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Abstract: As diet and lifestyle have changed, fatty liver disease (FLD) has become more and more
prevalent. Many genetic risk factors, such as variants of PNPLA3, TM6SF2, GCKR, and MBOAT?,
have previously been uncovered via genome wide association studies (GWAS) to be associated
with FLD. In 2018, a genetic variant (rs72613567, T > TA) of hydroxysteroid 17- dehydrogenase
family 13 (HSD17B13) was first associated with a lower risk of developing alcoholic liver disease and
non-alcoholic fatty liver disease (NAFLD) in minor allele carriers. Other HSD17B13 variants were
also later linked with either lower inflammation scores among NAFLD patients or protection against
NAFLD (rs6834314, A > G and rs9992651, G > A) respectively. HSD17B13 is a lipid droplet-associated
protein, but its function is still ambiguous. Compared to the other genetic variants that increase
risk for FLD, HSD17B13 variants serve a protective role, making this gene a potential therapeutic
target. However, the mechanism by which these variants reduce the risk of developing FLD is still
unclear. Because studies in cell lines and mouse models have produced conflicting results, human
liver tissue modeling using induced pluripotent stem cells may be the best way to move forward and
solve this mystery.
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1. Introduction

Over the past few decades, liver diseases have mainly been induced by hepatitis
viruses and hepatologists have been struggling to treat them [1]. Chronic infections
caused by hepatitis B and C viruses have been linked to chronic hepatitis, fibrosis, and
hepatocellular carcinoma (HCC), which has the second worse survival rate and is the
fourth leading cause of cancer death worldwide [2,3]. Direct acting agents for hepatitis C,
such as Ledipasvir/Sofosbuvir or Velpatasvir/Sofosbuvir [4,5] have enabled hepatologists
to eradicate this pathogen. Reverse transcriptional agents, such as entecavir or tenofovir [6],
as well as universal vaccination [7] seem to have promising therapeutic results for hepatitis
B infection. However, in this half a century, another issue has developed along with lifestyle
changes: fatty liver disease (FLD).

FLD has traditionally been classified as non-alcoholic fatty liver disease (NAFLD) and
alcoholic liver disease (ALD) [8]. The concept of non-alcoholic steatohepatitis (NASH) first
appeared in 1980, characterized by lobular inflammation and hepatocyte ballooning with
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lipid accumulation in the absence of severe alcohol intake [9]. Since then, growing global
concern for NAFLD/NASH has coincided with the increase of obesity, type 2 diabetes, and
the other metabolic syndromes [10,11]. Now, FLD has become the leading cause of chronic
liver disease, affecting 25% of adults worldwide [12]. These patients are at the top of the
list for liver transplantation [13]. In addition, FLD is the most common cause of HCC in
Western countries [14]. Technical advances in genomic approaches have revealed that not
only our lifestyle, but also genetic factors contribute to the risk of developing this disease.

For the first time, genome wide association studies (GWAS) described a missense
variant (rs738409, C > G) in patatin-like phospholipase domain-containing 3 (PNPLA3),
which was related to FLD [15]. This genetic variant encodes an isoleucine to methionine
substitution at position 148aa (I1148M) in the protein, which results in a loss of function
of lipase activity of PNPLA3. This leads to lipid accumulation in the hepatocytes [16].
In the same GWAS study, another genetic variant was found in the transmembrane 6
super family member 2 (TM6SF2) gene [17]. The genetic variant (rs58542926, C > T)
induces the replacement of glutamate with lysine at position 167aa (E167K), which also
results in loss of function of TM6SF2. This leads to the reduction of secretion of very-
low-density lipoprotein (VLDL) [18]. Another GWAS analyzing patients with hepatic
steatosis, who had been diagnosed by CT imaging, revealed the association of a glucokinase
regulator (GCKR) genetic variant (rs1260326, C > T) with hepatic steatosis [19]. This
proline to leucine substitution (P446L) induces the loss of protein function, which increases
de novo lipogenesis through glycolysis [20]. The membrane bound O-acyltransferase
domain containing 7 (MBOAT?) genetic variant (rs641738, C > T) was first reported to
be associated with alcoholic cirrhosis [21]. However, another European cohort study
verified its correlation with NAFLD by histological examination [22]. The MBOAT? genetic
variant also causes a loss of protein function. This variant would no longer be able to
acetylate lysophosphatidylinositol lipids, losing its protective role in preventing hepatic
steatosis [23]. In another GWAS conducted in 2011, 42 loci were revealed to be associated
with an increased concentration of liver enzymes, of which 10 were involved in lipid
metabolism, such as PNPLA3 and GCKR [24].

