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ABSTRACT 
Non-Alcoholic Fatty Liver Disease (NAFLD) is the common liver disease worldwide because of the increasing rates in 

parallel to obesity and Type 2 Diabetes Mellitus (T2DM). Mechanically, lipid accumulation and insulin resistance 

serve as the first hit, second hit is considered as inflammation and fibrosis in NAFLD. NAFLD is attributed to liver- 

related morbidity and mortality, there is also growing evidence that NAFLD is a multisystem disease and is associated 

with hepatic (hepatocellular carcinoma: HCC) and extrahepatic (Cardiovascular Disease: CVD, Coronary Artery 

Disease: CAD, and Chronic Kidney Disease: CKD) diseases. 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. In this article, the 

current genetic advances of NAFLD/NASH-related HCC including PNPLA3, TM6SF2, GCKR, MBOAT7, 

HSD17B13, and the combined effect of these variants along with characteristic clinical manifestation have been 

reviewed. NAFLDs clinically predispose to occur non-cirrhotic NAFLD-HCC. The study of polygenic risk scores may 

be attributed to the stratification of the risk of the NAFLD/NASH-related HCC in the near feature. On the basis of 

the characteristic clinical and genetic evidences, the author suggests that the risk stratification of the medium/high 

risk in NAFLD-related HCC, especially non-cirrhotic HCC may contribute to the prevention, prediction, and 

surveillance. 
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INTRODUCTION 

Non-Alcoholic Fatty Liver Disease (NAFLD) is the common liver 
disease worldwide due to the increasing rates in parallel to 
obesity and T2DM [1]. NAFLD is attributed to liver-related 
morbidity and mortality, there is also growing evidence that 
NAFLD is a multisystem disease and is associated hepatic (HCC) 
and extrahepatic (CVD, CAD, and CKD) diseases [2,3]. The 
author previously suggested that an association between chronic 
liver disease and atherosclerosis may be present due to the 
presence of the inflammation as a common pathway [4]. The 
clinical practice guidelines have suggested that NAFLD-related 
HCCs epidemiologically may develop in the pre-cirrhotic stage 
and genetically the PNPLA3 rs738409C> G gene polymorphism 
has been associated with an increased risk of HCC [3]. In this 

article, the author will review the current genetic advances of 
NAFLD/NASH-related HCC including PNPLA3, TM6SF2, 
GCKR, MBOAT7, HSD17B13, and the combined effect of these 
variants along with characteristic clinical manifestation in detail. 

 
LINK BETWEEN NAFLD/NASH AND ATHEROSCLEROSIS 

The prevalence and incidence of NAFLD is increasing due to 
the epidemics of obesity and T2DM [1]. Many studies provided 
that NAFLD associates with endothelial dysfunction assessed by 
Flow-Mediated Vasodilation (FMD) study, increased Intima- 
Media Thickness (IMT) by evaluated common carotid artery, 
increased Pulse Wave Velocity (PWV), and increased coronary 
arterial calcifications that are established as CVD surrogate 
markers [2]. It has been indicated that NAFLD is part of a 
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complex multisystem disease with multiple bidirectional 
relationships [2]. The clinical practice guidelines suggested that 
the consensus is that CVD should be identified in NAFLD 
irrelevant of the presence of traditional or classical risk factors 
[3]. The author previously described that an association between 
chronic liver disease and systemic atherosclerosis may be present 
due to the presence of the inflammation as a common pathway 
[4]. Endothelial dysfunction has been considered as an early 
surrogate marker in CVD and an initial step in atherosclerosis 
condition. Flow-Mediated Vasodilation (FMD) and 
Nitroglycerin-Mediated Vasodilation (NMD) tests in the brachial 
artery is a potential method for evaluating vascular endothelial 
and Vascular Smooth Muscle Cell (VSMC) function in 
atherosclerosis [5]. The author has described several studies on 
the diseases of migraine, CVD, Chronic Kidney Disease (CKD), 
dyslipidemia, aging liver, and COVID-19 [6-16] using FMD and 
NMD procedure. 

