@'PLOS l ONE

OPEN @ ACCESS Freely available online

Impact of IL28B Genetic Variation on HCV-Induced Liver
Fibrosis, Inflammation, and Steatosis: A Meta-Analysis

Masaya Sato', Mayuko Kondo', Ryosuke Tateishi'*, Naoto Fujiwara', Naoya Kato?, Haruhiko Yoshida’,
Masataka Taguri®, Kazuhiko Koike'

1 Department of Gastroenterology, Graduate School of Medicine, The University of Tokyo, Bunkyo-ku, Tokyo, Japan, 2 Unit of Disease Control Genome Medicine, Institute
of Medical Science, The University of Tokyo, Minato-ku, Tokyo, Japan, 3 Department of Biostatistics and Epidemiology, Yokohama City University Medical Center,
Yokohama, Kanagawa, Japan

Abstract

Background & Aims:1L28B polymorphisms were shown to be strongly associated with the response to interferon therapy in
chronic hepatitis C (CHC) and spontaneous viral clearance. However, little is known about how these polymorphisms affect
the natural course of the disease. Thus, we conducted the present meta-analysis to assess the impact of IL28B
polymorphisms on disease progression.

Methods: A literature search was conducted using MEDLINE, EMBASE, and the Cochrane Library. Integrated odds ratios (OR)
were calculated with a fixed-effects or random-effects model based on heterogeneity analyses.

Results: We identified 28 studies that included 10,024 patients. The pooled results indicated that the rs12979860 genotype
CC was significantly associated (vs. genotype CT/TT; OR, 1.122; 95%Cl, 1.003-1.254; P=0.044), and that the rs8099917
genotype TT tended to be (vs. genotype TG/GG; OR, 1.126; 95%Cl, 0.988-1.284; P =0.076) associated, with an increased
possibility of severe fibrosis. Both rs12979860 CC (vs. CT/TT; OR, 1.288; 95%Cl, 1.050-1.581; P=0.015) and rs8099917 TT (vs.
TG/GG; OR, 1.324; 95%Cl, 1.110-1.579; P=0.002) were significantly associated with a higher possibility of severe
inflammation activity. Rs8099917 TT was also significantly associated with a lower possibility of severe steatosis (vs. TG/GG;
OR, 0.580; 95%Cl, 0.351-0.959; P =0.034), whereas rs12979860 CC was not associated with hepatic steatosis (vs. CT/TT; OR,
1.062; 95%Cl, 0.415-2.717; P=0.901).

Conclusions: 1L28B polymorphisms appeared to modify the natural course of disease in patients with CHC. Disease
progression seems to be promoted in patients with the rs12979860 CC and rs8099917 TT genotypes.
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Gurrently, patients with GHGC are treated with a combination of
peg-interferon (peg-IFN) and ribavirin [13,14]. Telaprevir and
boceprevir, two protease inhibitors, were recently approved for

Introduction

Hepatitis C virus (HCV) infection is a major cause of chronic

hepatitis, liver cirrhosis, and hepatocellular carcinoma (HCC) [1].
In epidemiological studies of chronic HCV infection, age, duration
of infection, alcohol consumption, coinfection with human
immune deficiency virus, low CD4 count, male gender, and
HCV genotype 3 have been shown to be associated with
histological activity [2-7]. Although these factors explain part of
the extreme variability seen in the progression of fibrosis among
HCV-infected patients, they do not completely account for the
differences. Genetic host factors have long been suspected to play a
role in chronic hepatitis C (CHC) [8-10]. Two genome-wide
association studies recently reported the susceptible loci for the
progression of liver cirrhosis [11,12].
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patients with genotype 1 in combination with peg-IFN and
ribavirin. This combination has been shown to lead to substantial
improvement in the sustained virologic response rate [15,16].
Genetic variations near the interleukin 28B (IL28B) gene,
encoding type III IFN-A3, were shown to be strongly associated
with the response to peg-IFN and ribavirin treatment in patients
with CHC [17-20] and with spontaneous clearance of HCV [21].
Host immune cells produce IFN and other cytokines in response to
viral infection. In response to HCV, cellular sensors detect the
double-stranded RNA via retinoic acid-inducible gene-I and toll-
like receptor 3 and activate a pathway to produce antiviral
cytokines, including alpha and beta IFNs that trigger an antiviral
response to eradicate the virus [22,23].
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Polymorphisms of genes involved in innate immunity are likely
to influence the strength and nature of this defense system [24].
Moreover, IL28B polymorphisms were shown to be associated
with lipid metabolism [25]. Thus, this genetic factor is thought to
influence the natural course of HCV infection including liver
fibrosis, inflammation activity, or steatosis. However, associations
between I1.28B polymorphisms and the state of background liver
disease (fibrosis, inflammation activity, or steatosis) in patients with
CHC remain controversial. Single studies may have limited
statistical power to detect the modest effects of IL28B polymor-
phisms on disease progression.