Compared to these well-known genetic risk factors for FLD, the molecular mechanisms
of hydroxysteroid 17-f dehydrogenase family 13 (HSD17B13), a genetic variant which
was described in 2018 [25], have not been well uncovered yet. Nevertheless, this newly
reported genetic variant, which is involved in various liver diseases, is now attracting
broad attention from all four corners of the world. Interestingly, compared to the other
genetic risks for FLD (Table 1), the HSD17B13 genetic variant (rs72613567, T > TA) is the
only variant which plays a protective role, rather than being a risk factor. In this article, we
review this poorly characterized genetic variant and discuss its possibility as a therapeutic
target for liver diseases.
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Table 1. Genetic Variants Associated with FLD.

Gene SNP MAF NAFLD Allelic OR ALD Allelic HCC Allelic OR Assumed Molecular Mechanism
(95% CI) OR (95% CI) (95% CI) of the Variant
Repressor of lipase activity in
0.14 (Africans)— ~ » . hepatocyte [16]
PNPLA3 rs738409 (C > G) 0.57 (Hispanics) 1.91 (1.64-2.21) 2.19 (1.97-2.43) 5.9 (1.5-23.8) and altered retinol metabolism in
stellate cell
1$5842926 (G > A) . .
. . Loss of function of secretion of
TM6SF2 158542926 (C > T) 0.03 (Hispanics)- 1.82 (1.59-2.08) - 1.72 (1.27-2.38) VLDL particle, leading lipid
rs10401969 (T > C) 0.08 (Europeans) . .
accumulation in the liver [18]
rs1260326 (C > T) 0.5 (Asians)— . B g Loss of affinity for glucokinase,
GCKR rs780094 (T > C) 0.86 (Africans) 138 (1.25-1.53) 1.84 (123-2.75) leading to increased lipogenesis [20]
0.24 (Asians)— Loss of remodeling of
MBOAT7 rs641738 (C > T) ) 1.42 (1.07-1.91) 1.35 (1.23-1.49) 2.10 (1.33-3.31) phosphatidylinositol, resulting in
0.42 (Europeans) . .
increased TG synthesis [23]
0.01 (Asians)— . .
LEPR rs12077210 (C > T) 0.28 (Africans) 1.48 (1.29—1.71) - - Loss of leptin receptor function [26]
172613567 (T > TA)
HSD17B13 rs6834314 (A > C) 0.06 (Africans)- 0.70 (0.57-0.87) 0.47 (0.23-0.97) 0.72 (0.66-0.79) Loss of re;ft‘iovlige%c]lmgemse

1$9992651 (G > A)
1$3923441 (C > G)

0.34 (Asians)

ALD: alcoholic liver disease, HCC: hepatocellular carcinoma, MAF: minor allele frequency, NAFLD: non-alcoholic liver disease, OR: odds ratio, SNP: single nucleotide polymorphism, TG: triglyceride.
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2. Molecular Function of HSD17B13

The HSD17B family has been described as containing 14 members until now, all of
which display catalytic activity towards 17p3-hydroxy and -keto steroid substrates [28].
These proteins are also known as members of the short chain alcohol reductase and dehy-
drogenase (SDR) protein superfamily [29], except for HSD17B5, which is an aldoketoreduc-
tase [30]. Interestingly, protein expression of HSD17B differs between human tissue, which
suggests that HSD17B members have tissue-specific roles in local steroid metabolism [28].

Among members of HSD17B, the function of HSD17B13 is still unclear. The human
HSD17B13 gene is located on chromosome 4 and contains 7 exons [27]. HSD17B13 was
first isolated from a human adult liver cDNA library in 2007 and was originally named
short chain dehydrogenase/reductase 9 (SCDR9) [31]. Shortly thereafter, Horiguchi et al.
found that HSD17B13 was expressed dominantly in the liver and was a lipid droplet (LD)
associated protein that localized around the LDs [32]. However, no other findings had
been reported about this new liver specific lipid metabolic enzyme until 2014, when liquid
chromatography mass spectrometry revealed the relationship between the expression level
of HSD17B13 and LD accumulation in hepatocytes [33].

