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Abstract

Non-alcoholic fatty liver disease (NAFLD) is attributed to liver-related morbidity and mortality, there is also growing evidence
that NAFLD is a multisystem disease. NAFLD has to be considered as a significant independent risk factor for subclinical
and clinical cardiovascular disease (CVD). The author previously suggested that an association between chronic liver disease
(NAFLD/NASH and chronic hepatitis C virus infection: HCV infection) and systemic atherosclerosis may be present due to the
presence of the inflammation as a common pathway. The growing incidence of NAFLD/ NASH has led to an increase of non-
alcoholic steatohepatitis (NASH)-related hepatocellular carcinoma (HCC). Non-cirrhotic NAFLD-HCC has been also reported
and the characteristic findings of a large cohort of HCC cases estimated the outcomes of patients with non-cirrhotic NAFLD-
HCC were studied. In this article, the current knowledges of NAFLD/NASH- related HCC along with the genetics role have
been reviewed. As NAFLD can develop HCC without NASH or cirrhosis, it is important to increase the effective screening and
preventative strategies in patient with NAFLD/NASH. As PNPLA3 rs738409 C>G variant may be considered as an indicator of
liver complication and/or death in patients with NAFLD, the further studies for PNPLA3 variant based on gene susceptibility
will be needed especially in patient with non-cirrhotic NAFLD.
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accurate diagnosis of liver fibrosis is important to prevent
progression of liver fibrosis to cirrhosis and HCC at screening
test in the general population [4]. The growing incidence
of NAFLD/ NASH has led to an increase of NASH-related
HCC [5]. Bengtsson et al. [6] characterized a large cohort
of HCC cases estimated the outcomes of patients with non-
cirrhotic NAFLD-HCC. They mentioned that patients with
non-cirrhotic NAFLD-HCC differ from those with cirrhosis
in age, tumor size, and allocated treatments. Current studies
indicated that genetic susceptibility increases risks of NAFLD,
NASH, and NASH-related cirrhosis [7]. The pharmacological
therapeutic have not been approved in patients with NASH
and liver transplantation is the only available therapy for
liver cirrhosis. The raised overall and liver-specific mortality
and increased risks of cirrhosis, liver failure and HCC were
represented in patients with NASH. Genetic variations in
five genes including PNPLA3, TM6SF2, GCKR, MBOAT?7,
and HSD17B13 have emerged as reproducibly and robustly
predisposing individuals to development of NASH [8]. It has
been reported the relationship between PNPLA3 rs738409
C>G variant and liver-related outcomes [9]. In this article, the
author will review the current knowledges of NAFLD /NASH-
related HCC along with the genetics role.

NAFLD/NASH-Related Atherosclerosis

Byrne et al. [1] described that NAFLD is attributed to
liver-related morbidity and mortality, there is also growing
evidence that NAFLD is a multisystem disease. The liver
pathology of NAFLD affects hepatic structure and function
and cause mortality and morbidity due to the cirrhosis, liver
failure,and HCC.Mechanisms contributingto the pathogenesis
of HCC also occur with obesity and insulin resistance. The
report by Francque et al. [2] have suggested that NAFLD has
to be considered as a significant independent risk factor for
subclinical and clinical CVD. Many evidences indicated that
NAFLD associates with endothelial dysfunction assessed
by flow-mediated vasodilation (FMD) study, increased
pulse wave velocity (PWV), increased coronary arterial
calcifications, and increased intima-media thickness (IMT)
by evaluated common carotid artery that are established
CVD indicators [2]. It has been indicated that NAFLD is part
of a complex multisystem disease with multiple bidirectional
relationships [2]. The author previously suggested that an
association between chronic liver disease and systemic
atherosclerosis may be present due to the presence of the
inflammation as a common pathway [3]. Flow-mediated
vasodilation (FMD) and nitroglycerin-mediated vasodilation
(NMD) tests in the brachial artery is a potent procedure for
assessing vascular endothelial and vascular smooth muscle
cell (VSMC) function in atherosclerosis [10]. The author has
described some reports on the diseases of migraine, CVD,
chronic kidney disease (CKD), dyslipidemia, and aging liver
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[11-19] using FMD and NMD examinations.