Thus, we conducted the present meta-analysis to integrate the
results of eligible studies and provide statistically reliable evidence
of the role of IL28B polymorphisms in patients with CHC.

Materials and Methods

2.1 Search strategy

An electronic search was conducted in MEDLINE, EMBASE,
and the Cochrane Library for articles published prior to 30 April,
2012. Search terms included IL28B, IL28, IL-28B, interleukin-28B,
interleukin 28B, rs12979860, and rs8099917. The search was limited
to the English language.

2.2 Inclusion criteria

A study was included in the current analysis if it satisfied the
following criteria: (1) It evaluated the associations between IL28B
polymorphisms (rs12979860 or rs8099917) and liver fibrosis,
inflammation activity, or steatosis. We also included studies that
evaluated fibrosis or inflammation activity using the aminotrans-
ferase platelet ratio index or ALT. (2) It provided sufficient
published data for estimating odds ratios (OR) with 95%
confidence intervals (Cls). In case of multiple studies based on
the same population, we selected the study with the largest number
of participants. A study was excluded if (1) it dealt only with co-
infection of HCV and human immunodeficiency virus, (2) it dealt
only with patients with a specific condition such as a comorbid
disease (e.g., thalassemia) or status after liver transplantation, or (3)
it only used a recessive hereditary model (rs12979860 CC + CT vs.
TT, or rs8099917 TT +TG vs. GG).

2.3 Data extraction

Two authors (M.S. and M.K.) independently screened titles and
abstracts for potential eligibility and full texts for final eligibility.
Disagreements were resolved by consultation with a third author
(R.T.). The following information was extracted or calculated from
each study: first author, year of publication, country of origin,
ethnicity, sex, HCV genotype, and background liver information
(fibrosis, inflammation activity, or steatosis) for each genotype. The
analysis was based on the dominant model (CC vs. CT and TT in
rs12979860; TT vs. TG and GG in rs8099917).

2.4 Definition

In some studies, mild or severe fibrosis or inflammation activity
was not defined. To compare results among studies on these
outcomes, we defined Ishak level F4 to F6; METAVIR, Ludwig
Batts, and Inuyama level F3 to F4; and Knodell histology activity
index as severe fibrosis. We also defined METAVIR A2 to A3 as
severe inflammation activity.

2.5 Statistical analysis

The association of liver fibrosis, inflammation activity, or
steatosis with the IL28B genotype in patients with CHC was
assessed by summary ORs and corresponding 95% ClIs. Hetero-
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geneity among studies was examined with I? statistics interpreted
as the proportion of total variation contributed by between-study
variation [26]. If there was no or low statistical heterogeneity
among studies <12<50% and P>0.05), the ORs and 95% CIs were
calculated by the fixed-effects model. Otherwise, the random-
effects model was adopted. When significant heterogeneity was
observed, we performed a meta-regression analysis to investigate
relationships between the effect of IL28B polymorphisms on liver
fibrosis, inflammation activity, or steatosis; and continuous
variables (proportion of patients with genotype 1 or 4 virus
infection, proportion of males; and proportion of Caucasian,
African-American, and Asian patients) to explore the possible
reason for heterogeneity between studies [27,28]. To check for
publication bias, we used the linear regression approach described
by Egger et al. [29]. All calculations were performed using
Comprehensive Meta-Analysis software (Biostat, Englewood, NJ).