The HSD17B13 protein was found to be highly expressed in liver steatosis and in
NAFLD liver samples by Su W et al. [33]. Additionally, in a mouse model with tail vein
administration of adenovirus, HSD17B13 hepatic overexpression induced an increase in
hepatic triglycerides. This result was corroborated by using hepatoma cell lines with
plasmid transfection [33]. However, the correlation between simple hepatic steatosis
and the HSD17B13 genetic variant was refuted by some clinical data [22,32]. On the
other hand, Su W et al. reported that HSD17B13 expression was induced by liver X
receptor alpha (LXR«), in a mouse model, and its transcription was nonexistent in sterol
regulatory element binding protein (SREBP) 1c knock out mice [34]. Since both LXRax
and SREBP-1c are key players in liver lipid metabolism, these results are an indication
that HSD17B13 functions as a LD-associated protein, although the molecular mechanism
remains unclear. [25,27].

3. Role of HSD17B13 Genetic Variants in Liver Disease

The correlation of HSD17B13 with FLD was first described in 2014 by Su W et al. [33].
Several years had passed before this association was in the spotlight again, when Abul-
Husn et al. and Ma Y et al. revealed the correlation of HSD17B13 genetic variants with
FLD [25,27]. Abul-Husn et al. [25] showed that rs72613567 T > TA, which is in a non-
coding region between exon 6 and exon 7 of the HSD17B13 gene, is associated with low
serum levels of alanine aminotransferase (ALT) and aspartate aminotransferase (AST). This
GWAS was done by using 46,544 participants’ data from a cohort linked to the electronic
health record. Ma Y et al. [27] described rs6834314 A > G, which is 11kb downstream of
HSD17B13. This variant was significantly correlated with inflammation among 768 patients
with NAFLD. In addition, rs6834314 has strong linkage disequilibrium with rs72613567
(D’ = 0.995, 2 = 0.93). Following these GWAS reports, many validation studies for the
correlation of these genetic variants with various liver diseases have been conducted.
Another group performed a genome-wide association study for abnormal liver function
in the pediatric population, which also showed a correlation with an HSD17B13 genetic
variant (rs3923441 C > G) [35].

3.1. Fatty Liver Disease

Abul-Husn et al. showed that the rs72613567 (T > TA) HSD17B13 genetic variant was
originally found in association with low serum ALT levels [25]. However, this genetic
variant minor allele (rs72613567:TA) was also significantly correlated with a 53% reduced
risk for alcoholic liver disease and a 30% reduced risk for NAFLD among homozygotes [25].
In 2019, the rs6834314 minor allele (G) was also reported to reduce the inflammation score
among NAFLD patients [27]. Recently, a European multinational group performed a
GWAS using another 1483 pathologically-proven NAFLD cohort to detect the other genetic
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variant loci in the non-coding region of the HSD17B13 gene, rs9992651. This variant also
has strong linkage disequilibrium with rs72613567, which has a protective effect against
NAFLD with an odds ratio of 0.74 [26].

The genetic variants should be considered together with the different allele frequency
among various races [36]. In addition, the incidence of FLD is related to the lifestyle in
each country or region. According to the 1000 Genomes Project, the rs72613567 minor
allele (TA) frequency is 18% [37], rising up to 34% in the East Asian population and 24%
in the European population, whereas it is only 5% in the African population [36]. An
Argentinian group confirmed that the rs72613567:TA variant prevented NAFLD and worse
histologic outcomes (inflammation, ballooning, fibrosis) [38]. Kallwitz E et al. also showed
that rs72613567:TA reduced the risk for suspected NAFLD and decreased the fibrosis
score among the Hispanic/Latino population [39]. Regarding Asian countries, Seko Y
et al. described that the HSD17B13 genetic variant attenuated the risk of the PNPLA3
minor allele for NAFLD [40]. Regardless of FLD, the protective effects of this variant
on ALD or any chronic liver diseases were confirmed among the Chinese or Pakistani
population [41,42].

With lifestyle changes around the world, FLD is not only a disease for adults anymore.
FLD is now the leading cause of chronic liver disease among children, with a prevalence
of 8% in the general pediatric population and of up to 34% in obese children [43]. The
HSD17B13 genetic variant rs72613567 minor allele also reduced liver damage and even
hepatic steatosis among obese children [44]. Based on these reports, we can conclude that
the HSD17B13 genetic variant is linked to low risk for FLD (in both inflammation and
fibrosis), regardless of the race, age, or etiology (alcoholic or non-alcoholic) of the patient.

