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Preface to ”Recent Advances in the Diagnosis and

Treatment of Chronic Liver Diseases”

Dear readers,

It is my great pleasure and honor to publish a book entitled Advances in the Diagnosis and

Treatment of Chronic Liver Diseases. Chronic liver diseases develop from a wide range of causes,

including hepatitis B virus (HBV) infection, hepatitis C virus (HCV) infection, alcoholic-related liver

disease, non-alcoholic fatty liver disease (NAFLD), and autoimmune liver diseases. Recent advances

in molecular and cellular techniques have succeeded in providing new aspects in the diagnosis and

treatment of chronic liver diseases. This book includes seven state-of-the-art studies on chronic liver

diseases.

I believe that the present special collection would be beneficial for a wide range of readers.

Sincerely,

Hirayuki Enomoto

Editor
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Abstract: Background: We recently identified 39 human microRNAs, which effectively suppress
hepatitis B virus (HBV) replication in hepatocytes. Chronic HBV infection often results in
active, hepatitis-related liver fibrosis; hence, we assessed whether any of these microRNAs have
anti-fibrotic potential and predicted that miR-6133-5p may target several fibrosis-related genes.
Methods: The hepatic stellate cell line LX-2 was transfected with an miR-6133-5p mimic and
subsequently treated with Transforming growth factor (TGF)-β. The mRNA and protein products of
the COL1A1 gene, encoding collagen, and the ACTA2 gene, an activation marker of hepatic stellate
cells, were quantified. Results: The expression of COL1A1 and ACTA2 was markedly reduced in
LX-2 cells treated with miR-6133-5p. Interestingly, phosphorylation of c-Jun N-terminal kinase (JNK)
was also significantly decreased by miR-6133-5p treatment. The expression of several predicted
target genes of miR-6133-5p, including TGFBR2 (which encodes Transforming Growth Factor Beta
Receptor 2) and FGFR1 (which encodes Fibroblast Growth Factor Receptor 1), was also reduced
in miR-6133-5p-treated cells. The knockdown of TGFBR2 by the corresponding small interfering
RNA greatly suppressed the expression of COL1A1 and ACTA2. Treatment with the JNK inhibitor,
SP600125, also suppressed COL1A1 and ACTA2 expression, indicating that TGFBR2 and JNK mediate
the anti-fibrotic effect of miR-6133-5p. The downregulation of FGFR1 may result in a decrease of
phosphorylated Akt, ERK (extracellular signal-regulated kinase), and JNK. Conclusion: miR-6133-5p
has a strong anti-fibrotic effect, mediated by inactivation of TGFBR2, Akt, and JNK.

Keywords: liver fibrosis; hepatic stellate cells; TGF-β; JNK signaling pathway

1. Introduction

The progression of liver fibrosis often leads to fatal outcomes, such as the development of
cirrhosis and hepatocellular carcinoma. Infections with viruses such as the hepatitis B virus (HBV) and
hepatitis C virus are the major causes of liver fibrosis and contributed to around 50% of cirrhosis and
hepatocellular carcinoma cases in 2017 [1]. Approximately 250 million people worldwide were infected
with hepatitis viruses, resulting in nearly 1.4 million deaths in 2016, which is more than those caused

1



Int. J. Mol. Sci. 2020, 21, 7251

by human immunodeficiency virus infection or tuberculosis [2]. Therefore, the development of novel
treatment options to prevent the progression of liver fibrosis is important for reducing risks to health.

Hepatic stellate cells (HSCs) are major producers of extracellular matrix proteins, such as
collagen fibers, during the development of fibrosis. HSCs are activated by fibrogenic cytokines,
such as Transforming growth factor (TGF)-β, angiotensin II, and leptin, induced by liver injury [3].
Once activated, HSCs proliferate and differentiate into myofibroblasts and start to produce α-smooth
muscle actin (α-SMA). Although extensive efforts have revealed that various signaling molecules such
as Akt and c-Jun N-terminal kinase (JNK) control the activation and fibrogenesis of HSCs [4–8], the
molecular processes involved in HSC activation are not entirely understood [9].

MicroRNAs (miRNAs) are small non-coding RNAs, 21–25 nucleotides in length, encoded
in the human genome. Each miRNA targets hundreds of mRNAs and downregulates
them post-transcriptionally by base pairing with their 3′-untranslated regions (3′-UTRs) [10,11].
Extensive studies have revealed that miRNAs regulate various biological and cellular processes,
including proliferation, differentiation, cell behavior, and cancer development [12–17]. The involvement
of miRNAs in fibrosis of the liver and other organs also has been reported [18–22].

Recently, by screening a human miRNA mimic library, we identified 39 miRNAs that effectively
suppress HBV replication [23]. A significant portion of chronically HBV-infected patients suffer from
progression of liver fibrosis toward cirrhosis [24]. Hence, we investigated whether any of these miRNAs
have additional effects related to fibrosis and found that one of them, miR-6133-5p, potentially targets
several fibrosis-related genes. Interestingly, miR-6133 greatly suppressed not only the COL1A1 gene
that encodes the α-chain of collagen type I (collagen Iα1), the major component of fibrous tissue in
the liver, but also the ACTA2 gene, which encodes α-SMA, indicating its anti-fibrotic potential. In the
present study, we explored the molecular mechanisms by which miR-6133-5p suppresses the fibrotic
activity of hepatic stellate cells.

2. Results

2.1. MiR-6133-5p Suppresses the Synthesis of α-Chain of Collagen Type I and α-Smooth Muscle Actin in
LX-2 Cells

To explore the role of miR-6133-5p in HSC functions, we transfected an miR-6133-5p mimic or
a negative control miRNA mimic (hereafter referred to as miControl) into a human HSC line, LX-2,
24 h before treatment with 5 ng/mL of recombinant human transforming growth factor β1 (rhTGF-β1),
a strong inducer of fibrogenesis. RNA and protein were collected at each time point, as indicated in
Figure 1A. As shown in Figure 1B, in the miControl-treated cells, rhTGF-β1 treatment dramatically
increased the expression of COL1A1 and ACTA2. Interestingly, the levels of COL1A1 and ACTA2 were
significantly decreased in the miR-6133-5p-treated cells, irrespective of rhTGF-β1 treatment, indicating
that miR-6133 has strong anti-fibrotic property. Western blot analyses showed that the amounts of
collagen Iα1 and α-SMA were also decreased in the miR-6133-5p-transfected cells, with or without
rhTGF-β1 treatment (Figure 1C). It was noted that the amount of α-SMA protein increased only 72 h
after rhTGF-β1 treatment.
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Figure 1. The impact of miR-6133 on the anti-fibrotic activity of LX-2 cells. (A) LX-2 cells were
transfected with a miR-6133-5p mimic or a negative control microRNA mimic (miControl) at a final
concentration of 20 nM, 24 h before treatment with recombinant human transforming growth factor
β1 (rhTGF-β1, 5 ng/mL). Total RNA and proteins were extracted from the cells collected at the time
points indicated. (B) The expression of the COL1A1 gene encoding collagen Iα1, and the ACTA2 gene
encoding α-smooth muscle actin was determined by RT-qPCR. (C) The amounts of α-chain of collagen
type I (collagen Iα1) and α-smooth muscle actin (α-SMA) were determined by Western blot analysis.
Error bars represent means ± standard deviations (n = 3). * p < 0.05; ** p < 0.01., n.s. not significant.
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To identify the molecular mechanisms by which miR-6133-5p suppressed COL1A1 and ACTA2,
we performed an RNAseq analysis to compare gene expression patterns of the cells transfected with
miR-6133-5p with those transfected with miControl, 24 h after rhTGF-β treatment. Several genes
(n = 373) were downregulated by more than 50%, with statistical significance (Figure 2A).
Among them, 36 genes were also found among the putative target genes of miR-6133-5p predicted by
TargetScanHuman v7.2 (total 438 genes, http://www.targetscan.org/vert_72/) [11]. We then examined
the role of each gene on the expression of COL1A1 and ACTA2 by transfecting with the corresponding
small interfering RNAs (siRNA). As shown in Figure 2B, only knockdown of the TGFBR2 gene,
which encodes a component of the human TGF-β receptor, downregulated COL1A1 and ACTA2 more
than 20%, compared with cells treated with a non-targeting control siRNA (siControl), with statistical
significance. However, suppression of COL1A1 and ACTA2 by miR-6133-5p was also observed in the
absence of rhTGF-β. Moreover, miR-6133 did not alter rhTGF-β-induced phosphorylation of Smad2/3,
indicating the presence of TGFBR2-Smad independent pathways (Figure 3A).

By analyzing the RNAseq data in terms of gene ontology, we found that several genes encoding
extracellular matrix proteins and genes involved in epithelial-to-mesenchymal transition, such as
CTGF (connective tissue growth factor), COL1A2 (collagen Iα2), COL5A3 (collagen Vα3), LOX (Lysyl
oxidase), SNAI2 (Snail 2), and CDH2 (Cadherin 2), were also significantly downregulated in the
miR-6133-5p-treated group (Supplementary Tables S1 and S2). These results indicated that miR-6133-5p
partially affects the activation and fibrotic function of LX-2 cells.

2.2. MiR-6133 Decreased Phosphorylation of Akt, ERK, and JNK

We then examined the impact of miR-6133 on the major cellular signaling pathways mediated
by the serine/threonine kinases, Akt, ERK (extracellular signal-regulated kinase), JNK, and p38.
Surprisingly, the amounts of phosphorylated forms of Akt, ERK, and JNK, but not p38, were smaller
in the miR-6133-treated LX-2 cells than the miControl-treated cells, 24 h after rhTGF-β treatment
(Figure 3A). Moreover, these differences were also observed in the mock-treated groups (Figure 3A).
To determine whether the inhibition of phosphorylation of any of these kinases affected the expression
of COL1A1 and ACTA2, we used siRNAs targeting the SMAD2, SMAD3, and SMAD4 genes, which are
the central mediators of canonical TGF-β signaling and those targeting the AKT1, AKT2, and AKT3

genes; and chemical inhibitors of MEK (MAPK/ERK kinase), JNK, and p38.
As shown in Figure 3B, treatment with SMAD2/3/4 siRNAs slightly decreased COL1A1 and ACTA2,

but without statistical significance, indicating that COL1A1 and ACTA2 are not solely regulated by the
canonical TGF-β-Smad2/3/4 pathway. The knockdown of AKT1/2/3 decreased the level of COL1A1, but
not ACTA2. Treatment with the MEK inhibitor, U0126, which inhibits phosphorylation of ERK by the
upstream kinase MEK, slightly increased the levels of COL1A1 and ACTA2. In contrast, inhibition of
JNK and p38 by their corresponding inhibitors (SP600125 and SB203580, respectively) significantly
suppressed COL1A1 and ACTA2 expression (Figure 3B). Collectively, these results suggested that Akt
may partially account for the suppression of COL1A1 by miR-6133-5p and, similarly, JNK may partially
account for the suppression of both COL1A1 and ACTA2 by miR-6133-5p.

We next investigated the relationship between the suppression of the TGFBR2 gene and that of Akt,
ERK, and JNK phosphorylation using an siRNA targeting the TGFBR2 gene (siTGFBR2). As shown in
Figure 4A, the amount of collagen Iα1 was greatly decreased and that of α-SMA was slightly decreased
in the LX-2 cells treated with siTGFBR2 compared with the siControl-treated cells. While the amount
of phosphorylated forms of Smad2/3 and Akt was also significantly decreased by siTGFBR2, it had no
impact on the amounts of phosphorylated ERK, JNK, and p38 (Figure 4A). These results indicated that
the suppression of JNK by miR-6133 is independent of TGFBR2.
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Figure 2. The impact of miR-6133 target genes on the anti-fibrotic activity of LX-2 cells. (A) RNAseq
analysis revealed that 373 genes were downregulated in miR-6133-treated LX-2 cells compared with
those treated with miControl, with statistical significance (p < 0.05). Thirty-six of these genes were
also among 438 putative miR-6133-5p target genes predicted by TargetScanHuman v7.2. The levels of
TGFBR2 (which encodes Transforming Growth Factor Beta Receptor 2) in the miR-6133-treated and
miControl-treated LX-2 cells (n = 3) were determined by RT-qPCR. (B) LX-2 cells were transfected with
small interfering RNAs (siRNAs) corresponding to each of the 36 genes or a non-targeting control
siRNA (siControl) at a final concentration of 20 nM, 24 h before treatment with rhTGF-β1 (5 ng/mL).
The expression of COL1A1 and ACTA2 was determined by RT-qPCR. Fold change was calculated as
the ratio over the expression in the siControl-treated sample (indicated by a dotted line). Error bars
represent means ± standard deviations (n = 3). * p < 0.05; ** p < 0.01.
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of siRNAs corresponding to the AKT1, AKT2, and AKT3 genes (siAKT1/2/3), or siControl, at a final
concentration of 30 nM (10 nM for individual siRNA), 24 h before treatment with rhTGF-β1 (5 ng/mL).
LX-2 cells were also treated side by side with an MEK (MAPK/ERK kinase) inhibitor (U0126), a JNK
inhibitor (SP600125), a p38 inhibitor (SB203580), or DMSO (dimethylsulfoxide), 24 h before rhTGF-β1
treatment. Total RNA was extracted from the samples collected 24 h after rhTGF-β1 treatment and the
expression of COL1A1 and ACTA2 was determined by RT-qPCR analysis. Error bars represent means
± standard deviations (n = 3). * p < 0.05; ** p < 0.01.
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Figure 4. The effect of knockdown of TGFBR2 and FGFR1 (which encodes Fibroblast Growth Factor
Receptor 1), on the activation of intracellular signaling pathways. (A) LX-2 cells were treated with an
TGFBR2 siRNA or siControl at a final concentration of 20 nM, 24 h before treatment with rhTGF-β1
(5 ng/mL). Protein extracts were prepared from the samples collected 24 h after rhTGF-β1 treatment
and subjected to Western blot analysis. (B) LX-2 cells were treated with an FGFR1 siRNA, TGFBR2
siRNA, or siControl at a final concentration of 20 nM, 24 h before treatment with rhTGF-β1. The lysates
were analyzed by Western blot analysis. (C) Values of fragments per kilobase of exon per million reads
mapped (FPKM) for FGF1, FGF2, FGF5, FGFR1, HBEGF, VEGFA, IRS1, PIK3CD, and PIK3R2 genes,
deduced from the RNAseq analysis comparing samples treated with miR-6133-5p and miControl. Error
bars represent means ± standard deviations (n = 3). * p < 0.05; ** p < 0.01.
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2.3. Possible Involvement of the Fibroblast Growth Factor Receptor 1 (FGFR1) Gene in the Suppression of JNK
Phosphorylation by MiR-6133-5p

Next, to further elucidate the mechanism by which miR-6133-5p suppressed the phosphorylation
of Akt, ERK, and JNK, we performed gene set enrichment analysis (GSEA) and constructed
miRNA-mRNA networks from RNAseq data. By analyzing GSEA of gene ontology (GO) gene
sets in the miR-6133-5p-treated LX-2 cells, we found that a group of genes annotated as ‘extracellular
matrix organization’ were significantly downregulated in the miR-6133-5p-treated cells (Supplementary
Figure S1A,B). From the putative miR-6133-target genes predicted by TargetScanHuman v7.2 and
experimentally validated miR-6133-5p target genes listed in miRTarBase v8.0 (http://mirtarbase.cuhk.
edu.cn/php/index.php) [25], we selected 98 genes whose expression was significantly lower in the
miR-6133-5p-treated LX-2 cells (fold change in log2 ratio > 0.8, p < 0.05, fold discovery rate < 0.01;
Supplementary Figure S1C). Among them, we found the FGFR1 gene annotated in ‘extracellular
matrix organization’, which is known to transmit a signal to the PI3K-Akt and ERK/JNK/p38 signaling
pathways upon activation by its ligands, fibroblast growth factors [26]. As shown in Figure 4B,
knockdown of FGFR1 by the corresponding siRNA significantly decreased the phosphorylated form of
JNK. It also decreased phosphorylated forms of Akt and ERK to some extent. These results suggested
that the anti-fibrotic function of miR-6133-5p may partially be mediated by the FGFR-Akt/ERK/JNK
axis. In contrast, knockdown of FGFR1 increased the amount of phosphorylated form of Smad2/3
(Figure 4B), indicating that FGFR1 acts inhibitory to the TGF-β pathway, including Smad2/3, as reported
by Li et al. [27]. Interestingly, the levels of expression of genes encoding FGFR ligands (FGF1, FGF2, and
FGF5) were also reduced in the miR-6133-5p-treated cells. The level of genes involved in other growth
factor signaling pathways, such as HBEGF (the epidermal growth factor signaling pathway), VEGFA

(the vascular endothelial growth factor signaling pathway), and IRS1, PIK3CD, PIK3R2 (the IGF-PI3K
signaling pathway), were also significantly decreased (Figure 4C).

3. Discussion

Recently, we reported that the human miRNA, miR-6133-5p, has strong antiviral activity against
HBV replication [23]. In this study, we found that miR-6133-5p effectively suppressed COL1A1 and
ACTA2—the main component of fibrous tissue in the liver and a representative marker of HSC activation,
respectively. An RNAseq analysis also revealed that several genes encoding other extracellular matrix
proteins and those involved in epithelial-to-mesenchymal transition were significantly downregulated
in the miR-6133-5p-treated cells, suggesting that miR-6133-5p has strong, but partial, anti-fibrotic
property when introduced in HSCs. Functional analyses revealed that siRNA-mediated knockdown
of TGFBR2 and AKT1/2/3, and inhibition of JNK by an appropriate chemical, suppressed COL1A1

and ACTA2 expression, suggesting that the anti-fibrotic effects of miR-6133-5p may be mediated by
TGFBR2, Akt, and JNK (Figure 5).
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Figure 5. Schema of anti-fibrotic mechanisms via miR-6133-5p. TGF-β signaling mediated by the
receptor TGFBR2 and its receivers, Smad2/3, control, COL1A1, and ACTA2. miR-6133-5p directly
suppresses the expression of TGFBR2. miR-6133-5p decreases phosphorylation (activation) of Akt, ERK,
and JNK, possibly by targeting FGFR1 which results in the suppression of FGF/FGFR axis. Akt and
JNK regulate COL1A1 and ACTA2 expression.

The decrease of phosphorylated Akt, ERK, and JNK in the miR-6133-treated LX-2 cells could be
due to the downregulation of FGFR1, a target gene of miR-6133-5p. Several reports have shown that
Akt is involved in collagen synthesis and the activation of HSCs [4,5]. JNK has also been reported
to regulate collagen synthesis and the activation of HSCs [6–8]. A chemical compound, GS-444217,
that specifically inhibit ASK1 (Apoptosis signal-regulating kinase 1), a protein kinase upstream of
JNK and p38, has been reported to reduce liver fibrosis in a mouse model with a Nlrp3 (NLR family
pyrin domain containing 3) loss-of-function mutation [28]. These findings, together with our present
study, indicate that signaling pathways including Akt and JNK are therapeutic targets for the control
of liver fibrosis.

The roles of endogenous miR-6133-5p in humans are largely unknown. miR-6133-5p is expressed
in almost all tissues, including the liver. One report revealed that the amount of urinary exosomal
miR-6133-5p was increased in type II diabetic nephropathy patients [29]. On the other hand, we found
that the level of miR-6133-5p was not altered in the rhTGF-β1-treated LX-2 cells, compared with
the control (data not shown), indicating that endogenous level of miR-6133 have no impact on the
fibrogenic function of HSCs.

miR-6133-5p is found in the genome of several primates. Although it is important to determine
whether miR-6133-5p effectively ameliorates liver fibrosis in vivo, at present, we could not employ
physiologically relevant small animal models for evaluating the effect of primate-restricted miRNA
such as miR-6133-5p on liver fibrosis in vivo. Chimeric mice, with liver repopulated with human
hepatocytes, were frequently used to study HBV replication in vivo [30]. The development of similar
experimental animal models such as small animals harboring human HSCs in the liver would help to
examine the effect of reagents on liver fibrosis in future studies.

Some issues remain to be addressed. While the expression of ACTA2 was induced by rhTGF-β1
and peaked 24 h after treatment, the increase of α-SMA protein became obvious only 72 h after
rhTGF-β1 treatment (Figure 1B,C). Similarly, while knockdown of TGFBR2 greatly suppressed ACTA2

expression 24 h after rhTGF-β1 treatment, the amount of α-SMA protein was not decreased so much
(Figures 2B and 4A). This could be due to the balance between the efficiency of translation and the
degradation of α-SMA protein, which may cause a delay in the outcome of the increase/decrease of
ACTA2 mRNA and changes in the amount of its protein product.
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On the other hand, knockdown of TGFBR2 by the corresponding siRNA greatly decreased
the phosphorylated form of Smad2/3. However, although miR-6133-5p treatment also suppressed
TGFBR2 effectively, it had no impact on the amount of phosphorylated Smad2/3. The amount of
phosphorylated Smad2/3 was increased by the knockdown of FGFR1 (Figure 4B); hence, it is possible
that the downregulation of FGFR1 by miR-6133 may partially cancel the suppressive effect by the
downregulation of TGFBR2 in terms of the level of phosphorylation of Smad2/3.

Our results showed that the inhibition of p38 by its inhibitor, SB203580, also effectively suppressed
COL1A1 and ACTA2 expression (Figure 3B). On the other hand, miR-6133-5p had no impact on
the phosphorylation of p38 in LX-2. JNK and p38 are differently regulated by upstream kinases
(MKK4 (mitogen-activated protein kinase kinase 4)/MKK7 and MKK3/MKK6, respectively); hence,
miR-6133-5p could selectively inhibit JNK without affecting p38 and it is sufficient for the suppression
of COL1A1 and ACTA2 in LX-2 cells.

A comprehensive transcriptome analysis covering many time points is needed in a future study
to dissect the effect of miR-6133-5p from the immediate-early suppression of direct target genes,
middle-stage changes of signaling pathways, and late-stage changes, such as the downregulation of
COL1A1 and ACTA2. The role of miR-6133-5p in the fibrosis of other organs or tissues has also not
been documented; further studies will be required to examine the effect of miR-6133-5p in various
fibroblast cells of different organ origins.

In conclusion, we found that miR-6133-5p has strong anti-fibrotic effect which could be mediated
by inactivation of TGFBR2, Akt, and JNK.

4. Materials and Methods

4.1. Cell Culture and Transfection

LX-2 cells were cultured in Dulbecco’s modified Eagle’s medium (Thermo Fisher Scientific,
Waltham, MA, USA) supplemented with 1% antibiotic antimycotic solution and 2% heat-inactivated fetal
bovine serum (Thermo Fisher Scientific). MiRIDIAN MicroRNA miR-6133-5p Mimic and MiRIDIAN
MicroRNA Mimic Negative Control #1 (miControl) were purchased from Horizon Discovery Group
plc. (Cambridge, UK). ON-TARGETplus siRNA SMARTpools targeting SMAD2, SMAD3, SMAD4,
AKT1, AKT2, AKT3, and FGFR1; and ON-TARGETplus Non-targeting Pool (siControl) were purchased
from Horizon Discovery Group plc. Each SMARTpool contains four independent siRNA molecules
to ensure efficient gene knockdown. Silencer Select siRNA reagents corresponding to 36 predicted
target genes of miR-6133-5p and Silencer Select negative control siRNA were purchased from Thermo
Fisher Scientific. Two independent Silencer Select siRNA molecules for each gene were mixed equally
and used in the following assay to ensure efficient gene knockdown. The sequence information of the
siRNAs used in this study was shown in Supplementary Table S4.

miRNAs or siRNAs were introduced into LX-2 cells at a final concentration of 20 nmol/L
using Lipofectamine RNAiMAX Reagent (Thermo Fisher Scientific), according to the manufacturer’s
instructions. Twenty-four hours after transfection, the cells were further cultured with medium
containing 5 ng/mL of rhTGF-β1. The cells were then harvested and subjected to RNA and protein
extraction at the time points indicated in Figure 1A.