Results

3.1 Characteristics of articles

Figure 1 shows the literature search and study selection
procedures. A total of 471 potentially relevant publications up to
30 April, 2012, were initially identified through MEDLINE,
EMBASE, and the Cochrane Library, 443 of which were excluded
because they did not meet our inclusion criteria. Therefore, 28
studies involving a total number of 10,024 patients were included
in the meta-analysis. Study characteristics are shown in Table 1.
There were 5616 males and 3974 females, and the sex was not
reported in the remaining 434 patients (1 study). Nineteen studies
(7542 patients) evaluated liver fibrosis according to rs12979860
polymorphism and 16 studies (5052 patients) according to
rs8099917 polymorphism; four studies (2301 patients) evaluated
inflammation activity according to rs12979860 polymorphism and
eight studies (2904 patients) according to rs8099917 polymor-
phism; and four studies (962 patients) evaluated steatosis according
to 1s12979860 polymorphism and five studies (1308 patients)
according to rs8099917 polymorphism.

3.2 Fibrosis

For rs12979860, the between-study heterogeneity was not
significant ( 2=95%, P= 0.147); thus, the fixed-effects model
was applied. The pooled results indicated that IL28B rs12979860
genotype GC was associated with an increased possibility of severe
fibrosis (OR, 1.122; 95%CI, 1.003-1.254; P=0.044) (Tig. 2-a).
For rs8099917, there was no or low heterogeneity (I7=31%,
P=0.111), and IL28B rs8099917 genotype TT tended to be
associated with a higher possibility of severe fibrosis; however, the
difference did not reach statistical significance (OR, 1.126;
95%ClI, 0.988-1.284; P=0.076) (Fig. 2-b). Egger’s test showed
no evidence for publication biases for either rs12979860
(P=0.839) or rs8099917 (P=0.342). When restricted to studies
in which only treatment-naive patients were included, 12 studies
(5865 patients) according to rs12979860 polymorphism and eight
studies (3333 patients) according to rs8099917 polymorphism were
extracted. The between-study heterogeneities were not significant
for rs12979860 (I7=0%, P=0.615) and rs8099917 (I*=16%,
P=0.304). For rs12979860, fixed-effect model analyses showed a
higher probability of severe fibrosis in genotype GC (OR, 1.184;
95%CI, 1.040-1.348; P=0.010) (Fig. 2-c), and for rs8099917,
genotype TT tended to be associated with a higher possibility of
severe fibrosis; however, the difference was not statistically
significant (OR, 1.154; 95%CI, 0.985-1.351; P=0.076) (Fig. 2-
d). Egger’s test showed no evidence of publication bias (P =0.394
for rs12979860 and P =0.295 for rs8099917).
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Figure 1. Literature search and study selection process. Twenty-
eight individual studies that met all of the inclusion and exclusion
criteria.

doi:10.1371/journal.pone.0091822.g001

3.3 Inflammation activity

The between-study heterogeneity was not significant (I* = 5%,
P =10.204) for rs12979860. In the fixed-effects model, the pooled
results indicated that IL28B 1512979860 genotype CC was
associated with a higher possibility of severe inflammation activity
(OR, 1.288; 95%CI, 1.050-1.581; P=0.015) (Fig. 3-a). For
58099917, there was no or low heterogeneity (I%=0%,
P=0.598), and IL28B rs8099917 genotype I'T was also associated
with a higher possibility of severe inflammation activity (OR,
1.324; 95%CI, 1.110-1.579; P=0.002) (Fig. 3-b). Egger’s test
showed no evidence of publication biases for rs12979860
(P =0.448) and rs8099917 (P=10.531). When restricted to studies
in which only treatment-naive patients were included, three studies
(2192 patients) according to rs12979860 polymorphism and two
studies (1769 patients) according to rs8099917 polymorphism were
extracted. Significant heterogeneities were found for rs12979860
(*=53%, P=0.120); thus, the random-effect model was applied.
The pooled results indicated that IL28B rs12979860 genotype was
not associated with inflammatory activity (OR, 1.340; 95%CI,
0.938-1.916; P=0.108) (Fig. 3-c). For rs8099917, the between-
study heterogeneity was not significant (I* = 0%, P = 0.585). In the
fixed-effects model, genotype TT tended to be associated with a
higher possibility of severe inflammation activity (OR, 1.217;
95%ClI, 0.978-1.515; P=0.079) (Iig. 3-d). Egger’s test showed no
evidence of publication bias in rs12979860 (P=0.646). For
rs8099917, Egger’s test was not applicable because only 2 studies
were included. We also performed a meta-regression analysis for
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512979860 because significant heterogeneities were observed.
Table 2 shows the results of these meta-regression analyses.
Significant correlation was observed between rs12979860 poly-
morphisms and the proportion of patients with genotype 1 or 4
virus (slope, 2.992:1.497; P = 0.046).

