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Hepatocellular carcinoma (HCC) is the most common liver can-

cer and the fourth most common cause of cancer mortality world-

wide. Persistent infections with the hepatitis B and hepatitis C vi-

ruses have accounted for the etiology of majority of the HCC 

cases. Owing to the recent development of antiviral agents, the 

proportion of HCCs caused by viral hepatitis is decreasing. Direct-

acting antiviral agents for hepatitis C dramatically improve the 

sustained viral response rate in patients with chronic cases, lead-

ing to a decrease in liver disease-related mortality in patients with 

chronic hepatitis C. Although antiviral treatment is effective for 

the prevention of virus-related HCC, the etiology of the cancer is 

shifting from viral hepatitis to lifestyle-related metabolic diseases, 

such as non-alcoholic steatohepatitis (NASH).1

Currently, surveillance for HCC has been conducted mainly for 

patients carrying the hepatitis virus, because the vast majority of 

HCC patients are positive for hepatitis B or C. In light of the trend 

of increasing metabolic disease-related HCCs, an effective pro-

gram focusing on these diseases is required, which may be diffi-

cult to establish because of the high prevalence and variety of 

metabolic disorders, including impaired glucose tolerance, diabe-

tes mellitus, and obesity.1,2 In addition, metabolic diseases likely 

accelerate the emergence of HCC even after the elimination of the 

hepatitis virus. Nahon et al.3 reported that the cumulative inci-

dence of HCC development among patients with chronic hepatitis 

C who achieved the sustained viral response was stratified by the 

presence or absence of metabolic features defined by a body 

mass index (BMI) of >25 kg/m2 and/or diabetes mellitus and/or 

dyslipidemia. The population of both adults and children who are 

either overweight or obese continues to grow in high-income as 

well as low- and middle-income countries, indicating a further in-

crease in metabolic disease-related features.

To clarify the effect of obesity on hepatocarcinogenesis, Sohn et 

al.4 performed meta-analyses and studied the relationship be-

tween BMI and the emergence or mortality rate of liver cancer us-

ing data exclusively from a prospective cohort study, where the 

majority were likely to be HCC. They clarified the dosage effect of 

BMI on liver cancer emergence, where an increase in BMI was 

positively associated with the development of tumors, although 

the analysis was performed using the categorical variables for 

BMI.4 In addition, they showed that higher BMI is related to the 

increase of HCC emergence and mortality even in subjects with 

hepatitis B or C. Although the cause-and-effect relationship be-

tween obesity and carcinogenesis is difficult to be demonstrated 
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in human subjects, the analysis using a large number of cases 

from prospective cohort studies and the confirmation of the dos-

age effect of BMI on HCC emergence further supports the idea 

that obesity needs to be managed in the prevention of metabolic 

disease-related HCC and thus mortality. From this perspective, it 

is necessary to understand the pathogenesis of HCC caused by 

metabolic perturbations.

It is likely that several conditions, such as insulin resistance, hy-

perinsulinemia, remodeling of adipose tissue, alteration in intesti-

nal flora, and an increase in endoplasmic reticulum and oxidative 

stress, act in concert to contribute to the development of meta-

bolic disease-related HCC (Fig. 1).