Studies of Liver Fibrosis in General
Population

The study by You et al. [4] have indicated that the
prevalence of significant liver fibrosis using transient
elastography (TE) was 6.9% in healthy subjects, suggesting
that the prevalence of significant liver fibrosis was fairly
high. They mentioned that BMI, ALT level, carotid IMT, and
the number of calcified carotid plaques were independently
associated with the presence of significant liver fibrosis
[4]- As the prognosis of chronic liver disease (CLD) such as
HCV infection and NAFLD, depends on the severity of liver
fibrosis, the accurate diagnosis of liver fibrosis is important
to prevent progression of liver fibrosis to cirrhosis and HCC
at screening test in the general population [4]. The report by
Koehler et al. [20] has indicated that higher age, presence of
diabetes mellitus (DM) and/or steatosis, higher ALT level,
greater spleen size, current or former smoking, and positive
viral serology for hepatitis B and/or C are factors associated
with clinically relevant fibrosis in a general population from
the Rotterdam Study. They described that the suggestive
of clinically relevant fibrosis representing liver stiffness
measurement (LSM) =8.0 kPa on TE, was present in 5.6%
in a large population-based study of older adults. Well,
concerning the aging liver, our previous study indicated that
the relation between aspartate aminotransferase to platelet
ratio index (APRI) and endothelial function assessed by FMD
study were recognized, thereby indicating that APRI may
reflect systemic atherosclerosis condition in elderly patients
without hepatic-related causes. The result indicated that
aging liver and systemic atherosclerosis may concomitantly
occur [18,19]. The author also suggested that it might be
useful to investigate the higher APRI for the early detection
and prevention of clinical and/or subclinical diseases in
elderly patients without hepatic-related causes [18,19].

NAFLD/NASH-Related HCC

The growing incidence of NAFLD/NASH has led to an
increase of NASH-related HCC [5]. Several reports have
identified that NASH can lead to advanced fibrosis and
cirrhosis. In result, the risk of HCC developments have raised
[21]. The report by White et al. showed that the cumulative
annual incidence rate for the occurrence of HCC in patients
with NASH-related cirrhosis is approximately 2.4%-12.8%
[22]. It has been suggested that HCC development has
been also identified in patients with NAFLD without NASH
or cirrhosis. These patients usually less likely to diagnose
by surveillance compared to HCC with viral hepatitis [23].
A similar increasing tendency has been reported in HCC
without cirrhotic NAFLD/NASH [24]. Bengtsson et al. [6]
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reported that patients with non-cirrhotic NAFLD-HCC were
observed in 37% of NAFLD-HCC. They mentioned that
patients with non-cirrhotic NAFLD-HCC, compared with
patients with cirrhotic NAFLD-HCC, were older, a lower
prevalence of type 2 diabetes mellitus, larger tumors, and
allocated treatments [6]. With respect to the therapeutic,
it has been reported that NASH-related HCC is the growing
indication for liver transplantation. Cholankeril et al. [5]
indicated that increased efforts of effective screening and
preventative strategies especially in patient with non-
cirrhotic NASH based on genetic susceptibility are needed to
decrease the occurrence of NASH-related HCC [5].

Emerging Role of Genetic in NAFLD /NASH

Current studies indicated that genetic susceptibility
increases risks of NAFLD, NASH, and NASH-related
cirrhosis [7]. Appearances of NASH are characterized by
the liver fat accumulation, inflammation and fibrosis. The
pharmacological therapeutic have not been approved in
patients with NASH and liver transplantation is the only
available therapy for liver cirrhosis. Increased overall and
liver-specific mortality and raised risks of cirrhosis, liver
failure and HCC were represented in patients with NASH
[25,26]. Genetic variations in five genes including PNPLA3,
TM6SF2, GCKR, MBOAT7, and HSD17B13 have emerged
as reproducibly and robustly predisposing individuals to
development of NASH [8]. It has been reported that these
five genes known to be associated with NASH are involved
in glucose and fat hemeostasis regulatory pathway. With
respect to PNPLA3, anonsynonymous SNP in PNPLA3 known
as rs738409 c.444 C> G p.I148M is the first genetic variant
found to be associated with NASH [7]. It is suggested that
PNPLA3 1148M has allelic odds ratios of approximately two
or three for risks of NAFLD, NASH, and HCC [9].Inactivating
variants in the HSD17B13 gene have recently been liked with
areduced risk of chronic liver disease [27,28,29]. The studies
demonstrated that the associations between the variant and
reduced odds of HCC have been reported [30,31]. A SNP
in TM6SF2 (transmembrane 6 superfamily member 2) is
associated with increased liver fat content, NASH, advanced
hepatic fibrosis and cirrhosis [32]. It has been reported
that GCKR P446L is a loss-of-function variant. This valiant
is associated with increased susceptibility to NAFLD, NASH,
and NASH-derived HCC [33]. It has been reported that a
SNP downstream of the gene encoding membrane bound
O-acyltransferase domain-containing 7 (MBOAT7) may
predispose to HCC [34]. Carlsson et al. [7] described that
very limited evidence indicates that PNPLA3 1148M may
modulate the response to therapy. They also mentioned that
HSD17B13 may provide targets for treatment strategy in
patients with NASH [7]. While, Schwartz et al. [35] suggested
that the identification of novel targets and therapeutic
modalities have been required for the emerging worldwide
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epidemic of NAFLD and NASH. They discovered that
momelotinib reduces the expression of the PNPLA3 gene
through the inhibition of BMP signaling rather than the JAK/
STAT pathway. They reveal new signal pathways that regulate
PNPLA3 transcription and conclude that momelotinib serve
as a potential therapeutic benefit to a high-risk patients with
NAFLD/NASH.