3.4 Steatosis
Slgmﬁmnt heterogeneities  were  found  for 1512979860
(I"=86%, P<0.001) and rs8099917 (I°=52%, P=0.082); thus,
we nlpphcd the random-effects model for this outcome. The pooled
results indicated that IL28B rs12979860 genotype CC was not
agsociated with hepatic steatosis (OR, 1.062; 95%CI, 0.415-2.717,
P=0.901) (Fig. 4-a), whereas rs8099917 TT was significantly
associated with a lower possibility of severe steatosis (OR, 0.580;
95%CI, 0.351-0.959; P = 0.0534) (Iig. 4-b). Egger’s test showed no
evidence of publication biases for 1512979860 (P=0.238) or
rs8099917 (P=0.182). We also performed a meta-regression
analysis because significant heterogeneities were observed. Table 3
shows the results of these meta-regression analyses. In terms of the
effect of rs12979860 on steatosis, significant correlations were
observed between the proportion of patients with genotype 1 or 4
virus (slope, —4.9471.086; P<<0.001), the proportion of Cauca-
sian patients (slope, 7.3611.569; P<C0.001), and the proportion
of African-American patients (slope, —8.996::1.918; P<0.001).
We also observed a significant correlation between the effect of
58099917 polymorphism on steatosis and the proportion of male
patients (slope, 6.225:£2.530; P=0.014) (Fig. 3). Finally, we
observed significant correlations between 158099917 polymor-
phisms and the proportion of patients with genotype 1 or 4 virus
(slope, —2.704£1.277; P=0.034), the proportion of Caucasian
patients (slope, 1.168%£0.422; P=0.006), and the proportion of
Asian patients (slope, —1.049%0.398; P = 0.008). When restricted
to studies in which only treatment-naive patients were included,
two studies (495 patients) according to rs12979860 polymorphism
and four studies (812 patients) according to rs8099917 polymor-
phism were extracted. The between-study heterogeneities were not
mgmﬁcam for rs12979860 (I*=0%, P=0.823) and rs8099917
=41%, P=0.166). For rs12979860, fixed-effect model analyses
showed that rs12979860 genotype CC was significantly associated
with a higher possibility of severe steatosis (OR, 1.708; 95%CI,
1.047-2.787; P=0.032) (Iig. 4-c), whereas rs8099917 TT was
significantly associated with a lower possibility of severe steatosis
(OR, 0.675; 95%CI, 0.474-0.960; P =0.026) (Iig. 4-d). Egger’s
test showed no evidence of publication bias in 1rs8099917
(P=0.554). For rs12979860, Egger’s test was not applicable

because only 2 studies were included.

Discussion

In the present study, we evaluated the association between
IL28B polymorphisms and the background liver disease (fibrosis,
inflammation activity, or steatosis) in patients with CHC. The
rs12979860 CC genotype was significantly associated with a
higher probability of severe fibrosis (Fig. 2-c), and the rs8099917
TT genotype tended to be associated with a higher possibility of
severe fibrosis (Fig. 2-d). The accumulation of liver inflammation
promotes liver fibrosis, and these polymorphisms are associated
with the effect of IFN-based treatment; therefore, past treatment
might alter the results. Thus, we also analyzed studies involving
only patients without a history of IFN-based treatment; however,
the results were not changed.

The rs12979860 CC and rs8099917 TT genotypes were also
associated with a higher possibility of severe inflammation activity.
Genetic variations near the IL28B gene were originally reported as
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Table 1. Main characteristics of all studies included in the meta-analysis.