Adipocyte inflammation occurs in obese patients with insulin 

resistance and hyperinsulinemia.5 Under these conditions, secre-

tion of adipokines from adipocytes that facilitate insulin sensitivi-

ty, such as adiponectin, is impaired. Generally, normal adipocytes 

secrete adiponectin, which promotes insulin sensitivity and fatty 

acid oxidation and suppresses lipogenesis. In obesity, adipocytes 

show swelling and dedifferentiation that lead to the impaired se-

cretion of adiponectin, and subsequent infiltration of macro-

phages contributes to sustained inflammation. The excess amount 

of fatty acids induced by a high-fat diet results in the overload of 

oxidation in mitochondria, resulting in the generation of reactive 

oxygen species that promote DNA damage. Additionally, a high 

fat level induces inflammation in adipose tissue and liver through 

the increase of oxidative stress and activation of the transcription 

factors involved in the inflammation process, such as nuclear fac-

tor kappa B (NF-κB). In addition, hypertrophic adipocytes induce 

ischemia in adipose tissue, where the accumulation of inflamma-

tory cells and increase of inflammatory cytokines occur,6 and are 

prone to release proinflammatory cytokines and chemokines, in-

cluding tumor necrosis factor-α, interleukin-6, C-C motif chemo-

kine ligand 2, and resistin. These cytokines also accelerate insulin 

resistance through the activation of the Jun amino terminal kinase 

and NF-κB signaling; insulin resistance induced by proinflammato-

ry cytokines, adhesion molecules, and transcription factors con-

tribute to the development of the hepatic manifestation of the 

metabolic disease NASH.5,7,8

On the other hand, obesity-induced inflammation as well as a 

high-fat diet accelerate the change in gut microbiomes and in-

crease permeability of gut mucosa, leading to the leakage of in-

flammatory factors, including bacterial metabolites and other 

bacterial components showing microbiome-associated molecular 

patterns. These factors cause liver inflammation, injury, and DNA 

damage and eventually induce the progression of NASH and the 

development of metabolic disease-related HCC. Indeed, some re-

ports show that microbial transfer from obese mice could induce 

Figure 1. Remodeling of adipose tissue, alteration in gut microbiome, 
and increase in endoplasmic reticulum and oxidative stress act in con-
cert and play a role in insulin resistance and establishment of NASH, 
which is a background condition of metabolic disease-related HCC. In 
patients with obesity, adipocyte inflammation and hypoxia take place, 
where proinflammatory cytokines and chemokines are prone to release. 
Under these conditions, insulin resistance induced by proinflammatory 
cytokines, adhesion molecules, and transcription factors contribute to 
the development of NASH. The excess amount of fatty acids induced by 
a high-fat diet results in the overload of oxidation in mitochondria, re-
sulting in the generation of ROS that promote DNA damage. In addition, 
obesity-induced inflammation as well as a high-fat diet induce changes 
in the gut microbiome and increase permeability of the gut mucosa, 
leading to the leakage of inflammatory factors produced by the gut mi-
crobiome. These factors cause liver injury and DNA damage and even-
tually induce the progression of NASH and development of metabolic 
disease-related HCC through the activation of oncogenic pathways. Di-
etary factors and ROS induce epigenetic alterations that contribute to 
cell proliferation and carcinogenesis. In addition, the presence of several 
SNPs is associated with the development of NASH and HCC. It is possible 
that genetic factors associated with lipid metabolism and inflammation 
act as risk factors for metabolic disease-related HCCs. SNPs, single nucle-
otide polymorphisms; PNPLA3, patatin-like phospholipase domain con-
taining 3; TM6SF2, transmembrane 6 superfamily member 2; HSD17B13, 
hydroxysteroid 17-beta dehydrogenase; HCC, hepatocellular carcinoma; 
FA, fatty acid; ROS, reactive oxygen species; FFA, free fatty acid; PI3K, 
phosphoinositide 3-kinase; mTOR, mammalian target of rapamycin; 
MAKP, mitogen activated protein kinase; LPS, lipopolysaccharide; TLR4, 
toll-like receptor 4; NF-κB, nuclear factor kappa B; IL-6, interleukin-6; JAK/
STAT, Janus kinase/signal transducer and activator of transcription; 
TNF-α, tumor necrosis factor-α; JNK, Jun amino-terminal kinase.
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the progression of NASH in the lean mouse model.9,10 Further-

more, it has been reported that an increase in alcohol-producing 

bacteria in the intestinal flora may cause liver injury. In addition, 

alteration of the gut microbiome results in the gut flora producing 

secondary bile acid through the function of bacterial bile acid 

7α-dehydroxylase. Secondary bile acids, deoxycholic acid, and lio-

thocholic acid are known to induce carcinogenesis through the in-

duction of inflammation and oxidative stress. These types of sec-

ondary bile acids could affect hepatic satellite cells and induce a 

senescence-associated secretary phenotype via the stimulation of 

the toll-like receptor 2.11,12 The phenotype alteration in the hepatic 

satellite cells induces the production of prostaglandin E2 and sup-

presses antitumor immunity.12 A high-fat diet impairs the function 

of the farnesiod X receptor that plays a role in hepatic triglyceride 

homeostasis, glucose stage and release, and acceleration of the 

induction of steatosis.13 These conditions cooperate and contrib-

ute to the development and progression of inflammation, fibrosis, 

and hepatocarcinogenesis through the alteration of cellular sig-

naling, such as the activation of phosphoinositide 3-kinase (PI3K)/

Akt, NF-κB/mammalian target of rapamycin complex (mTOR), and 

Janus kinase/signal transducer and activator of transcription (JAK/

STAT) pathways in hepatocytes as well as mesenchymal cells.