4.2. Gene Expression Analysis by RT-qPCR

Total RNA was extracted using ISOGEN (Nippon Gene, Toyama, Japan). Gene expression was
determined by RT-qPCR using StepOne Plus (Thermo Fisher Scientific). The primer–probe sets for
RT-qPCR analysis of human COL1A1, ACTA2, TGFBR2, FGFR1, and GAPDH genes were purchased
from Thermo Fisher Scientific.
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4.3. Quantification of Protein

Cell lysates were prepared using a lysis buffer containing 1% Nonidet P40, 150 mM sodium
chloride, and 50 mM Tris-Cl buffer (pH 7.4). A cOmplete Mini EDTA-free tablet and a PhosSTOP tablet
(Roche diagnostics, Basel, Switzerland) were added to each 10 mL of the lysis buffer immediately
before use. Western blot analyses were performed by a routine procedure using the primary antibodies
listed below with the species, target, company, catalogue number, and dilution: mouse anti-collagen
Iα1 (sc-293182, Santa Cruz, Dallas, TX, USA, 1:1000); rabbit anti-α-SMA (GTX100034, GeneTex, Irvine,
CA, USA, 1:1000); rabbit anti-phospho-Smad2/3 (#8828, Cell Signaling Technology, Danvers, MA, USA,
1:2000); rabbit anti-Smad2/3 (#8685, Cell Signaling Technology, 1:2000); rabbit anti-phospho-Akt (#9271,
Cell Signaling Technology, 1:2000); rabbit anti-Akt (#9272, Cell Signaling Technology, 1:2000); mouse
anti-phospho-ERK (#9106, Cell Signaling Technology, 1:2000); rabbit anti-ERK (#9102, Cell Signaling
Technology, 1:2000); rabbit anti-phospho-JNK (#9251, Cell Signaling Technology, 1:2000); rabbit
anti-JNK (#9252, Cell Signaling Technology, 1:2000); rabbit anti-phospho-p38 (#9211, Cell Signaling
Technology, 1:2000); rabbit anti-p38 (#9212, Cell Signaling Technology, 1:2000); mouse anti-GAPDH
(ab8245, Abcam, Cambridge, UK, 1:10,000). The intensity of the bands was calculated using ImageJ
v1.8.0 (https://imagej.nih.gov/ij/index.html).

4.4. RNAseq Analysis

Total RNA samples collected from miR-6133-5p- and miControl-treated LX-2 cells (n = 2) 24 h
after rhTGF-β1 treatment were subjected to an RNAseq analysis. PolyA + RNA was extracted,
fragmented, and reverse-transcribed to yield a single-stranded cDNA mixture. Double-stranded DNA
was then synthesized using the cDNA mixture as a template. The ends of the product were blunted,
phosphorylated, followed by addition of 3′-deoxyadenosine, and ligated with adapter DNA fragments
containing an index sequence unique to each sample. After amplification by PCR, the resultant
sequencing libraries were subjected to pair-end sequencing (sequence length = 150 bases) using
NovaSeq 6000, NovaSeq 6000 S4 Reagent Kit, and NovaSeq Xp 4-Lane Kit (Illumina Inc., San Diego, CA,
USA). The reads were mapped and annotated using GeneData Profiler Genome v11.0.4a (GeneData,
Basel, Switzerland) and STAR v2.5.3a (https://github.com/alexdobin/STAR). Homo sapiens genome
assembly GRCh37 (hg19) was used as the reference. The number of reads and the percentage of mapped
reads for each sample are shown in Supplementary Table S3. Read counts underwent the trimmed
mean of M values (TMM) normalization and log2 computes counts per million (CPM) transformation
using the edgeR software v3.30.3 [31]. Differences in gene expression between miR-6133-5p and
miControl were tested by a quasi-likelihood test function (glmQLFit). We set a false-discovery rate
(FDR) threshold of 0.01 to correct for multiple testing and set a log-fold change (Log2FC) threshold of
0.8. The RNAseq data were deposited in the Gene Expression Omnibus database (accession number:
GSE158478, https://www.ncbi.nlm.nih.gov/geo/).

To functionally characterize miR-6133-5p, we performed a pathway analysis using the GSVA
R package (https://www.bioconductor.org/packages/release/bioc/html/GSVA.html) [32]. The gene
sets used were the Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway and all GO gene
sets from the Broad Institute’s Molecular Signatures Database (MSigDB) v7.1. The top differentially
enriched pathways were yielded along with p-values adjusted for multiple testing correction using the
Benjamini–Hochberg FDR controlling procedure. Cytoscape software v3.6.2 [33] was employed to
construct the miRNA–mRNA gene network. All data were analyzed in R (http://www.r-project.org/).

4.5. Statistical Analysis

The student’s t-test was performed using Microsoft Excel. Data are depicted as the mean ±
standard deviation, and p-values < 0.05 were considered significant: * p < 0.05, ** p < 0.01.

Supplementary Materials: Supplementary materials can be found at http://www.mdpi.com/1422-0067/21/19/
7251/s1. Table S1: Downregulated genes listed in the gene set ‘Extracellular matrix’; Table S2: Downregulated
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genes listed in the gene set ‘Hallmark epithelial mesenchymal transition’; Table S3: The RNAseq Results;
Table S4: Sequence information of the siRNAs used in this study; Figure S1: Characterization of genes controlled
by miR-6133-5p.
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Abstract: Hepatitis A virus (HAV) infection occasionally leads to a critical condition in patients with
or without chronic liver diseases. Acute-on-chronic liver disease includes acute-on-chronic liver
failure (ACLF) and non-ACLF. In this review, we searched the literature concerning the association
between HAV infection and chronic liver diseases in PubMed. Chronic liver diseases, such as
metabolic associated fatty liver disease and alcoholic liver disease, coinfection with other viruses,
and host genetic factors may be associated with severe hepatitis A. It is important to understand
these conditions and mechanisms. There may be no etiological correlation between liver failure
and HAV infection, but there is an association between the level of chronic liver damage and the
severity of acute-on-chronic liver disease. While the application of an HAV vaccination is important
for preventing HAV infection, the development of antivirals against HAV may be important for
preventing the development of ACLF with HAV infection as an acute insult. The latter is all the
more urgent given that the lives of patients with HAV infection and a chronic liver disease of another
etiology may be at immediate risk.

Keywords: HBV; HCV; HIV; acute liver failure; nonalcoholic fatty liver diseases; NASH; GRP78

1. Introduction

Liver failure is a common disease with high mortality, and its incidence is increasing with the use
of alcohol and the prevalence of obesity and diabetes [1–3]. It has also been reported that the prognosis
of acute hepatitis or acute liver injury was affected by the preexistence of chronic liver diseases
and cirrhosis [1,2], extrahepatic diseases, such as metabolic, malignant, and psychiatric diseases [4],
and host factors, such as older age and obesity [3,5,6], although the etiology of acute insults is one of
the most important risk factors for the development of severe liver diseases [1,7].

Hepatitis A virus (HAV) infection is still one of the major causes of acute hepatitis worldwide.
HAV infection occasionally causes acute liver failure [4,8]. It has been reported that a superinfection
of HAV in patients with a chronic hepatitis C virus (HCV) infection is associated with fulminant
hepatitis [9], although much research denies this association [5,10]. HAV infection rarely causes acute
liver failure in patients without underlying chronic liver diseases [9].

There are excellent, safe, and effective HAV vaccines to prevent HAV infection. However,
HAV vaccination costs a lot. As no universal vaccination program against HAV infection exists
in certain countries, such as Japan, it may be important to develop potential drugs against HAV
infection [11].

15



Int. J. Mol. Sci. 2020, 21, 6384

In this review, we searched the recent literature concerning the association between HAV infection
and chronic liver diseases, including metabolic associated fatty liver disease (MAFLD), in PubMed.
We also discussed the mechanism of severe acute hepatitis A.

2. Acute-On-Chronic Liver Failure with HAV Infection as an Acute Insult

Acute-on-chronic liver diseases include acute-on-chronic liver failure (ACLF) and non-ACLF [12].
ACLF, which presents acutely with multiple organ failure and is precipitated by an acute insult, has
high short-term mortality [2,13]. In general, the prognosis of ACLF is worse than that of acute liver
failure. ACLF is a distinct concept, where acute hepatic decompensation occurs in patients with chronic
liver disease or cirrhosis in encountering an acute insult, leading to high short-term mortality [2].
In Asian countries, hepatitis viruses are important factors of acute insults, unlike in European countries
and the United States [2], and HAV is one of the acute insults of ACLF [1,12,14–17].

HAV superinfection was found to be the most common etiology (42%) of acute deterioration in
children with ACLF in India [15]. ACLF in adults was found to be due to HEV, HAV, or both in 61%,
27%, and 6% of cases [1], respectively, although HAV infections occur in childhood, and HAV infection
as an acute insult in adult ACLF is relatively uncommon in India [17]. Agrawal et al. reported an
adult patient with ACLF and HAV as an acute insult who had an underlying cirrhotic liver due to
nonalcoholic steatohepatitis (NASH) [17]. Among the children and adults with ACLF, acute insults
caused by both HAV and HEV are important. It may be important to consider them in order to improve
the prognosis of ACLF by developing a treatment for HAV infection.

3. HAV Infection and Metabolic Associated Fatty Liver Disease (MAFLD)

ACLF may occur among patients with chronic liver diseases or cirrhosis due to nonalcoholic
fatty liver diseases (NAFLD), including NASH and alcoholic liver diseases (ALD), in eastern and
western countries [2,13]. NASH is the most rapidly increasing etiology for ACLF [18]. Agrawal et al.
reported a nonobese 34-year-old man presenting ACLF with acute HAV infection superimposed on
NASH without cirrhosis [17] (Table 1). Kahraman et al. also reported a human immunodeficiency
virus (HIV)-positive case presenting ACLF with acute HAV infection superimposed on cirrhosis due to
NASH [19]. NASH is also observed among people less than 40 years old, and acute-on-chronic liver
diseases may have an atypical course among these patients [20].

Table 1. Acute-on-chronic liver failure with hepatitis A virus (HAV) infection in patients with
nonalcoholic steatohepatitis (NASH) or chronic alcoholic liver diseases (ALD).

Authors (Year) [References] N Acute Insults Underlying CLD Prognosis

Agrawal S, et al. (2018) [17] 1 HAV NASH Recovered
Kahraman A, et al. (2006) [19] 1 HAV NASH and HIV Died

Lefillatre P, et al. (2000) [21] 1 HAV ALD Died
Spada E, et al. (2005) [22] 2 HAV ALD and HCV Died

CLD, chronic liver diseases; HIV, human immunodeficiency virus; ALD, alcoholic liver disease; HCV, hepatitis
C virus.

Fatty liver diseases associated with metabolic dysfunction are common and have a heterogeneous
genetic predisposition, metabolic syndrome, and environmental factors [23]. Recently, experts
suggested “MAFLD” should replace NAFLD/NASH [23]. The diagnosis of MAFLD is based on the
detection of liver steatosis in the presence of overweight or obesity, diabetes mellitus, and/or clinical
evidence of metabolic abnormalities, such as hypertension, dyslipidemia, and hyperglycemia.

A Japanese nationwide survey of ALF and late-onset hepatic failure (LOHF) caused by HAV
infection suggested that diabetic mellitus was more common among deceased patients than among
rescued patients (29% vs. 8%; p < 0.05), excluding patients with liver transplantations, and that diabetic
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mellitus was independently associated with the outcome [24]. Patients with diabetes are at risk of
developing severe hepatitis [25].

We observed that HAV HA11-1299 genotype IIIA strain replication is enhanced by the accumulation
of lipids or high-concentration glucose in the human hepatoma cell line, Huh7 [26–28]. Hyperglycemia
or the accumulation of lipids induces an endoplasmic reticulum (ER) stress response in human
hepatocytes. HAV replicates in the ER of human hepatocytes and induces an ER stress response.
The ER stress response is mediated by the sensor molecules, inositol-requiring enzyme 1α (IRE1α),
PKR-like ER kinase (PERK), and activating transcription factor 6 (ATF6), which are usually associated
with molecular chaperone glucose-regulated protein 78 (GRP78) [27]. GRP78 is a negative regulator of
ER stress response. We also observed that the overexpression of GRP78 could inhibit HAV replication,
while the knockdown or knockout of GRP78 enhanced HAV replication [26,28]. In sum, GRP78 is an
antiviral protein against HAV replication [28].

4. HAV Infection and Alcoholic Liver Diseases (ALD)

There are several factors affecting the severity of HAV infection and the rates of fulminant hepatic
failure [29]. These important factors include older age, concomitant virus infection, chronic liver
disease, sexual orientation, intravenous drug use, and alcohol abuse [6,29]. Feller et al. reported that 12
patients developed hepatic encephalopathy, ascites, or both, among 20 patients with alcoholic cirrhosis
and a superimposed episode of acute viral hepatitis [30]. HAV infection was excluded in only three of
these patients [30].

Lefilliatre et al. reported that three patients with fulminant hepatitis A had preexisting liver
diseases, and one of the three had biopsy-proven alcoholic cirrhosis [21] (Table 1). Spada et al. reported
that two individuals were HCV-coinfected alcohol abusers, had underlying liver cirrhosis, and died of
acute liver failure due to HAV infection [22] (Table 1).

While the direct effects of alcohol on HAV replication is unknown, excess alcohol intake (binge
drinking) could induce hepatic fibrosis. As only alcohol intake is responsible for worsening ACLF with
alcoholic chronic liver diseases and alcoholic cirrhosis [31], HAV may have an additive responsibility
for worsening ACLF with ALD.

5. Coinfection of HAV with HIV

In Japan, where no universal vaccination programs against HAV infection exist, 10–20% of those
with HIV infection tested positive for immunoglobulin G (IgG) anti-hepatitis A (HA) antibodies [32–35].
This prevalence is similar to that of IgG anti-HA in those without HIV infection [36,37], although
a higher prevalence area can also be observed in Japan [38]. In general, individuals of high-risk
groups, such as healthcare workers, sewage workers, and drug addicts, have ~60% of IgG anti-HA
worldwide [39,40]. The seroprevalence of IgG anti-HA is relatively higher in people living with HIV
worldwide [41–43].

HIV infection has also been reported as a cause of liver damage in patients infected with HIV [40].
Thus, it is as important to consider patients with HIV infection as those with chronic liver disease. Not
only chronic viral hepatitis B or C but also drug-induced liver injury induced by the antiretroviral
drugs, NAFLD and ALD, has also been observed in people with HIV [40].

HAV infection in patients with chronic liver diseases and coinfected with HIV are shown in
Table 2 [21,22,44,45]. Prolonged HAV infection was also reported in an HIV-seropositive patient [44].
It was reported that the recovery of immunity through recently developed anti-HIV therapies may
lead to more severe hepatocellular damage in patients with HAV infection [45].

HAV infects humans through fecal–oral routes, when HAV-contaminated water and food are
consumed. Among men who have sex with men (MSM), HAV is sexually transmitted [46], and HAV
outbreaks have been observed [47–55]. It is noteworthy that acute hepatitis A among MSM is one of
the male-dominant diseases, although, in general, no gender difference exists in patients with an HAV
infection caused by HAV-contaminated water and food. While HAV may cause severe hepatitis in
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people living with HIV, two doses of an HAV vaccine are more effective for them to achieve a sustained
HAV seroresponse than a single dose of an HAV vaccine [56].

Table 2. Coinfection with hepatitis A virus (HAV) and human immunodeficiency virus (HIV).

Authors (Year) [References] N Acute Insults Underlying CLD Prognosis

Lefillatre P, et al. (2000) [21] 1 HAV HBV, HCV, and HIV Died
Spada E, et al. (2005) [22] 1 HAV HCV and HIV Died

Costa-Mattioli et al. (2002) [44] 1 HAV HIV
Alive; HAV RNA
detected in 256

days
Maki Y, et al. (2020) [45] 1 HAV HIV Died

CLD, chronic liver diseases; HBV, hepatitis B virus; HCV, hepatitis C virus.

6. Coinfection of HAV with HBV

Several cases of ACLF with HAV as an acute insult and chronic hepatitis or cirrhosis due to
HBV, as well as cases with a superinfection of HAV in patients with HBV, have been reported
(Table 3) [9,21,57–62]. A superinfection of HBsAg carriers with HAV seems not to cause more severe
conditions [57]. Patients with HBV plus HAV infection had a less advanced baseline liver disease and
a better prognosis than those with HBV plus hepatitis E virus infection [60].

Table 3. Acute-on-chronic liver failure and/or superinfection of hepatitis virus (HAV) in patients with
hepatitis B virus (HBV).

Authors (Year) [References] N Acute Insults Underlying CLD Prognosis

Tassopoulos N, et al. (1985) [57] 10 HAV HBV Recovered
Vento S, et al. (1998) [9] 10 HAV HBV Recovered (marked cholestasis, 1)

Lefillatre P, et al. (2000) [21] 1 HAV HBV Died
Cooksley WGE, et al. (2000) [58] 27,346 HAV HBV Died, 15 (0.05%)

Sagnelli E, et al. (2006) [59] 13 HAV HBV
Recovered

(severe hepatitis, 1)

Zhang X, et al. (2010) [60] 52 HAV HBV
Died, 1 (1.9%)

[Hepatic failure, 6 (11.5%)]
Fu J, et al. (2016) [61] 35 HAV HBV Recovered

Beisei C, et al. (2020) [62] 1 HAV HBV
Recovered (seroconversion of

HBeAg to anti-HBe)
Lefillatre P, et al. (2000) [21] 1 HAV HBV, HCV, and HIV Died

CLD, chronic liver diseases; HCV, hepatitis C virus; HIV, human immunodeficiency virus; HBeAg, hepatitis B virus
e antigen.

Vento et al. reported that, among 10 patients with an acquired HAV superinfection and chronic
HBV infection, one (10%), who had cirrhosis, had marked cholestasis [9]. Pramoolsinsap et al.
evaluated acute superinfection with HAV in 20 HBV asymptomatic carriers and fulminant hepatitis
or submassive hepatitis in 11 (55%) of 20 HBsAg carriers [63]. A superinfection of HAV in patients
with HBV occasionally leads to critical conditions in HBV carriers with or without cirrhosis, although
patients with advanced fibrosis or cirrhosis are more susceptible to severe conditions [9,21,57–63].

A total of 310,746 cases with acute hepatitis A were observed during the Shanghai hepatitis A
epidemic [58]. A total of 47 fatal cases (0.015%) were reported. Fatality rates were 0.05% (15/27,346) and
0.009% (25/283,400) in patients with or without HBV infection, respectively. It is worth noting that there
were 5.6-fold greater fatality rates in patients with HBV infection than in those without [58]. Cooksley
et al. reported that patients infected with HBV who have raised ALT levels and high HBV levels have
a higher risk of liver failure following HAV superinfection [58]. HAV vaccination seems to be effective
in preventing liver failure associated with HAV in patients with or without HBV infection [64–67].
However, HAV vaccination may not be necessary in the case of countries in which HAV is endemic,
such as India [68,69].

18



Int. J. Mol. Sci. 2020, 21, 6384

It has been reported that the transient suppression of HBV replication and the disappearance of
HBV DNA with the seroconversion of HBeAg were observed in several cases of double infections
with HAV and HBV carries [57]. Beisel et al. also reported that an HBsAg carrier case with HAV
superinfection presented the seroconversion of HBsAg, suggesting that unspecific immunological
responses to HAV could lead to a functional cure of HBV [62]. It was reported that the sharp peak in
interferon-gamma production induced by a superinfection of HAV may lead to the suppression of
HBV replication in patients with chronic hepatitis B [70]. This peak in interferon-gamma production
occurred just before the rise in serum transaminase activity, resulting in a decrease in HBV DNA
and HBeAg.

Berthillon et al. infected the human hepatoma cell line, PLC/PRF/5 [71], which integrates HBV DNA
and produces HBsAg, with the HAV CF53 strain [72]. The inhibition of HBsAg production in PLC/PRF/5
cells infected with HAV was observed, compared with those without HAV infection, demonstrating
that HAV interferes with the expression of HBsAg from hepatocytes harboring integrated HBV DNA
sequences [71]. We also infected HepG2.2.15, which produces HBV virion or HepG2 cells, with the
HAV HA11-1299 strain. We demonstrated that the HAV replication is similar between HepG2.2.15 and
HepG2, 96 h after HAV infection. However, HBV replication is inhibited in HAV-infected HepG2.2.15,
compared to HepG2.2.15 without HAV infection [73].

We also observed that the replication of both HAV and HBV is suppressed in human hepatocyte
PXB cells superinfected with HAV and HBV, compared to those mono-infected with HAV or HBV [73].
Thus, HAV infection seems to inhibit HBV replication. Further studies are required to support this
point, although it indicates that the existence of cirrhosis or advanced liver fibrosis should cause severe
hepatitis in the superinfection of HAV in patients with HBV.

7. Coinfection of HAV with HCV

In general, HCV is a rare cause of fulminant hepatitis or acute liver failure [74,75]. We did
not identify any cases of fulminant hepatitis with HCV RNA in 82 cases of fulminant hepatitis and
late-onset hepatic failure from 1986 to 2001, which were examined at Chiba University School of
Medicine, Japan [74]. There were several reports that HAV infection in patients with chronic hepatitis
C is associated with increased mortality [9,21,22,76], although several contrary opinions exist [59,77]
(Table 4).

Table 4. Acute-on-chronic liver failure (ACLF) and/or the superinfection of hepatitis virus (HAV) in
patients with hepatitis C virus (HCV).

Authors (Year) [References] N Acute Insults Underlying CLD Prognosis

Vento S, et al. (1998) [9] 17 HAV HCV
Recovered, 10; fulminant

hepatitis, 7
Sagnelli E, et al. (2006) [59] 8 HAV HCV Recovered

Deterding K, et al. (2006) [77] 17 HAV HCV Fulminant hepatitis, 0
Spada E, et al. (2005) [22] 1 HAV HCV and ALD Died
Spada E, et al. (2005) [22] 1 HAV HCV and HIV Died

Lefillatre P, et al. (2000) [21] 1 HAV HBV plus HCV and HIV Died

CLD, chronic liver diseases; HBV, hepatitis B virus; ALD, alcoholic liver disease; HIV, human immunodeficiency virus.

Vento et al. reported that, among 17 patients with an acquired HAV superinfection with chronic
hepatitis C, seven patients (41.2%) possessed fulminant hepatic failure, and six (85.7%) of those seven
patients died [9]. It is interesting to note that antinuclear antibodies, anti-smooth-muscle antibodies,
and/or anti-asialoglycoprotein receptor antibodies were detected in five of seven patients with fulminant
hepatitis (71.4%) [9]. Moreover, six of these seven patients possessed chronic active hepatitis, and one
patient recovered from fulminant hepatitis and was treated with methylprednisolone [9]. There are
some reports indicating a higher fatality rate of HAV superinfection in patients with chronic HCV
infection, not considering those with or without cirrhosis [21]. However, it is unclear whether the high
fatality rates were due to severe underlying liver damage or not [21,22].
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It was reported that the superinfection of HAV is associated with decreased HCV replication,
which may lead to a clearance of HCV [77,78]. Esser-Nobis et al. found that Huh7-Lunet cells supported
HAV and HCV replication with similar efficacy and limited interference with each other [79].

In fact, as several severe hepatitis A cases have been observed in patients with chronic HCV
infection, clinicians should pay attention to HAV infection in HCV-infected individuals [80]. At present,
although direct-acting antivirals against HCV can lead to a higher sustained virological response
with less adverse events, no effective HCV vaccines are available. Thus, HAV vaccination should be
considered for HCV-infected patients, especially those with cirrhosis or advanced fibrosis [81–88].

8. HAV and Other Chronic Liver Diseases

It was reported that a prospective study of 31 children in the age group of 1–16 years, who fulfilled
the criteria for ACLF of the Asian Pacific Association for the Study of the Liver (APASL) 2008 consensus,
found 13 ACLF cases of HAV as an acute insult and autoimmune hepatitis or Wilson disease as causes
of chronic liver disease [15]. In children, acute-on-chronic liver diseases, HEV, and HAV are more
frequently causes of acute insults and Wilson disease, while autoimmune liver disease and primary
sclerosing cholangitis are more frequently causes of chronic liver disease [12]. It is possible that HAV
infection, as an acute insult, could result in ACLF in patients with any chronic liver disease, especially
cirrhosis. Careful attention should also be paid to HAV infection in adults and children who have
certain chronic liver diseases.

9. Host Genetic Factors in HAV Infection

Acute insults in ACLF are different, depending on the country in which they are found [2].
In Asian countries, European countries, and the United States, hepatic, hepatic, and extrahepatic or
infection (extrahepatic) causes, respectively, are representative acute insults in the definition of the
APASL, EASL, and NACSELD ACLF guidelines [2,89–91]. Of course, not only a sanitary environment
but also host genetic factors are different in these different regions. Among Mexican Americans,
transforming growth factor beta 1 (TGFB1) rs1800469 (adjusted odds ratio (OR), 1.38; 95% confidence
interval (CI), 1.14–1.68; P value adjusted for false discovery rate (FDR-P) = 0.017) and X-ray repair cross
complementing 1 (XRCC1) rs1799782 (OR, 1.57; 95% CI, 1.27–1.94; FDR-P = 0.0007) were associated
with an increased risk of HAV infection [92]. ATP-binding cassette subfamily B member 1 (ABCB1)
rs1045642 (OR, 0.79; 95% CI, 0.71–0.89; FDR-P = 0.0007) was associated with a decreased risk [92]. Host
genetic factors may also play an important role in determining the differential susceptibility to HAV
infection [92–94].