Relationship between PNPLA3 Rs738409
C>G Variant and Liver-Related Outcomes

A few studies including retrospective cohort studies and
a meta-analysis report have identified that the severity of
histological liver fibrosis is the strongest indicator not only
of liver-related complications but also of death caused by
extrahepatic diseases [36,37]. There is growing evidence that
genetic factor can affect the severity of NAFLD. It has been
demonstrated that the rs738409 C>G variant in PNPLA3
gene has been demonstrated by genome-wide association
studies (GWAS) as an independent genetic risk factor in
patients with NAFLD [38]. The variant has been associated
with the severity of liver damage as well as with the presence
of HCC [39,40]. Grimaudo et al. [9] suggested that patients
with NAFLD carrying PNPLA3 rs738409 C>G variant are at
higher risk of decompensation, liver cancer, and death. They
mentioned that genotype analysis might be considered to
identify the greatest risk for liver complications or death in
patients with NAFLD.

Summary

Ithas been described that non-cirrhotic HCC can occur in
patient with NAFLD, it is significant to increase the effective
screening and preventative strategies in patient with NAFLD/
NASH. It may be putative that the association between
PNPLA3 rs738409 C>G variant and liver related outcomes
including liver complications and death was identified. As
PNPLA3 rs738409 C>G variant may be considered as an
indicator of liver complication such as decompensation and
liver cancer, and/or death in patients with NAFLD, the further
studies for PNPLA3 variant based on gene susceptibility will
be needed especially in patient with non-cirrhotic NAFLD.

Conclusion

¢ Non-cirrhotic HCC can occur in patient with NAFLD,
therefore it is important to increase the effective
screening and preventative strategies in patient with
NAFLD/NASH.

e AsPNPLA3rs738409C>Gvariantmaybe consideredasan
indicator of liver complication such as decompensation
and liver cancer, and/or death in patients with NAFLD,
the further studies for PNPLA3 variant will be needed
particularly in patient with non-cirrhotic NAFLD.

Copyright© Fujioka K.


https://medwinpublishers.com/OAJCO

Conflict of Interest

Author declares that I have no conflicts of interest.

10.

11.

Fujioka K. NAFLD/NASH-Related Hepatocellular Carcinoma: Along with the Role of Genetics. ]

References

Byrne CD, Targher G (2015) NAFLD: a multisystem
disease. ] Hepatology 62(1): S47-S64.

Francque SM, van der Graaff D, Kwanten W] (2016)
Non-alcoholic fatty liver disease and cardiovascular
risk: pathophysiological mechanisms and implications. ]
Hepatol 65(2): 425-443.

Fujioka K (2021) Association between chronic liver
disease and atherosclerosis: an inflammation as common
pathway. ] Clin Trials 11(1): 444.

You SC, Kim K], Kim SU, Kim BK, Park JY, et al. (2015)
Factors associated with significant liver fibrosis assessed
using transient elastography in general population.
World ] Gastroenterol 21(4): 1158-1166.

Cholankeril G, Patel R, Khurana S, Satapathy SK
(2017) Hepatocellular carcinoma in non-alcoholic
steatohepatitis: current knowledge and implications for
management. World ] Hepatol 9(11): 533-543.