In addition to adipocyte inflammation, insulin resistance, and 

changes in the gut microbiome, several genetic and epigenetic 

backgrounds have been reported in association with NASH and 

metabolic disease-related HCC. A genome-wide association study 

revealed that the single nucleotide polymorphism (SNP) rs738409 

C >G in the patatin-like phospholipase domain-containing  

3 gene, which plays a role in the regulation of lipolysis in hepato-

cytes, is associated with the increased risk of developing NASH 

and HCC.14 The SNPs in the transmembrane 6 superfamily mem-

ber 2 gene and hydroxysteroid 17-beta dehydrogenase are also 

known to be associated with metabolic disease-related HCC.15,16 

The combination of SNPs in the phospholipase domain-containing 

3, transmembrane 6 superfamily member 2, and hydroxysteroid 

17-beta dehydrogenase genes reportedly predicts a 29-fold in-

creased risk for HCC, suggesting that genetic factors have a fun-

damental role in the development of metabolic disease-related 

HCCs.17 Moreover, metabolic perturbation has been reported to 

result in the alteration of epigenetic modification in a mouse 

model. For example, glycine N-methyltransferase knockout mice, 

which develop NASH and HCC, show hypermethylation on the 

promoter of the tumor suppressor Ras-association domain family 

member 1, suppression of the cytokine signaling 2 gene, and acti-

vation of the Ras and JAK/STAT signaling pathway.18 Additionally, 

hyperinsulinemia may affect histone modification and contribute 

to the development of HCC through the altered expression of 

genes involved in cellular signaling.19 These epigenetic alterations 

can lead to the dysregulation of adipokine secretion and activa-

tion of PI3K/Akt, JAK/STAT, NF-κB, mTOR, trans-4-hydroxy-

2-nonenal, and the nuclear factor erythroid 2-related factor 1 on-

cogenic pathway in hepatocytes. Alteration of DNA methylation 

and histone modification induces the activation of noncoding 

RNAs such as miR-21, miR-221, and miR-222, which are responsi-

ble for cell proliferation and carcinogenesis.20

In summary, obesity is a major cause of inflammation in adipose 

tissue as well as the liver; additionally, it can induce insulin resis-

tance, as well as affect the immune systems in the gut and liver. 

Some reports show immunological aspects of metabolic disease-

related HCC and its treatment.21,22 These conditions affect the gut 

microbiome, modulate the histone code, and alter the expression 

of noncoding RNA. Certain genetic conditions can accelerate the 

progression of obesity-induced disorders. As metabolic perturba-

tions affect gene expression and molecular alteration, and vice 

versa, making efforts to understand the influence of obesity and 

lifestyle events is becoming critical for achieving effective man-

agement of the emergence of metabolic disease-related HCC. 

Conflicts of Interest
The author has no conflicts to disclose.

REFERENCES

  1.  Singal AG, Lampertico P, Nahon P. Epidemiology and surveillance for 

hepatocellular carcinoma: new trends. J Hepatol 2020;72:250-261.

  2.  Hanouneh IA, Alkhouri N, Singal AG. Hepatocellular carcinoma sur-

veillance in the 21st century: saving lives or causing harm? Clin Mol 

Hepatol 2019;25:264-269.

  3.  Nahon P, Bourcier V, Layese R, Audureau E, Cagnot C, Marcellin P, et 

al. Eradication of hepatitis C virus infection in patients with cirrhosis 

reduces risk of liver and non-liver complications. Gastroenterology 

2017;152:142-156.e2.

  4.  Sohn W, Lee HW, Lee S, Lim JH, Lee MW, Park CH, et al. Obesity 

and the risk of primary liver cancer: a systematic review and meta-

analysis. Clin Mol Hepatol 2021;27:157-174.

  5.  Shoelson SE, Lee J, Goldfine AB. Inflammation and insulin resis-

tance. J Clin Invest 2006;116:1793-1801.

  6.  Iyengar NM, Gucalp A, Dannenberg AJ, Hudis CA. Obesity and can-

cer mechanisms: tumor microenvironment and inflammation. J Clin 

Oncol 2016;34:4270-4276.