Outcome
measure
F(Fibrosis) Genotype for Genotype for
IL-28B SNP  A(Activity) . HCv patients patients
First author (year) Ref.  Population ethnicity, region rsiD, Allele S(Steatosis) ~ Patients* genotype 1512979860  rs8099917
Male - Female Total cC  CT/IT TT  TG/GG
Abe (2010) [48] Asian, Japan rs8099917 T/G  F, A: Inuyama 212 152 364 12 265 99
Honda (2010) [49] Asian, Japan 1s8099917 T/G  F, A: Inuyama 58 33 91 1 60 31
Lotrich (2010) [50] Mixed (African-American/Caucasian), USA rs12979860 C/T  F: Ishak 101 32 133 1/2 57 76
Monte (2010) [51] Caucasian, Spain 1s12979860 C/T- F: Scheuer 166 117 283 1-4 129 154
Thompson (2010) [52] Mixed (African-American/Caucasian/Asian/Hispanic), USA rs12979860 C/T F: METAVIR 986 642 1628 1 538 1090
Bochud (2011) [53] -Caucasian, Switzerland 1512979860 C/T  F: Ishak, A: ALT 5: 163 79 242 1-3 90 150 150 92
58099917 T/G Histological
finding
Dill MT (2011) [54] Caucasian, Switzerland rs12979860 C/T F, A: METAVIR 30 79 109 1-4 33 96 52 57
rs8099917 T/G
Fabris (2011) [44] Caucasian, ltaly 1512979860 C/T  F: Ishak N.A N.A 434 1-4 133 301
Falleti (2011) [55] Caucasian, ltaly 1512979860 C/T  F: Ishak 357 272 629 1-4 205 424
Kurosaki (2011) [56] - Asian, Japan 158099917 T/G . F: METAVIR S: . 250 246 49 1 269 106
e s o i : Histological
e . G - finding : . ‘ ‘
Lagging (2011) [571 Caucasian, Sweden rs12979860 C/T  F: ishak S: 169 83 252 1-4 93 159 153 99
rs8099917 T/G  Histological
finding
Lin (2011) [58] Asian; Taiwan rs12979860 C/T. 'F: METAVIR 123 68 191 1 171220 170 .21
- o rs8099917.T/G: = o
Lindh (2011)-1 [59] Mixed (Caucasian/Asian), Sweden rs12979860 C/T F: Batts Ludwig 67 43 110 1 38 72 66 44
rs8099917 T/G
Lindh (2011)-2 [60] Caucasian, Sweden rs12979860 C/T - F: Ishak : 204 137 341 2/3 150191
Marabita (2011) [61] Caucasian, ltaly rs12979860 C/T  F: Ishak 129 18 247 1-4 88 159 131 116
158099917 T/G
Miyamura (2011) 621 Asian, Japan rs8099917 T/G- - F, A: Inuyama = 37 42 79" 1 53 26
Moghaddam(2011) [63] Caucasian, Norway rs12979860 C/T  F: APRI score 166 115 281 3 129 152 201 80
8099917 T/G
Rueda (2011) [64] Caucasian, Spain s12979860 C/T ' F, A: Scheuer 246 177 423 1-4 83 184
Tillman (2011) [35] Mixed (African-American/Caucasian/Asian), USA rs12979860 C/T  S: Histological 215 110 325 1 88 237 97 67
rs8099917 T/G  finding
Yu (2011) [65) Asian, Taiwan rs8099917 T/G FuKnodelland 264 218 482 2 315 .34
“Scheuer
Asahina (2011) [66] Asian, Japan 512979860 C/T  F: Inuyama 28 60 88 1 54 34 54 34

rs8099917 T/G
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Table 1. Cont.