Bengtsson B, Stal P, Wahlin S, Bjorkstrom N, Hagstrom
H, et al. (2019) Characteristics and outcome of
hepatocellular carcinoma in patients with NAFLD
without cirrhosis. Liver Int 39(6): 1098-1108.

Carlsson B, Linden D, Brolen G, Liljeblad M, Bjursell M, et
al. (2020) Review article: the emerging role of genetics
in precision medicine for patients with non-alcoholic
steatohepatitis. Aliment Pharmacol Ther 51(12): 1305-
1320.

Valenti LVC, Baselli GA (2018) Genetics of nonaccoholic
fatty liver disease: a 2018 update. Curr Pharm Des
24(38): 4566-4573.

Grimaudo S, Pipitone RM, Pennisi G, Celsa C, Camma C,
et al. (2020) Association between PNPLA3 rs738409
C>G variant and liver-related outcomes in patients
with nonalcoholic fatty liver disease. Clin Gastroenterol
Hepatol 18(4): 935-944.

Corretti MC, Anderson TJ, Benjamin E], Celermajer
D, Charbonneau F et al. (2002) Guidelines for the
ultrasound assessment of endothelial-dependent flow-
mediated vasodilation of the brachial artery: a report of
the International Brachial Artery Reactivity Task Force. |
Am Coll Cardiol 39(2): 257-265.

Fujioka K, Oishi M, Fujioka A, Nakayama T (2018)

Cancer Oncol 2020, 4(2): 000165.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Open Access Journal of Cancer & Oncology

Increased nitroglycerin-mediated vasodilation in
migraineurs without aura in the interictal period. ] Med
Ultrason 45(4): 605-610.

Fujioka K (2019) Reply to: Endothelium-dependent and
-independent functions in migraineurs. | Med Ultrason
46(1): 169-170.

Fujioka K, Oishi M, Nakayama T, Fujioka A (2019)
Association of brachial artery measures with estimated
GFR>60mL/min/1.73m? in a cross-sectional study of
the community-based women. Angiology Open Access
7(2): 231.

Fujioka K (2019) Propensity to the vascular smooth
muscle cell abnormality in migraine without aura
and vasospastic angina along with a genome-wide
association studies. ] Carcinog Mutagene 10(2): 10.334.

Fujioka K, Oishi M, Fujioka A, Nakayama T, Okada M
(2019) Interrelationship among lipid profiles, arterial
stiffness, and nitroglycerin-mediated vasodilation in the
community-based setting of Japanese women. Angiology
Open Access 7(4): 235.

Fujioka K (2020) Effect on microRNA-92a in
atherosclerosis along with flow-mediated vasodilation
study. ] Cancer Oncol 4(1): 000154.

Fujioka K (2020) A novel biomarker microRNA-92a-3p
as a link between cardiovascular disease and chronic
kidney disease. ] Carcinog Mutagen 11(2): 1000345.

Fujioka K, Oishi M, Nakayama T, Fujioka A (2016)
Correlation between vascular failure (endothelial
dysfunction) and fibrosis markers. Jpn ] Med Ultrsonics
43:S458.

Fujioka K (2021) Association between endothelial
dysfunction and aspartate aminotransferase to platelet
ratio index in patient without hepatic-related disease.
Angiology Open Access (under review).

Koehler EM, Plompen EPC, Schouten JNL, Hansen BE,
Murad SD, et al. (2016) Presence of diabetes mellitus and
steatosis is associated with liver stiffness in a general
population: the Rotterdam Study. Hepatology 63(1):
138-147.

Nagaoki Y, Hyogo H, Aikata H, Tanaka M, Naeshiro N, et al.
(2012) Recent trend of clinical features in patients with
hepatocellular carcinoma. Hepatol Res 42(4): 368-375.

White DL, Kanwai F, EI-Serag HB (2012) Association
between nonalcoholic fatty liver disease and risk for
hepatocellular cancer, based on systematic review. Clin

Copyright© Fujioka K.