10. Prevention of HAV Infection in Patients with Chronic Liver Diseases

10.1. HAV Vaccination

HAV vaccination may be important for patients with chronic liver diseases, especially those with
cirrhosis [81–88]. While a universal vaccination program against HAV seems to be the most effective
solution for the prevention of HAV infection, it may be difficult to carry out this program worldwide
due to the high costs of HAV vaccine production and its low effectiveness in certain countries in which
the infection is endemic [88,95]. HAV vaccination targeting certain populations may also be effective
and important in this regard [96]. Antivirals against HAV infection may also be needed (Figure 1).
The unknown causes for chronic injury constitute only 5–15% of cases of ACLF [2].
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Figure 1. Effects of hepatitis A infection (HAV) on the prognosis of chronic liver disease. Possible
acceleration and inhibition of the disease progression of hepatitis A are indicated by red and blue
arrows, respectively. MAFLD, metabolic associated fatty liver disease; ALD, alcoholic liver disease;
HIV, human immunodeficiency virus; HBV, hepatitis B virus; HCV, hepatitis C virus.

10.2. Japanese Rice-Koji Miso Extracts and Zinc Sulfates Could Inhibit HAV Replication with the Enhancement
of GRP78 Expression

Japanese rice-koji miso extracts enhanced GRP78 expression and inhibited HAV HA11-1299
genotype IIIA strain replication in the human hepatocytes, Huh7 and PXB cells [97]. We investigated
the effect of miso extracts on virus replication in HepG2.2.15 cells infected with the HAV HA11-1299
strain [73]. It is noteworthy that miso extracts have an inhibitory effect on HAV replication but no
inhibitory effect on HBV replication. Japanese rice-koji miso extracts may have an inhibitory effect on
HAV replication in patients superinfected with HAV and HBV.

The zinc homeostasis pathway was identified as a key pathway of the antiviral activity of
Japanese rice-koji miso against HAV infection using transcriptome-sequencing analysis [98]. We also
demonstrated that zinc sulfate has an inhibitory effect on HAV HA11-1299 replication in human
hepatocytes with the enhancement of GRP78 expression [98]. As Japanese miso soup and zinc sulfate
are traditional foods and drugs, respectively, they induce GRP78 expression and are useful and
safe antiviral compounds against HAV, with fewer adverse events. Gut dysbiosis and increased
permeability cause pathological bacterial translocation and endotoxemia, which play an important
role in the development of ACLF [2]. HAV infects the liver by the gut-portal vein–liver axis through
fecal–oral routes. The digestion and absorption of Japanese rice-koji miso extracts and zinc sulfate may
be used through similar routes.

10.3. Candidates of Antivirals against HAV in Chronic Liver Diseases

The inhibitory effects of interferon-alpha, interferon-gamma, interferon-lambda, ribavirin,
amantadine, sirtinol, and AZD1480 as host-targeting drugs and HAV 3C cysteine protease inhibitors,
as well as small interfering RNAs against HAV, as antivirals that directly act on HAV replication,
have been reported [11,46,99]. Interferon has antiviral potential against HAV [100,101], but it is difficult
to use interferon in patients with ACLF, as interferon generally has cytotoxicity. Peginterferon-lambda
has fewer side effects than peginterferon-alpha and may be useful in some patients with HAV infection.
Amantadine is a broad-spectrum antiviral and has an inhibitory effect on HAV replication through
the targeting of HAV internal entry site (IRES) activity [100,102,103]. The sirtuin inhibitor, sirtinol,
also inhibits HAV replication by inhibiting HAV IRES activity [104]. Further studies on the mechanism
of the sirtuin inhibitor and JAK pathways in HAV replication are needed [104,105]. In patients with
chronic liver diseases or ACLF, these drugs should be improved, and more safe drugs are needed and
should be explored. It has been reported that HCV receptor candidates, such as HAV cellular receptor
1 (HAVcr-1), integrin β1, and gangliosides, are the entry receptor candidates for HAV. Further studies
in this vein are needed [106–108]. Gangliosides seem to function as endosome receptors for infection
using both naked and quasi-enveloped HAV virions [108]. Blocking the cellular entry of HAV is also
an attractive drug target for combating HAV infection.
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10.4. HAV Infection Is Associated with the Activation of the Host Immune System and Severe Systemic Inflammation

Acute hepatitis A usually exhibits more severe inflammation, such as a higher fever and
higher C-reactive protein levels, compared to acute hepatitis due to other hepatitis viruses [109–111].
Some cases of acute HAV infection present acute renal failure [112–114]. These results suggest that
HAV infection activates human immune systems and induces cytokines [115–119]. Innate immunity
also seems to be involved in the pathogenesis of hepatitis A [120,121]. Hypergammaglobulinemia and
a high occurrence of autoantibodies are observed in HAV infection [122,123]. This may support the
immunological basis of its pathogenesis. Moreover, the higher gammaglobulinemia in fulminant HAV
suggests the existence of a more aggressive immunological reaction in severe hepatitis A [123].

Severe systemic inflammation can affect the functions of somatic cells in tissue and modify the
clinical manifestation of cirrhosis and ACLF [124,125]. Patients with acute liver failure or ACLF are
susceptible to infection, and early transplant-free survival is poor [126–129]. In liver transplantation
for patients with ACLF, the role of the timing, bridging, and management of liver transplantation is
important [130,131].

10.5. Recent Outbreak of HAV Infection in MSM

It has recently been reported that HAV susceptibility parallels the high COVID-19 mortality [132].
The 2019 coronavirus disease (COVID-19) has been observed in Japan, where the HAV susceptibility
of the general population is high [34,35]. An HAV vaccination program is urgently required for
individuals with or without HIV infection in this area. HAV infection is an imported infection,
like novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection [133]. In the era of
COVID-19, attention should also be paid to dual infection with HAV and SARS-CoV-2.

An outbreak of HAV infection in MSM has been observed worldwide. An outbreak of acute
HAV infection among HIV-coinfected MSM in Taiwan was observed from June 2015 to September
2017 [50,134,135]. Between July 2016 and February 2017, 48 male cases of HAV infection were found
in the Netherlands [48]. A total of 17 of them were MSM. This strain is identical to a strain causing
a large outbreak among MSM in Taiwan [48]. In the United States, HAV infections also increased
among MSM from 2016 to 2018 [54,136,137]. Since 2017, HAV infection has increased among MSM
in Japan [34,37,52]. RIVM-HAV16-090-like hepatitis A virus strains, which were >99.6% identical to
the 66 reported strains isolated from Taiwan and European countries from 2015 to 2017, were also
recovered from Japanese MSM [52]. A recent outbreak of HAV infection was also reported in various
countries, such as Brazil, Spain, and Italy [53,138–140].

11. Possible Molecular Mechanism of the Development of ACLF in Patients with HAV Infection

The molecular mechanism of the development of ACLF in patients with HAV infection is not
fully understood. The possible mechanisms of the development of liver failure in the presence
of coinfection with HCV and HAV are as follows. HAV is a virus that is generally sensitive to
interferon [100–102]. In comparison with HCV, HAV induces a limited production of type I interferon
when HAV infects chimpanzees [141]. Compared with HBV and HCV, HAV weakly induced the
activation of NF-κB signaling pathways in human hepatocytes [142,143]. While HAV VP3 activates cell
growth signaling [143], HAV VP1/2A reduces cell viabilities in HCV sub-genomic replicon cells [144].

HAV is usually a non-cytopathic virus, and HAV inhibits double-stranded (dsRNA)-induced
interferon-beta gene expression by influencing the interferon-beta enhanceosome, as well as
dsRNA-induced apoptosis [145]. Compared with HBV and HCV, HAV could evade mitochondrial
antiviral signaling protein (MAVS)-mediated type I interferon responses [146]. HAV 3ABC is capable of
MAVS cleavage, like HCV NS3/4A, which cleaves MAVS and disrupts interferon signaling [147]. HAV 3C
inhibits HAV IRES-dependent translation and cleaves the polypyrimidine tract-binding protein [148].
HCV induces interferon-beta signaling pathways in human hepatocytes [149]. Controlling the effects of
interferon signaling may determine the prognosis of patients coinfected with HCV and HAV (Figure 2).
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Figure 2. Possible molecular mechanism of the development of acute-on-chronic liver failure (ACLF) in
patients coinfected with hepatitis A virus (HAV) and HCV. (a) Only HAV infection; (b) coinfection HAV
and HCV. RIG-I, retinoic acid-inducible gene-I; MDA-5, melanoma differentiation associated gene 5;
TLR3, toll-like receptor 3; MAVS, mitochondrial antiviral signaling protein; IRF3, interferon regulatory
factor 3; IFN, interferon; ISG, interferon-stimulated gene; NF-κB, nuclear factor kappa B subunit 1.

HBV is a stealth virus which efficiently infects humans without alerting the innate immune system,
although HCV strongly induces but cunningly evades the innate immune response [150]. The high
glucose and fat deposition of hepatocytes seem to induce a chaperon-mediated autophagy (CMA) [151].
CMA targets interferon-alpha receptor chain-1 for degradation, dampens hepatic innate immunity,
and disrupts interferon signaling pathways [151]. CMA is also observed in patients with ALD or
MAFLD [152,153]. Altering interferon signaling may contribute to ALF-associated acute HAV infection.
However, further studies are needed. Among HIV-positive patients with acute HAV infection, lower
peaks in total bilirubin, AST, and ALT levels were observed in comparison with HIV-negative patients
with acute HAV infection [154], suggesting that weaker immune responses occur in HIV-positive
patients. These immune responses could enhance HAV replication and modify the pathogenesis in
HIV-positive patients with acute hepatitis A [155].

12. Conclusions

We reviewed the literature concerning HAV infection in patients with chronic liver diseases.
In patients with chronic liver diseases, HAV infection can occasionally lead to a critical condition,
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such as acute liver failure. There seems to be no etiological association between liver failure and HAV
infection, but there is a significant correlation between the severity of liver disease and the degree
to which the liver has already been damaged. While there are effective HAV vaccines currently in
existence, antivirals against HAV should be further explored. The latter is urgent given that the lives of
patients with HAV infection and a chronic liver disease of another etiology may be at immediate risk.
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Abstract: Hepatitis C virus (HCV) infections can cause permanent liver-related diseases, including
hepatocellular carcinoma (HCC). Low mortality and incidence of HCC have been observed in patients
with chronic hepatitis C undergoing direct-acting antiviral therapy. Tumor suppressive let-7 family
members are down-regulated in HCC. The present study, therefore, aimed to investigate whether
expression levels for the full spectrum of let-7 family members (let-7a, 7b, 7c, 7d, 7e, 7f, 7g, 7i,
and miR-98) in the circulatory system are useful as surveillance biomarkers for liver-related diseases
to monitor treatment efficacy during HCV infection. To this end, we measured the levels of mature
circulating let-7 family members using quantitative reverse transcription-PCR in 236 patients with
HCV infection, and 147 age- and sex-matched controls. Using hierarchical cluster analysis and
principal component analysis, three clusters were obtained after measuring expression levels of let-7
family members in the patients and controls. Cluster 1 included let-7a/d/e/g, Cluster 2 comprised
let-7b and let-7i, and Cluster 3 comprised let-7c/f/miR-98. Let-7b/c/g represented the three clusters
and showed the best survival response to liver cancer when analyzed with respect to patient data.
Therefore, considering the circulating levels of let7 b/c/g as representatives of the let-7 family may
facilitate effective monitoring of liver-related disease.

Keywords: chronic hepatitis C; let-7 family; hepatitis C virus; miRNA; biomarker;
hepatocellular carcinoma
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1. Introduction

Chronic hepatitis C (CHC) virus infection can cause serious liver disorders. It can also increase
the risk of hepatocellular carcinoma (HCC) and the progression of severe hepatic and extrahepatic
diseases [1]. Compared to non-virological response (NVR), the sustained virological response (SVR)
resulting from treatment with pegylated interferon-α (PegIFNα) and ribavirin (RBV) is associated with
a lower risk of HCC development [2]. However, patients with significant hepatic fibrosis remain at high
risk for HCC, even when they achieve SVR with antiviral therapy [3,4]. Since 2013, the development of
direct-acting antivirals (DAAs) has increased SVR rates by 95% above those of interferon (IFN)-based
treatments in patients with chronic HCV infection regardless of viral genotype [5]. However, there is no
evidence that HCC occurrence or recurrence differs between patients receiving DAA or IFN therapy [6].
Furthermore, the annual post-SVR HCC incidence (approximately 1%) remains higher than that for
cancers of other organs. Therefore, it is necessary to establish a clinical strategy for monitoring cancer
risk in post-SVR patients [7,8].

Mature microRNAs (miRNAs) are short, single-stranded RNA molecules (approximately 22
nucleotides in length) that post-transcriptionally silence gene expression and play important roles in a
broad variety of biological processes, including intrinsic antiviral immunity. Chen et al. systematically
characterized serum/plasma miRNAs and found that they were stable, reproducible, and consistent
among individuals of the same species. These miRNAs also represent promising, non-invasive
biomarkers for diagnosing cancer and other diseases [9]. Furthermore, it has been suggested that
miRNAs can be used as a prediction model for the treatment outcome of HCV virus genotype 1
infection [10].

Previous studies have shown that the miRNA let-7b exhibits a significant anti-HCV effect [11],
and that IFNα rapidly modulates the expression of let-7s with anti-HCV activity by targeting
IGF2BP [12]. In our previous study, we demonstrated the effects of let-7g on HCV infection in vitro
in clinical tissue and serum samples. We found that IFN/RBV treatment induces let-7g expression.
Furthermore, overexpression of let-7g reduces the expression of the HCV gene and core protein level,
thereby inhibiting viral replication. Let-7g and IFN/RBV treatment also synergistically inhibits HCV
replication and represses Lin28A/B [13].

The let-7 family, comprised of ten members (let-7a, 7b, 7c, 7d, 7e, 7f, 7g, 7i, miR-98, and miR-202),
target the 3′ untranslated regions (UTRs) of genes essential for development and are conserved
from Caenorhabditis elegans to humans [14]. Next-generation sequencing and microarray studies
have revealed that various HCC-specific miRNA signatures in the liver tissue showed lower let-7
(a/b/c/d/e/f/g) expression levels compared to healthy liver tissues [15]. Matsuura et al. performed a
longitudinal miRNA microarray study on plasma and extracellular vesicles (EVs) in patients with CHC
and found that the plasma levels of circulating let-7(a/c/d) were higher than those in EVs, and were
inversely correlated with the severity of hepatic fibrosis [16].

Despite these studies, the roles of mature let-7 family members (let-7a, 7b, 7c, 7d, 7e, 7f, 7g, 7i,
and miR-98) in the circulating plasma of patients with CHC and their clinical relevance remain unclear.
Moreover, due to the large number of let-7 family members, and the difficulty associated with obtaining
liver tissues from CHC patients and the control group, detection of all family members for the purposes
of monitoring liver-related diseases is not feasible. Nevertheless, this study aimed to evaluate the
association between circulating let-7 family members and the clinical characteristics of CHC patients.
We also examined the potential for use of nine mature let-7 family members as non-invasive biomarkers
for CHC patients, using cluster analysis and principal component analysis (PCA). An independent
dataset was then employed to evaluate the clusters of the let-7 family in normal tissue (N), and tumors
(T) from the Cancer Genome Atlas (TCGA) liver cancer samples. Here we demonstrate that assessing
the levels of the circulating let-7 family members could represent a promising new method to monitor
liver-related diseases.
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2. Results

2.1. Clinical Characteristics of Patients

The characteristics of the subjects enrolled in this study are listed in Table 1. Compared with the
healthy control group, CHC patients had significantly higher aspartate transaminase (AST, p < 0.0001),
alanine aminotransferase (ALT, p < 0.0001), gamma-glutamyl transferase (γGT, p < 0.0001), and fasting
plasma glucose (p < 0.0001) levels. Alternatively, creatinine (Cr, p < 0.0001), white blood cell counts
(WBC, p < 0.0001), platelet counts (PLT, p < 0.0001), hemoglobin (p < 0.0001), total triglycerides (TG,
p = 0.0002), total cholesterol (CHLO, p < 0.0001), HDL cholesterol (HDL-C, p < 0.0001), and LDL
cholesterol (LDL-C, p < 0.0001) were significantly lower in CHC subjects.

Table 1. Descriptive characteristics of baseline factors in study participants (n = 383) 1.

Control Group
(n = 147)

CHC Group
(n = 236)

p Value

Age (years) 54.82 ± 9.96 55.11 ± 8.70 0.7705
Gender (F/M) 71/76 120/116 0.6276

BMI 25.09 ± 3.80 25.33 ± 3.57 0.5337
Total viral load [log10 (IU/mL) #] N/A 5.62 ± 0.84 N/A

HCV genotype
(type1/non-type1/missing)

N/A (131/100/5) N/A

HCC (−/+) % N/A (94.9/5.1) N/A
LC (−/+) % N/A (86/14) N/A

Cr 0.98 ± 0.18 0.83 ± 0.25 < 0.0001 *
AST (IU/L) 24.62 ± 9.13 90.13 ± 52.90 < 0.0001 *
ALT (IU/L) 26.48 ± 18.23 122.48 ± 69.00 < 0.0001 *
GGT (IU/L) 33.08 ± 23.50 68.46 ± 65.51 < 0.0001 *

WBC 6370.88 ± 1699.14 5430.42 ± 1623.39 < 0.0001 *
PLT(×103/µL) 252.85± 66.63 152.42 ± 61.06 < 0.0001 *

Hemoglobin (g/dL) 14.42 ± 1.44 14.02 ± 1.46 0.0085 *
TG (mg/dL) 133.42 ± 99.02 98.87 ± 56.52 0.0002 *

CHLO (mg/dL) 213.61 ± 39.74 169.11 ± 35.53 < 0.0001 *
HDL-C (mg/dL) 55.54 ± 14.26 45.47 ± 14.87 < 0.0001 *
LDL-C (mg/dL) 123.20 ± 33.33 99.54 ± 31.78 < 0.0001 *

AC_sugar (mg/dL) 92.26 ± 20.49 103.71 ± 32.25 < 0.0001 *
HbA1c (%) 5.88 ± 0.78 5.92 ± 1.07 0.7101

1 BMI, body mass index; HCC, hepatocellular carcinoma; LC, liver cirrhosis; Cr, creatinine; AST, aspartate
aminotransferase; ALT, alanine aminotransferase; γGT, gamma-glutamyl transferase; WBC, white blood cell
count; PLT, platelet count; TG, triglyceride; CHLO, cholesterol; HDL-C, HDL cholesterol; LDL-C, LDL cholesterol;
AC_Sugar, fasting plasma glucose; HbA1c, hemoglobin A1c. All values are expressed as the mean ± standard
deviation (SD). The p value was calculated for the continuous variables using the Student’s t-test or Mann–Whitney
test, and the χ2 test was used for the categorical variables, with α = 0.05. * = p < 0.05. # The HCV virus loads were
determined by log-transformation.

2.2. Circulating Let-7 Family Member Profiling

To determine the expression of let-7 family members in the blood, a qRT-PCR was performed.
The −△Ct (cycle threshold) value of each miRNA was measured and normalized to that of cel-39,
as it showed the most consistent Ct value among all donors (27.10 ± 0.82 and 27.18 ± 1.06 for healthy
controls and CHC patients, respectively) (Table S1). After statistical analyses, the expression levels of
the let-7 family members were significantly lower in patients with CHC compared to the control group
(Table 2 and Figure 1). The distribution of individuals is provided in Figure S2.
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Table 2. Circulating let-7 family expression at baseline (Log102−△Ct) 1.

Control
(n = 147)

CHC
(n = 236)

p Value

let-7a −1.04 ± 0.74 −1.91 ± 0.57 < 0.0001 *
let-7b −0.42 ± 0.43 −1.56 ± 0.60 < 0.0001 *
let-7c −2.04 ± 0.36 −2.17 ± 0.44 < 0.0014 *
let-7d −1.09 ± 0.61 −1.92 ± 0.50 < 0.0001 *
let-7e −0.95 ± 0.64 −1.68 ± 0.62 < 0.0001 *
let-7f −1.59 ± 0.54 −2.18 ± 0.40 < 0.0001 *
let-7g −1.28 ± 0.52 −1.88 ± 0.55 < 0.0001 *
let-7i −0.78 ± 0.47 −1.82 ± 0.57 < 0.0001 *

miR-98 −1.77 ± 0.54 −2.29 ± 0.33 < 0.0001 *
1 Data is presented as the mean ± SD. △Ct = Ctarget – CTcel39; * = p < 0.05 following statistical analysis using an
ANOVA with Bonferroni correction (α = 0.0056).
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Figure 1. Hierarchical clustering plot (heatmap) of circulating let-7 family in the control group without
hepatitis C virus (HCV) infection (n = 147) and HCV-infected patients (n = 236).

2.3. Three Clusters Distinguish the Let-7 Family Members

Due to let-7 family members (let-7a, 7b, 7c, 7d, 7e, 7f, 7g, 7i, and miR-98) with highly correlated
(Table S2). To further investigate associations between the expression levels of let-7 family members in
individuals from the control and HCV-infected groups, hierarchical clustering was performed using
Ward’s method. Three distinct clusters of let-7 family members were identified, in both the control and
HCV-infected groups as represented in the hierarchical clustering plot (heatmap, Figure 1). Cluster 1
included let-7a, let-7d, let-7e, and let-7g. Cluster 2 was comprised of let-7b and let-7i, while Cluster 3
was made of let-7c, let-7f, and miR-98. We also performed a PCA to investigate the similarities between
the expression levels of let-7 family members among the study participants and found that Cluster 3
(let-7c, f, and miR-98) was clearly distinct from clusters 1 and 2 in both patient groups (Figure S3).

2.4. Circulating Let-7 Family Expression Levels Correlate with Baseline Clinical Parameters

Correlation analyses between differentially expressed let-7 family members and clinical parameters
were performed, including characteristics such as age, indicators of liver damage or injury (AST and
ALT), platelet count, and HCV viral load (Table 3). The expression levels of Cluster 1 members (let-7a and
let-7g) were significantly negatively correlated with AST (r=−0.1898 and−0.2038; p = 0.0037 and 0.0018,
respectively). Meanwhile, the expression of Cluster 1 members (let-7a/d/e/g) were significantly
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positively correlated with PLT (r = 0.2433, 0.2209, 0.2113, and 0.1911; p = 0.0002, 0.0007, 0.0012,
and 0.0034, respectively). However, no correlation was observed between any of the three let-7 clusters
and ALT or HCV load. These results demonstrate that Cluster 1 (let-7a/d/e/g) was a better indicator of
clinical characteristics than the other two let-7 clusters. Additionally, the circulating let-7 levels were
not correlated with the HCV genotype (Table S3) or HCV viral load (Table S4).

Table 3. Correlation between circulating expression of let-7 family members and various clinical
parameters (n = 236) 1.

Age AST ALT PLT HCV RNA

Cluster1

let7a −0.0986 −0.1898 * −0.0772 0.2433 * 0.1118
let7d −0.0846 −0.1757 −0.0747 0.2209 * 0.0829
let7e −0.1431 −0.1504 −0.0546 0.2113 * 0.1211
let7g −0.1495 −0.2038 * −0.1041 0.1911 * 0.1386

Cluster2
let7b −0.0172 −0.0746 −0.0106 0.1384 0.1118
let7i −0.1141 −0.126 −0.0153 0.1365 0.0848

Cluster3
let7c −0.0456 −0.1298 −0.0448 0.0473 0.0753
let7f −0.045 −0.1576 −0.0499 0.0728 0.1442

miR98 −0.0195 −0.0915 −0.0373 0.0046 0.062
1 Data represents correlation between miRNA expression and the values of each clinical parameter, as reported
in Table 1. Correlation was determined using Pearson’s test. AST, aspartate aminotransferase; ALT, alanine
aminotransferase; PLT, platelet count; HCV, hepatitis C viral load. * = p < 0.05 following the Bonferroni correction
(α = 0.0056).

2.5. Let-7b/c/g Levels Are Associated with Clinical Progression

An independent dataset was used to further evaluate the let-7 clusters in normal tissue (N)
and tumors (T) from TCGA liver cancer samples. A hierarchical clustering plot revealed three
clusters, grouped into let7a-1/a-2/a-3/f-1/f-2/g/e, let-7b/c, and let7d/i (Figure 2). The expression levels
of let-7a/b/c/g/i were significantly lower in tumors than in healthy tissue. Furthermore, the greatest
reduction in let-7b/c/g expression was observed in tumors (red line, Figure 3). This observation was
supported by OncomiR (www.oncomir.org.), which was used to explore the associations between
TCGA-LIHC (liver hepatocellular carcinoma) survival data and the let-7 family expression levels.
Kaplan–Meier survival analysis demonstrated that patients with high expression of let-7b/c/g had
significantly increased overall survival compared to patients with low expression (p = 0.03162, Figure 4).
Taken together, these data indicate that reduced expression of let-7b/c/g may be associated with liver
tumor progression.
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Figure 2. Hierarchical clustering plot (heatmap) of the let-7 miRNA family expression in healthy
(n = 50) and tumor (n = 366) liver tissue samples obtained from TCGA-LIHC.

