatology. 2018;6(1):69-78

[3] Yao D, Jiang D, Huang Z, Lu J, Tao Q, Yu Z, et al. Abnormal expression of hepatoma spe-
cific gamma-glutamyl transferase and alteration of gamma-glutamyl transferase gene 
methylation status in patients with hepato-cellular carcinoma. Cancer. 2000;88:761-769

[4] Raoul JL, Raimbourg J, Hiret S, Adhoute X, Senellart H. Hepatocellular carcinoma: 
Increase in incidence or future plague? Bulletin du Cancer. 2018

[5] Rim CH, Kim CY, Yang DS, Yoon WS. External beam radiation therapy to hepatocel-
lular carcinoma involving inferior vena cava and/or right atrium: A meta-analysis and 
systemic review. Radiotherapy and Oncology. 2018

[6] Zhao M, Xiang P, Jiang H. TransArterial ChemoEmbolization (TACE) with platinum ver-
sus anthracyclines for hepatocellular carcinoma: A meta-analysis. International Journal  
of Surgery. 2018;53:151-158

[7] Agosti P, Sabbà C, Mazzocca A. Emerging metabolic risk factors in hepato-cellular carci-
noma and their influence on the liver microenvironment. Biochimica et Biophysica Acta. 
2018;1864(2):607-617

[8] Yoneda M, Imajo K, Takahashi H, Ogawa Y, Eguchi Y, Sumida Y, et al. Clinical strategy 
of diagnosing and following patients with nonalcoholic fatty liver disease based on 
invasive and noninvasive methods. Journal of Gastroenterology. 2018;53(2):181-196

[9] Axley P, Ahmed Z, Ravi S, Singal AK. Hepatitis C virus and hepatocellular carcinoma: 
A narrative review. Journal of Clinical and Translational Hepatology. 2018;6(1):79-84

[10] Seko Y, Yamaguchi K, Itoh Y. The genetic backgrounds in nonalcoholic fatty liver dis-
ease. Clinical Journal of Gastroenterology. 2018;11(2):97-102

[11] Kim SY, Kyaw YY, Cheong J. Functional interaction of endoplasmic reticulum stress and 
hepatitis B virus in the pathogenesis of liver diseases. World Journal of Gastroenterology. 
2017;23(43):7657-7665

[12] Hamid AS, Tesfamariam IG, Zhang Y, Zhang ZG. Aflatoxin B1-induced hepatocellular 
carcinoma in developing countries: Geographical distribution, mechanism of action and 
prevention. Oncology Letters. 2013;5:1087-1092

[13] Said A, Ghufran A. Epidemic of non-alcoholic fatty liver disease and hepato-cellular 
carcinoma. World Journal of Clinical Oncology. 2017;8(6):429-436

[14] Massoud O, Charlton M. Nonalcoholic fatty liver disease/nonalcoholic steato-hepatitis 
and hepatocellular carcinoma. Clinics in Liver Disease. 2018;22(1):201-211

Neoplasm100



[15] Devhare PB, Ray RB. Extracellular vesicles: Novel mediator for cell to cell communica-
tions in liver pathogenesis. Molecular Aspects of Medicine. 2018;60:115-122

[16] Fan JG, Farrell GC. Epidemiology of non-alcoholic fatty liver disease in China. Journal 
of Hepatology. 2009;50:204-210

[17] Fan JG. Epidemiology of alcoholic and nonalcoholic fatty liver disease in China. Journal 
of Gastroenterology and Hepatology. 2013;28:11-17

[18] Younes R, Bugianesi E. Should we undertake surveillance for HCC in patients with 
NAFLD? Journal of Hepatology. 2018;68(2):326-334

[19] Antonucci L, Porcu C, Iannucci G, Balsano C, Barbaro B. Non-alcoholic fatty liver dis-
ease and nutritional implications: Special focus on copper. Nutrients. 2017;9(10)