https://medwinpublishers.com/OAJCO
https://pubmed.ncbi.nlm.nih.gov/25920090/
https://pubmed.ncbi.nlm.nih.gov/25920090/
https://www.sciencedirect.com/science/article/abs/pii/S0168827816301076
https://www.sciencedirect.com/science/article/abs/pii/S0168827816301076
https://www.sciencedirect.com/science/article/abs/pii/S0168827816301076
https://www.sciencedirect.com/science/article/abs/pii/S0168827816301076
https://www.longdom.org/open-access/association-between-chronic-liver-disease-and-atherosclerosis-an-inflammation-as-common-pathway.pdf
https://www.longdom.org/open-access/association-between-chronic-liver-disease-and-atherosclerosis-an-inflammation-as-common-pathway.pdf
https://www.longdom.org/open-access/association-between-chronic-liver-disease-and-atherosclerosis-an-inflammation-as-common-pathway.pdf
https://pubmed.ncbi.nlm.nih.gov/25632188/
https://pubmed.ncbi.nlm.nih.gov/25632188/
https://pubmed.ncbi.nlm.nih.gov/25632188/
https://pubmed.ncbi.nlm.nih.gov/25632188/
https://pubmed.ncbi.nlm.nih.gov/28469809/
https://pubmed.ncbi.nlm.nih.gov/28469809/
https://pubmed.ncbi.nlm.nih.gov/28469809/
https://pubmed.ncbi.nlm.nih.gov/28469809/
https://onlinelibrary.wiley.com/doi/abs/10.1111/liv.14087
https://onlinelibrary.wiley.com/doi/abs/10.1111/liv.14087
https://onlinelibrary.wiley.com/doi/abs/10.1111/liv.14087
https://onlinelibrary.wiley.com/doi/abs/10.1111/liv.14087
https://pubmed.ncbi.nlm.nih.gov/32383295/
https://pubmed.ncbi.nlm.nih.gov/32383295/
https://pubmed.ncbi.nlm.nih.gov/32383295/
https://pubmed.ncbi.nlm.nih.gov/32383295/
https://pubmed.ncbi.nlm.nih.gov/32383295/
https://pubmed.ncbi.nlm.nih.gov/30659533/
https://pubmed.ncbi.nlm.nih.gov/30659533/
https://pubmed.ncbi.nlm.nih.gov/30659533/
https://www.sciencedirect.com/science/article/abs/pii/S1542356519308869
https://www.sciencedirect.com/science/article/abs/pii/S1542356519308869
https://www.sciencedirect.com/science/article/abs/pii/S1542356519308869
https://www.sciencedirect.com/science/article/abs/pii/S1542356519308869
https://www.sciencedirect.com/science/article/abs/pii/S1542356519308869
https://pubmed.ncbi.nlm.nih.gov/11788217/
https://pubmed.ncbi.nlm.nih.gov/11788217/
https://pubmed.ncbi.nlm.nih.gov/11788217/
https://pubmed.ncbi.nlm.nih.gov/11788217/
https://pubmed.ncbi.nlm.nih.gov/11788217/
https://pubmed.ncbi.nlm.nih.gov/11788217/
https://pubmed.ncbi.nlm.nih.gov/29796732/
https://pubmed.ncbi.nlm.nih.gov/29796732/
https://pubmed.ncbi.nlm.nih.gov/29796732/
https://pubmed.ncbi.nlm.nih.gov/29796732/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6339882/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6339882/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6339882/
https://www.longdom.org/open-access/association-of-brachial-artery-measures-with-estimated-gfr60-mlmin173-m2-in-a-crosssectional-study-of-the-communitybased.pdf
https://www.longdom.org/open-access/association-of-brachial-artery-measures-with-estimated-gfr60-mlmin173-m2-in-a-crosssectional-study-of-the-communitybased.pdf
https://www.longdom.org/open-access/association-of-brachial-artery-measures-with-estimated-gfr60-mlmin173-m2-in-a-crosssectional-study-of-the-communitybased.pdf
https://www.longdom.org/open-access/association-of-brachial-artery-measures-with-estimated-gfr60-mlmin173-m2-in-a-crosssectional-study-of-the-communitybased.pdf
https://www.longdom.org/open-access/association-of-brachial-artery-measures-with-estimated-gfr60-mlmin173-m2-in-a-crosssectional-study-of-the-communitybased.pdf
https://www.longdom.org/open-access/propensity-to-the-vascular-smooth-muscle-cell-abnormality-in-migrainewithout-aura-and-vasospastic-angina-along-with-a-ge.pdf
https://www.longdom.org/open-access/propensity-to-the-vascular-smooth-muscle-cell-abnormality-in-migrainewithout-aura-and-vasospastic-angina-along-with-a-ge.pdf
https://www.longdom.org/open-access/propensity-to-the-vascular-smooth-muscle-cell-abnormality-in-migrainewithout-aura-and-vasospastic-angina-along-with-a-ge.pdf
https://www.longdom.org/open-access/propensity-to-the-vascular-smooth-muscle-cell-abnormality-in-migrainewithout-aura-and-vasospastic-angina-along-with-a-ge.pdf
https://www.longdom.org/open-access/interrelationship-among-lipid-profiles-arterial-stiffness-and-nitroglycerinmediated-vasodilation-in-the-communitybased-setting-of--44839.html
https://www.longdom.org/open-access/interrelationship-among-lipid-profiles-arterial-stiffness-and-nitroglycerinmediated-vasodilation-in-the-communitybased-setting-of--44839.html
https://www.longdom.org/open-access/interrelationship-among-lipid-profiles-arterial-stiffness-and-nitroglycerinmediated-vasodilation-in-the-communitybased-setting-of--44839.html
https://www.longdom.org/open-access/interrelationship-among-lipid-profiles-arterial-stiffness-and-nitroglycerinmediated-vasodilation-in-the-communitybased-setting-of--44839.html
https://www.longdom.org/open-access/interrelationship-among-lipid-profiles-arterial-stiffness-and-nitroglycerinmediated-vasodilation-in-the-communitybased-setting-of--44839.html
https://medwinpublishers.com/OAJCO/OAJCO16000154.pdf
https://medwinpublishers.com/OAJCO/OAJCO16000154.pdf
https://medwinpublishers.com/OAJCO/OAJCO16000154.pdf
https://www.longdom.org/open-access/a-novel-biomarker-microrna92a3p-as-a-link-between-cardiovascular-disease-and-chronic-kidney-disease-53323.html
https://www.longdom.org/open-access/a-novel-biomarker-microrna92a3p-as-a-link-between-cardiovascular-disease-and-chronic-kidney-disease-53323.html
https://www.longdom.org/open-access/a-novel-biomarker-microrna92a3p-as-a-link-between-cardiovascular-disease-and-chronic-kidney-disease-53323.html
https://europepmc.org/article/med/26171685
https://europepmc.org/article/med/26171685
https://europepmc.org/article/med/26171685
https://europepmc.org/article/med/26171685
https://europepmc.org/article/med/26171685
https://pubmed.ncbi.nlm.nih.gov/22151896/
https://pubmed.ncbi.nlm.nih.gov/22151896/
https://pubmed.ncbi.nlm.nih.gov/22151896/
https://pubmed.ncbi.nlm.nih.gov/23041539/
https://pubmed.ncbi.nlm.nih.gov/23041539/
https://pubmed.ncbi.nlm.nih.gov/23041539/