 

Figure 3. Dot plot showing the relationship between the expression of let-7 family members in normal
(n = 50) and tumor (n = 366) tissues from liver cancer patients in the TCGA dataset. Log2 (RPM +1)
transformed values for let-7 family members are shown as the mean ± SD. Prominent declines in
let-7b/c/g are indicated by red lines. Statistical significance was assessed using the Mann–Whitney test.
The p values are represented as follows: ** = p < 0.01, *** = p < 0.001, **** = p < 0.0001.
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Figure 4. Kaplan–Meier (KM) survival analysis curve for let-7 family expression in TCGA-LIHC
patients. The KM survival curves were examined according to (A) let-7 a/b/c/d/e/f/g/i expression level
and (B) let-7 a/b/c/g/i expression levels. No differences in overall survival were observed. (C) let-7
b/c/g expression levels and (D) let-7 b/c expression levels show clear differences in overall survival.
Statistical significance was obtained by log-rank tests, with α = 0.05.

3. Discussion

Circulating mature miRNAs are small RNAs measuring approximately 22 nucleotides, and are
known to be stable in the serum/plasma [9]. These nucleic acids represent novel non-invasive
biomarkers for liver inflammation, liver fibrosis, liver cancer [17], and non-alcoholic fatty liver disease
(NAFLD), [18]; they have also been shown to be useful for cancer detection [19]. Next-generation
sequencing or microarray methods may be useful for identifying let-7 (a/b/c/d/e/f/g) members that are
down-regulated in plasma or liver tissues to diagnose patients with hepatic fibrosis or hepatocellular
carcinoma [15,16]. The ten mature let-7 family members are derived from 13 precursors located in
nine different chromosomes with similar seed regions [20]. These let-7 family members target 3′ UTRs
of genes that are essential for development and have been conserved from C. elegans to humans [14].
However, the precise roles of circulating let-7 family members in humans remain uncharacterized.
Here, we studied nine mature let-7 family members, including let-7a, 7b, 7c, 7d, 7e, 7f, 7g, 7i, and miR-98
(Homo sapiens [has]-miR-202 was excluded), in the circulating plasma of patients with CHC and healthy
controls, using TaqMan quantitative RT-PCR assays. To the best of our knowledge, this is the first
study to demonstrate that circulating let-7 family members can be classified into three similar clusters
in control and CHC groups. The highest expression levels were found for Cluster 2 (let-7b and
let-7i), while the lowest expression levels were found in Cluster 3 (let-7c/let-7f/miR-98). Moreover,
the expression levels of circulating let-7 family members in patients with CHC were lower than those
in the healthy population. Here we also identified the circulating let-7 b/c/g as representatives from
each of the three let-7 clusters as the most effective markers for detecting liver-related diseases based
on their strong association with clinical characteristics.

Our previous study showed that the expression level of let-7g in liver tissues was significantly
lower in NVR patients than in SVR patients and that antiviral treatment with IFN/RBV could induce
let-7g expression [13]. Moreover, the ectopic overexpression of let-7 family members was found to
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repress HCV core protein, and HCV loads in a cell model system [12,13]. However, in this study,
the HCV load and HCV genotype were not found to be dependent factors and were negatively
correlated with the expression levels of let-7 family members in the circulatory system. Therefore, let-7
family members might specifically target naked HCV RNA in liver tissue or cell models, but not HCV
RNA within the envelope coat.

Previously Kirschner et al. reported specific miRNAs for which the profiling suggested an
influence of hemolysis (miR-16, -451, -92a, let-7b, -103, -106a, 17, -21, -210, -27a, -31,-625-3p, -92a) as
well as miRNAs (let-7a and let-7d) that appeared to be unaffected by hemolysis [21]. We, therefore,
also measured the absorbance peak at 414 nm to detect the level of hemolysis and observed values of
0.192 ± 0.1478 (mean ± SD) for the control group, and 0.3143 ± 0.1723 (mean ± SD) for the CHC group
(p < 0.05; Figure S4). Hemolysis was higher in CHC group. Therefore, the circulating let-7 (a/d/e/g)
Cluster1 for the control group and CHC group might be unaffected by hemolysis.

Down-regulated let-7 miRNA expression in the circulatory system might result in an increase in
interleukin-10 (IL-10) from CD4+ T-cells, providing the virus with an important survival advantage by
manipulating the host immune response [22]. Early IL-10 elevation has been shown to strongly suppress
the priming of naïve HCV–specific CD8+ T-cells, causing T-cell failure and viral persistence [23].
In addition, HCV induces the expression of toll-like receptor 4 (TLR4), enhancing the production of IFNβ

and IL-6 [24]. Vespasiani-Gentilucci et al. confirmed that dominant TLR4 hyperexpression in patients
with CHC was significantly correlated with the inflammatory score and degree of fibrosis, indicating
that TLR4 plays an important role in the pathogenesis of HCV-related chronic liver diseases [25]. It has
also been reported that let-7b can target TLR4 through 3′ UTR post-transcriptional regulation and
attenuates NF-κB activity [26]. Furthermore, expression levels of circulating let-7 (a/c/d) are inversely
correlated with the severity of hepatic fibrosis [16], indicating that decreases in expression levels of
let-7 family members might be involved in HCV infection and may cause inflammation, which is
clinically and epidemiologically linked to cancer. NF-κB has been shown to have a causative role
in inflammation. Iliopoulos et al. previously showed that transient activation of Src oncoproteins
could trigger an NF-κB-mediated inflammatory response that directly activates Lin28 transcription
and rapidly reduces the miRNA levels of let-7 family members [27].

The HCV core protein has been shown to have oncogenic potential [28]. Ali et al. demonstrated
that the expression of an HCV sub-genomic replicon in cultured cells could cause them to acquire
cancer stem cell-like signatures, including the enhanced expression of Lin28 and other proteins [29].
More importantly, Lin28b has been shown as sufficient to drive liver cancer and necessary for cancer
maintenance in murine models. Many human cancers exhibit deregulated let-7 expression [14,30],
the specificity of which is inhibited by Lin28A/B [31].

Interestingly, we also observed that let-7 (a/d/e/g) expression levels were positively correlated
with PLT. Platelets are known therapeutic targets for preventing ischemic damage, enhancing liver
regeneration, and inhibiting hepatitis progression [32]. These miRNAs are also inversely correlated
with AST and ALT, which are markers of liver damage. Together, these results indicate that decreases
in let-7 b/c/g levels might be involved in HCV infection and damage; moreover, the literature suggests
these could promote inflammatory responses and tumorigenesis associated with HCV-related fibrosis
or HCC.

In human genomic loci clusters, miRNA genes, including let-7 genes, are frequently located at
fragile sites. Inflammatory status promoters increase the production of reactive oxygen species, leading
to oxidative DNA damage by reducing DNA repair and increasing genomic instability of these fragile
sites [33]. Genomic regions involved in cancers as tumor suppressor genes, such as let-7g/miR-135−1,
are located in fragile sites of the ARP-DRR1 region in 3p21.1-21.2. [34]. Therefore, decreasing levels
of let-7 family members may not only be an important marker for disease progression, but may also
suggest fragile site instability and promotion of oncogenes.

Certain limitations were noted in this study. First, plasma samples are easily contaminated with
peripheral blood mononuclear cells. Although previous studies have reported that let-7b/c/g levels in
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PBMCs decline rapidly in HIV infection [22,35], HIV patients were excluded in the current study. Second,
the relationship between expression levels of mature let-7 family members and inflammatory factors
was unclear. Detailed analysis of other inflammatory mediators as intermediate variables is required.
Such an analysis may provide additional information regarding the roles of other inflammatory
mediators in the progression of HCV infection. Third, a large population-based follow-up study that
includes additional circulating miRNAs is needed. This would allow for the investigation of baseline
vs. post-antiviral treatment expression of the tumor suppressor let-7 b/c/g genes as potential early
monitoring targets for patients who are at high risk for fibrosis, cirrhosis, and HCC.

4. Materials and Methods

4.1. Ethics Approval and Consent to Participate

This study was reviewed and approved by the IRB ethics committee (KMUHIRB-980176,
KMUHIRB-20120097, and KMUHIRB-20140054 with the approval dates of 16 July 2009, 11 April 2012
and 7 November 2014, respectively). All protocols were approved by the ethical committee of the
Kaohsiung Medical University Hospital, based on the International Conference on Harmonization for
Good Clinical Practice. All participants provided written informed consent before enrollment.

4.2. Patient Cohort

We analyzed stored plasma extracted from the HCV patient database collected from one medical
center and two regional core hospitals of the Kaohsiung Medical University between October 2009
and December 2016. The members of the age- and sex-matched control groups were enrolled from
the same geographic communities. A total of 236 patients with HCV infection were enrolled in
the HCV group. The following inclusion criteria were established before selection: i) Positive for
anti-HCV antibodies for more than 6 months, and positive for HCV RNA by PCR assay; ii) negative
for hepatitis B surface antigen (HBsAg) and no concomitant HIV; iii) negative for other types of
hepatitis, including autoimmune hepatitis, primary biliary cirrhosis, sclerosing cholangitis, Wilson’s
disease, and α1-antitrypsin deficiency; iv) daily ethanol consumption of <20 g (both females and
males), as confirmed through an interview with the patient and a family member; and v) a high
serum ALT level for 6 months preceding the study entry. The control group comprised 147 age- and
sex-matched subjects without viral hepatitis who were selected based on the following inclusion criteria:
i) Normal liver echogenicity, as determined by ultrasound sonography and ii) normal liver function test.
The exclusion criteria for the control group included a current or past history of alcohol abuse (≥20 g
ethanol per day), being pregnant, and seropositivity for HBsAg or anti-HCV antibody. All participants
were advised to fast for 12 h overnight before the standard biochemistry tests, which included tests
for Cr, AST, ALT, γGT, WBC, PLT, hemoglobin, TG, CHLO, HDL-C, LDL-C, AC_sugar, and HbA1c.
Anthropometric data, including body weight and height, were obtained using standardized techniques.
HBsAg was detected with commercially available enzyme-linked immunosorbent assay kits (Abbott
Laboratories, North Chicago, IL, USA). HCV RNA and HCV genotype were assayed using a real-time
PCR assay (RealTime HCV; Abbott Molecular, Des Plaines, IL, USA; detection limit, 12 IU/mL) [36].

4.3. MicroRNA Extraction from Plasma

A fixed volume of 200 µL of plasma was extracted using 1 mL Trizol LS reagent (Thermo
Scientific, Wilmington, DE, USA), according to the manufacturer’s protocol. Molecular biology-grade
1–bromo–3–chloropropane (BCP; 300 µL/1 mL TRIzol LS) was then added. After centrifuging for
15 min at 12,000× g and 4 ◦C, a fixed volume of the aqueous phase was transferred into a new tube,
which was treated with 2 µL of 100-pmol/L synthetic C. elegans Cel-39 as a spike-in control, and 10 µg
of RNase-free glycogen as a co-precipitant carrier. The aqueous sample was mixed thoroughly with
100% molecular-grade isopropanol and incubated on ice for 1 h. A gel-like pellet was obtained after
centrifugation at 12,000× g for 15 min. The flow-through was discarded and the pellet was washed
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with 80% ethanol. The pellet was again centrifuged at 7500× g for 5 min at 4 ◦C, and the supernatant
was discarded. The RNA (including the miRNA) was air dried, eluted in 15 µL of RNase-free H2O
and stored at −80 ◦C until further analysis. A total of 2 µL of each sample was used to measure the
absorbance peak at 414 nm for the level of hemolysis on a NanoDrop™ 2000 (Thermo Fisher Scientific,
Inc., Waltham, MA, USA) [37].

4.4. Quantification of Circulating miRNAs

The total RNA (20 ng) was used as a template for reverse transcription, which was performed
using the TaqMan MicroRNA Reverse Transcription kit and the associated miRNA-specific stem-loop
primers to convert miRNA to cDNA as step 1 (Thermo Scientific, Wilmington, DE, USA), according to
the manufacturer’s instructions. The C. elegans synthetic cel-miR-39-3p, a suitable and reproducible
normalizer, was used as the spiked-in control [38]. The relative levels of individual miRNAs were
amplified using the TaqMan® Universal PCR Master Mix II, without uracil N-glycosylase (UNG),
on a 7900HT Sequence detection system. Specific amplification was performed using the following
program: 95 ◦C for 10 min, and amplification followed by 40 cycles of 95 ◦C for 15 s and 60 ◦C for
1 min as step 2. Specific primers of mature miRNA sequences were used for the TaqMan R microRNA
assays (assay ID): hsa-let-7a (000377), hsa-let-7b (002619), hsa-let-7c (000379), hsa-let-7d (002283),
hsa-let-7e (002406), hsa-let-7f (000382), hsa-let-7g (002282), hsa-let-7i (002221), hsa-miR-98 (000577),
and an internal control, cel-miR-39-3p (000200). The hsa-miR-202 (002362) primer was excluded as
it was under-determined in 99% of the samples with different nucleotides of the mature let-7 family
members (Figure S1). The relative expression level of each let-7 member was determined using the
comparative Ct method, which was defined as 2−∆Ct, where ∆Ct = Ct of the let-7 member − Ct of cel-39.

4.5. miRNA-seq and Clinical Data from UCSC Xena Platform

LIHC samples, including healthy (n = 50) and primary tumor tissues (n = 366) were obtained from
the UCSC Xena platform. This platform provides interactive online visualization of cancer genomics
datasets, such as TCGA, a public data resource [39]. Expression of the let-7 miRNA family mature
strand was transformed according to RNA sequencing guidelines (Illumina Hiseq 2000) and presented
as log2 (RPM +1). Kaplan–Meier survival curves and log-rank methods for the let-7 family clusters in
LIHC were performed using OncomiR to evaluate overall survival (OS) rate [40].

4.6. Statistical Analysis

Statistically significant differences between the expression levels of let-7 family members in the
different groups were determined using the Mann–Whitney test with Bonferroni correction for multiple
comparisons. Pearson’s correlation analysis was used to assess the relationships between the let-7
family members and the different clinical parameters. Hierarchical clustering and PCA were performed
to identify the distinguishable let-7 family members. All analyses were performed using JMP 12.0 (SAS
Institute, Cary, NC, USA). Graphs were generated using the GraphPad Prism 5.0 software (San Diego,
CA, USA).
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Abbreviations

AC_sugar Fasting plasma glucose
ALT Alanine aminotransferase
AST Aspartate transaminase
BCP 1–bromo–3–chloropropane
BMI Body mass index
CHLO Total cholesterol
CHC Chronic hepatitis C virus infection
Cr Creatinine
CT Cycle threshold
DAA Direct-acting antiviral
EV Extracellular vesicle
γGT Gamma-glutamyl transferase
HCC Hepatocellular carcinoma
HCV Hepatitis C virus
HBsAg Hepatitis B surface antigen
HDL-C HDL cholesterol
HIV Human immunodeficiency virus
Hsa Homo spaiens

IFN Interferon
KM Kaplan–Meier
LC Liver cirrhosis
LDL-C LDL cholesterol
LIHC Liver hepatocellular carcinoma
miRNA MicroRNA
NAFLD Non-alcoholic fatty liver disease
NVR Non-virological response
OS Overall survival
PCA Principal component analysis
PegIFNα Pegylated interferon-α
PLT Platelet count
RBV Ribavirin
SD Standard deviation
SVR Sustained virologic response
TCGA The Cancer Genome Atlas
TG Total triglycerides
TLR4 Toll-like receptor 4
WBC White blood cell
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Abstract: Patients with chronic hepatitis C virus (HCV) develop hepatocellular carcinoma (HCC)
regardless of achieving a sustained viral response (SVR). Because advanced liver fibrosis is a powerful
risk factor for HCC, we analyzed the association between autotaxin (ATX), a liver fibrosis marker,
and post-SVR HCC development within 3 years after antiviral treatment. We included 670 patients
with HCV who received direct-acting antivirals, achieved SVR and were followed up for at least
6 months (270 of them were followed up for 3 years or more). We measured serum ATX levels
before treatment and 12/24 weeks after treatment. The diagnosis of HCC was based on imaging
modalities, such as dynamic computed tomography and dynamic magnetic resonance imaging
and/or liver biopsy. The present study revealed that high levels of serum ATX predicted post-SVR
HCC development (area under the receiver operating characteristic: 0.70–0.76). However, Wisteria
floribunda agglutinin positive Mac-2 binding protein (M2BPGi), another liver fibrosis marker, was a
more useful predictive marker especially post-treatment according to a multivariate analysis. Patients
with a high rate of ATX reduction before and after antiviral treatment did not develop HCC regardless
of high pretreatment ATX levels. In conclusion, post-treatment M2BPGi level and the combination
of pretreatment ATX levels and rate of ATX reduction were useful predictive markers for post-SVR
HCC development in patients with chronic HCV infection.

Keywords: autotaxin; direct-acting antivirals; hepatocellular carcinoma; hepatitis C virus;
sustained viral response; Wisteria floribunda agglutinin positive Mac-2 binding protein

1. Introduction

Globally, it is estimated that 71.1 million individuals are chronically infected with hepatitis C
virus (HCV), of whom 10–20% will develop liver complications, including decompensated cirrhosis
and hepatocellular carcinoma (HCC) [1]. Recently approved direct-acting antivirals (DAAs) can
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achieve a >95% sustained viral response (SVR) for DAA-naïve patients with HCV [1]. However, it was
reported that HCC develops or recurs in patients who achieve SVR [2,3]. In the guidelines, follow-up
programs are recommended for SVR patients to detect the development of HCC earlier and to evaluate
improvements in liver function [4,5]. Screening is recommended to be conducted every 6 months
for high-risk patients and every 3–4 months for extremely high-risk patients [6]. Ultrasonography
(US) and serum tumor markers are the primary screening modalities. In addition, dynamic computed
tomography (CT) and dynamic magnetic resonance imaging (MRI) were combined with these screening
methods. Properly stratifying high-risk patients is important for screening. Previous studies reported
that older age, male sex, the lack of a SVR, habitual alcohol intake, higher alpha-fetoprotein levels,
higher aspartate aminotransferase (AST) levels, lower platelet counts, and type 2 diabetes mellitus
are risk factors [7–9]. In a large retrospective cohort study, the highest risk factor for post-SVR HCC
development has been reported to be the presence of cirrhosis [10]. Therefore, liver fibrosis markers
may be predictive markers for the development of post-SVR HCC. Wisteria floribunda agglutinin
positive Mac-2 binding protein (M2BPGi), a glycoprotein marker for liver fibrosis, has been reported to
be associated with HCC development [11–13].

Autotaxin (ATX) was discovered as an autocrine motility stimulating protein in a conditioned
medium from A2058 human melanoma cell cultures [14]. Subsequently, ATX has been reported to have
lysophospholipase D activity to generate lysophosphatidic acid (LPA) from lysophospholipids in the
blood [15]. What was previously thought to be the function of ATX was actually the function of LPA.
LPA is involved in cell migration, cell proliferation, neurogenesis, and angiogenesis [16,17]. In recent
studies, serum ATX levels have been reported to correlate with liver fibrosis stage in patients with
HCV [18,19], chronic hepatitis B virus (HBV) [20], and non-alcoholic fatty liver disease (NAFLD) [21].
ATX is metabolized by liver sinusoidal endothelial cells, and reduced clearance due to liver fibrosis
increases serum ATX levels [22]. In addition, serum ATX levels are higher in women than in men [23].

Interestingly, ATX-LPA signaling has been reported to be associated with HCC development [24–26].
Kaffe et al. revealed that hepatocyte-specific ATX deletion in mice attenuated HCC development [24].
In addition, Nakagawa et al. established that histological liver fibrosis was attenuated and HCC
development was reduced by an ATX inhibitor (AM063) [25]. Therefore, serum ATX levels could be a
more useful predictive marker for post-SVR HCC development.

In the present study, we analyzed the association between serum ATX levels and the development
of post-SVR HCC within 3 years after antiviral treatment. In addition, we determined whether ATX or
M2BPGi was a more useful predictive marker for post-SVR HCC development.

2. Results

2.1. Comparisons of ATX and M2BPGi Levels by the Presence or Absence of Post-SVR HCC

We recruited 755 patients with HCV who had received interferon (IFN)-free DAA therapy.
The patient selection criteria are shown in Figure 1. First, we analyzed the association between
pretreatment ATX and M2BPGi levels and post-SVR HCC development using data from Cohort B.
The pretreatment ATX levels in patients with post-SVR HCC were higher than those in patients without
post-SVR HCC (median values: males, 1.56 mg/L vs. 1.14 mg/L; females, 2.37 mg/L vs. 1.67 mg/L;
Figure 2A,B). The pretreatment M2BPGi levels in patients with post-SVR HCC were higher than those
in patients without post-SVR HCC (males, 4.31 cutoff index (C.O.I.) vs. 1.82 C.O.I.; female, 3.67 C.O.I.
vs. 2.52 C.O.I.; Figure 3A,B). Next, we examined the relationship between ATX and M2BPGi levels at
12/24 weeks after treatment and post-SVR HCC development. The post-treatment ATX levels were
higher in patients with post-SVR HCC than in patients without post-SVR HCC (males, 1.39 mg/L vs.
0.95 mg/L; females, 1.74 mg/L vs. 1.37 mg/L; Figure 2C,D). The post-treatment M2BPGi levels were
higher in the post-SVR HCC group (males, 2.43 C.O.I. vs. 1.12 C.O.I.; females, 2.76 C.O.I. vs. 1.35
C.O.I.; Figure 3C,D).
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Figure 1. Selection of eligible patients. HCV: hepatitis C virus; IFN: interferon; DAA: direct-acting
antiviral; SVR: sustained viral response; M2BPGi: Wisteria floribunda agglutinin positive Mac-2
binding protein; HCC: hepatocellular carcinoma.
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Figure 2. Comparisons of serum autotaxin (ATX) levels in patients with and without post-SVR HCC
development. Data from Cohort B were used for the analysis. Data from male patients (A,C) and
female patients (B,D) are shown. A and B indicate pretreatment levels, and C and D indicate those at
12/24 weeks after antiviral treatment. Boxes represent the interquartile range of the data. The horizontal
lines in the boxes indicate the median values. The vertical lines connect the nearest values of 1.5 times
the interquartile range from the quartile points. The dots indicate outliers. **: p < 0.01; ***: p < 0.001.
ATX: autotaxin; SVR: sustained viral response; HCC: hepatocellular carcinoma.
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Figure 3. Comparisons of M2BPGi in patients with and without post-SVR HCC development. Data
from Cohort B were used for the analysis. Data from male patients (A,C) and female patients (B,D)
are shown. A and B indicate pretreatment levels, and C and D indicate those at 12/24 weeks after
antiviral treatment. Boxes represent the interquartile range of the data. The horizontal lines in the boxes
indicate the median values. The vertical lines connect the nearest values of 1.5 times the interquartile
range from the quartile points. The dots indicate outliers. **: p < 0.01; ***: p < 0.001. M2BPGi:
Wisteria floribunda agglutinin positive Mac-2 binding protein; SVR: sustained viral response; HCC:
hepatocellular carcinoma.

2.2. Predictive Ability for Post-SVR HCC Development within 3 Years after Antiviral Treatment

Next, we analyzed the predictive ability for post-SVR HCC development using the area under the
receiver operating characteristics (AUROCs). The AUROCs of pretreatment ATX levels were 0.70 for
both male and female patients (Figure 4A,B), and those of pretreatment M2BPGi levels were 0.73 for
both male and female patients (Figure 4A,B). The AUROCs of post-treatment ATX levels were 0.76 and
0.74 for male and female patients, respectively (Figure 4C,D), and those of post-treatment M2BPGi
levels were 0.82 and 0.78 for male and female patients, respectively (Figure 4C,D). M2BPGi tended to be
a more predictive marker than ATX for post-SVR HCC development, but this trend was not statistically
significant. We also revealed cutoff values to predict post-SVR HCC development. The cutoff values of
pretreatment ATX levels were 1.21 mg/L for male patients (sensitivity, 78.9%; specificity, 65.1%) and
2.26 mg/L for female patients (sensitivity, 57.9%; specificity, 79.9%). The cutoff values of pretreatment
M2BPGi levels were 2.28 C.O.I. for male patients (sensitivity, 78.9%; specificity, 61.4%) and 2.23 C.O.I.
for female patients (sensitivity, 94.7%; specificity, 45.0%). The cutoff values of post-treatment ATX
levels were 1.37 mg/L for male patients (sensitivity, 57.9%; specificity, 94.0%) and 1.73 mg/L for female
patients (sensitivity, 57.9%; specificity, 80.5%). The cutoff values of post-treatment M2BPGi levels were
1.89 C.O.I. for male patients (sensitivity, 78.9%; specificity, 78.3%) and 1.35 C.O.I. for female patients
(sensitivity, 94.7%; specificity, 50.3%).
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Figure 4. Area under the receiver operating characteristic curves for predicting post-SVR HCC
development. Data from Cohort B were used for the analysis. Data from male patients (A,C) and
female patients (B,D) are shown. A and B indicate pretreatment levels, and C and D indicate those
at 12/24 weeks after antiviral treatment. The numbers at the bottom right are the area under the
receiver operating characteristic of each liver fibrosis marker. SVR: sustained viral response; HCC:
hepatocellular carcinoma; ATX: autotaxin; M2BPGi: Wisteria floribunda agglutinin positive Mac-2
binding protein.