[20] Trauner M, Egger G, Österreicher CH. Hepatocyte specific expression of an oncogenic 
variant of β-catenin results in lethal metabolic dysfunction in mice. Oncotarget. 2018;9(13): 
11243-11257

[21] Hyatt HW, Zhang Y, Hood WR, Kavazis AN. Physiological, mitochondrial, and oxi-
dative stress differences in the presence or absence of lactation in rats. Reproductive 
Biology and Endocrinology. 2018;16(1):2

[22] Lemberger UJ, Fuchs CD, Schöfer C, Bileck A, Gerner C, Stojakovic T, et al. Proteome 
imbalance of mitochondrial electron transport chain in brown adipocytes leads to meta-
bolic benefits. Cell Metabolism. 2018;27(3):616-629.e4

[23] Herbers E, Kekäläinen NJ, Hangas A, Pohjoismäki JL, Goffart S. Tissue specific differ-
ences in mitochondrial DNA maintenance and expression. Mitochondrion. 2018

[24] Yao D, Mizuguchi H, Yamaguchi M, Yamada H, Chida J, Shikata K, et al. Thermal 
instability of compound variants of carnitine palmitoyltransferase II and impaired mito-
chondrial fuel utilization in influenza-associated encephalopathy. Human Mutation. 
2008;29:718-727

[25] Bjørndal B, Alterås EK, Lindquist C, Svardal A, Skorve J, Berge RK. Associations between 
fatty acid oxidation, hepatic mitochondrial function, and plasma acylcarnitine levels in 
mice. Nutrition & Metabolism (London);2018(15):10

[26] Walheim E, Wiśniewski JR, Jastroch M. Respiromics—An integrative analysis linking 
mitochondrial bioenergetics to molecular signatures. Molecular Metabolism. 2018;9:4-14

[27] Gomez CR, Richards JG. Mitochondrial responses to anoxia exposure in red eared slid-
ers (Trachemys scripta). Comparative Biochemistry and Physiology. Part B, Biochemistry 
& Molecular Biology. 2018

[28] Lindquist C, Bjørndal B, Rossmann CR, Svardal A, Hallström S, Berge RK. A fatty acid 
analogue targeting mitochondria exerts a plasma triacylglycerol lowering effect in rats 
with impaired carnitine biosynthesis. PLoS One. 2018;13(3):e0194978

[29] Yao M, Wang XY, Wang L, Yao DF, Yao DB. Antagonistic key molecule of mitochon-
drial carnitine shuttle system on effects of hepatic fat metabolism. Journal of Nantong 
University (Medical Sciences). 2014;34:247-250. In Chinese

Novel Mechanism of Nonalcoholic Lipid Accumulation Promoting Malignant Transformation…
http://dx.doi.org/10.5772/intechopen.77400

101



[30] Yao DB, Yao M, Wang L, Dong ZZ, Yao DF. Plasmid construction and variation analysis 
of exon-4 of carnitine palmitoyltransferase-II gene. Journal of Clinical Rehabilitative 
Tissue Engineering Research. 2011;15:9437-9440. In Chinese

[31] Chang JJ, Chung DJ, Lee YJ, Wen BH, Jao HY, Wang CJ. Solanum nigrum polyphenol 

extracts inhibit hepatic inflammation, oxidative stress, and lipogenesis in high-fat-diet-
treated mice. Journal of Agricultural and Food Chemistry. 2017;65(42):9255-9265

[32] Ippolito AM, Milella M, Messina V, Conti F, Cozzolongo R, Morisco F, et al. HCV clear-
ance after direct-acting antivirals in patients with cirrhosis by stages of liver impairment: 
The ITAL-C network study. Digestive and Liver Disease. 2017;49(9):1022-1028

[33] Gu JJ, Yao M, Yang J, Cai Y, Zheng WJ, Wang L, et al. Mitochondrial carnitine palmitoyl 
transferase-II inactivity aggravates lipid accumulation in rat hepato-carcinogenesis. 
World Journal of Gastroenterology. 2017;23:256-264