Outcome
measure
E(Fibrosis) Genotype for Genotype for
IL-28B SNP  A(Activity) o HCv patients patients
First author (year) Ref. Population ethnicity, region rsID, Allele S(Steatosis) Patients genotype rs12979860 rs8099917
Male Female Total cC CTar TT  TG/IGG
Bochud (2012) [47] Caucasian, Switzerland rs12979860 C/T F, A: METAVIR 870 657 1527 1-4 534 993 855 672
rs8099917 T/G
Mach(2012) - [67] Slav:‘Poland rs12979860 C/T F: Batts Ludwig 82 60 142 1 38 104
Miyashita (2012) [68] Asian, Japan rs8099917 T/G  F, A: Desmet 88 132 220 172 155 83
Ohnishi (2012) {69] Asian, Japan rs8099917 T/G  S: Histological 83 70 153 1 116 37
FENY : : ¢ ‘ g finding
Rembeck (2012) [70] Caucasian, Sweden 1512979860 C/T F: Ishak 198 140 339 273 144 179
Tolmane (2012) [71] Caucasian, Latvia rs12979860 /T F: Knodell 84 58 142 1-3 41 80
histology activity
index S:
Histological
finding
Toyoda (2012) [72] Asian, Japan rs8099917 /G F, At METAVIR 139 133 272 1 187 59

*Patients included in the original study.
Thus, patients without information regarding 1L28B polymorphism were also included.
APRI, aminotransferase platelet ratio index.

doi:10.1371/journal.pone.0091822.t001

358351 1A Jo uoissaiboud pue ggzl



a
Model Study nome Statistics for each study Ddds ratio and 98% (1
Oddsloweruippet
ratio imit  limit Z-Vatuep-Value
Bochuc2012 1125 0912 1LXS 108 0272 a
Bothu2011 1462 0853 2805 1381 0.167 3
Rueda 2011 1298 0712 235 0853 03M &
Fabns201 1092 0.725 1844 0421 0574 t 3
Falleti2011 1063 0761 1484 0358 0721 ]
Lagging2011 1320 0753 2348 098¢ 0325 -
Ln20%1 1671 0636 431 1042 i
Undh2011 0593 0206 1.708 0563 0333 ——
LndhZ011.2 1584 0799 2584 122 019 8-
Lotich2010 1239 0557 275% 0527 059 -
Marabaa201t 1167 0640 2128 0303 0615 -
Nonte2010 G874 0520 1455 0507 0612 &
12 1264 0514 1.963 1043 0297 -3
Thompeon2010 1026 0735 1433 0153 0878 L3
Tolmare2012 0432 0138 1380 1416 0157 -
2 Y2012 1368 0511 3842 0524 0532 —-
CIMT 2011 0699 0307 1583 G852 0334 —f-
Mach V2012 €198 0.05% 0571 -2997 0003 +B—
4 20112000 1,121 358 237 0019 -
Fixed 1122 1003 1254 20310 0044 4
Randcm 1120 0570 1222 1541 0123 3
091 04 1 W 100
v cc
C
Model Stug Ststistics f atudh 0 . ;
Odds Lower U&«
ratio  Emit it Z.Value pValue
Bochud2012 1125 0912 1389 1088 0272
BochudZ011 1452 0853 2505 1381 0167
Rueda 2011 1295 0712 2365 0853 03%
Lagging2011 130 0753 2323 088 0325
Un2011 1671 06% & 1042 0258
Lirdh20 11 0593 0206 1705 0963 0333
Lindh2011-2 1541 G795 2881 1292 G196 i
Marataa201! 1167 0840 2128 0503 0615
Morte2010 0874 0520 1489 GEO7 0612 &
Rembeck2012 1264 0814 1963 1043 0297 :
Thompzen2010 1026 0735 143 0153 0878
Moghaddam2011 2000 1321 3565 2347 0019 |-
Fixed 1184 1040 1323 2551 0010 *
Lt 1020 1348 2561 0010 ]
oot o1 1 0 1%
crrt [