3.2. Viral Hepatitis

Considering the function of HSD17B13 as a LD-associated protein, its association
with FLD is clear. How about other chronic liver diseases, such as viral hepatitis? About
F et al. reported the effect of the HSD17B13 genetic variant rs72613567 on HCV patients [45].
They enrolled 88 patients, including fibrotic and non-fibrotic patients, and the difference
between the rs72613567 T/T and non-T/T was evident: the minor allele, TA, reduced the
risk of developing HCV-associated fibrosis by 62% [45]. A European group published
data with 3315 chronic liver disease patients and 33,337 healthy controls, in which TA
allele carriers were significantly decreased among chronic hepatitis C patients compared to
healthy controls (OR = 0.71, p = 0.0002) [46]. On the other hand, there was no correlation
with hepatitis B patients. Enomoto H et al. investigated if the HSD17B13 genetic variants,
rs72613567 and rs6834313, were correlated with the response rate for HBV treated with
pegylated interferon therapy. No difference was found [47]. There is limited data to reach
a conclusion on the relationship between HSD17B13 genetic variants and viral hepatitis.
However, taking into consideration the fact that HCV needs and uses human liver lipid
metabolism to form its infectious particles [48], there may be clues here to clarify the
mechanism of HSD17B13 as a LD-associated protein.

3.3. Hepatocellular Carcinoma (HCC)

Chronic liver diseases can progress to serious conditions like cirrhosis and HCC.
Yang J et al. first described the protective effect of the rs72613567 TA allele on the devel-
opment of HCC among 3315 chronic liver disease patients. This protective effect was
especially clear in ALD patients (OR = 0.64) [46]. Similar data was obtained from a
111,612 Danish population database (including 113 HCC) [49] and from a 6176 German
cohort (including 1031 alcohol-related HCC) [50]. De Benedittis et al. reported that this ge-
netic variant, rs72613567:TA, also attenuated the risk of HCC development among hepatitis
C patients [51]. Because HCC arises more often in chronic liver disease patients with a
higher fibrotic or inflammation score, it would not be surprising that the HSD17B13 genetic
variant also prevents HCC development. However, according to De Benedittis et al., there
are still differences in HCC occurrence, even among fibrotic patients carrying the T or
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the TA allele. This suggests that this genetic variant could also protect the liver directly
from carcinogenesis.

Wang X et al. reported that HSD17B13 gene expression in the liver tissue could be used
as a prognostic factor after hepatectomy for HCC. Low HSD17B13 expression led to worse
survival [52]. Chen J et al. also reported similar results [53]. In addition, overexpressing
HSD17B13 in the Huh-7 and SK-HEP-1 hepatoma cell lines led to an increase of cells
in the G1 phase of the cell cycle, suggesting that HSD17B13 could potentially delay the
cell cycle [53]. Furthermore, if this genetic variant truly lowers HSD17B13 enzymatic
activity [25,27] and protects the liver, then further investigation is needed to uncover the
role of HSD17B13 genetic variants in HCC carcinogenesis and recurrence.

3.4. Simple Steatosis

Whether the rs72613567:TA allele also protects from simple steatosis of the liver
or causes lipid accumulation should be discussed. Abul-Husn et al. and Ma Y et al.
showed that HSD17B13 rs72613567:TA and rs6834314:G produced a splicing variant protein
which had less enzymatic activity and induced hepatic simple steatosis [25,27]. However,
Su W et al. checked HSD17B13 overexpressed hepatoma cell lines and C57/B6 mouse and
found an increase in lipogenesis [33]. The other European cohort performing a GWAS did
not detect a correlation between the HSD17B13 genetic variant and hepatic steatosis [26].
Pirola C et al. reported the protective effect of rs72613567:TA against worse histologic
outcome among NAFLD patients, but the grade of steatosis was not included in the
report [38]. Although there was no statistical data, the authors showed that liver tissue
from rs72613567:TA /TA homozygous carriers contain more LDs than that observed from
T/T carriers.