[34] Gu JJ, Yao M, Cai Y, Fang M, Wang L, Zheng WJ, et al. Dynamic expression of carnitine 
palmitoyltransferase II in the mitochondrial inner membrane during hepatocyte malig-
nant transformation induced by lipid accumulation. Zhonghua Gan Zang Bing Za Zhi. 
2017;25(4):279-284

[35] Stickel F, Hellerbrand C. Non-alcoholic fatty liver disease as a risk factor for hepatocel-
lular carcinoma: Mechanisms and implications. Gut. 2010;59:1303-1307

[36] De Minicis S, Marzioni M, Benedetti A, Svegliati-Baroni G. New insights in hepatocel-
lular carcinoma: From bench to bedside. Annals of Translational Medicine. 2013;1:15

[37] Linhart KB, Glassen K, Peccerella T, Waldherr R, Linhart H, Bartsch H, et al. The genera-
tion of carcinogenic etheno-DNA adducts in the liver of patients with nonalcoholic fatty 
liver disease. Hepatobiliary Surgery and Nutrition. 2015;4:117-123

[38] Adolph TE, Grander C, Grabherr F, Tilg H. Adipokines and non-alcoholic fatty liver 
disease: Multiple interactions. International Journal of Molecular Sciences. 2017;18(8)

[39] Polyzos SA, Kountouras J, Mantzoros CS. Adipose tissue, obesity and non-alcoholic fatty 
liver disease. Minerva Endocrinologica. 2017;42(2):92-108

[40] Sanna C, Rosso C, Marietti M, Bugianesi E. Non-alcoholic fatty liver disease and extra-
hepatic cancers. International Journal of Molecular Sciences. 2016;17(5)

[41] Wieser V, Moschen AR, Tilg H. Adipocytokines and hepatocellular carcinoma. Digestive 
Diseases. 2012;30(5):508-513

[42] Yilmaz Y, Colak Y, Kurt R, Senates E, Eren F. Linking nonalcoholic fatty liver disease 
to hepatocellular carcinoma: From bedside to bench and back. Tumori. 2013;99(1):10-16

[43] Marengo A, Rosso C, Bugianesi E. Liver cancer: Connections with obesity, fatty liver, 
and cirrhosis. Annual Review of Medicine. 2016;67:103-117

[44] Noureddin M, Rinella ME. Nonalcoholic fatty liver disease, diabetes, obesity, and hepa-
tocellular carcinoma. Clinics in Liver Disease. 2015;19(2):361-379

Neoplasm102



[45] Sugimoto K, Takei Y. Clinicopathological features of non-alcoholic fatty liver disease. 
Hepatology Research. 2011;41(10):911-920

[46] Montella M, Crispo A, Giudice A. HCC, diet and metabolic factors: Diet and HCC. Hepatitis 
Monthly. 2011;11:159-162

[47] Wong CR, Nguyen MH, Lim JK. Hepatocellular carcinoma in patients with non-alco-
holic fatty liver disease. World Journal of Gastroenterology. 2016;22(37):8294-8303

[48] Jiang CM, Pu CW, Hou YH, Chen Z, Alanazy M, Hebbard L. Non alcoholic steatohepatitis 
a precursor for hepatocellular carcinoma development. World Journal of Gastroenterology.  
2014;20:16464-16473

[49] Yoon HJ, Cha BS. Pathogenesis and therapeutic approaches for non-alcoholic fatty liver 
disease. World Journal of Hepatology. 2014;6:800-811

[50] Baffy G, Brunt EM, Caldwell SH. Hepatocellular carcinoma in nonalcoholic fatty liver 
disease: An emerging menace. Journal of Hepatology. 2012;56:1384-1391

[51] Yin F, Sharen G, Yuan F, Peng Y, Chen R, Zhou X, et al. TIP30 regulates lipid metabolism 
in hepatocellular carcinoma by regulating SREBP1 through the Akt/mTOR signaling path-
way. Oncogene. 2017;6(6):e347