2.3. Multivariate Analysis of Post-SVR HCC Development

Subsequently, we analyzed whether ATX or M2BPGi levels were useful predictive markers
for post-SVR HCC development. We formed two groups using the cutoff values and conducted
a multivariate analysis using data from Cohort A (Table 1). The multivariate analysis indicated
that post-treatment ATX levels and post-treatment M2BPGi levels were significantly associated
with post-SVR HCC development in male patients (hazard ratio, 3.75 and 6.43, respectively; Table 1).
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In addition, pretreatment M2BPGi levels and post-treatment M2BPGi levels were significantly associated
with post-SVR HCC development in female patients (hazard ratio, 11.76 and 13.07, respectively; Table 1).

Table 1. Factors associated with post-SVR HCC development.

Multivariate Analysis

Factor Category Hazard Ratio 95% CI p-Value

male pretreatment ATX ≥1.21 mg/L 3.26 0.82–12.89 0.092
M2BPGi ≥2.28 C.O.I. 2.38 0.60–9.40 0.217

N = 301 post-treatment ATX ≥1.37 mg/L 3.75 1.32–10.70 0.013
M2BPGi ≥1.89 C.O.I. 6.43 1.83–22.52 0.004

female pretreatment ATX ≥2.26 mg/L 2.50 0.97–6.41 0.057
M2BPGi ≥2.23 C.O.I. 11.76 1.47–94.07 0.02

N = 369 post-treatment ATX ≥1.73 mg/L 2.34 0.92–5.97 0.08
M2BPGi ≥1.35 C.O.I. 13.07 1.66–103.22 0.015

Data from Cohort A were used for the analysis. SVR: sustained viral response; HCC: hepatocellular carcinoma; ATX:
autotaxin; M2BPGi: Wisteria floribunda agglutinin positive Mac-2 binding protein; 95% CI: 95% confidence interval.

2.4. Cumulative Non-Carcinogenic Rate after Antiviral Treatment

After antiviral treatment, 19 patients (both male and female) developed post-SVR HCC within
3 years. We evaluated the cumulative non-carcinogenic rate for markers that were found to be
related in the multivariate analysis. The cumulative non-carcinogenic rates in male patients with
post-treatment ATX levels ≥ 1.37 mg/L or post-treatment M2BPGi levels ≥ 1.89 C.O.I. were significantly
lower than those in patients with post-treatment ATX levels < 1.37 mg/L or M2BPGi levels < 1.89 C.O.I.
(Figure 5A,B). In addition, the cumulative non-carcinogenic rates in female patients with pretreatment
M2BPGi levels ≥ 2.23 C.O.I. or post-treatment M2BPGi levels ≥ 1.35 C.O.I. were significantly lower
than those in patients with pretreatment M2BPGi levels < 2.23 mg/L or post-treatment WFA+-M2BP
levels < 1.35 C.O.I. (Figure 5C,D).
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Figure 5. Cont.
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Figure 5. Cumulative non-carcinogenic rate after antiviral treatment. Data from Cohort A were used
for the analysis. (A,B) indicate data by serum levels at 12/24 weeks after antiviral treatment in male
patients. Data from female patients before treatment are shown in (C), and from female patients at
12/24 weeks after antiviral treatment are shown in (D). ***: p < 0.001. ATX: autotaxin; M2BPGi: Wisteria
floribunda agglutinin positive Mac-2 binding protein.

2.5. Association between the Rate of ATX Change and Post-SVR HCC Development

Because ATX is a quantitative value and M2BPGi is a semi-quantitative value, we finally focused on
the rate of ATX change before and after antiviral treatment. The pretreatment ATX levels and rate of ATX
change were plotted, and we drew a regression line using data from Cohort B (Figure 6). The equations
of the regression lines were as follows: y = −17.61x + 7.38 for males (R2 = 0.43) and y = −14.61x + 9.68
for females (R2 = 0.41). We divided the patients into two groups using the regression lines. The patients
above the regression line were designated as Group A (group with a small reduction in ATX levels before
and after antiviral treatment), and those below the regression line were Group B (group with a significant
reduction in ATX levels). The proportion of both male and female patients with post-SVR HCC were
significantly greater in group A than in group B (Table 2), and the trend was more pronounced in patients
without a history of HCC (no HCC vs. first-onset; Table 2). Among patients with a history of HCC,
post-SVR HCC also developed in Group B (no relapse vs. relapse; Table 2).

Table 2. Association between the rate of ATX change and post-SVR HCC development.

No First-Onset No Relapse Relapse p-Value

male
N = 102

Group A 28 6 7 7
0.006Group B 45 0 3 6

female
N = 168

Group A 57 8 8 5
0.034Group B 81 3 3 3

Data from Cohort B were used for the analysis. ATX: autotaxin; SVR: sustained viral response; HCC: hepatocellular
carcinoma; No: the patients with no HCC history and no carcinogenesis; First-onset: the patients with no HCC
history and post-SVR HCC development; No relapse: the patients with HCC history and no carcinogenesis;
Relapse: the patients with HCC history and post-SVR HCC development; Group A: group with a small reduction
in ATX before and after antiviral treatment; Group B: group with a significant reduction in ATX before and after
antiviral treatment.
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Figure 6. Association between pretreatment ATX levels and the rate of ATX change. Data from Cohort
B were used for the analysis. Data from male patients (A) and female patients (B) are shown. Dotted
lines represent the regression lines. no: the patients with no HCC history and no carcinogenesis;
first-onset: the patients with no HCC history and post-SVR HCC development; no relapse: the patients
with HCC history and no carcinogenesis; relapse: the patients with HCC history and post-SVR HCC
development. ATX: autotaxin; SVR: sustained viral response; HCC: hepatocellular carcinoma.
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3. Discussion

In the present study, we revealed an association between serum ATX levels and the development
of post-SVR HCC within 3 years after antiviral treatment. First, we revealed that serum ATX levels
before treatment and 12/24 weeks after antiviral treatment in patients with post-SVR HCC were higher
than those without post-SVR HCC (Figure 2). The median values of pretreatment ATX levels in patients
with post-SVR HCC were 1.56 mg/L in male patients and 2.37 mg/L in female patients, and these values
were close to the cutoff values for predicting liver cirrhosis from reagent’s attached document (male,
1.69 mg/L; female, 2.12 mg/L). Advanced hepatic cirrhosis is a main risk factor of HCC [10], and our
results seemed to support this theory.

Next, we performed ROC analyses to predict post-SVR HCC development (Figure 4). AUROCs of
serum ATX levels before treatment and 12/24 weeks after treatment were 0.7–0.76, and it was thought
that ATX levels could stratify a high-risk group of post-SVR HCC patients to some extent. In addition,
we revealed that AUROCs of M2BPGi were 0.73–0.82. Comparisons of the ability to predict post-SVR
HCC showed that M2BPGi tended to be a better predictor than ATX, but this trend was not statistically
significant. However, post-treatment ATX and post-treatment M2BPGi levels had higher predictive
performance than pretreatment levels. It was suggested that the presence of HCV infection and/or
hepatitis may affect the predictive capacity of post-SVR HCC development.

Previous studies reported that M2BPGi was associated with post-SVR HCC development [11–13].
However, studies reporting an association between ATX levels and post-SVR HCC development are
rare. Therefore, we analyzed whether ATX or M2BPGi was a higher predictive capacity for post-SVR
HCC development, and we revealed that M2BPGi was a more useful marker than ATX (Table 1).
M2BPGi has also been reported to be a useful marker for HBV-related HCC [27,28], and NAFLD-related
HCC [29]. It is unclear how M2BPGi is involved in HCC development, but it is suggested that it does
more than simply indicate liver fibrosis.

M2BPGi is a semi-quantitative value [30]. We witnessed an approximate 10% change in C.O.I.
when changing the reagent or calibrator lot (data not shown). Therefore, it is inappropriate to discuss
differences of detailed value or degrees of change. In fact, when we analyzed the association between
the rate of M2BPGi change and post-SVR HCC development, we found a significant difference only in
female patients (data not shown). Because the levels of ATX is a quantitative value, we determined
the rate of ATX change before and after antiviral treatment. There was a weak negative correlation
between pretreatment ATX levels and rate of ATX change (Figure 6). Despite patients with high
pretreatment ATX levels having a high risk of HCC development, all six male patients with ATX
reduction rates of 43% or greater did not develop HCC more than 3 years after antiviral treatment
(Figure 6A). In addition, 14 out of 15 female patients with ATX reduction rates of 35% or greater did
not develop HCC (Figure 6B). According to a previous study, IFN-free DAA therapy decreases serum
ATX levels [31]. The present study revealed that ATX changes varied from case to case and that the
risk of post-SVR HCC development could be assessed by focusing on ATX changes (Figure 6 and
Table 2). Several studies have reported on factors affecting serum ATX levels. The reference value
of ATX in women is higher than that in men [23], and even higher in pregnant women [32]. Patients
with follicular lymphoma have high ATX levels [33]. However, the patients with kidney disease, heart
disease, and diabetes have few changes in ATX levels [34]. The determinations of factors that influence
serum ATX levels will improve our understanding of them as predictive markers of HCC development.

The present study had several limitations. First, we analyzed post-SVR HCC development as
early as 3 years after antiviral treatment. Therefore, it is unclear whether ATX can predict longer term
carcinogenesis. Second, we did not separately analyze for HCC occurrence or HCC recurrence in the
multivariate analysis, although patients with a history of HCC before IFN-free DAA therapy have
been reported to have a high rate of HCC recurrence [35], because there were not enough patients with
developing HCC to perform a multivariate analysis. Finally, validation analysis was not performed.
However, the present study clearly showed the role of ATX in prediction for post-SVR HCC. To solve
the problems, a larger number of cohorts with longer observation will be required. In addition, more
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robust cutoff values and predictive formulas that combining multiple biomarkers could be set by
analyzing larger cohorts.

In conclusion, the present study revealed that M2BPGi levels especially 12/24 weeks after antiviral
treatment were more useful than ATX levels as a predictive marker for post-SVR development within
3 years. However, the combination of pretreatment ATX levels and the rate of ATX change before
and after antiviral treatment has the potential to predict post-SVR carcinogenesis. In the treatment of
HCV, it is important to stratify high-risk patients and conduct appropriate HCC surveillance, and these
results will help for clarifying prognosis.

4. Materials and Methods

4.1. Subjects

We recruited 755 patients with HCV who had received IFN-free DAA therapy at Osaka City
University Hospital between August 2014 and April 2019. Written informed consent was obtained from
all patients prior to DAA treatment. The patient selection criteria are shown in Figure 1. The following
patients were excluded and defined as Cohort A (n = 670): patients who did not achieve SVR, those
in whom M2BPGi was not measured, those who followed up for less than 6 months, and those who
developed HCC within 6 months after antiviral treatment because HCC was thought to be present
before antiviral treatment. Patients who followed up for less than 3 years were excluded and defined
as Cohort B (n = 270). We diagnosed chronic HCV infection based on the presence of serum HCV
antibody and detectable HCV RNA via the real-time PCR method. The clinical characteristics before
antiviral treatment is summarized in Table 3. The median follow-up duration after antiviral treatment
was 25 months in male and 34 months in female. A total of 41 male patients and 30 female patients
received treatment for HCC before HCV treatment. A total of 19 male patients and 19 female patients
developed post-SVR HCC within 3 years after antiviral treatment. In comparisons between Cohort A
and Cohort B, significant differences in age, M2BPGi, PLT (platelet), and Fibrosis-4 (FIB-4) index in
male patients were shown. FIB-4 index was calculated using Sterling’s formula: {age (years)×AST
(U/L)} / {platelet count (× 109/L)×

√
ALT (U/L)}. The differences between the two cohorts might depend

on the follow-up period, which the high-risk patients were followed up for longer term. This study
was conducted according to the principals of the Declaration of Helsinki and was approved by the
Ethics Committee of the Osaka City University Graduate School of Medicine (approval number: 4097).

4.2. Measurement of Serum ATX Levels

We measured serum ATX levels before treatment and 12/24 weeks after antiviral treatment. Serum
samples were stored at −80°C until measurement. Before the analysis of ATX levels, serum samples
were thawed at room temperature and centrifuged at 3500 g for 5 min. Serum ATX levels were
measured by a two-site enzyme immunoassay with an AIA-2000 analyzer (Tosoh Co., Tokyo, Japan).

4.3. Laboratory Data

Platelet counts and routine biochemical tests were analyzed with standard procedures. M2BPGi
was measured with a chemiluminescent enzyme immunoassay (not quantitative values) [30].
Laboratory data were obtained from the medical records. We used laboratory data within seven days
before and after blood samples were collected.
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Table 3. Baseline characteristics.

Male Female

Cohort A Cohort B p Value Cohort A Cohort B p-Value

N 301 102 − 369 168 −
age (years) 67 (56–73) 70 (62–75) 0.01 70 (62–76) 71 (62–75) 0.95

therapy régimen †

(A/B/C/D/E/F)
47/102/61/35/6/50 41/39/17/2/2/1 − 68/167/49/31/13/41 58/77/25/3/5/0 −

ATX (mg/L) 1.14 (0.86–1.47)
1.17

(0.91–1.56)
0.28 1.62 (1.20-2.10) 1.71 (1.27–2.25) 0.15

M2BPGi (C.O.I.) 1.82 (1.17–3.62)
2.15

(1.41–4.25)
0.04 2.10 (1.30–4.22) 2.63 (1.46–4.34) 0.10

PLT (×104/µL) 17.1 (12.9–21.8)
14.4

(10.6–20.1)
0.004 16.2 (11.5–21.4) 14.9 (10.7–19.5) 0.06

AST (U/L) 44 (30–68) 47 (33–72) 0.20 40 (28–61) 41 (32–61) 0.27
ALT (U/L) 41 (26–70) 42 (27–70) 0.67 35 (23–54) 37 (27–54) 0.31

FIB-4 index 2.67 (1.77–4.25)
3.28

(2.29-5.33)
<0.001 3.03 (1.86–4.95) 3.51 (2.09–5.26) 0.10

follow-up period
(months)

25 (13–39) − − 34 (18–42) − −

HCC history
before HCV
treatment
(Yes/No)

41/260 23/79 − 30/339 19/149 −

HCC
development
within 3 years

after HCV
treatment
(Yes/No)

19/282 19/83 − 19/350 19/149 −

Data are presented as the median and interquartile range. Comparisons between Cohort A and Cohort B were
performed with the Wilcoxon rank sum test. ATX: autotaxin; M2BPGi: Wisteria floribunda agglutinin positive Ma-2
binding protein; PLT: platelet; AST: aspartate aminotransferase; ALT: alanine aminotransferase; HCC: hepatocellular
carcinoma; HCV: hepatitis C virus; † A: asunaprevir + daclatasvir, B: sofosbuvir + ledipasvir, C: sofosbuvir +
ribavirin, D: elbasvir + grazoprevir; E: ombitasvir + paritaprevir + ritonavir, F: pibrentasvir + glecaprevir.

4.4. Surveillance after Antiviral Treatment and Diagnosis of HCC

For all patients who achieved SVR, US or dynamic CT with contrast media or
gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid-enhanced dynamic magnetic resonance
imaging (Gd-EOB-DTPA-MRI) was performed every 3 to 6 months. HCC was diagnosed using contrast
media and imaging modalities, such as dynamic CT or Gd-EOB-DTPA-MRI, and/or liver biopsy.

4.5. Statistical Analysis

All statistical analyses and data visualizations were performed by R software ver. 3.5.3 (The R
Foundation for Statistical Computing, Vienna, Austria). Comparisons of serum liver fibrosis markers
in patients with and without HCC development were performed with the Wilcoxon rank sum test.
Diagnostic capacities were analyzed by the AUROCs. Cutoff values were identified by the Youden index.
Factors associated with post-SVR HCC development were analyzed using Cox proportional hazards
regression analysis. Kaplan–Meier curves were used to analyze the cumulative non-carcinogenic rate
in the post-treatment period, and comparisons of two groups were performed with the log rank test.
The regression lines were calculated with the least squares method. The comparisons of two groups
separated by regression lines were performed with Fisher’s exact test. A p-value of less than 0.05
was considered statistically significant. All the analyses were performed based on the patient’s sex
because ATX shows sex-related differences. We used Cox proportional hazards analysis (Table 1)
and Kaplan–Meier curves (Figure 5) to analyze cohort A, which included cases whose follow-up was
completed within 3 years after antiviral treatment, as the analyses involved a timeframe. The other
analyses were performed in cohort B, which included cases followed up for more than 3 years, because
of the analyses of carcinogenesis at the point of three years after antiviral treatment.
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DAA Direct-acting antiviral
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Abstract: Identification of high-risk patients for hepatocellular carcinoma (HCC) after sustained
virological responses (SVR) is necessary to define candidates for long-term surveillance. In this study,
we examined whether serum markers after 1 year of SVR could predict subsequent HCC development.
Total 734 chronic hepatitis C patients without a history of HCC who achieved SVR with direct-acting
antivirals were included. The regular surveillance for HCC started from 24 weeks after the end of
treatment (SVR24). Factors at SVR24 and 1 year after SVR24 were analyzed for predicting HCC
development. During the mean observation period of 19.7 ± 10 months, 24 patients developed HCC.
At SVR24, Wisteria floribunda agglutinin-positive mac-2 binding protein (WFA±M2BP) ≥ 1.85 and
α-fetoprotein (AFP) ≥ 6.0 ng/mL were independent factors of HCC development. However, at 1 year
after SVR24, WFA±M2BP ≥ 1.85 was associated with subsequent HCC development (hazard ratio:
23.5, 95% confidence interval: 2.68–205) but not AFP. Among patients with WFA±M2BP ≥ 1.85 at
SVR24, 42% had WFA±M2BP < 1.85 at 1 year after SVR24 (WFA±M2BP declined group). Subsequent
HCC development was significantly lower in the declined group than in the non-declined group (1
year HCC rate: 0% vs. 9.4%, p = 0.04). In conclusion, WFA±M2BP but not AFP could identify high
and no-risk cases of HCC at 1 year after SVR. Therefore, it was useful as a real-time monitoring tool
to identify the candidates for continuous surveillance for HCC.

Keywords: hepatocellular carcinoma; WFA±M2BP; AFP; chronic hepatitis C; direct-acting antivirals

1. Introduction

Direct-acting antivirals (DAAs) treatment for chronic hepatitis C has enabled sustained virological
responses (SVR) in several patients in recent years [1–6]. However, the number of patients with
SVR has increased among the elderly and those with cirrhosis, and the number of patients who
develop hepatocellular carcinoma (HCC) after SVR will increase in the future [7]. Therefore, it is
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clinically important to identify patients at a high risk of developing HCC after SVR and to perform
appropriate screening.

Non-invasive fibrosis markers and α-fetoprotein (AFP) levels at 12 or 24 weeks after the end
of treatment (SVR12 or 24) are reportedly associated with subsequent HCC development [8–13].
Wisteria floribunda agglutinin-positive mac-2 binding protein (WFA±M2BP) is a novel serum fibrosis
marker [14,15], and WFA±M2BP at SVR is reported to be associated with HCC development [16,17].
Although WFA±M2BP and AFP can identify patients at high risk of HCC development at the time of
SVR, it is difficult to continue screening for all cases judged high risk at the time of SVR. Liver fibrosis
changes after the achievement of SVR differ from case to case [18], and subsequent changes in fibrosis
lead to a different risk of HCC development [19,20]. Therefore, it is necessary to reevaluate the risk of
HCC development over time.

Serum markers can be simply and repeatedly measured; therefore, it is considered possible to
reevaluate the risk of HCC over time and further narrow down the high-risk cases. However, to our
knowledge, no report has examined whether WFA±M2BP and AFP at 1 year after SVR are associated
with HCC development. Further, it is unclear whether changes in the fibrosis markers alter the risk of
carcinogenesis. Therefore, we examined whether WFA±M2BP and AFP after 1 year of achieving SVR
are associated with HCC development and whether these changes could be used to evaluate the risk
of HCC.

2. Results

2.1. Patient Characteristics

The clinical characteristics and laboratory data of patients are described at the time point of
SVR24 and one year after SVR24 in Table 1. Average aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) at SVR24 were within the normal ranges because all patients achieved SVR.
Twenty-one patients had liver nodules with intermediate probability of HCC (LR3) or probably of HCC
(LR4) as defined by the liver imaging reporting and data system (LI-RADS) at entry [21]. There were 501
cases at 1 year after SVR24, excluding 18 patients with HCC development within 1 year. At 1 year after
SVR24, AST and ALT were also within the normal ranges. The observation period began at the time of
SVR24, and during the mean observation period of 19.7 ± 10 months, 24 patients developed HCC.

Table 1. Patients characteristics.

At Entry (SVR24) 1 Year after SVR24

n = 734 n = 501

Age (years) 65.9 ± 12 67.1 ± 12
Sex (male/female) 291/443 194/307
Albumin (g/dL) 4.32 ± 0.4 4.30 ± 0.4

Bilirubin (mg/dL) 0.67 ± 0.3 0.73 ± 0.3
AST (IU/L) 24.7 ± 8.1 23.7 ± 8.0
ALT (IU/L) 17.6 ± 9.0 17.5 ± 9.0

Platelet counts (×104/µL) 17.0 ± 5.6 17.7 ± 5.6
WFA±M2BP (COI) 1.52 ± 1.4 1.28 ± 1.1

AFP (ng/mL) 3.99 ± 3.4 3.51 ± 2.2
Presence of LR3/4 nodules 21 (2.9%) 9 (1.8%)

Histological fibrosis stage (1/2/3/4) 64/75/88/30

AST, aspartate aminotransferase; ALT, alanine aminotransferase; WFA±M2BP, Wisteria floribunda agglutinin-positive
mac-2 binding protein; COI, cut off index; AFP, alpha fetoprotein; LR, liver imaging reporting and data system; LR3,
intermediate probability of HCC; LR4, probably of HCC.
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Association between WFA±M2BP and Fibrosis Stage

Association between WFA±M2BP and fibrosis stage was examined. Median value of WFA±M2BP
in F1, F2, F3, and F4 was 0.75, 1.16, 2.06, and 3.01, respectively, and WFA±M2BP increased as fibrosis
stage increased (p < 0.001).

2.2. Prediction of HCC Development Using WFA±M2BP and AFP at SVR24

Serum WFA±M2BP and AFP at SVR24 were analyzed for predicting HCC development. ROC
analysis was used to select WFA±M2BP of 1.85 cut off index (COI) as the optimal cutoff value for
predicting HCC development within 1 year. WFA±M2BP of <1.85/≥1.85 were defined as low/high risk
and low/high-risk patients were 567 (77.2%), and 167 (22.8%), respectively. The AFP level of 6.0 ng/mL
was selected as the cutoff value and AFP of <6.0/≥6.0 ng/mL was defined as low/high risk of AFP.
The 1-, 2-, and 3-year rate of HCC development in patients with low/high risk of WFA±M2BP were
1.2%/1.5%/1.5%, and 8.1%/13.1%/14.6%, respectively. The cumulative rate of HCC development was
higher in patients with high risk than those with low risk (p < 0.001, Figure 1A). Similarly, the 1-, 2-,
and 3-years rates of HCC development in patients with low/high risk of AFP were 0.9%/2.2%/2.2%,
and 12.6%/13.8%/15.6%, respectively (Figure 1B). The cumulative rate of HCC development was high
in high-risk groups (p < 0.001).

≥1.85

≥

 

A 

B 

Figure 1. Cumulative incidence of hepatocellular carcinoma (HCC) development sustained virological
responses after 24 weeks (SVR24). (A) patients were categorized into two groups as per Wisteria floribunda

agglutinin-positive mac-2 binding protein (WFA±M2BP) at SVR24. (B) patients were categorized into
two groups as per AFP at SVR24.
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2.3. Prediction of HCC Development as Per WFA±M2BP and AFP at 1 Year after SVR24

Serum WFA±M2BP and AFP at 1 year after SVR24 (78 weeks post-treatment) were analyzed for
predicting HCC development thereafter. Using the same cutoff values (WFA±M2BP of 1.85 COI and
AFP level of 6.0 ng/mL), the cumulative incidence of HCC development was examined. Seven patients
developed HCC after 1 year of SVR. The 1- and 2-year rate of HCC development, starting from the time
point of 78 weeks post-treatment, in patients with low/high risk of WFA±M2BP at 1 year after SVR24
were 0.3%/0.3%, and 8.6%/11.3%, respectively (p < 0.001, Figure 2A). In contrast, the 1-, and 2-year
rate of HCC development in patients with low/high risk of AFP at 1 year after SVR24 were 1.6%/1.6%,
and 0.0%/2.9%, respectively and there was no significant difference between high and low-risk groups
(p = 0.8, Figure 2B).