4. Role of HSD17B13 Genetic Variants in the Other Diseases

Although HSD17B13 is expressed predominantly in the liver [32], it would not be
surprising if this genetic variant plays a role in extrahepatic diseases, considering its
enzymatic function in lipid metabolism. Ratroff D.M et al. performed a GWAS for type 2
diabetes (T2D) patients who were participants in a clinical trial comparing the benefits of
fenofibrate for dislipidemia [54]. In white subjects, they found that the HSD17B13 genetic
variant was associated with higher serum levels of triglycerides (TG) and high density-
lipoprotein (HDL) [54]. Xu L et al. checked if the HSD17B13 genetic variant was associated
with cardiovascular disease (CVD) to confirm the negative correlation of the rs6834314
minor allele with serum ALT levels among ischemic heart disease (IHD) and CVD patients,
as well as with serum TG level [55]. None of the other factors, such as blood pressure, heart
rate, QT interval and number of IHD, and T2D, were correlated. To date, there is no data to
confirm that the HSD17B13 genetic variant directly protects from T2D or CVD, although
it could have some sort of effect on improving these diseases through its LD-associated
enzyme function. Despite limited data among obese children, Di Sessa A et al. reported
that renal function (estimated glomerular filtration rate) was always worse at any age
in those who carried the rs72613567 major homozygote allele than in those who carried
the minor TA allele, at least under the age of 18 [56]. They hypothesized the function of
HSD17B13 as a retinol metabolism enzyme that might be involved with renal protecting
effect, but we have no supporting evidence yet.

The HSD17B13 genetic variant could protect from inflammation, fibrosis, and car-
cinogenesis caused by FLD and hepatitis C. It might have some potential to protect renal
function and to decrease the severity of CVD, but further studies are needed to clarify
its mechanism.

5. HSD17B13 as a Potential Therapeutic Target

Unfortunately, there are no specific pharmacotherapies for FLD currently. According
to the latest guidance by the American Association for the Study of Liver Diseases (AASLD),
only vitamin E, pioglitazone, w3 fatty acid and statins are mentioned as the pharmacothera-
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pies that “could be” or “may be” used as a treatment option for NASH/NAFLD [57].
Among these, pioglitazone, a ligand for the nuclear transcription factor peroxisome
proliferator-activated receptor gamma (PPAR-y), and vitamin E, an anti-oxidant agent,
have been shown to improve steatosis, inflammation, and ballooning, which are the his-
tological features of NASH/NAFLD [57]. These therapies have also been connected to
some adverse effects, such as weight gain, prostate cancer, decreased bone mineral density,
and bladder cancers. Because of this, the AASLD recommends using these treatments
for biopsy-proven NASH/NAFLD after the discussion of benefits and risks with each pa-
tient [57]. Interestingly, bariatric surgery has been reported to ameliorate the histopathology
of NASH/NAFLD patients in some retrospective or prospective cohort studies [58,59].
The demonstrated genomic risk factors for FLD, which the recent advances in genomic
studies have uncovered, are expected to be potential therapeutic targets. However, consid-
ering the molecular mechanisms, targeting these genetic variants could be a “double-edged
sword”. The GCKR genetic variant alters glucokinase activity that leads to the promotion of
liver glucose metabolism and increases de novo lipogenesis in the liver [60]. In other words,
recovering this enzymatic activity would improve hepatic steatosis, but also increase the
fasting plasma glucose level, which may cause diabetes. The TM6SF2 genetic variant
causes loss of function of secretion of lipoprotein from the liver [18]. Upregulation of
this protein leads to the reduction of liver lipid accumulation but increases the circulating
lipoprotein level and risk of developing CVD. Since PNPLA3 1148M reduces lipolysis and
VLDL secretion in hepatocytes [61], therapeutic targeting of this genetic variant also has
the chance to affect liver function and CVD at the same time, in opposite ways (Figure 1).

no genetic risk with genetic risks

@ VLDL

HSD17B13 variant

Vs
o * =
RA : 0 o retinol
Apolipoprotein (o]

PNPLA3
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e

PNPLA3

degradation ’

EE o

stellate cell

PNPLAS3 variant @
MBOAT?7 variant %)

() Golgi

| HSD17B13 variant?

\
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Figure 1. Molecular mechanism of genetic variants in FLD. HSD17B13 localizes at the surface of lipid droplets, but the
function it serves there is still unknown. HSD17B13 also acts as a retinoic dehydrogenase, converting retinol into retinoic
acid (RA). The HSD17B13 variants lose this function, which may protect the liver, but studies in stellate cells and their
interactions with hepatocytes are still missing.

As mentioned above, the mechanism of how the HSD17B13 genetic variant protects the
liver has yet to be clarified in detail. This genetic variant lowers serum TG and ALT levels
among CVD patients [55] and could have some potential to improve renal function [56].
The HSD17B13 rs72613567 minor allele is the only genetic variant that is not a risk factor,
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but rather protects liver function. This could be the light at the end of the tunnel for seeking
a therapeutic target for FLD.