[52] Xu T, Jin Z, Yuan Y, Zheng H, Li C, Hou W, et al. Tat-interacting protein 30 (TIP30) 
expression serves as a new biomarker for tumor prognosis: A systematic review and 
meta-analysis. PLoS One. 2016;11(12):e0168408

[53] Yamashita T, Honda M, Takatori H, Nishino R, Minato H, Takamura H, et al. Activation 
of lipogenic pathway correlates with cell proliferation and poor prognosis in hepatocel-
lular carcinoma. Journal of Hepatology. 2009;50:100-110

[54] Kim K, Kim KH, Kim HH, Cheong J. Hepatitis B virus X protein induces lipogenic tran-
scription factor SREBP1 and fatty acid synthase through the activation of nuclear recep-
tor LXRalpha. The Biochemical Journal. 2008;416(2):219-230

[55] Zhu Y, Zhao L, Shi K, Huang Z, Chen B. TRIM24 promotes hepatocellular carcinoma 
progression via AMPK signaling. Experimental Cell Research. 2018

[56] Liu X, Huang Y, Yang D, Li X, Liang J, Lin L, et al. Overexpression of TRIM24 is asso-
ciated with the onset and progress of human hepatocellular carcinoma. PLoS One. 
2014;9(1):e85462

[57] Ignat M, Akladios CY, Lindner V, Khetchoumian K, Teletin M, Muttter D, et al. Develop-
ment of a methodology for in vivo follow-up of hepatocellular carcinoma in hepato-
cyte specific Trim24-null mice treated with myo-inositol trispyrophosphate. Journal of 
Experimental & Clinical Cancer Research. 2016;35(1):155

[58] Jiang S, Minter LC, Stratton SA, Yang P, Abbas HA, Akdemir ZC, et al. TRIM24 sup-
presses development of spontaneous hepatic lipid accumulation and hepatocellular 
carcinoma in mice. Journal of Hepatology. 2015;62:371-379

Novel Mechanism of Nonalcoholic Lipid Accumulation Promoting Malignant Transformation…
http://dx.doi.org/10.5772/intechopen.77400

103



[59] Nagoshi S. Osteopontin: Versatile modulator of liver diseases. Hepatology Research. 
2014;44(1):22-30

[60] Fouad SA, Mohamed NA, Fawzy MW, Moustafa DA. Plasma osteopontin level in chronic 
liver disease and hepatocellular carcinoma. Hepatitis Monthly. 2015;15(9):e30753

[61] McKee C, Sigala B, Soeda J, Mouralidarane A, Morgan M, Mazzoccoli G, et al. Amphiregulin 
activates human hepatic stellate cells and is upregulated in non alcoholic steatohepatitis. 
Scientific Reports. 2015;5:8812

[62] Mikuriya Y, Tashiro H, Kobayashi T, Kuroda S, Abe T, Hashimoto M, et al. Clinicopatho-
logical features of hepatocellular carcinoma in patients with non-alcoholic fatty liver dis-
ease. Langenbeck's Archives of Surgery. 2015;400:471-476

[63] Rein-Fischboeck L, Pohl R, Haberl EM, Zimny S, Neumann M, Eisinger K, et al. Tubulin 
alpha 8 is expressed in hepatic stellate cells and is induced in transformed hepatocytes. 
Molecular and Cellular Biochemistry. 2017;428(1-2):161-170

[64] Tsuchida T, Lee YA, Fujiwara N, Ybanez M, Allen B, Martins S, et al. A simple diet- and 
chemical-induced murine NASH model with rapid progression of steatohepatitis, fibro-
sis and liver cancer. Journal of Hepatology. 2018