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Fujioka K. NAFLD/NASH-Related Hepatocellular Carcinoma: Along with the Role of Genetics. ]

Gastroenterol Hepatol 10(12): 1342-1359.e2.

Reddy SK, Steel JL, Chen HW, DeMateo D], Cardinal
], et al. (2012) Outcomes of curative treatment for
hepatocellular cancer in nonalcoholic steatohepatitis
versus hepatitis C and alcoholicliver disease. Hepatology
55(6): 1809-1819.

Karagozian R, Derdak Z, Baffy G (2014) Obesity-
associated mechanisms of hepatocarcinogenesis.
Metabolism 63(5): 607-617.

Rinella ME (2015) Nonalcoholic fatty liver disease: a
systematic review. JAMA 313(22): 2263-2273.

Chalasani N, Younossi Z, Lavine JE, Diehl AM, Brunt EM,
et al. (2012) The diagnosis and management of non-
alcoholic fatty liver disease: practice Guideline by the
American Association for the Study of Liver Diseases,
American College of Gastroenterology, and the American
Gastroenterological Association. Hepatology 55(6):
2005-2023.

Kozlitina ], Stender S, Hobbs HH, Cohen JC (2018)
HSD17B13 and chronic liver disease in blacks and
hispanics. N Engl ] Med 379(19): 1876-1877.

Abul-Husn NS, Cheng X, Li AH, Xin Y, Schurmann C, et
al. (2018) A protein-truncating HSD17B13 variant and
protection from chronic liver disease. N Engl ] Med
378(12): 1096-1106.

Ma Y, Belyaeva OV, Brown PM, Fujita K, Valles K, et al.
(2019) 17-beta hydroxysteroid dehydrogenase 13
is a hepatic retinol dehydrogenase associated with
histological features of nonalcoholic fatty liver disease.
Hepatology 69(4): 1504-1519.