 

 

A 

B 

Figure 2. Cumulative incidence of HCC development from 1 year after SVR24 (A) patients were
categorized into two groups as per the WFA±M2BP at 1 year after SVR24. (B) patients were categorized
into two groups as per the AFP at 1 year after SVR24.

2.4. Time-Course Changes in WFA±M2BP and AFP and HCC Risk

Time-course changes in WFA±M2BP and AFP were examined. WFA±M2BP at SVR24 was
1.52 ± 1.4 COI that decreased significantly to 1.28 ± 1.1 COI at 1 year after SVR24 (p < 0.001). Similarly,
the AFP level at SVR24 was 3.99 ± 3.4 ng/mL and decreased significantly to 3.51 ± 2.2 ng/mL 1 year
after SVR24 (p < 0.001).
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Among patients with a high risk of WFA±M2BP (≥1.85 COI) at SVR24, WFA±M2BP decreased to
< 1.85 COI (low risk) at 1 year after SVR24 in 42 patients (42/102, 42%) (WFA±M2BP declined group)
and remained ≥ 1.85 COI in 60 patients (60%) (WFA±M2BP non-declined group). Among patients
with a high risk of AFP (≥6.0 ng/mL) at SVR24, AFP decreased to < 6.0 ng/mL at 1 year after SVR24
in 30% (20/67) patients (AFP declined group) and remained ≥ 6.0 ng/mL in 70% of the patients (AFP
non-declined group). The 1- and 2-year rates of HCC development, starting from the time point of
78 weeks post-treatment, were 0% and 0%, respectively, in the WFA±M2BP declined group, while
these rates were 9.4% and 12.4%, respectively, in the WFA±M2BP non-declined group. The cumulative
incidence of HCC development was significantly higher in patients in the WFA±M2BP non-declined
group (p = 0.04, Figure 3A). In contrast, there was no significant difference in the cumulative rate of
HCC development between the AFP declined and non-declined group (Figure 3B).

M2BP (≥

and remained ≥ 1.85 COI in 60 patients (60%) (WFA
of AFP (≥

declined group) and remained ≥ 

 

 

M2BP ≥ 1.85 

atients were categorized into two groups as per the change in AFP. The patients with AFP ≥ 6.0 

A 

B 

Figure 3. Cumulative incidence of HCC development as per change in the serum marker (A) patients
were categorized into two groups as per the change in WFA±M2BP. Patients with WFA±M2BP ≥
1.85 COI at SVR24 and WFA±M2BP < 1.85 at 1 year after SVR24 were defined as the declined group.
(B) patients were categorized into two groups as per the change in AFP. The patients with AFP ≥ 6.0
ng/mL at SVR24 and AFP < 6.0 at 1 year after SVR24 were defined as the declined group.
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2.5. Association between AFP and LR3/4 nodule

The association between serum AFP levels and the presence of LR3/4 nodule was analyzed at the
time point of SVR24 and 1 year after SVR24. At SVR24, 2.1% (13/623) of patients with AFP at SVR24
< 6.0 ng/m had LR3/4 nodules and 7.2% (8/111) of patients with AFP ≥ 6.0 ng/m had LR3/4 nodules,
and presence of LR3/4 nodules was significantly higher in patients with AFP ≥ 6.0 ng/mg (p = 0.008).
However, at 1 year after SVR24, 0% of the patients with AFP ≥ 6.0 ng/m and 2.1% of those with AFP <
6.0 ng/m had LR3/4 nodules, with no significant difference.

2.6. Multivariable Analysis of Factors at SVR24 Associated with HCC Development

Factors at SVR24, including those other than WFA±M2BP and AFP, were analyzed for their
association with HCC development. Age (every 10 years), albumin, AST (every 30 IU/L), ALT (every
30 IU/L), platelet counts, WFA±M2BP ≥ 1.85 COI (hazard ratio [HR]: 9.43, 95% confidence interval (CI):
3.91–22.7, p < 0.001, Table 2), AFP ≥ 6.0 ng/mL (HR: 8.17, 95%CI: 2.63–18.4, p < 0.001), and presence of
LR3/4 nodules (HR: 15.4, 95%CI: 6.06–39.2, p < 0.001) were associated with HCC development in the
univariate analysis. By using these factors, multivariate analysis revealed that WFA±M2BP ≥ 1.85 COI
(HR: 5.29, 95% CI: 2.07–13.0, p < 0.001), AFP ≥ 6.0 ng/mL (HR: 4.27, 95% CI: 1.84–9.94, p < 0.001), and
the presence of LR3/4 nodules (HR: 8.49, 95%CI: 3.29–21.9, p < 0.001) were independently associated
with HCC development.

Table 2. Factors associated with hepatocellular carcinoma (HCC) development.

At SVR24

Univariate Multivariate

HR 95%CI p value HR 95%CI p value

Age (every 10 years) 1.90 1.20–2.99 0.006
Sex (male) 1.31 0.59–2.93 0.5

Albumin (g/dL) 0.22 0.09–0.56 0.001
Bilirubin (mg/dL) 2.34 0.69–7.98 0.2

AST (every 30 IU/L) 4.40 1.69–11.4 0.002
ALT (every 30 IU/L) 3.42 1.40–8.35 0.007

Platelet counts (×104/µL) 0.87 0.80–0.94 <0.001
WFA±M2BP ≥ 1.85 (COI) 9.43 3.91–22.7 <0.001 5.29 2.07–13.0 <0.001

AFP ≥ 6.0 (ng/mL) 8.17 3.63–18.4 <0.001 4.27 1.84–9.94 <0.001
Presence of LR3/4 nodules 15.4 6.06–39.2 <0.001 8.49 3.29–21.9 <0.001

1 Year after SVR24

Univariate Multivariate

HR 95%CI p value HR 95%CI p value

Age (every 10 years) 2.40 0.91–6.31 0.08
Sex (male) 0.64 0.12–3.30 0.6

Albumin (g/dL) 0.17 0.04–0.65 0.01
Bilirubin (mg/dL) 2.12 0.27–16.6 0.5

AST (every 30 IU/L) 2.52 0.46–13.7 0.3
ALT (every 30 IU/L) 1.18 0.11–12.1 0.9

Platelet counts (×104/µL) 0.81 0.69–0.94 0.005
WFA±M2BP ≥ 1.85 (COI) 35.3 4.25–293 <0.001 23.5 2.68–205 0.004

AFP ≥ 6.0 (ng/mL) 1.23 0.15–10.2 0.9
Presence of LR3/4 nodules 60.1 13.2–273 <0.001 24.1 5.02–116 <0.001

HCC, hepatocellular carcinoma; SVR, sustained virological response; HR, hazard ratio; CI, confidence interval, AST,
aspartate aminotransferase; ALT, alanine aminotransferase; WFA±M2BP, Wisteria floribunda agglutinin-positive
mac-2 binding protein; COI, cut off index; AFP, alpha-fetoprotein; LR, liver imaging reporting and data system; LR3,
intermediate probability of HCC; LR4, probably of HCC.
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2.7. Multivariable Analysis of Factors at 1 Year after SVR24 Associated with HCC Development

Similarly, factors at 1 year after SVR24, including those other than WFA±M2BP and AFP, were
analyzed for their association with HCC development. Similar to SVR24, WFA±M2BP ≥ 1.85 COI
(HR: 35.3, 95% CI: 4.25–293, p < 0.001), albumin, platelet counts, and presence of LR3/4 nodules (HR:
60.1, 95%CI: 13.2–273, p < 0.001) at 1 year after SVR24 were associated with HCC development in
the univariate analysis. However, AFP ≥ 6.0 ng/mL at 1 year after SVR24 was not associated with
subsequent HCC development (HR: 1.23, 95% CI: 0.15–10.2, p = 0.9). Multivariate analysis revealed
that WFA±M2BP ≥ 1.85 COI (HR: 23.5, HR: 2.68–205, p = 0.004) and presence of LR3/4 nodules (HR:24.1,
95%CI: 5.02–116, p < 0.001) were independent factors at 1 year after SVR24 for the prediction of HCC
development thereafter.

3. Discussion

The present study revealed that WFA±M2BP was useful for predicting HCC development at 1
year of SVR; however, AFP was not useful. In addition, even if WFA±M2BP was high (≥ 1.85 COI) at
SVR, the risk of HCC decreases in patients in whom WFA±M2BP subsequently declines (<1.85 COI).
However, AFP was useful for predicting HCC at the time of SVR, but not after one year. WFA±M2BP
could be easily measured and helped identify high cases of HCC development at any time after SVR;
therefore, it was useful as a real-time monitor of HCC development risk in the long-term follow-up
after SVR.

One of the novel findings of this study was that it confirmed that a high level of WFA±M2BP after 1
year of SVR is associated with HCC development risk. The association between WFA±M2BP at SVR and
HCC risk has been reported by several studies, including our report [16,17]. Since WFA±M2BP at SVR
was associated with histological fibrosis stage before DAA treatment, WFA±M2BP at SVR was a risk
factor of HCC development after SVR. One advantage of WFA±M2BP is that it can assess the fibrosis
stage instead of a liver biopsy and is easy to measure repeatedly. However, to our knowledge, no
study has examined the association between WFA±M2BP and HCC development risk after long-term
follow-up. Early detection of HCC development after DAA treatment requires long-term follow-up.
Therefore, not only the prediction of HCC development at SVR time point but also the prediction of
HCC development at each follow-up time point is important. We found that WFA±M2BP ≥ 1.85 COI
at 1 year of SVR, as well as SVR24, were factors for HCC development.

Considering the changes in WFA±M2BP after SVR, WFA±M2BP generally declines over time.
Patients with WFA±M2BP ≥ 1.85 COI at SVR were at high-risk for subsequent HCC development;
however, those with decreased WFA±M2BP after 1 year had a reduced risk of HCC development.
However, in some cases, WFA±M2BP was still high, and in such cases, the risk of HCC development
remained high. The advantage of WFA±M2BP is that the change in the HCC risk can be identified by
observing the time-dependent changes in WFA±M2BP.

Although long-term follow-up is necessary to identify patients with HCC development after
SVR, it is difficult to screen all patients frequently. However, the lack of screening after SVR is a
known risk factor for the development of advanced HCC [22]. Therefore, there is an urgent need to
construct a surveillance strategy after SVR. In surveillance, it is necessary to reevaluate the risk of
HCC development not only at SVR but also at follow-up and to narrow down high-risk cases of HCC.
WFA±M2BP is useful as a real-time monitor for the prediction of HCC development in that WFA±M2BP
can assess the risk of HCC at any time point and assess changes in HCC risk by observing changes
over time; further, clinically important information can be obtained noninvasively and conveniently.

Another novel finding of this study was that AFP after 1 year of SVR was not useful for predicting
HCC development. It has been widely reported that AFP levels at SVR are associated with HCC
risk [9–12,17]. This point was also confirmed in this study. However, it became clear that the AFP level
1 year after SVR was not associated with HCC development. It has been reported that high levels
of AFP at the time of SVR are associated with the presence of LR3/4 nodules, and such patients are
at a high risk of HCC development [23,24]. In this study, high levels of AFP at SVR were associated
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with the presence of LR3/4 nodules, and the cumulative incidence of HCC development was high
in these patients; in particular, many HCC developments were observed within 1 year. Further, the
AFP at 1 year after SVR decreased significantly, and no correlation was found when examining the
association between AFP and LR3/4 nodules at 1 year after SVR. Although high AFP levels at SVR24
were associated with already existing HCC, high-risk nodules, and early development of HCC, no
association between AFP and HCC development after 1 year of SVR, excluding that in these high-risk
cases, is believed to exist. AFP was associated with the early development of HCC after SVR; however,
one year thereafter, AFP was not useful for predicting HCC development; this was a novel finding
of this study. AFP was not useful for predicting HCC development in the long-term follow-up; thus,
WFA±M2BP, rather than AFP, was useful for HCC monitoring during long-term follow-up after SVR.

There are certain limitations to this study. At present, few cases have been followed up for 2 years.
To verify the usefulness of WFA±M2BP over time, it is necessary to verify whether WFA±M2BP of
2 years after SVR24 and later is useful for prediction of HCC development, which is a future study
subject. Moreover, there were few HCC cases; therefore, future long-term studies on a larger cohort
are needed to examine the usefulness of WFA±M2BP over time. Several fibrosis markers have been
confirmed as a predictive marker of HCC development after SVR [13,25]. The diagnostic accuracy
of HCC development after SVR should be compared between WFA±M2BP and other markers in
future studies.

In conclusion, WFA±M2BP but not AFP was useful as a real-time monitor of HCC prediction in
long-term follow-up after SVR.

4. Materials and Methods

4.1. Patients

Between October 2014 and March 2018, 871 patients received DAAs at the Musashino Red Cross
Hospital for the treatment of chronic hepatitis C and achieved SVR. Of these, 734 who met the following
criteria were enrolled in this study: (1) those who were followed up for 6 months or more after SVR24,
(2) had no history of HCC development, and (3) had no co-infection with hepatitis B virus or human
immunodeficiency virus. The observation period began at the time of SVR24, and HCC development
after SVR was followed up. Written informed consent was obtained from each patient. The study
protocol conformed to the ethical guidelines of the Declaration of Helsinki and was approved by the
institutional ethics review committee (approval number:28089, 4 April 2017).

4.2. Clinical and Laboratory Data

Age and sex of the patients were recorded at SVR24. Fasting blood counts and biochemical tests
were also conducted on SVR24 and 1 year after SVR24 using standard methods.

4.3. HCC Surveillance and Diagnosis

Ultrasonography and blood tests, including tests for tumor markers, were performed every
3–6 months for HCC surveillance. When tumor marker levels rose abnormally and/or abdominal
ultrasonography suggested a lesion suspicious of HCC, contrast-enhanced computed tomography,
magnetic resonance imaging, or angiography was performed. HCC was diagnosed for tumors
displaying vascular enhancement at the early phase and washout at the later phase as per the
guidelines of the American Association for the Study of Liver Diseases, and the Japan Society of
Hepatology [26,27]. Tumor biopsy was used to diagnose tumors with non-typical imaging findings.

Histological Evaluation

Of all patients enrolled in the study, liver biopsy was performed in 257 patients 1 month prior to the
initiation of DAA treatment until the treatment. Liver biopsy specimens were obtained laparoscopically
using 13G needles or by percutaneous ultrasound-guided liver biopsy using 15G needles. Specimens
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were fixed, paraffin-embedded, and stained using hematoxylin–eosin and Masson’s trichrome. A
minimum of a 15-mm biopsy sample was required for diagnosis. All liver biopsy samples were
independently evaluated by two senior pathologists who were blinded to the clinical data. Fibrosis
staging was assessed according to the METAVIR score: F0, no fibrosis; F1, portal fibrosis without septa;
F2, portal fibrosis with few septa; F3, numerous septa without cirrhosis; and F4, cirrhosis.

4.4. Statistical Analyses

Receiver operating characteristic (ROC) curves and the Youden index were used to determine the
optimal cutoff value of WFA±M2BP and AFP for predicting HCC development. Statistical significance
was defined as a p-value < 0.05. Cumulative incidences of HCC development were calculated using
the Kaplan–Meier method. The factors associated with HCC development were analyzed using the
Cox-proportional hazard model. Correlated factors with a p-value < 0.05 in the univariate analysis were
used for further multivariate analysis. Backward stepwise selection method was used for multivariate
analyses. Association between WFA±M2BP and fibrosis stage was analyzed using Spearman’s rank
correlation test. Statistical analyses were performed using EZR (Saitama Medical Center, Jichi Medical
University, Saitama, Japan) [28] and a graphical user interface for R (The R Foundation for Statistical
Computing, Vienna, Austria).
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DAAs direct-acting antivirals
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SVR24 24 weeks after the end of treatment
WFA±M2BP Wisteria floribunda agglutinin-positive mac-2 binding protein
ROC receiver operating characteristic
AST aspartate aminotransferase
ALT alanine aminotransferase
LR the liver imaging reporting and data system
HR hazard ratio
CI 95% confidence interval
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Abstract: We aimed to evaluate a newly developed peroral cholangioscopy (POCS) classification
system by comparing classified lesions with histological and genetic findings. We analyzed 30 biopsied
specimens from 11 patients with biliary tract cancer (BTC) who underwent POCS. An original
classification of POCS findings was made based on the biliary surface’s form (F factor, 4 grades) and
vessel structure (V-factor, 3 grades). Findings were then compared with those of corresponding biopsy
specimens analyzed histologically and by next-generation sequencing to identify somatic mutations.
In addition, the histology of postoperative surgical stumps and preoperative POCS findings were
compared. Histological malignancy rate in biopsied specimens increased with increasing F- and
V-factor scores (F1, 0%; F1, 25%; F3, 50%; F4, 62.5%; p = 0.0015; V1, 0%; V2, 20%; V3, 70%; p < 0.001).
Furthermore, we observed a statistically significant increase of the mutant allele frequency of mutated
genes with increasing F- and V-factor scores (F factor, p = 0.0050; V-factor, p < 0.001). All surgical
stumps were accurately diagnosed using POCS findings. The F–V classification of POCS findings
is both histologically and genetically valid and will contribute to the methods of diagnosing the
superficial spread of BTC tumors.

Keywords: bile duct cancer; cholangioscope; genetic mutation; tumor spread; biopsy

1. Introduction

Biliary tract cancer (BTC), which arises from the biliary epithelium of the intrahepatic, extrahepatic,
and gallbladder bile ducts, accounts for about 3% of all gastrointestinal cancers [1] and is the sixth
leading cause of cancer death [2]. In Japan, perihilar bile duct, distal bile duct, and gallbladder
cancers have overall 5-year survival rates of 24.2%, 39.1%, and 39.8%, respectively [3]. To date, surgery
has been the exclusive curative therapy for BTC. In addition, survival post-surgery is short in cases
involving positive resection margins, perineural invasion, lymph node metastasis, and undifferentiated
adenocarcinoma in resected tissues [4].

To avoid unnecessary invasive procedures and determine the appropriate therapy, a precise
diagnosis of tumor spread is important. Currently, more extensive surgery made possible by
accumulated experience and recent technical advances has allowed for complete resection of BTC
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lesions (e.g., hepatopancreatoduodenectomy) [5]. By conducting a thorough examination pre-surgery,
a positive resected margin is avoidable, improving risk factors related to postoperative survival.
Earlier studies have reported the primary tumor’s superficial spread or extension in 31.6–39.3% of
BTC cases, with more than 20-mm length of superficial spread in 14.6–17.9% cases [6,7]. These lesions
can be identified using ultrasonography [8], multi detector-row computed tomography (MDCT) [9],
and magnetic resonance imaging [10]. Intraductal ultrasonography (IDUS) during endoscopic
retrograde cholangiopancreatography (ERCP) has been shown to be beneficial for both qualitative
diagnosis and the diagnosis of the main tumor’s superficial spread [11,12]. However, these methods
have a limited diagnostic accuracy in terms of the superficial tumor spread. In contrast, superficial
spread of tumor can be diagnosed using peroral cholangioscopy (POCS), which has the advantage of
allowing direct visualization of the bile duct lumen [13]. The diagnostic accuracy has been reported
to increase when POCS is used with bile duct biopsy [14–16]. Furthermore, recent improvements in
image resolution and the development of narrow-band imaging have enabled the detailed observation
of surface structures and the fine vasculature of bile ducts [17]. Several POCS studies, focusing on
surface and vessel structures, have reported on benign and malignant bile ducts findings [16,18–20].
However, to date, there are no reports systematically classifying POCS findings.

Recent advances in next-generation sequencing (NGS) have enabled rapid and comprehensive
gene sequencing, which have allowed the identification of gene alterations in numerous tumors,
including BTC [21,22]. Of note, targeted deep sequencing has a high sensitivity in detecting multiple
gene mutations. The variant allele frequency (VAF) of genes reflect the fraction of tumor cells per
sample and can be used to determine the tumor grade [23].

In this study, we developed a classification system based on POCS findings in surface and vessel
structures to diagnose BTC tumor spread. The validity of this classification system was evaluated using
histological diagnosis and gene mutation analysis in biopsy specimens. Furthermore, we examined
the effectiveness of this classification in determining the extent of resection.

2. Results

2.1. Patient Characteristics and Assessment of Biopsied Samples

A total of 11 patients (8 men and 3 women) were enrolled in this study, with their median age
being 70 (range, 59–79) years. Lesions were in the following regions: intrahepatic bile duct (n = 1),
perihilar bile duct (n = 2), and distal bile duct (n = 8). Macroscopic classification revealed 5, 4, and
2 cases of papillary type, nodular type, and flat type, respectively. Histological tumor invasion around
the bile duct (pT) and histological lymph node metastasis (pN) were evaluated according to the TNM
Classification of Malignant Tumors (7th edition) [24]. Staging revealed 4 early-stage (<pT3) cases and
7 more advanced cases (≥pT3), with 7 pN0 cases and 4 pN1 cases (Table 1). Endoscopic procedures
resulted in no complications. Surgical resection after POCS examination was performed in all patients.

The median amount of DNA extracted from 18 biopsied samples was 13.0 (range, 2.5–34.0) ng.
However, the amount of DNA extracted from the other 12 samples was below the detection sensitivity.
The median sequence read depth was 7570 (range, 261–16,055) (Table S1). Specimens of 12, 8, 2, and
8 parts in the bile ducts were biopsied from areas with F1, F2, F3, and F4, respectively. Specimens of 15,
5, and 10 were from areas with V1, V2, and V3, respectively.
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Table 1. Baseline characteristics of patients.

Characteristics Values (n = 11)

Age, mean ± SD (years) 69.9 ± 6.9

Sex (n)
Male 8

Female 3
Location of main lesions in CBD (n)

Bh 1
Bp 2
Bd 8

Macroscopic tumor type (n)
Papillary 5
Nodular 4

Infiltrating 2
Histology (n)

Well 5
Moderate 6

Depth of invasion (n)
<pT3 4
≥pT3 7

Lymph node metastasis (n)
pN0 7
pN1 4

CBD, common bile duct; Bh, intrahepatic bile duct; Bp, perihilar bile duct; Bd, distal bile duct.

2.2. Association between the F–V Classification and the Histological Assessment of Biopsied Samples

We observed a positive correlation between F factor and V-factor scores (correlation coefficient:
0.91; Figure S1). The pathological malignancy rates with respect to the F factor were as follows: F1,
0%; F2, 25%; F3, 50%; and F4, 62.5% (Figure 1A). Similarly, those with respect to the V-factor were as
follows: V1, 0%; V2, 20%; and V3, 70% (Figure 1B). We found that higher F–V scores significantly
corresponded with higher histological malignancies of the biopsied specimens (F factor, p = 0.0015;
V-factor, p < 0.001). However, no malignancy of the biopsied specimens was observed in POCS findings
in terms of F1V1 and F2V1. Surgical margins were negative in 9 of 11 cases, and all stumps of these
9 cases were F1V1 in POCS findings. In 2 cases, surgical margins were positive with carcinoma in situ,
and these cases had a positive surgical margin with F2V3 in POCS findings.Int. J. Mol. Sci. 2020, 21, x FOR PEER REVIEW 4 of 14 
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Figure 1. Association between pathological malignancy rate and F–V factors. Pathological malignancy
rates increased with increasing F- and V-factor scores (A, F factor; B, V-factor). Statistical significance
was determined using the Cochran–Armitage trend test.
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2.3. Association between the F–V Classification and Genetic Mutations

In the present study, of the 50 cancer-related genes that were examined, TP53 (36%), RB1 (27%),
and KIT (18%) were the most frequently mutated ones. Of the tested samples, 13 (43.3%) had at least
one gene mutation (Figure S2). The fraction of samples with a gene mutation according to the F factor
was as follows: F1, 16.7%; and F2–F4, 61.1% (Figure 2A), whereas those with a mutation according to
the V-factor were as follows: V1, 13.3%; V2–V3, 73.3% (Figure 2B). We observed that the differences
between V-factor categories were statistically significant (F factor, p = 0.0423; V-factor, p = 0.0032).
Furthermore, we found an increase in VAF of the mutated genes with increasing F- and V-factor scores
(Figure 2C,D, p = 0.005 and <0.001, respectively).
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We assessed the association between F–V classification and histological diagnosis (Figure 3A) or 
VAFs (Figure 3B) of biopsied specimens. The group evaluated as F1V1 or F2V1 in POCS were all 
histologically benign, had a low rate of genetic mutation, and a low gene mutation VAF. On the 
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Figure 2. Association between the percentage of cases with a gene mutation and F–V-factor scores.
Bar graphs represent the percentage of cases with a gene mutation by F factor score (A) and V-factor
score (B). The rate of genetic mutations of F2–F4 was higher than F1 (A). The rate of genetic mutations
of V2–V3 was higher than V1 (B). Statistical significance was assessed using χ2 test. The variant allele
frequencies (VAFs) increased with increasing F- and V-factor scores (C, F factor; D, V-factor). Horizontal
bars indicate the mean. Increasing trends were analyzed using the Jonckheere–Terpstra trend test.
VAFs were plotted only for specimens with a confirmed gene mutation.