[65] Takegoshi K, Honda M, Okada H, Takabatake R, Matsuzawa-Nagata N, Campbell JS, 
et al. Branched-chain amino acids prevent hepatic fibrosis and development of hepa-
tocellular carcinoma in a non-alcoholic steatohepatitis mouse model. Oncotarget. 2017; 
8(11):18191-18205

[66] Su Q, Kumar V, Sud N, Mahato RI. MicroRNAs in the pathogenesis and treatment of 
progressive liver injury in NAFLD and liver fibrosis. Advanced Drug Delivery Reviews. 
2018

[67] Lo Re O, Panebianco C, Porto S, Cervi C, Rappa F, Di Biase S, et al. Fasting inhibits 
hepatic stellate cells activation and potentiates anti-cancer activity of Sorafenib in hepa-
tocellular cancer cells. Journal of Cellular Physiology. 2018;233(2):1202-1212

[68] Miyazaki T, Arai S. Tricking an ancient immune function to eradicate hepatocellular 
carcinoma. Molecular and Cellular Oncology. 2015;2(3):e985915

[69] Wolf MJ, Adili A, Piotrowitz K, Abdullah Z, Boege Y, Stemmer K, et al. Metabolic activa-
tion of intrahepatic CD

8
+T cell and NKT cells causes non-alcoholic steatohepatitis and 

liver cancer via cross-talk with hepatocytes. Cancer Cell. 2014;26:549-564

[70] Ma C, Kesarwala AH, Eggert T, Medina-Echeverz J, Kleiner DE, Jin P, et al. NAFLD 
causes selective CD

4
(+) T lymphocyte loss and promotes hepato-carcinogenesis. Nature. 

2016;531(7593):253-257

[71] Ma C, Zhang Q, Greten TF. Nonalcoholic fatty liver disease promotes hepato-cellular 
carcinoma through direct and indirect effects on hepatocytes. The FEBS Journal. 2018; 
285(4):752-762

Neoplasm104



[72] Iyer S, Upadhyay PK, Majumdar SS, Nagarajan P. Animal models correlating immune 
cells for the development of NAFLD/NASH. Journal of Clinical and Experimental 
Hepatology. 2015;5(3):239-245

[73] Bieghs V, Trautwein C. Innate immune signaling and gut-liver interactions in nonalco-
holic fatty liver disease. Hepatobiliary Surgery and Nutrition. 2014;3:377-385

[74] Gentric G, Maillet V, Paradis V, Couton D, L'Hermitte A, Panasyuk G, et al. Oxidative 
stress promotes pathologic polyploidization in nonalcoholic fatty liver disease. The 
Journal of Clinical Investigation. 2015;125:981-992

[75] Mortezaee K, Khanlarkhani N. Melatonin application in targeting oxidative-induced 
liver injuries: A review. Journal of Cellular Physiology. 2018;233(5):4015-4032

[76] Liu W, Baker SS, Baker RD, Zhu L. Antioxidant mechanisms in non-alcoholic fatty liver 
disease. Current Drug Targets. 2015;16(12):1301-1314

[77] Bocca C, Novo E, Miglietta A, Parola M. Angiogenesis and fibrogenesis in chronic liver 
diseases. Cellular and Molecular Gastroenterology and Hepatology. 2015;1(5):477-488

[78] Borrelli A, Bonelli P, Tuccillo FM, Goldfine ID, Evans JL, Buonaguro FM, et al. Role 
of gut microbiota and oxidative stress in the progression of non-alcoholic fatty liver 
disease to hepatocarcinoma: Current and innovative therapeutic approaches. Redox 
Biology. 2018;15:467-479

[79] Gaggini M, Morelli M, Buzzigoli E, DeFronzo RA, Bugianesi E, Gastaldelli A. Nonalcoholic 
fatty liver disease (NAFLD) and its connection with insulin resistance, dyslipidemia, 
atherosclerosis and coronary heart disease. Nutrients. 2013;5:1544-1560