How can we explore the therapeutic potential of the HSD17B13 genetic variant?
One approach could be its RDH function. Ma Y et al. found reduced RDH activity in
HSD17B13 minor allele carriers and hypothesized that the decrease in retinoic acid or retinol
binding protein 4, due to lack of RDH activity, could modulate stellate cell fibrogenesis [27].
However, this effect was proven otherwise by the same group using HSD17B13 knock
out (KO) mice [62]. Having eaten a high fat diet/Western diet, the HSD17B13 KO mice
showed no differences in liver injury, measured by blood ALT levels, and fibrosis compared
to the wild type animal. However, the authors did show a worsening of steatosis and
an upregulation of inflammatory genes in the KO mice, compared to the wild type mice.
Obviously, differences between mice and humans are expected, but caution should be taken
when targeting RDH as a treatment option unless its mechanism is more clearly revealed.

Along with the advance of genomic studies, genome editing techniques have also
tremendously developed. For example, back in 2014, a successful clinical trial for hu-
man immunodeficiency virus (HIV) treatment was published using autologous CD4+ T
cells in which the C-C motif receptor 5 (CCR5) was modified by zinc-finger nuclease [63].
Additional methods for gene editing have been developed lately, such as transcriptional
activator-like effector nuclease (TALEN) and CRISPR-associated nuclease, which are easier
to engineer and can be applied more broadly to life sciences [64]. TALEN can recognize the
specific sequence with greater accuracy than zinc-finger nuclease and CRISPR-associated
nuclease can target the sequence with higher efficiency, making them powerful genome-
editing tools [64]. Using these techniques, the HSD17B13 genotype could be genetically
edited in hepatocytes. However, unlike peripheral blood cell transplantation, cell transplan-
tation for solid organs, including the liver, is still extraordinarily limited for humans [65].
Genetic alterations in cell lines [27] or in mice [62] are possible and are relatively easy
to perform, but with regard to the HSD17B13 genetic variant at least, the results show a
discrepancy between the two models. It seems difficult to utilize hepatoma cells or mice as
a model system to understand therapeutic targets for FLD. Therefore, a better model to
study the HSD17B13 gene and its variants is needed, one that is both reliable and mimics
the cellular processes that occur in humans.

Production of human hepatocytes or liver tissue without multicellular cues, from
genome-edited induced pluripotent stem (iPS) cells, has been established [66,67]. Using
these approaches, we can compare metabolomic differences between human normal hepa-
tocytes and between livers that differ only in HSD17B13 genetic variants. iPS cells have
the potential to settle the inconsistencies between human and non-human models when
it comes to the role of the HSD17B13 variant. In addition, human iPPS models allow for
the creation of human derived, genome-edited hepatocytes that only vary in the genotype
of HSD17B13. By controlling for all other genetic variations, investigators could study
the direct effects on cellular processes that HSD17B13 variants could induce. Ma Y et al.
hypothesized that the decreased retinol in hepatocytes or stellate cells is due to the loss of
function of the RDH activity of HSD17B13 in minor allele carriers, which would protect
the liver [27]. No previous study has been able to investigate the interactions between
hepatocytes and stellate cells of the same genotype and genetic background. However,
iPS cells and gene editing tools could make this possible, as both hepatocytes and stellate
cells can be derived from a single iPS cell line. Since HSD17B13 is a novel gene, its various
functions have yet to be clarified in detail. As a result, the molecular mechanism in which
the genetic variant protects the liver is unknown. Unlike the other genetic variants for FLD,
the HSD17B13 variant minor allele protects the liver and is associated with a lower risk of
developing CVD. Studying the HSD17B13 genetic variant and discovering its mechanism
using iPS cells and genetic engineering could be the best suited method to pave the way
for personalized targeted therapy for FLD.
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6. Conclusions

The protective role of these newly discovered genetic variants of HSD17B13 needs
further study. Experiments conducted in knock-in/knock-out models of mice produced
results that conflicted with those conducted in cell line models. Additionally, clinical
samples have varying genetic and lifestyle backgrounds, making it difficult to compare
between approaches. The HSD17B13 genetic variant minor allele can still be a good
therapeutic target, protecting the liver and reducing the risk of developing CVD. The best
model to investigate how this occurs may be iPS cells. Both hepatocytes and stellate cells
can be generated from these iPS cells, making it possible to study the role of the HSD17B13
variant in both cell types. Furthermore, these cells have the potential to be gene edited
and will contain the same genetic background. iPS cells could help uncover the protective
mechanism of the HSD17B13 genetic variant and expose a therapeutic target for FLD,
solving the biggest hurdle in liver disease of this era.
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