 
CHARACTERISTIC CLINICAL MANIFESTATIONS IN NAFLD/ 
NASH-RELATED HCC 

 
Cirrhotic NAFLD-related HCC 

The growing incidence has showed that NASH/NAFLD has led 
to an increase of NASH-related HCC [17]. Kanwal et al. 
described that the risk of HCC was higher in patients with 
NAFLD than that observed in general clinical population [18]. 
Most HCC occurs in patients with cirrhotic NAFLD. Grimaudo 
et al. described that all patients in their study had F3 fibrosis or 
cirrhosis status [19]. A meta-analysis indicated the severity of 
liver fibrosis as the main indicator of prognosis in NAFLD [20] 

 
Non-cirrhotic NAFLD-related HCC 

According to the clinical practice guidelines, studies have 
associated obesity and T2DM with the risk of HCC [3]. It also 
indicated that patients with NAFLD-associated HCC at 
diagnosis are older than those with non-NAFLD HCC, with a 
lower prevalence of cirrhosis [3]. A multicenter prospective study 
by HCC-NAFLD Italian Study Group indicated that NAFLD- 
related HCC is more often found at a later tumor stages and 
was more common than HCV-related HCC [21]. Gawrieh et al. 
noted that nearly 12% of HCCs developed in patient without 
cirrhosis from a United States multicenter study [22]. They 
described that NAFLD was the most common liver disease in 
these patients. The studies and a meta-analysis also described 
that non-cirrhotic HCC is more frequent in NASH compared 
with liver diseases derived from other etiologies [23]. Mohamad 
et al. mentioned that patients with non-cirrhotic NAFLD-related 
HCC are more likely to represent at an older age, larger tumor 
size, and higher rates of tumor recurrence [24]. It has been 
suggested that HCC development has been also identified in 
patients with non-cirrhotic NAFLD. Bengtsson et al. reported 
that patients with non-cirrhotic NAFLD-related HCC were 
observed in 37% of NAFLD-HCC [25]. The results provided 
that patients with non-cirrhotic NAFLD-HCC, compared with 
patients with cirrhotic NAFLD-HCC, were older, a lower 
prevalence of T2DM, larger tumors, and allocated treatments 
[25]. The report by Anstee et al. described that up to 49 % of 
NAFLD-related HCC develop in patients without cirrhosis [26]. 

The clinical practice guidelines suggested that NAFLD is a risk 
factor for HCC, which may develop in the pre-cirrhotic stage, 
and the risk is increased by the presence of the PNPLA3 
rs738409 C>G polymorphism [3]. However, the guideline has 
not recommended HCC surveillance in patients with non- 
cirrhosis NAFLD [3]. While, Cholankeril et al. 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 [17]. 

 
CURRENT GENETIC ADVANCES IN NAFLD/NASH-RELATED 

The clinical practice guidelines described that a higher liver fat 
content and increased risk of NASH were represented in carriers 
of the PNPLA3 I148M and the TM6SF2 E167K variants [3]. 
They recommended that genotyping may be regarded in selected 
patients and clinical studies [3]. Current studies indicated that 
genetic susceptibility increases risks of NAFLD, NASH, and 
NASH-related cirrhosis [27]. It has been previously reported that 
these five genes including PNPLA3, TM6SF2, GCKR, 
MBOAT7, and HSD17B13 known to be associated with NASH 
are involved in glucose and fat homeostasis regulatory pathways 
[27,28]. The most closely related genetic variant with NAFLD is 
PNPLA3-I148M, while variants in HSD17B13, MBOAT7, and 
GCKR have been recently implicated. It has been also suggested 
that PNPLA3-I 148M is modified by the interaction with other 
genetic polymorphism [29]. The study has provided the 
combined multiple genetic variants with other markers [29]. A 
nonsynonymous SNP in PNPLA3 known as rs 738409 c.444 C> 
G p.I148M is the first genetic variant found to be associated 
with NASH [27]. It is suggested that PNPLA3 I148M has allelic 
odds ratios of approximately two or three for risks of NAFLD, 
NASH, and HCC [19,27]. PNPLA3 I 148M has been associated 
with the fibrosis stage of NAFLD and HCC [30,31]. Liu et al. 
described that carriage of the PNPLA3 rs738409 C>G 
polymorphism is associated with greater risk of progressive 
steatohepatitis and fibrosis and HCC [31]. Grimaudo et al. 
suggested that patients with NAFLD carrying PNPLA3 
rs738409 C>G variant are at higher risk of decompensation, 
liver cancer, and death [19]. Based on the studies, the author 
also emphasizes that genetically, the presence of the PNPLA3 
rs738409C>G gene polymorphism has been associated with an 
increased risk of HCC. Recent report using GWAS of the 
NAFLD/NASH represented that PNPLA3-I 148M was 
confirmed to be associated with the full spectrum of disease 
[32]. Recently, Unalp-Arida et al. concluded that PNPLA3 
I148M and higher NAFLD liver fat and fibrosis scores were 
associated with raised liver disease mortality in the U.S. 
population, indicating that genetic variant PNPLA3 I 148M may 
complement the liver disease indicators for surveillance in 
patients with NAFLD [33]. With respect to the childhood 
report, Tang et al. described that PNPLA3 gene polymorphism 
was significantly associated with susceptibility and severity of 
NAFLD from a meta-analysis study [34]. 