[80] Frades I, Andreasson E, Mato JM, Alexandersson E, Matthiesen R, Martínez-Chantar ML.  
Integrative genomic signatures of hepatocellular carcinoma derived from nonalcoholic 
fatty liver disease. PLoS One. 2015;10:e0124544

[81] Cohen JC, Horton JD, Hobbs HH. Human fatty liver disease: Old questions and new 
insights. Science. 2011;332:1519-1523

[82] Xu G, Ye J, Liu XJ, Zhang NP, Zhao YM, Fan J, et al. Activation of pluripotent genes in 
hepatic progenitor cells in the transition of nonalcoholic steatohepatitis to pre-malignant 
lesions. Laboratory Investigation. 2017;97(10):1201-1217

[83] Duan XY, Zhang L, Fan JG, Qiao L. NAFLD leads to liver cancer: Do we have sufficient 
evidence? Cancer Letters. 2014;345:230-234

[84] Lee J, Kim Y, Friso S, Choi SW. Epigenetics in non-alcoholic fatty liver disease. Molecular 
Aspects of Medicine. 2017;54:78-88

[85] Smith BK, Marcinko K, Desjardins EM, Lally JS, Ford RJ, Steinberg GR. Treatment of nonal-
coholic fatty liver disease: Role of AMPK. American Journal of Physiology. Endocrinology  
and Metabolism. 2016;311(4):E730-E740

Novel Mechanism of Nonalcoholic Lipid Accumulation Promoting Malignant Transformation…
http://dx.doi.org/10.5772/intechopen.77400

105



[86] Casadei Gardini A, Faloppi L, De Matteis S, Foschi FG, Silvestris N, Tovoli F, et al. 
Metformin and insulin impact on clinical outcome in patients with advanced hepatocel-
lular carcinoma receiving sorafenib: Validation study and biological rationale. European 
Journal of Cancer. 2017;86:106-114

[87] Sorrentino P, D'Angelo S, Ferbo U, Micheli P, Bracigliano A, Vecchione R. Liver iron 
excess in patients with hepatocellular carcinoma developed on non-alcoholic steato-
hepatitis. Journal of Hepatology. 2009;50:351-357

[88] Atarashi M, Izawa T, Miyagi R, Ohji S, Hashimoto A, Kuwamura M, et al. Dietary iron 
supplementation alters hepatic inflammation in a rat model of nonalcoholic steatohepa-
titis. Nutrients. 2018;10(2)

[89] Valenzuela R, Rincón-Cervera MÁ, Echeverría F, Barrera C, Espinosa A, Hernández-
Rodas MC, et al. Iron-induced pro-oxidant and pro-lipogenic responses in relation 
to impaired synthesis and accretion of long-chain poly-unsaturated fatty acids in rat 
hepatic and extrahepatic tissues. Nutrition. 2018;45:49-58

[90] Murali AR, Gupta A, Brown K. Systematic review and meta-analysis to determine the 
impact of iron depletion in dysmetabolic iron overload syndrome and non-alcoholic 
fatty liver disease. Hepatology Research. 2018;48(3):E30-E41

[91] Ba Q, Hao M, Huang H, Hou J, Ge S, Zhang Z, et al. Iron deprivation suppresses hepa-
tocellular carcinoma growth in experimental studies. Clinical Cancer Research. 2011;17: 
7625-7633

[92] Petrick JL, Campbell PT, Koshiol J, Thistle JE, Andreotti G, Beane-Freeman LE, et al. 
Tobacco, alcohol use and risk of hepatocellular carcinoma and intra-hepatic cholangiocar-
cinoma: The liver cancer pooling project. British Journal of Cancer. 2018;118(7):1005-1012

[93] Nischalke HD, Lutz P, Krämer B, Söhne J, Müller T, Rosendahl J, et al. A common poly-
morphism in the NCAN gene is associated with hepatocellular carcinoma in alcoholic 
liver disease. Journal of Hepatology. 2014;61:1073-1079