2.4. Association between the Histological Assessment and Genetic Mutations in F–V Classification

We assessed the association between F–V classification and histological diagnosis (Figure 3A)
or VAFs (Figure 3B) of biopsied specimens. The group evaluated as F1V1 or F2V1 in POCS were
all histologically benign, had a low rate of genetic mutation, and a low gene mutation VAF. On the
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contrary, the groups evaluated as F4V3 or F3V3 or F2V3 in POCS were histologically malignant, had a
high rate of genetic mutation, and had a high gene mutation VAF. The group evaluated as F3V2 or
F2V2 in POCS were histologically benign, had a high rate of genetic mutation, and had a low gene
mutation VAF.
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Figure 3. Association between the histological assessment and genetic mutations in F–V classification.
The upper Figure (A) shows the association between F–V classification and histological assessment.
Black circle (•) indicates malignancy and white circle (O) indicates non-malignant lesions. The lower
Figure (B) shows the association between F–V classification and genetic mutation. Dotted circles
represent specimens without genetic mutation, and solid circles represent specimens with genetic
mutation. The color density in the circle indicates the VAF.

Figure 4 shows a representative case. Specifically, this case highlights the relationship among
F–V classification of POCS findings, histology, and genetic mutations. In this case, the main tumor
lies in the middle bile duct. It is classified as F3V3 according to POCS findings, malignant pathology,
and gene mutations (Figure 4C). In addition, the perihilar and inferior bile duct has a benign lesion.
The benign lesion in the inferior bile duct is classified as F1V1 according to POCS findings, with no
gene mutation (Figure 4A,D). The tumor extends into the superior bile duct, categorized as F3V2 with
a gene mutation, with a benign pathology (Figure 4B). These findings were consistent with those of the
resected tissues that were pathologically diagnosed.
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Figure 4. Schema of a representative bile duct carcinoma case. (A) In the perihilar bile duct, POCS
showed the presence of a flat bile duct epithelium with a network of thin vessels (F1V1). In this
region’s biopsied specimens, neither a tumor nor a genetic mutation was identified. (B) In the superior
bile duct, POCS revealed a papillary bile duct epithelium with irregular, non-dilated vessels (F3V2).
In this region’s biopsied specimens, no tumor was observed. However, a genetic mutation in ATM was
found (VAF; 15.4%). (C) In the main lesion of the middle bile duct, POCS demonstrated the presence of
a papillary bile duct epithelium with an irregular, dilated, and tortuous vessel (F3V3). The biopsied
specimens showed adenocarcinoma. Genetic mutations in TP53 (VAF, 24.3%) and ATM (VAF, 23.3%)
were identified. (D) In the inferior bile duct, POCS revealed a flat bile duct epithelium, with a network
of thin vessels (F1V1). In this region’s biopsied specimens, neither a tumor nor genetic mutation was
observed. VAF, variant allele frequency; WT, wild type. The double line shows the resection line.

2.5. Association between F–V Classification and Pathology Diagnosis of Resected Stump

In total, 11 patients underwent the following procedures: pancreatoduodenectomy (n = 7),
hepatectomy (n = 3), and extrahepatic bile tract resection (n = 1, Table 2). Of the 15 resected stumps,
13 were F1V1 and 2 were F2V3 according to the F–V classification. Histologically, the F1V1 stumps had
no carcinoma and the F2V3 stumps had carcinoma in situ.

Table 2. Relationship between F–V classification and pathology diagnosis of resected stump.

Case Operation

Findings of Ductal Margin
(Duodenum Side)

Findings of Ductal Margin
(Liver Side)

F–V
Classification

Pathological
Diagnosis

F–V
Classification

Pathological
Diagnosis

1 PD - - F2V3 CIS
2 Hepatectomy F2V3 CIS F1V1 negative
3 PD - - F1V1 negative
4 * F1V1 negative F1V1 negative
5 Hepatectomy F1V1 negative F1V1 negative
6 PD - - F1V1 negative
7 PD - - F1V1 negative
8 Hepatectomy F1V1 negative F1V1 negative
9 PD - - F1V1 negative

10 PD - - F1V1 negative
11 PD - - F1V1 negative

*, Extrahepatic bile tract resection; PD, Pancreatoduodenectomy; CIS, Carcinoma in situ.
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3. Discussion

In the present study, we classified the POCS findings of BTC cases based on the form of the
bile duct surface (F factor) and vascular structures (V-factor). This new system is called “the F–V
classification of POCS findings.” The system was validated by comparing it to the histological diagnosis
and genetic mutation analysis in simultaneously biopsied specimens. Comparison with the histological
diagnosis revealed a statistically significant increase of the malignancy rate with increasing F- and
V-factor scores. Comparison with the mutation status showed an increased frequency of mutant
variants in samples with an increase in the F- and V-factor scores. In addition, the F–V classifications of
resected margins according to POCS findings were all accurate.

F–V classification is the first reported system to quantify and classify BTC based on POCS findings.
Several reports have quantified POCS findings according to bile duct malignancies [16,19,20,25].
However, none of these have reported methods for stratification according to malignancy. We found
that this approach is confusing when applied to diagnosis. On the contrary, we noticed that the reported
observations of POCS findings could be categorized into 2 groups. The first group comprised surface
structures of the bile duct such as “irregular fine granular pattern” [16], “irregular papillogranular
surface” [19], “nodular elevated surface-like submucosal tumor” [19], “irregular surface or papillary
projections” [20], and “luminal narrowing that was continuous with the main cancerous lesion” [20].
The second group comprised vascular structures such as “fish-egg-like appearance” [16,19], “irregularly
dilated and tortuous vessels” [20], and “irregular or spider vascularity” [25]. Therefore, we decided
to develop a classification system by further scoring these POCS findings according to the degree of
malignancy. Specifically, our F–V classification of POCS findings is based on these systematic studies.
Its validity was verified by comparing it with histological diagnosis and genetic mutation analysis in
biopsied specimens.

Recent advances in NGS have enabled the identification of comprehensive gene profiles of
numerous cancers, including BTC, which has been reported to have frequent alterations in TP53,
KRAS, SMAD4, and BAP1 genes [22]. Characteristic gene alterations vary depending on the main
tumor site. For example, alterations in TP53, KRAS, BAP1, ARID1A, IDH, and SMAD4 are generally
observed in intrahepatic cholangiocarcinoma, whereas TP53, KRAS, SMAD4, and ERBB2 mutations
are associated with extrahepatic cholangiocarcinoma [22,26]. TP53 alterations are characteristic of
extrahepatic cholangiocarcinoma. In our study, TP53 mutations were the most frequently observed
one in extrahepatic cholangiocarcinoma. For other mutations, we did not observe the same tendency
as reported. We believe that this discrepancy may be because of the small sample size in our study,
not accurately reflecting distribution of gene alterations. The VAF, also known as the mutant allele
frequency, indicates tumor cellularity from extracted DNA. The VAF has been used to predict the
degree of malignancy [23] and the reactivity to drugs [27] in certain tumors. Thus, we used the VAFs
of biopsied bile duct specimens to classify the degree of malignancy. We found a correlation between
the fraction of cases with a mutation and the F–V classification of POCS findings. The same was true
for the histological diagnosis.

To select the appropriate surgical procedure, the superficial spread of a tumor should be precisely
diagnosed by POCS. This is because BTC is often accompanied by superficial spread in the bile
duct [6,7]. Postoperative 5-year survival rate is unaffected by positive surgical margins with carcinoma
in situ [6,28]. However, because positive margins are reported to affect longer post-surgical survival,
we should aim for negative surgical margins [29]. On the contrary, more extensive biliary resection may
greatly increase surgical stress. Specifically, resection of the upstream bile duct requires hepatectomy,
whereas the resection of the downstream bile duct requires pancreatectomy. These expanded surgical
procedures are associated with the risk of surgery-related death [30]. Thus, an adequate surgery, neither
excessive nor insufficient, should be chosen based on the disease extent, patient’s general condition,
and the imposed surgical risks. Currently, the final resection margin in BTC surgery is determined by
intraoperative frozen-section diagnosis, which is not always correct [31,32]. Reports show that the
epithelial layer’s correct diagnosis rate is considerably lower than subepithelial layer [31]. POCS can
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directly visualize the bile duct lumen with biopsy, thereby aiding the diagnosis of BTC’s spread [18,20].
Here, assuming that F2V3 in F–V classification is malignant, the correct diagnosis rate of the F–V
classification in stump evaluation was 100%. Therefore, we believe that the F–V classification may
be more effective in the diagnosis of BTC superficial spread versus intraoperative frozen sections.
Furthermore, in the future, it may become possible to determine the range of resection by POCS
findings and genetic variation of the biopsy specimen. In summary, the F–V classification of POCS
findings, together with intraoperative frozen-section diagnosis, may enable the precise diagnosis of a
surgical stump.

Multiple clinical implications were fostered by the findings of this study. First, the F–V classification
of POCS findings may guide in the assessment of the potential risks in diagnosed bile duct tumors. In a
prospective multicenter study, the diagnostic accuracy of BTC superficial spread has been reported to
be 83.7% (41/49) for POCS findings and 92.9% (39/42) for POCS with biopsy [19]. However, even with
the addition of biopsy to the POCS diagnosis, the accuracy remains to be imperfect, probably because
biopsy specimens were too small for histological diagnosis and the gray zones of the histologic
characteristics that exist precluded differentiation between benignity and malignancy. As shown in
Figure 4, some samples with mutations but without histological confirmation of malignancy had
V2 findings by the F–V classification. In other words, a V2 finding in the F–V classification may
be equivalent to a histologic diagnosis of malignancy or to a potential risk of malignancy because
only this finding can allow the identification of mutated bile duct epithelium without histological
confirmation of malignancy. Furthermore, in another study, we recently reported similar concepts
about the relation between the endoscopic findings of colorectal tumors and genetic abnormalities [33].
Accumulated gene alterations in the adenoma components of colorectal carcinoma could be diagnosed
based on irregular surface pattern findings on magnifying endoscopy. this means that a gray zone
with accumulated genetic changes exists that cannot be diagnosed as malignant tumor via histology.
Second, in accordance with the preceding discussion, we believe that the F–V classification may be
useful in determining whether the surgical margins for the papillary and nodular expanding types of
BTC are distal or perihilar. The papillary and nodular expanding types of BTC tend to show extensive
spread on histology [6,28,34] and often require hepatectomy, in addition to pancreatoduodenectomy [6].
The F–V classification of POCS findings may be beneficial, especially for the gray zone that cannot be
diagnosed even by biopsy.

There are several limitations in our study. First, this was a single-centered retrospective study with
a small sample size. Although 36 patients underwent resection, 22 of them underwent POCS during
the study period and only 11 patients who had available POCS findings and mutational analysis of the
biopsied samples were included in our study. Second, no correlation was found between F-factors and
mutation frequency in tissue samples, which might be because of insufficient sampling, especially of
the main lesions. This could have likely reduced the chances of detecting target gene mutations. Thus,
the rate of malignancy in histological diagnosis and that of genetic mutation are not high in BTC main
lesions. Alternatively, different gene mutations other than those analyzed in this study might have
existed in our biopsied samples. Third, there are inflammatory biliary diseases such as IgG4-related
sclerosing cholangitis, which should be differentiated from BTC. We did not assess whether our POCS
classification would be useful for the diagnosis of such inflammatory biliary diseases. Therefore,
future prospective studies with a large sample size and the selection of more appropriate target genes
may improve the correlation between the POCS findings and analysis of the biopsied specimens.

In conclusion, we classified POCS findings of BTC as “the classification of POCS findings.”
In addition, we evaluated its validity by performing histological diagnosis and genetic mutation
analysis on biopsied specimens. Although the findings of this pilot study need further verification,
we hope that this classification would help stratify the grade of malignancy around the tumor lesion
and enable the selection of an appropriate surgical procedure by precisely diagnosing the superficial
spread of BTC tumors.

82



Int. J. Mol. Sci. 2020, 21, 3311

4. Materials and Methods

4.1. Patients and Samples

We retrospectively reviewed the medical records of 11 patients who underwent POCS examination
to diagnose BTC and its superficial spread before surgery at Yamanashi University Hospital between
January 2013 and December 2017. We assessed 2 to 5 regions up- and downstream of the main lesion
(Figure 4) and took 2–3 biopsies from each region of the bile duct using POCS, which yielded a total of
70 specimens from 11 patients. Of these specimens, 30 good quality specimens were included in the
study (Table S2). The remaining 40 samples were excluded because of inability to extract DNA (n = 3),
poor quality of the extracted DNA (n = 10), or duplication of collection sites (n = 27). When several
samples were obtained from the same region, we chose those with the best size, quantity, and quality of
the extracted DNA. The Human Ethics Review Committee of Yamanashi University Hospital approved
this study (Receipt number: 1523, From January 2017 to March 2019).

4.2. Bile Duct Biopsies Using POCS

A video cholangioscope (CHF-B260, Olympus Medical Systems, Tokyo, Japan) with outer
diameters of 3.4 and 1.2 mm was used as the baby scope. It was passed through the side-viewing
mother scope (TJF-240, Olympus Medical Systems) with a 4.2-mm working channel into the bile
duct using a 0.025-inch guide wire. Before inserting the baby scope into the bile duct, endoscopic
sphincterotomy, or endoscopic papillary balloon dilation was performed. The bile duct was irrigated
with sterile saline solution during the POCS procedure through a working channel. Furthermore,
the bile duct surface was observed. Tissues were sampled according to bile duct assessment using
thin biopsy forceps (Spybite Biopsy Forceps, Boston Scientific, Marlborough, MA, USA) (Figure S3).
A pathologist performed histological diagnosis on hematoxylin-eosin-stained slides. Malignancy
was noted as suspicious or definite. Patients were under conscious sedation using intravenous
flunitrazepam (5–10 mg) during all endoscopic procedures, and all 11 cases in this study underwent
ERCP with the introduction of a plastic stent or an endoscopic nasobiliary drainage tube, days before
POCS. No cases of cholangitis were observed when performing POCS.

4.3. Form-Vessel Classification of Bile Duct Carcinoma POCS Findings and Its Diagnostic Accuracy of
Surgical Margins

POCS findings of bile duct surface were evaluated according to the form of the bile duct surface
(F factor) and vessel structure (V-factor) in the following regions: left and right hepatic duct, the
confluence of the hepatic ducts, and the superior, middle, and inferior parts of the bile duct lumen in
order to determine whether pancreatoduodenectomy or hepatectomy was required. We used 4 grades
to classify the bile duct surface form: F1, flat pattern; F2, granular pattern; F3, papillary pattern; and
F4, nodular pattern. Vessel structures were classified into 3 grades: V1, network of thin vessels; V2,
irregular non-dilated vessel; and V3, irregular dilated and tortuous vessels (Figure 5). Atypicality
was worse and more severe with a higher score. This classification system was named “the F–V
classification of POCS findings.” At least 3 gastroenterologists specialized in the bile ducts evaluated
the classified findings.

In additionally, we evaluated whether the POCS findings could accurately diagnose the pathology
of resected margins. We correlated the POCS findings with the site of resection by measuring the
distance from the boundary line of bile duct carcinoma to the point of confirmation, such as the junction
of the cystic duct and the confluence of the hepatic ducts, on both POCS examination and surgery.
Moreover, the pathology of surgical stumps was evaluated on the frozen section during surgery and
after resection using formalin-fixed paraffin-embedded tissues. There were 15 resected stumps in
11 cases. All of them had liver side stump. Moreover, 4 patients who had undergone hepatectomy
or extrahepatic bile tract resection had duodenal side stump. The histology of resected stumps was
compared with preoperative assessment by the POCS findings.
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Figure 5. F–V classification of bile duct POCS findings. Bile duct epithelium POCS findings were
classified into 4 surface structure groups (F1–F4) (A) and 3 vessel pattern groups (V1–V3) (B).

4.4. Genetic Mutational Analysis of Biopsied Specimens

DNA extraction and mutational analysis of biopsied specimens were performed as previously
reported [35]. Briefly, biopsied specimens were laser-capture microdissected using the ArcturusXT
Laser-Capture Microdissection System (Life Technologies, Carlsbad, CA, USA). Tissue was obtained
from 8-µm thick sections of formalin-fixed paraffin-embedded (FFPE) samples. DNA was extracted
using the GeneRead DNA FFPE Kit (QIAGEN, Hilden, Germany), following the manufacturer’s
instructions. Extracted DNA quantity and quality were assessed using NanoDrop (Thermo Fisher,
Waltham, MA, USA) and Qubit (Thermo Fisher) platforms. Extracted DNA (10 ng) was amplified
using barcode adaptors (Ion Xpress Barcode Adapters 1-96 Kit, Life Technologies) by the Ion AmpliSeq
Cancer Horspot panel v.2 (Thermo Fisher), which contains 207 primer pairs and targets approximately
2800 hotspot mutations located in the following 50 cancer-related genes: ABL1, AKT1, ALK, APC, ATM,
BRAF, CDH1, CDKN2A, CSF1R, CTNNB1, EGFR, ERBB2, ERBB4, EZH2, FBXW7, FGFR1, FGFR2, FGFR3,
FLT3, GNA11, GNAS, GNAQ, HNF1A, HRAS, IDH1, JAK2, JAK3, IDH2, KDR/VEGFR2, KIT, KRAS,
MET, MLH1, MPL, NOTCH1, NPM1, NRAS, PDGFRA, PIK3CA, PTEN, PTPN11, RB1, RET, SMAD4,
SMARCB1, SMO, SRC, STK11, TP53, and VHL. Such genes are available in the COSMIC database [36].
The barcoded libraries were amplified by emulsion PCR on Ion Sphere particles. Sequencing was then
performed on an Ion Chef System and an Ion Proton Sequencer (Life Technologies) using the Ion PI
Hi-Q Chef Kit (Life Technologies), based on the manufacturer’s instructions. Variants were identified
using Ion reporter software version 5.10 (Thermo Fisher), and those with a VAF > 2% (with a sequence
read depth >100) were considered true variants. The highest VAF among several mutated genes in the
same sample was used as the respective sample’s VAF.
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4.5. Statistical Analysis

Statistical analysis was performed to validate our classification system. Specifically, we used the
Cochran–Armitage trend test to determine the rates of histological malignancy and gene mutation.
The Jonckheere–Terpstra trend test was used to compare the VAFs between F and V factors. A P value of
<0.05 was considered statistically significant. All statistical analyses of recorded data were performed
using the Excel statistical software package (Ekuseru–Toukei 2012; Social Survey Research Information
Co., Ltd., Tokyo, Japan).

Supplementary Materials: Supplementary materials can be found at http://www.mdpi.com/1422-0067/21/9/3311/
s1.
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Abstract: Lifestyle changes have led to an increase in the number of patients with nonalcoholic
fatty liver disease (NAFLD). However, the effects of NAFLD-associated single-nucleotide
gene polymorphisms (SNPs) in HBV-infected patients have not been adequately investigated.
Methods: We investigated the association of the NAFLD-related SNPs patatin-like phospholipase
domain-containing protein 3 (PNPLA3; rs738409), transmembrane 6 superfamily member 2 (TM6SF2;
rs58542926), 17-beta hydroxysteroid dehydrogenase 13 (HSD17B13; rs72613567, rs6834314 and
rs62305723), membrane-bound O-acyltransferase domain containing 7 (MBOAT7; rs641738) and
glucokinase regulatory protein (GCKR; rs1260326) with the presence of histologically proven hepatic
steatosis (HS) in HBV-infected patients (n = 224). We also investigated tolloid-like 1 (TLL1) SNP
(rs17047200), which has been reported to be involved in the disease progression in Japanese NAFLD
patients, and evaluated the association of HS and various SNPs with the treatment efficacy of
pegylated-interferon (PEG-IFN) monotherapy following nucleotide/nucleoside (NA) treatment
(NA/PEG-IFN sequential therapy; n = 64). Among NAFLD-associated SNPs evaluated, only
the PNPLA3 SNP was significantly associated with the presence of hepatic steatosis in a total of
224 HBV-infected patients (P = 1.0 × 10−4). Regarding the sequential therapy, PNPLA3 SNP and
TLL1 SNP were related to the treatment efficacy, and patients without minor alleles of these SNPs
showed favorable results with a high virologic response and significant reduction in their HBsAg
titer. A multivariate analysis showed that HBeAg positivity (odds ratio 5.810, p = 0.016) and the
absence of a risk allele in PNPLA3 and TLL1 SNPs (odds ratio 8.664, p = 0.0042) were significantly
associated with treatment efficacy. The PNPLA3 SNP might be associated with the presence of HS,
and the combination of the PNPLA3 and TLL1 SNPs might be related to the efficacy of PEG-IFN
monotherapy following NA treatment.

Keywords: hepatic steatosis; single nucleotide polymorphism; HBs antigen; sequential therapy
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1. Introduction

Hepatitis B virus (HBV) infection is a major cause of chronic liver disease (CLD) [1–3].
The management of HBV-infection is extremely important, particularly in areas with a high prevalence
of HBV, such as Asia [3]. Many viral and host factors can affect the clinical manifestations of
HBV-infection, and HBV-infected patients show varied clinical courses.

Lifestyle changes have led to an increase in the number of patients with metabolic disorder-related
diseases, including nonalcoholic fatty liver disease (NAFLD)/hepatic steatosis (HS). Although
NAFLD/HS itself is a major cause of CLD [4,5], it can also develop in patients who already have various
CLDs. HS is reported to be a major factor causing ALT elevation in HBV-infected patients with a
low viral load [6,7], and a meta-analysis suggested that the presence of HS may influence the efficacy
of antiviral therapy, especially in nucleotide/nucleoside analogue (NA) treatment; this effect is less
commonly observed in patients undergoing pegylated-interferon (PEG-IFN) treatment [8].

Although HS is closely related to patients’ lifestyle, some genetic characteristics are known to be
associated with the development of NAFLD/HS [9]. Among NAFLD-associated genetic polymorphisms,
patatin-like phospholipase domain-containing protein 3 (PNPLA3) is regarded as the most important,
as the single-nucleotide polymorphism (SNP) has been shown to be universally associated with the
development of NAFLD [9]. Recent studies have suggested that, in addition to influencing several
clinical features in patients with NAFLD [9], the PNPLA3 SNP is also related to the development
of HS in HBV-infected patients [10–12]. HCV infection (typically genotype 3 virus) is known to
cause HS, and the role of HS in patients with viral hepatitis has been mainly studied in patients
with HCV infection [13–16]. In contrast to HCV infection, HBV infection is less relevant to the
development of HS [17], so HBV-infected patients may be a good model for assessing the clinical
role of NAFLD-associated SNPs in CLDs. However, the impact of NAFLD-related SNPs on antiviral
treatment in HBV-infected patients has been poorly investigated.

In the present study, we evaluated the association of NAFLD-associated SNPs with the presence
of histologically-proven HS in HBV-infected patients and their influence on the efficacy of antiviral
treatment, including a reduction in the quantitative HBV surface antigen (HBsAg) titer.

2. Results

2.1. The Association of NAFLD-Associated Gene Polymorphisms with HS in HBV-Infected Patients

As mentioned in the “Patients and Methods” section, we consecutively enrolled a total of 224
patients who received a liver biopsy and evaluated seven genetic polymorphisms associated with the
development of NAFLD: PNPLA3 rs738409, transmembrane 6 superfamily member 2 (TM6SF2)
rs58542926 [18], 17-beta hydroxysteroid dehydrogenase 13 (HSD17B13) rs72613567, HSD17B13
rs6834314, HSD17B13 rs62305723, membrane-bound O-acyltransferase domain containing 7 (MBOAT7)
rs641738 and glucokinase regulatory protein (GCKR) rs1260326 [19–21]. The basic characteristics of
the patients are shown in Table 1.

With regard to the PNPLA3 SNP, the frequency of HS was significantly different among the
groups with different genotypes. In addition, the G (minor) allele frequency in patients with HS was
significantly higher than that in patients without HS (Table 2). Furthermore, the genetic variants
showed a statistically significant association with the presence of HS (Table 3). However, the SNPs of
the remaining genes (TM6SF2, HSD17B13, MBOAT7 and GCKR) were not related to the frequency of
HS in HBV-infected patients of our cohort (Table 2). The HSD17B13 rs72613567 SNP was reported
to be highly linked with rs6834314 SNP (r2 = 0.94) [20], and the genotypes of two HSD17B13 SNPs
(rs72613567 and rs6834314) were completely matched in all HBV-infected patients of the current study.
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Table 1. Characteristics of the HBV-Infected Patients who Underwent a Liver Biopsy (n = 224).