Gellert-Kristensen H, Nordestgaard BG, Tybjaerg-
Hansen A, Stender S (2020) High risk of fatty liver
disease amplifies the alanine transaminase-lowing effect
of a HSD17B13 variant. Hepatology 71(1): 56-66.

Yang ], Trepo E, Nahon P, Cao Q, Moreno C, et al. (2019)
A 17-Beta- hydroxysteroid dehydrogenase 13 variant
protects from hepatocellular carcinoma development in
alcoholic liver disease. Hepatology 70(1): 231-240.

Dongiovanni P, Petta S, Maglio G, Fracanzani AL, Pipitone

Cancer Oncol 2020, 4(2): 000165.

Open Access Journal of Cancer & Oncology

33.

34.

35.

36.

37.

38.

39.

40.

R, et al. (2015) Transmembrane 6 superfamily member
2 gene variant disentangles nonalcoholic steatohepatits
from cardiovascular disease. Hepatology 61(2): 506-
514.

Kawaguchi T, Shima T, Mizuno M, Mitsumoto Y, Umemura
A, et al. (2018) Risk estimation model for nonalcoholic
fatty liver disease in the Japanese using multiple genetic
markers. PloS One 13(1): e0185490.

Eslam M, Valenti L, Romeo S (2018) Genetics and
epigenetics of NAFLD and NASH: clinical impact. ]
Hepatol 68(2): 268-279.

Schwartz B, Rajagopal V, Smith C, Cohick E, Whissell G,
et al. (2020) Discovery and targeting of the signalling
controls of PNPLA3 to effectively reduce transcription,
expression, and function in pre-clinical NAFLD/NASH
settings. Cells 9(10): 2247.

Dulai PS, Singh S, Patel ], Soni M, Prokop L, et al
(2017) Increased risk of mortality by fibrosis stage in
nonalcoholic fatty liver disease: systematic review and
meta-analysis. Hepatology 65(5): 1557-1565.

Vilar-Gomez E, Calzadilla-Bertot L, Wai-Sun Wong V,
Castellanos M, de la Fuente RA, et al. (2018) Fibrosis
severity as a determinant of cause-specific mortality in
patients with advanced nonalcoholic fatty liver disease:
a multi-national cohort study. Gastroenterology 155(2):
443-457.e17.

Romeo S, Kozlitina ], Xing C, Alexander P, David C,
et al. (2008) Genetic variation in PNPLA3 confers
susceptibility to nonalcoholic fatty liver diseases. Nat
Genet 40(12): 1461-1465.

Valenti L, Al-Serri A, Daly AK, Galmozzi E, Rametta
R, et al. (2010) Homozygosity for the patatin-like
phospholipase-3/adiponutrin 1148M polymorphism
influences liver fibrosis in patients with nonalcoholic
fatty liver disease. Hepatology 51(4): 1209-1217.

Liu YL, Patman GL, Leathart ]JBS, Piguet AC, Burt AD,
et al. (2014) Carriage of the PNPLA3 rs738409 C>G
polymorphism confers an increased risk of non-alcoholic
fatty liver diseases associated hepatocellular carcinoma.
] Hepatol 61(1): 75-81.

Copyright© Fujioka K.