[94] Sun C, Fan JG, Qiao L. Potential epigenetic mechanism in non-alcoholic fatty liver dis-
ease. International Journal of Molecular Sciences. 2015;16:5161-5179

[95] Cermelli S, Ruggieri A, Marrero JA, Ioannou GN, Beretta L. Circulating microRNAs 
in patients with chronic hepatitis C and non-alcoholic fatty liver disease. PLoS One. 
2011;6:e23937

[96] de Conti A, Ortega JF, Tryndyak V, Dreval K, Moreno FS, Rusyn I, et al. MicroRNA 
deregulation in nonalcoholic steatohepatitis-associated liver carcinogenesis. Oncotarget. 
2017;8(51):88517-88528

[97] Takaki Y, Saito Y, Takasugi A, Toshimitsu K, Yamada S, Muramatsu T, et al. Silencing of 
microRNA-122 is an early event during hepatocarcinogenesis from non-alcoholic steato-
hepatitis. Cancer Science. 2014;105:1254-1260

Neoplasm106



[98] Oda K, Uto H, Mawatari S, Ido A. Clinical features of hepatocellular carcinoma associ-
ated with nonalcoholic fatty liver disease: A review of human studies. Clinical Journal 
of Gastroenterology. 2015;8:1-9

[99] Dongiovanni P, Romeo S, Valenti L. Hepatocellular carcinoma in nonalcoholic fatty 
liver: Role of environmental and genetic factors. World Journal of Gastroenterology. 
2014;20:12945-12955

[100] Tepper CG, Dang JHT, Stewart SL, Fang DM, Wong KA, Liu SY, et al. High frequency 
of the PNPLA3 rs738409 [G] single-nucleotide polymorphism in Hmong individuals 
as a potential basis for a predisposition to chronic liver disease. Cancer. 2018;124(S7): 
1583-1589

[101] Kawaguchi T, Shima T, Mizuno M, Mitsumoto Y, Umemura A, Kanbara Y, et al. Risk esti-
mation model for nonalcoholic fatty liver disease in the Japanese using multiple genetic  
markers. PLoS One. 2018;13(1):e0185490

[102] Singh S, Kuftinec GN, Sarkar S. Non-alcoholic fatty liver disease in South Asians: A 
review of the literature. Journal of Clinical and Translational Hepatology. 2017;5(1):76-81

[103] Castaño-Rodríguez N, Mitchell HM, Kaakoush NO. NAFLD, Helicobacter species 

and the intestinal microbiome. Best Practice & Research. Clinical Gastroenterology. 
2017;31(6):657-668

[104] Bibbò S, Ianiro G, Dore MP, Simonelli C, Newton EE, Cammarota G. Gut microbiota as 
a driver of inflammation in nonalcoholic fatty liver disease. Mediators of Inflammation. 
2018;2018:9321643

[105] Alisi A, Ceccarelli S, Panera N, Nobili V. Causative role of gut microbiota in non-alco-
holic fatty liver disease pathogenesis. Frontiers in Cellular and Infection Microbiology. 
2012;2:132

[106] Gangarapu V, Yıldız K, Ince AT, Baysal B. Role of gut microbiota: Obesity and 
NAFLD. The Turkish Journal of Gastroenterology. 2014;25:133-140

[107] Saltzman ET, Palacios T, Thomsen M, Vitetta L. Intestinal microbiome shifts, dysbiosis, 
inflammation, and non-alcoholic fatty liver disease. Frontiers in Microbiology. 2018;9:61

[108] Kobyliak N, Abenavoli L, Mykhalchyshyn G, Kononenko L, Boccuto L, Kyriienko D, 
et al. A multi-strain probiotic reduces the fatty liver index, cytokines and aminotrans-
ferase levels in NAFLD patients: Evidence from a randomized clinical trial. Journal of 
Gastrointestinal and Liver Diseases. 2018;27(1):41-49

[109] Arab JP, Arrese M, Trauner M. Recent insights into the pathogenesis of nonalcoholic 
fatty liver disease. Annual Review of Pathology. 2018;13:321-350