HCC 

PNPLA3
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HSD17B13 

It has been described that hydroxysteroid 17-beta dehydrogenase 
13 (HSD17B13) act as a liver-specific, lipid droplet associated 
protein [29]. Ma et al. have found two causative variants 
including rs72613567 and rs62305723 in the HSD17B13 [35]. 
Abul-Husn et al. firstly have described the hepatoprotective 
effect of HSD17B13 rs72613567:TA [36]. The study has 
suggested the relation between variant in HSD17B13 and 
reduced risk of CLD and of progression [36]. These reports 
indicated that loss-of-function variants in HSD17B13 are 
protective for the occurrence of NASH and NAFLD cirrhosis 
[35, 36]. It has been studied that the association between the 
variant and reduced odds of HCC have been reported [37, 38]. 
Gellert-Kristensen et al. suggested that the ALT-lowering effect of 
the loss-of-function variant HSD17B13 rs72613567:TA is most 
pronounced among those at highest risk of fatty liver disease in 
the Danish general population [37]. 

 
TM6SF2 

A SNP in TM6SF2 (transmembrane 6 superfamily member 2) is 
associated with increased liver fat content, NASH, advanced 
hepatic fibrosis and cirrhosis [39]. Exome-wide association 
studies demonstrated the rs58542926 C>T variant of the 
TM6SF2. The study indicated that the TM6SF2 E167K variant 
increases susceptibility to NASH and liver fibrosis, but are 
protected against CVD [39]. A meta-analysis represented the 
dual and opposite role of the TM6SF2-rs58542926 [40]. While, 
significantly relationship between a lower risk of NAFLD and 
CC genotype of TM6SF2 rs58542926 has been studied in the 
recent meta-analysis [41]. 

 
GCKR 

A few studies indicated that a SNP in the glucokinase regulatory 
protein (GCKR) gene (rs780094) has been associated with 
NAFLD and fibrosis severity [42,43]. It has been reported that 
GCKR P446L is a loss-of-function variant and is associated with 
increased susceptibility to NAFLD, NASH, and NASH-related 
HCC [27,44]. The study also provided that risk evaluation using 
PRS showed the effect of the risk alleles [44]. 

 
MBOAT7 

The study suggested that an association between membrane 
bound O-acyltransferase domain-containing 7 (MBOAT7) 
rs641738 genetic variant and development and severity of 
NAFLD was detected in individual of European descent [45]. 
While, it has been suggested that the MBOAT7 rs641738 T 
allele variant was associated with predisposition to HCC [46]. It 
has been also reported that a SNP downstream of the gene 
encoding MBOAT7 may predispose to HCC [47]. Anstee et al. 
recently described the GWAS of NAFLD/NASH in a 
histologically characterized cohort and concluded PNPLA3 as a 
risk factor for the full histological spectrum of NAFLD with 
potential contributions from TM6SF2 and HSD17B13 [32]. With 
respect to the NAFLD pathogenesis, they described PYGO1 as a 
novel steatosis modifier and indicated that Wnt signaling 
pathways may be relevant. 