https://medwinpublishers.com/OAJCO
https://pubmed.ncbi.nlm.nih.gov/23041539/
https://pubmed.ncbi.nlm.nih.gov/22183968/
https://pubmed.ncbi.nlm.nih.gov/22183968/
https://pubmed.ncbi.nlm.nih.gov/22183968/
https://pubmed.ncbi.nlm.nih.gov/22183968/
https://pubmed.ncbi.nlm.nih.gov/22183968/
https://pubmed.ncbi.nlm.nih.gov/24629562/
https://pubmed.ncbi.nlm.nih.gov/24629562/
https://pubmed.ncbi.nlm.nih.gov/24629562/
https://pubmed.ncbi.nlm.nih.gov/26057287/
https://pubmed.ncbi.nlm.nih.gov/26057287/
https://pubmed.ncbi.nlm.nih.gov/22488764/
https://pubmed.ncbi.nlm.nih.gov/22488764/
https://pubmed.ncbi.nlm.nih.gov/22488764/
https://pubmed.ncbi.nlm.nih.gov/22488764/
https://pubmed.ncbi.nlm.nih.gov/22488764/
https://pubmed.ncbi.nlm.nih.gov/22488764/
https://pubmed.ncbi.nlm.nih.gov/22488764/
https://pubmed.ncbi.nlm.nih.gov/30403941/
https://pubmed.ncbi.nlm.nih.gov/30403941/
https://pubmed.ncbi.nlm.nih.gov/30403941/
https://www.nejm.org/doi/10.1056/NEJMoa1712191
https://www.nejm.org/doi/10.1056/NEJMoa1712191
https://www.nejm.org/doi/10.1056/NEJMoa1712191
https://www.nejm.org/doi/10.1056/NEJMoa1712191
https://pubmed.ncbi.nlm.nih.gov/30415504/
https://pubmed.ncbi.nlm.nih.gov/30415504/
https://pubmed.ncbi.nlm.nih.gov/30415504/
https://pubmed.ncbi.nlm.nih.gov/30415504/
https://pubmed.ncbi.nlm.nih.gov/30415504/
https://pubmed.ncbi.nlm.nih.gov/30908678/
https://pubmed.ncbi.nlm.nih.gov/30908678/
https://pubmed.ncbi.nlm.nih.gov/30908678/
https://pubmed.ncbi.nlm.nih.gov/30908678/
https://europepmc.org/article/med/25251399
https://europepmc.org/article/med/25251399
https://europepmc.org/article/med/25251399
https://europepmc.org/article/med/25251399
https://europepmc.org/article/med/25251399
https://pubmed.ncbi.nlm.nih.gov/29385134/
https://pubmed.ncbi.nlm.nih.gov/29385134/
https://pubmed.ncbi.nlm.nih.gov/29385134/
https://pubmed.ncbi.nlm.nih.gov/29385134/
https://pubmed.ncbi.nlm.nih.gov/29122391/
https://pubmed.ncbi.nlm.nih.gov/29122391/
https://pubmed.ncbi.nlm.nih.gov/29122391/
https://pubmed.ncbi.nlm.nih.gov/33036387/
https://pubmed.ncbi.nlm.nih.gov/33036387/
https://pubmed.ncbi.nlm.nih.gov/33036387/
https://pubmed.ncbi.nlm.nih.gov/33036387/
https://pubmed.ncbi.nlm.nih.gov/33036387/
https://pubmed.ncbi.nlm.nih.gov/28130788/
https://pubmed.ncbi.nlm.nih.gov/28130788/
https://pubmed.ncbi.nlm.nih.gov/28130788/
https://pubmed.ncbi.nlm.nih.gov/28130788/
https://pubmed.ncbi.nlm.nih.gov/29733831/
https://pubmed.ncbi.nlm.nih.gov/29733831/
https://pubmed.ncbi.nlm.nih.gov/29733831/
https://pubmed.ncbi.nlm.nih.gov/29733831/
https://pubmed.ncbi.nlm.nih.gov/29733831/
https://pubmed.ncbi.nlm.nih.gov/29733831/
https://pubmed.ncbi.nlm.nih.gov/18820647/
https://pubmed.ncbi.nlm.nih.gov/18820647/
https://pubmed.ncbi.nlm.nih.gov/18820647/
https://pubmed.ncbi.nlm.nih.gov/18820647/
https://pubmed.ncbi.nlm.nih.gov/20373368/
https://pubmed.ncbi.nlm.nih.gov/20373368/
https://pubmed.ncbi.nlm.nih.gov/20373368/
https://pubmed.ncbi.nlm.nih.gov/20373368/
https://pubmed.ncbi.nlm.nih.gov/20373368/
https://pubmed.ncbi.nlm.nih.gov/24607626/
https://pubmed.ncbi.nlm.nih.gov/24607626/
https://pubmed.ncbi.nlm.nih.gov/24607626/
https://pubmed.ncbi.nlm.nih.gov/24607626/
https://pubmed.ncbi.nlm.nih.gov/24607626/
https://creativecommons.org/licenses/by/4.0/

	Abstract
	Introduction 
	NAFLD/NASH-Related Atherosclerosis 
	Studies of Liver Fibrosis in General Population 
	NAFLD/NASH-Related HCC 
	Emerging Role of Genetic in NAFLD/NASH
	Relationship between PNPLA3 Rs738409 C>G Variant and Liver-Related Outcomes 
	Summary 
	Conclusion 
	Conflict of Interest
	References