[110] Takeuchi M, Sakasai-Sakai A, Takata T, Ueda T, Takino J, Tsutsumi M, et al. Serum 
levels of toxic AGEs (TAGE) may be a promising novel biomarker in development and 
progression of NASH. Medical Hypotheses. 2015;84:490-493

Novel Mechanism of Nonalcoholic Lipid Accumulation Promoting Malignant Transformation…
http://dx.doi.org/10.5772/intechopen.77400

107



[111] Zhou M, Learned RM, Rossi SJ, DePaoli AM, Tian H, Ling L. Engineered GF19 elimi-
nates bile acid toxicity and lipotoxicity leading to resolution of steatohepatitis and 
fibrosis in mice. Hepatology Communications. 2017;1(10):1024-1042

[112] Tiessen RG, Kennedy CA, Keller BT, Levin N, Acevedo L, Gedulin B, et al. Safety, 
tolerability and pharmacodynamics of apical sodium-dependent bile acid transporter 
inhibition with volixibat in healthy adults and patients with type 2 diabetes mellitus: A 
randomised placebo-controlled trial. BMC Gastroenterology. 2018;18(1):3

[113] Kovalic AJ, Satapathy SK, Chalasani N. Targeting incretin hormones and the ASK-1 path-
way as therapeutic options in the treatment of non-alcoholic steato-hepatitis. Hepatology 
International. 2018. DOI: 10.1007/s12072-018-9854-1

[114] Castelli G, Pelosi E, Testa U. Liver cancer: Molecular characterization, clonal evolution 
and cancer stem cells. Cancers (Basel). 2017;9(9)

[115] Kuramoto J, Arai E, Tian Y, Funahashi N, Hiramoto M, Nammo T, et al. Genome-
wide DNA methylation analysis during non-alcoholic steatohepatitis-related multi-
stage hepatocarcinogenesis: Comparison with hepatitis virus-related carcinogenesis. 
Carcinogenesis. 2017;38(3):261-270

[116] Wong CM, Tsang FH, Ng IO. Non-coding RNAs in hepatocellular carcinoma: Molec-
ular functions and pathological implications. Nature Reviews. Gastroenterology & 
Hepatology. 2018;15(3):137-151

[117] Park EJ, Lee JH, Yu GY, He G, Ali SR, Holzer RG, et al. Dietary and genetic obesity 
promote liver inflammation and tumorigenesis by enhancing IL-6 and TNF expression. 
Cell. 2010;140:197-208

[118] Kimura T, Tanaka N, Fujimori N, Sugiura A, Yamazaki T, Joshita S, et al. Mild drinking 
habit is a risk factor for hepatocarcinogenesis in non-alcoholic fatty liver disease with 
advanced fibrosis. World Journal of Gastroenterology. 2018;24(13):1440-1450

[119] Ideta T, Shirakami Y, Ohnishi M, Maruta A, Obara K, Miyazaki T, et al. Non-alcoholic 
steatohepatitis-related liver tumorigenesis is suppressed in mice lacking hepatic reti-
noid storage. Oncotarget. 2017;8(41):70695-70706

[120] Kakehashi A, Stefanov VE, Ishii N, Okuno T, Fujii H, Kawai K, et al. Proteome char-
acteristics of non-alcoholic steatohepatitis liver tissue and associated hepatocellular 
carcinomas. International Journal of Molecular Sciences. 2017;18(2)

[121] Font-Burgada J, Sun B, Karin M. Obesity and cancer: The oil that feeds the flame. Cell 
Metabolism. 2016;23:48-62

[122] Huang F, Wang J, Yu F, Tang Y, Ding G, Yang Z, et al. Protective effect of Meretrix meretrix  

oligopeptides on high-fat-diet-induced non-alcoholic fatty liver disease in mice. Marine 
Drugs. 2018;16(2)

Neoplasm108