COMBINED EFFECT OF VARIANTS 

The report by Gellert-Kristensen et al. suggested that a genetic 
risk score (GRS), combining the three genetic variants in 
PNPLA3 p.I148M, TM6SF2 p.E167K, and HSD17B13 
rs72613567, was associated with cirrhosis and HCC in fatty liver 
including NAFLD and alcoholic type in individual from the 
general population [48]. They concluded a GRS showed risk of 
cirrhosis by up to 12-fold and risk of HCC by up to 29-fold. 
Martin et al. mentioned that risk prediction scores will be used 
in confirmed NAFLD for stratification of follow up, therapeutic, 
and surveillance [29].Meanwhile, the report indicated that the risk 
of occurrence of NAFLD and associated complications is 
determined by the environmental and genetic factors [4 9]. It has 
been also suggested that the development of polygenic risk 
scores have provided new impetus in NAFLD risk stratification 
[49]. 

 
RISK STRATIFICATION IN NAFLD/NASH-RELATED HCC 

It has been known that NAFLD is a complex disease including 
HCC, CVD, CAD and other extrahepatic disease such as CKD 
[2,3]. Epidemiologically, many studies associated obesity and 
T2DM with the risk of HCC and NAFLD-associated HCC is a 
lower prevalence of cirrhosis. Whereas, the guidelines have 
recommended a closer monitoring in patient with cirrhotic 
NASH associated with hypertension. NAFLD-related HCCs may 
develop in the pre-cirrhotic stage and the PNPLA3 rs738409C>G 
gene polymorphism has been associated with an increased risk 
of HCC. Furthermore, the combined effect of common variants 
on risk of cirrhosis and HCC has also described. It is clinically 
known that NAFLDs predispose to occur non-cirrhotic NAFLD 
HCC. The author suggests that stratification of the medium and 
high risk of NAFLD related HCC based on the characteristic 
clinical and genetic studies especially non-cirrhotic HCC may 
contribute to the prevention, prediction, and surveillance. 

 
THERAPEUTIC STRATEGY FOR NAFLD/NASH-RELATED 
HCC 

Very limited evidence indicates that PNPLA3 I148M may 
modulate the response to therapy and HSD17B13 may provide 
targets for treatment strategy in patients with NASH [27]. While, 
Schwartz et al. revealed 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 [50]. Whereas, Anstee et al. noted NAFLD- 
related HCC including the epidemiology such as adaptive and 
innate immune responses that promote hepatic carcinogenesis 
[26]. The immunological report showed that AKR1B10 and 
SPP1 are closely associated with three (B cells, DCs, and MAIT 
cells) in the progression of NAFLD. The study provided that 
TGX-221 may be an important treatment for the NAFLD and 
NAFLD-related HCC [51]. 

 
DISCUSSION 

NAFLD is the common liver disease worldwide due to the 
increasing rates in parallel to obesity and T2DM. It is 
mechanically known that lipid accumulation and insulin 
resistance serve as the first hit, subsequently inflammation and 
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fibrosis play a role as a second hit. In this article, the current 
genetic advances of NAFLD/NASH-related HCC including 
PNPLA3, TM6SF2, GCKR, MBOAT7, HSD17B13, and 
combined effect of these variants along with characteristic 
clinical manifestation have been reviewed. Based on the 
characteristic clinical evidences, NAFLDs predispose to occur 
non-cirrhotic NAFLD-HCC. Genetically, the combining genetic 
studies may be attributed to the risk stratification in NAFLD/ 
NASH-related HCC in the near feature. The author suggests 
that stratification of the medium/high risk of NAFLD-related 
HCC on the basis of the characteristic clinical and genetic 
evidences especially non-cirrhotic HCC may contribute to the 
prevention, prediction, and surveillance. 

 
CONCLUSIONS 

1. In addition to the epidemiological and single genetic factors, 
the study of combined effect of the variants may be attributed to 
the risk stratification in NAFLD/NASH-related HCC, because 
NAFLD is a complex disease and is associated with hepatic and 
extrahepatic manifestations. 

2. The author suggests that the stratification of the risk of 
NAFLD-related HCC especially non-cirrhotic HCC based on 
the characteristic clinical and genetic evidences may contribute 
to the prevention, prediction, and surveillance. 
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