Gender (Male/Female) 128/96
Age (years) 45 (18–78)

Body Mass Index 22.7 (16.3–42.7)
AST (IU/L) 24.5 (11–242)
ALT (IU/L) 24 (7–513)
GGT (IU/L) 22 (7–349)
ALP (IU/L) 202 (71–655)

Total bilirubin (mg/dL) 0.8 (0.2–2.9)
Albumin (g/dL) 4.0 (2.7–5.1)

Platelets (×103/µL) 186 (43–379)
Prothrombin time (%) 88.7 (57.4–132.3)

Glucose (mg/dL) 89 (71–163)
Triglyceride (mg/dL) 90 (31–333)

Total Cholesterol (mg/dL) 175 (88–311)
HBV Genotype (A/B/C/D/ND) 9/24/174/2/15

HBV-DNA (Log copies/mL) 3.2 (<2.1–≥9.1)
HBeAg (-/+) 158/66

Histological stage of liver fibrosis (F0-1/F2/F3/F4) 126/51/38/9

Quantitative variables are expressed as the median (range). GGT: γ-glutamyl transferase, ALP: alkaline phosphatase,
HBV: hepatitis B virus.

Table 2. The Relationship of NAFLD-Associated Gene Polymorphisms with Hepatic Steatosis in a Total
of 224 HBV-Infected Patients who Underwent a Liver Biopsy.

Presence of
HS

p-Value

HS (-) HS(+)

p-Value
169 Cases

(338 Alleles)
55 Cases

(110 Alleles)

PNPLA3 rs738409
CC
CG
GG

9/68
24/107
22/49

* 3.5 × 10−4 Frequency of G allele
* 9.9 × 10−5

137/338 68/110

TM6SF2 rs58542926
CC
CT

43/181
12/43 0.570

Frequency of T allele
0.59131/338 12/110

HSD17B13 rs72613567
TT

T/TA
TA/TA

24/107
25/102
6/15

0.334
Frequency of TA allele

0.26995/338 37/110

HSD17B13 rs6834314
AA
AG
GG

24/107
25/102
6/15

0.334
Frequency of G allele

0.26995/338 37/110

HSD17B13 rs62305723
GG
GA

49/208
6/16 0.232

Frequency of A allele
0.23910/338 6/110

MBOAT7 rs641738
CC
CT
TT

31/138
22/79

2/7

0.849
Frequency of T allele

0.39167/338 26/110

GCKR rs1260326
CC
CT
TT

10/44
20/106
25/74

0.070
Frequency of T allele

0.091184/338 70/110

Please note the following points: There were no patients with the minor type (TT) of the TM6SF2 (rs58542926) SNP
in the current cohort. Consistent with the previous report [20], the genotypes of rs72613567 and rs6834314 were
completely equal in all patients in the current cohort. There were no patients with the minor type (AA) of the
HSD17B13 (rs62305723) SNP in the current cohort. HS: Hepatic steatosis, PNPLA3: patatin-like phospholipase
domain-containing protein 3, TM6SF2: transmembrane 6 superfamily member 2, HSD17B13: 17-beta hydroxysteroid
dehydrogenase 13, MBOAT7: membrane-bound O-acyltransferase domain containing 7, GCKR: glucokinase
regulatory protein. *: p < 0.05.
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Table 3. The Association of the Genetic Variants of PNPLA3 with the Presence of Hepatic Steatosis.

Odds Ratio (95% CI) p-Value

PNPLA3 rs738409 (single-unit increments) 2.367 (1.517–3.786) * 0.0001

The genotypes were entered as a continuous variable (0, 1 and 2 for major homozygotes, heterozygotes, and minor
homozygotes, respectively), and change in single-unit increments was shown. PNPLA3: patatin-like phospholipase
domain-containing protein 3, CI: confidence interval *: p < 0.05.

2.2. The Association of HS and NAFLD-Associated SNPs with the Response to PEG-IFN Therapy

We next assessed the impact of histologically confirmed HS and NAFLD-associated SNPs in
patients receiving PEG-IFN therapy. With regard to the virologic response (VR) after 48 weeks of
PEG-IFN therapy, the overall response rates at 24 and 48 weeks after the off-treatment phase were
29/64 (45.3%) and 21/64 (32.8%), respectively. Patients with HS showed a lower VR rate at 48 weeks
after the off-treatment phase than those without HS, although the difference did not reach a statistical
significance (Table 4). Regarding the PNPLA3 SNP, patients with the CC type had a higher response
rate than those with other types, and the difference reached statistical significance (Table 4 and
Supplementary Figure S1). The PNPLA3 SNP also showed a statistically significant association with
the VR ratios (Supplementary Table S1). In addition, the responders and non-responders showed
significant differences in two factors: the effects of preceding NA treatment and HBeAg positivity.
However, unlike HCV treatment [22], the interleukin 28B (IL28B) SNP (rs8099917) was not shown to be
related to the efficacy of anti-HBV therapy in our cohort. Several NAFLD-related gene SNPs other than
PNPLA3 SNP were also not significantly associated with the treatment response to PEG-IFN therapy
(Table 4).

Table 4. The Comparison of the Clinical Characteristics of HBV-Infected Patients Based on the Sustained
Virologic Response at 48 Weeks After the Off-Treatment Phase.

Responder
(n = 21)

Non-Responder
(n = 43)

p-Value

Gender (Male/Female) 11/10 31/12 0.119
Age (years) 40 (26–74) 43 (30–71) 0.238

Treatment period of NA (years) 2.6 (1.0–10.9) 3.30 (1.0–11.3) 0.177
Treatment efficacy of NA (+/-) § 20/1 30/13 * 0.025

HBeAg (-/+) 18/3 20/23 * 3.0 × 10−3

HBV Genotype (A/B/C/ND) 1/1/13/0 3/0/32/1 0.987
Significant fibrosis (≥F2) (-/+) 12/9 25/18 0.940

Hepatic steatosis (-/+) 18/3 30/13 0.167
ALT (IU/L) ¶ 18 (6–43) 19 (8–80) 0.177

Glucose (mg/dL) 83 (79–104) 89 (79–145) 0.530
Triglyceride (mg/dL) 78 (45–128) 87 (37–264) 0.527

Total Cholesterol (mg/dL) 156 (137–253) 163 (118–240) 0.181
IL28B rs8099917 (TT/Non-TT) 15/6 35/8 0.520

PNPLA3 rs738409 (CC/Non-CC) 9/12 8/35 * 0.039
TM6SF2 rs58542926 (CC/Non-CC) 19/2 36/7 0.706

HSD17B13 rs72613567 (TT/Non-TT) 7/14 21/22 0.240
HSD17B13 rs6834314 (AA/Non-AA) 7/14 21/22 0.240
HSD17B13 rs62305723 (GG/Non-GG) 19/2 41/2 0.592

MBOAT7 rs641738 (CC/Non-CC) 13/8 24/19 0.643
GCKR rs1260326 (CC/Non-CC) 3/18 14/29 0.120

Quantitative variables are expressed as the median (range). Responders were defined as those with a low HBV DNA
titer (<4.0 log copies/mL: equivalent to 2000 IU/mL) and HBeAg negativity at 48 weeks after the off-treatment phase.
§ Treatment efficacy was defined by an HBV-DNA titer lower than the quantitative limit (2.1 log copies/mL) at the
initiation of PEG-IFN (after previous NA treatment). ¶ ALT values at the initiation of PEG-IFN therapy are shown.
ND: Not determined. IL28B: interleukin 28B, PNPLA3: patatin-like phospholipase domain-containing protein 3,
TM6SF2: transmembrane 6 superfamily member 2, HSD17B13: 17-beta hydroxysteroid dehydrogenase 13, MBOAT7:
membrane-bound O-acyltransferase domain containing 7, GCKR: glucokinase regulatory protein. *: p < 0.05.
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We also assessed the reduction in the HBsAg titer in response to PEG-IFN treatment. Before the
initiation of PEG-IFN therapy, the presence of HS and the types of PNPLA3 SNPs did not significantly
affect the HBsAg titer (Supplementary Figure S2). However, patients without HS showed a significant
reduction in the HBsAg titer at the end of PEG-IFN treatment, while those with HS did not show
any such reduction (Figure 1A). Furthermore, the patients with the CC type showed a statistically
significant reduction in HBsAg, while those with the non-CC types did not (Figure 1B). Although the
HBsAg titers of the patients with non-CC types did not show a significant reduction, some patients
with the CG type responded to PEG-IFN treatment and showed reduced HBsAg values, while the
reduction in HBsAg values was limited in patients with the GG type (Supplementary Figure S3).

Figure 1. The transition of the HBsAg values in patients over 48 weeks of PEG-IFN. (A) a comparison
of the HBsAg values at the initiation and termination of PEG-IFN treatment. The left and right panels
show the HBsAg values of patients without HS (n = 48) and with HS (n = 16), respectively. (B) the
association of the PNPLA3 SNP with the decrease in the HBsAg titer in response to PEG-IFN treatment.
The left and right panels show the HBsAg values of patients with the CC type (n = 17) and non-CC
types (n = 47), respectively. *: p < 0.05.

2.3. Role of the TLL1 SNP and Its Combination with the PNPLA3 SNP

We further determined the TLL1 gene SNP rs17047200, which was shown to be related to
the development of hepatocellular carcinoma (HCC) in HCV-eradicated patients [23,24], since the
combination of PNPLA3 and TLL1 SNPs was recently suggested to be associated with disease
progression in Japanese NAFLD patients [25]. The TLL1 SNP was not related to the frequency of
histologically evaluated HS in HBV-infected patients (Supplementary Figure S4); however, patients
with the major (AA) type had a higher rate of VR than those with other types (Figure 2A). We also
found that patients with the AA type showed a statistically significant reduction in HBsAg values,
while those with the non-AA types did not (Figure 2B).

In line with a previous paper [25], we also classified the patients according to the number
of risk alleles of the two SNPs (G allele of PNPLA3 or T allele of TLL1), and the numbers of
patients with 0/1/2/3/4 risk alleles were 12/31/20/1/0, respectively. As only one patient had ≥3 risk
alleles, we categorized the patients into the three groups: ‘Genetic risk score 0 (with no risk allele)’,
‘Genetic risk score 1 (with one risk allele)’, and ‘Genetic risk score ≥2 (with two or three risk alleles)’.
The classifications of the genetic risk score were significantly associated with the VR ratios (Figure 3A
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and Table 5). In addition, the HBsAg titer was significantly decreased in the group with ‘score 0′ but
not in the other groups (Figure 3B).

≥

≥

′

Figure 2. The association of the TLL1 SNP with the virologic response and decrease in the HBsAg titer
in response to PEG-IFN treatment. (A) The response rates in patients with the AA and non-AA types of
the TLL1 SNPs were 53.8% (20/51) and 9.1% (1/13), respectively (*: p < 0.05). (B) the association of the
TLL1 SNP with the decrease in the HBsAg titer in response to PEG-IFN treatment. The HBsAg values
at the initiation and termination of PEG-IFN treatment were compared. *: p < 0.05.

Odds Ratio (95% CI)

≥
≥

′

≥

Figure 3. The association of the genetic risk score with the treatment efficacy of PEG-IFN therapy.
(A) the virologic response rates of patients were shown (*: p < 0.05). (B) the association of the genetic
risk score with the decrease in the HBsAg titer in response to PEG-IFN treatment. The HBsAg values at
the initiation and termination of PEG-IFN treatment were compared (*: p < 0.05).
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Table 5. The Association of the Genetic Risk Score with the Virologic Response Rates of PEG-IFN Therapy.

Genetic Risk Score Odds Ratio (95% CI) p-Value

0 1 [Reference]
1 0.136 (0.229–0.623) * 0.0102
≥2 0.056 (0.009–0.332) * 0.0015

The classifications of the genetic risk score (score 0, 1 and ≥2) were entered as categorical variables, and the odds
ratios were determined (*: p < 0.05). CI: confidence interval.

Given the favorable response noted among patients with ‘score 0′, we included the genetic score
as a clinical characteristic in addition to the factors listed in Table 4 and performed a multivariate
analysis. A genetic risk score of 0 and HBeAg positivity were found to be independently associated
with the VR (Table 6 and Supplementary Table S2).

Table 6. Results of a Multivariate Analysis for the Factors Associated with a Sustained Virologic
Response at 48 Weeks After the Off-Treatment Phase of PEG-IFN.

Multivariate Analysis Odds Ratio (95% CI) p-Value

Treatment efficacy of NA (+/-) § 2.594 (0.347–53.18) 0.378
HBeAg (-/+) 5.810 (1.363–34.24) * 0.016

Genetic risk score (0/≥1) ¶ 8.666 (1.915–54.26) * 0.0042
§ Treatment efficacy was defined by an HBV-DNA titer lower than the quantitative limit (2.1 log copies/mL) at the
initiation of PEG-IFN (after previous NA treatment). ¶ The genetic risk score was determined as the total number
of risk alleles of the two SNPs (G allele of PNPLA3 or T allele of TLL1). PNPLA3: patatin-like phospholipase
domain-containing protein 3, TLL1: tolloid-like 1. *: p < 0.05.

Since many non-responders needed to resume NA treatment (including tenofovir), it was not
easy to evaluate the long-term changes in the HBsAg titer of all patients after PEG-IFN monotherapy.
However, when we assessed the patients who did not receive any antiviral treatment after the
off-treatment phase, HBsAg loss (dropping below the lower limit of detection) occurred within 48
weeks in six patients (6/64: 9.3%). None of these patients had histologically confirmed HS. HBsAg loss
was observed in three patients in the ‘Genetic risk score 0′ group (3/12: 25.0%) and in three patients in
the ‘Genetic risk score 1′ (3/31: 9.7%) group. However, none of the patients with a ‘Genetic risk score
≥2′ achieved HBsAg loss (0/21: 0.0%) (Table 7).

Table 7. Cases in which the HBsAg Titer Decreased to an Undetectable Level within 48 Weeks After the
Off-Treatment Phase.

Case No. Gender
Age
(yr)

HBV
Genotype

Fibrosis
Stage

Hepatic
Steatosis

PNPLA3
SNP

TLL1
SNP

Genetic
Score

#1 Male 39 C F2 (-) CC AA 0
#2 Female 42 C F2 (-) CG AA 1
#3 Male 46 A F2 (-) CC AA 0
#4 Male 51 C F3 (-) CC AA 0
#5 Male 28 C F1 (-) CG AA 1
#6 Male 41 ND F1 (-) CG AA 1

ND: Not determined.

3. Discussion

HBV infection is a major health concern worldwide. NAs are excellent drugs for suppressing
the replication of HBV, but many patients need to receive long-term treatment. PEG-IFN is a
possible therapeutic tool for successfully withdrawing NA treatment in HBV-infected patients, and we
participated in two clinical studies on this point in Japan; however, the VR ratios were not high, being
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around 30% in both [26,27]. We therefore explored new factors associated with the treatment efficacy
of PEG-IFN following NA treatment.

NAFLD is a major lifestyle-associated health concern. However, the effect of HS in antiviral
treatment for HBV has varied among studies. For instance, a recent paper suggested that complication
with NAFLD/HS was associated with the promising efficacy of anti-HBV treatment in 80 pediatric
patients [28], while a recent meta-analysis of studies in adult patients suggested that HS may reduce
the efficacy of antiviral therapy for HBV infection [8]. Our data agreed with the recent meta-analysis of
studies in adult patients [8] and suggested that NAFLD/HS and its associated gene polymorphisms
might be involved in the response to NA/PEG-IFN sequential therapy in HBV-infected Japanese patients.

Unlike HCV infection, the relevance of IL28B SNPs to the treatment efficacy of PEG-IFN in patients
with HBV infection remains controversial [29,30], and no genetic factors have been confirmed to
influence the effects of PEG-IFN therapy in HBV-infected Asian patients [3]. Our results may provide
some new insights into factors predicting the effects of PEG-IFN therapy for HBV infection, although
the precise mechanism remains to be clarified.

Several limitations associated with the present study warrant mention. First, our treatment
protocol was designed to administer PEG-IFN therapy to patients who had already been treated with
NA (‘sequential therapy’). Although the duration of the preceding NA treatment was not related to
the VR (Table 4), and its treatment efficacy was not found to be an independently associated factor
(Table 6), our findings cannot be directly compared to those of previous studies regarding PEG-IFN
monotherapy without the administration of NA. Second, this study was a retrospective analysis that
included 64 patients. When we divided the cases into two groups according to the timing of the
initiation of PEG-IFN (N=32, each group), mildly significant differences (p < 0.05) were found in some
clinical characteristics between the patients in the first-half group and those in the second-half group
(Supplementary Table S3). Nevertheless, in both cohorts, the patients with a ‘genetic risk score 0′ had a
significantly higher response rate than other groups (Supplementary Table S4), suggesting the clinical
relevance of the genetic risk factor to the treatment efficacy. However, the VR rate in the ‘score ≥1′

group was 23.1% (12/52), while the rate in the ‘score 0′ group was 75.0% (9/12) in the current study
(Figure 3A). When conducting a new study with reference to these ratios, 15 patients in the ‘score 0′

group should be planned for inclusion (significance level: 0.05, and power: 0.8). Therefore, further
validation in another study with a larger cohort is still required in order to draw conclusions regarding
the clinical impact of genetic risk factors. Third, the susceptibility to HS may vary among ethnic and
geographic backgrounds. Recent studies have also suggested that the clinical impact of TLL1 SNP
may differ to some degree between Japanese and Caucasian [24,31]. Thus, the role of PNPLA3 and
TLL1 SNPs in HBV-infected patients should be further evaluated using the data from patients outside
Japan. A larger-scale study of HBV-infected patients, including NA/PEG-IFN sequential therapy with
a defined NA and PEG-IFN treatment schedule, is warranted. Finally, as described above, our research
results did not clarify the mechanisms underlying how these gene SNPs affect the efficacy of anti-HBV
therapy. The expression of genes located downstream of PNPLA3 and TLL1 should be verified by
further experiments to better understand the role of HS and its related genes in HBV-infected patients.

In summary, our results suggested that NAFLD-related SNPs may be associated with not only
with the presence of HS but also the efficacy of antiviral therapy in HBV-infected patients.

4. Patients and Methods

4.1. Patients

Chronic HBV infection was defined as a positive HBsAg status for more than six months. The
following exclusion criteria were applied: alcohol intake ≥20 g/day, hepatocellular carcinoma, receiving
immunosuppressive therapy, HIV co-infection, and HCV co-infection. The current study was conducted
under the approval of the ethics committee of the institutional review board (Nos. 1831, 3321 and
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Hi-92). Written informed consent regarding the liver biopsy and the research use of the clinical data
and genomic analyses was obtained from all of the patients.

4.2. Genotyping of Genetic Polymorphisms

Among the genetic polymorphisms associated with HS, we first evaluated the gene polymorphisms
PNPLA3 C>G (rs738409) and TM6SF2 C>T (rs58542926), based on a recent review article concerning
Japanese NAFLD patients [18]. We also evaluated recently reported NAFLD-related HSD17B13 gene
SNPs [19–21]. Of the three SNPs with a suggested relationship to NAFLD histology (rs72613567,
rs6834314 and rs62305723), rs6834314, and rs62305723 were determined with commercially available
kits. For the rs72613567 SNP (T>TA; minor allele: an insertion of an adenine), we used the probe
set described in the previous report [21]. In addition, the SNPs of the MBOAT7 C>T (rs641738) and
the GCKR SNP C>T (rs1260326) were also determined [21]. We further determined the TLL1 gene
SNP (rs17047200), which was shown to be related to the development of HCC in HCV-eradicated
patients [23,24] and was recently reported to influence the clinical features in Japanese NAFLD patients
in combination with the PNPLA3 C>G (rs738409) SNP [25].

Genomic DNA was isolated from peripheral mononuclear cells and stored until use at −20 ◦C [22].
The SNPs of PNPLA3 (rs738409), TM6SF27 (rs58542926), HSD17B13 (rs6834314 and rs62305723),
MBOAT7 (rs641738), GCKR (rs1260326), and TLL1 (rs17047200) were determined with real-time
polymerase chain reaction (PCR) using TaqMan® SNP Assays (Thermo Fisher Scientific Japan, Tokyo:
Catalogue No. 4351379; Assay ID rs738409: C__7241_10, rs58542926: C__89463510_10, rs6834314:
C__30687619_10, rs62305723: C__89666454_10, rs641738: C___8716820_10, rs1260326: C___2862880_1,
and rs17047200: C__33773674_10) according to the manufacturer’s instructions. With respect to the
treatment efficacy of the PEG-IFN therapy, we also determined the IL28B gene SNP T>G (rs8099917),
which has been reported to be significantly associated with the efficacy of IFN treatment for HCV
infection according to the methods previously described [22].

4.3. The Liver Biopsy and Laboratory Data

We retrospectively evaluated a total of 224 HBV-positive patients who underwent a percutaneous
liver biopsy between August 2010 and June 2017. We histologically estimated the fibrosis stages and
the degree of HS, as described previously (histologically confirmed HS was defined as ≥ 5% HS) [4,7].
Recent studies have reported the clinical significance of the coexistence of NASH in HBV-infected
patients [32,33]. However, the histological definition of NASH in HBV-infected patients has not been
accurately defined, and the Asia-Pacific guidelines exclude HBV-infected patients from the definition
of NAFLD [34]. Thus, the present study focused only on the presence of HS.

The histological findings were externally assessed by expert pathologists without any clinical
information (SMC Laboratories, Inc., Tokyo, Japan). In addition to common laboratory variables, given
the current clinical importance of quantitative HBsAg [35], we measured the HBsAg titer as well as the
HBeAg and HBV-DNA titers [7]. All blood samples were collected on the day of the liver biopsy under
fasting conditions.

4.4. PEG-IFN Therapy and Its Efficacy

We previously participated in two prospective cohort studies regarding PEG-IFN monotherapy
following NA treatment [26,27]. As mentioned in a previous study, the analysis of one study arm was
considered to include minimal bias [26]. In the present study, we retrospectively analyzed the pooled
patients who had been enrolled in these studies from our institute and whose liver histology had been
assessed before PEG-IFN.

In brief, patients who had been treated with NA for more than one year received PEG-IFN
therapy (Chugai Pharmaceutical Co., Ltd., Tokyo, Japan). NA treatment was discontinued within four
weeks after the initiation of PEG-IFN treatment, and PEG-IFN (180 µg per body, once a week) was
administered for 48 weeks. Patients with a low HBV DNA titer (<4.0 log copies/mL: equivalent to
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2000 IU/mL) and HBeAg negativity at 48 weeks after the off-treatment phase were defined as having a
sustained VR [3].

4.5. Statistical Analyses

Quantitative variables are shown as the median (range). The statistical significance of differences
between two groups was determined using the Mann–Whitney U test. In the multivariate analysis,
logistic regression models were generated with potential associated factors selected from among
those with p-values of <0.05. Differences in the frequency between groups were assessed using the
chi-squared test or Fisher’s exact test. To compare the frequency among three groups, the group
with a significantly higher or lower ratio than the other groups was determined using a residual
analysis. To analyze the associations of PNPLA3 genetic variants with the presence of HS and the
treatment efficacy of PEG-IFN, the genotypes were entered as a continuous variable (0, 1, and 2 for
major homozygotes, heterozygotes and minor homozygotes, respectively), and the linear trend across
genotypes was analyzed. To determine the risk score with the combination of the two gene SNPs
(PNPLA3 rs738409 and TLL1 rs17047200), we used the group with ‘genetic risk score ≥2′. We therefore
entered the classifications of the genetic risk score (score 0, 1 and ≥2) as a categorical variable and
determined the odds ratios. In addition, p-values of <0.05 were considered to be statistically significant.
The JMP 13 software (SAS Institute Inc., Cary, NC, USA) was used for the statistical analysis.

5. Conclusions

The PNPLA3 SNP might be associated with the presence of HS, and the combination of the PNPLA3
and TLL1 SNPs might be related to the efficacy of PEG-IFN monotherapy following NA treatment.

Supplementary Materials: Supplementary materials can be found at http://www.mdpi.com/1422-0067/21/9/3089/
s1
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ALP alkaline phosphatase
CLD chronic liver disease
GCKR glucokinase regulatory protein
GGT γ-glutamyl transferase
HBsAg hepatitis B virus surface antigen
HBV hepatitis B virus
HCC hepatocellular carcinoma
HCV hepatitis C virus
HS hepatic steatosis
HSD17B13 17-beta hydroxysteroid dehydrogenase 13
IL28B interleukin 28B
MBOAT7 membrane-bound O-acyltransferase domain containing 7
NA nucleotide/nucleoside analogue
NAFLD nonalcoholic fatty liver disease
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PCR polymerase chain reaction
PEG-IFN pegylated-interferon
PNPLA3 patatin-like phospholipase domain-containing protein 3
PT prothrombin time
SNP single nucleotide polymorphism
TLL1 tolloid-like 1
TM6SF2 transmembrane 6 superfamily member 2
VR virologic response
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