90 http://www.e-cmh.orghttps://doi.org/10.3350/cmh.2020.0302

Volume_27  Number_1  January 2021

  7.  Han MS, Jung DY, Morel C, Lakhani SA, Kim JK, Flavell RA, et al. 

JNK expression by macrophages promotes obesity-induced insulin 

resistance and inflammation. Science 2013;339:218-222.

  8.  Yoo JJ, Kim W, Kim MY, Jun DW, Kim SG, Yeon JE, et al. Recent 

research trends and updates on nonalcoholic fatty liver disease. Clin 

Mol Hepatol 2019;25:1-11.

  9.  Turnbaugh PJ, Ley RE, Mahowald MA, Magrini V, Mardis ER, Gordon 

JI. An obesity-associated gut microbiome with increased capacity 

for energy harvest. Nature 2006;444:1027-1031.

10.  Henao-Mejia J, Elinav E, Jin C, Hao L, Mehal WZ, Strowig T, et al. 

Inflammasome-mediated dysbiosis regulates progression of NAFLD 

and obesity. Nature 2012;482:179-185.

11.  Yoshimoto S, Loo TM, Atarashi K, Kanda H, Sato S, Oyadomari S, et 

al. Obesity-induced gut microbial metabolite promotes liver cancer 

through senescence secretome. Nature 2013;499:97-101.

12.  Loo TM, Kamachi F, Watanabe Y, Yoshimoto S, Kanda H, Arai Y, et 

al. Gut microbiota promotes obesity-associated liver cancer through 

PGE2-mediated suppression of antitumor immunity. Cancer Discov 

2017;7:522-538.

13.  Lu Y, Ma Z, Zhang Z, Xiong X, Wang X, Zhang H, et al. Yin Yang 1 

promotes hepatic steatosis through repression of farnesoid X recep-

tor in obese mice. Gut 2014;63:170-178.

14.  Liu YL, Patman GL, Leathart JB, Piguet AC, Burt AD, Dufour JF, et al. 

Carriage of the PNPLA3 rs738409 C >G polymorphism confers an 

increased risk of non-alcoholic fatty liver disease associated hepato-

cellular carcinoma. J Hepatol 2014;61:75-81.

15.  Kozlitina J, Smagris E, Stender S, Nordestgaard BG, Zhou HH, 

Tybjærg-Hansen A, et al. Exome-wide association study identifies a 

TM6SF2 variant that confers susceptibility to nonalcoholic fatty liver 

disease. Nat Genet 2014;46:352-356.

16.  Abul-Husn NS, Cheng X, Li AH, Xin Y, Schurmann C, Stevis P, et al. 

A protein-truncating HSD17B13 variant and protection from chronic 

liver disease. N Engl J Med 2018;378:1096-1106.

17.  Gellert-Kristensen H, Richardson TG, Davey Smith G, Nordestgaard 

BG, Tybjaerg-Hansen A, Stender S. Combined effect of PNPLA3, 

TM6SF2, and HSD17B13 variants on risk of cirrhosis and hepatocel-

lular carcinoma in the general population. Hepatology 2020;72:845-

856.

18.  Martínez-Chantar ML, Vázquez-Chantada M, Ariz U, Martínez N, 

Varela M, Luka Z, et al. Loss of the glycine N-methyltransferase 

gene leads to steatosis and hepatocellular carcinoma in mice. Hepa-

tology 2008;47:1191-1199.

19.  Liu Y, Lin H, Jiang L, Shang Q, Yin L, Lin JD, et al. Hepatic Slug epi-

genetically promotes liver lipogenesis, fatty liver disease, and type 2 

diabetes. J Clin Invest 2020;130:2992-3004.

20.  de Conti A, Ortega JF, Tryndyak V, Dreval K, Moreno FS, Rusyn I, et 

al. MicroRNA deregulation in nonalcoholic steatohepatitis-associat-

ed liver carcinogenesis. Oncotarget 2017;8:88517-88528.

21.  Nishida N, Kudo M. Immune checkpoint blockade for the treatment 

of human hepatocellular carcinoma. Hepatol Res 2018;48:622-634.

22.  Ringelhan M, Pfister D, O’Connor T, Pikarsky E, Heikenwalder 

M. The immunology of hepatocellular carcinoma. Nat Immunol 

2018;19:222-232.