1L28B and Progression of Liver Disease

Odds Lower
fatio  lamit Zﬁia 2 Value p-Value
L2010 fE64 1031 2685 2085 0037
Bochudl12 1270 1037 1555 2315 002t
Beehud20l 0950 080 1645 0150 0881
Kurosaki2011 G656 0432 1025 -1848 0065
Lagging2011 0852 0457 1526 0203 053 -.3\:l-—
L2011 2330 083 6291 1669 009
Lingh201 1 0700 03 1863 0714 0475 —
Marsbita2011 1310 0519 1990 632 07 E 3
Miyarnua2011 1063 0385 2926 0117 0907 ——
ToyodalGiz 0297 0364 2041 0269 075 ﬁ—-
Yu2011 €807 0291 1265 -13313 0182
AsmbinaY 2012 1368 0511 36582 0624 052 —
Cd MT 2011 0825 0390 1757 0453 -8t
Henda M 2010 0502 0400 2032 0248 0803 -~
Mipashaa M 2312 2545 1121 £731 223 0026 8
Moghaddan2011 1300 0638 2457 0268 0412
Freed 1126 0538 1281 175 Q076 ?
Randoen 1083 0500 1303 0841 0401
001 04 1 10 100
1G/GG 2
Model Smdyname. Statistics for each study 3550
Odds Lowse Upper
ratio  fimit it Z.Value pValue
Backod2012 1270 1637 1855 2315 go21 B
BochudiG1 1 0960 BESO 1645 0150 0881 k2
Lagging2011 0262 0487 1525 0509 061 t._
L2011 2330 0853 6251 1659 0095
L2011 0700 0263 1863 0712 0475 ~-
Karshda2GH LG 0619 1950 0350 07 8-
Yu201t DEO7 0291 1265 1933 Qa2 -
Woghaddan20tl 1300 G683 2457 0208 0419 -i-
Fixed 1184 0985 1351 LTI7 0076 g
Random 106 0503 1351 0972 0331
001 01 1 0 10
1666 T

Figure 2. Forest plot of the IL28B genotypes and the risk of severe fibrosis. (a) rs12979860 in all patients, (b) rs8099917 in all patients, (c)
112979860 in treatment-naive patients, and (d) rs8099917 in treatment-naive patients.

doi:10.1371/journal.pone.0091822.g002

strong predictors of a sustained viral response [17-20] or
spontaneous clearance of HCV [21]. The level of IL28B gene
transcripts is reportedly higher in patients homozygous for the IFN
responsive allele [18,19]. Therefore, in patients with the
rs12979860 CC and rs8099917 TT genotype, IL.28B production,
which induces expression of interferon-stimulated genes, including
some inflammatory cytokines, was thought to be increased. This
may be the underlying cause of the higher inflammation activity
and progressed fibrosis in patients with the IFN responsive allele.
In analysis with the studies involving only patients without a
history of IFN-based treatment, rs12979860 CC and rs8099917
TT genotypes were associated with higher possibility of having
severe inflammation activity; however, the differences did not
reach to the significant level. Only three studies according to
rs12979860 polymorphism and two studies according to
rs8099917 polymorphism were included when restricted to studies
with only treatment-naive patients, and may be underpowered to
detect the effects of IL28B polymorphisms on inflammation
activity. The further analyses with larger sample are needed to
confirm this association. Additionally, meta-regression analysis
showed that the effect of the rs12979860 polymorphism was
influenced by viral genotype distribution. This result may imply a
different influence of rs12979860 polymorphism on immune
response according to viral genotype in treatment-naive patients.

1L.28B polymorphisms were also shown to be associated with
lipid metabolism [25]. In the present study, the rs8099917 TT

PLOS ONE | www.plosone.org

genotype was significantly associated with a lower possibility of
severe steatosis. This association still remained statistically
significant after we restricted to studies in which only treatment-
naive patients were included. The lower hepatic steatosis in
patients with the IFIN responsive allele could be explained by a
more efficient export of lipids from hepatocytes. Higher interferon
expression was shown to lead to suppression of lipoprotein lipase,
which would result in decreased conversion of VLDL to LDL and
subsequent higher steatosis [30-33]. The difference in IL28B
expression might cause an aberration of lipid metabolism in
patients with CHC. We found no significant association of
rs12979860 with steatosis. And when we restricted to treatment-
naive patients, 1512979860 CC genotype was significantly
associated with a higher possibility of severe steatosis. Previous
studies have shown that racial differences or viral genotypes make
a difference in the effects of rs12979860 and 1rs8099917
polymorphisms [34,35]. This may explain the discrepancy
between the effect of rs12979860 and rs8099917 on hepatic
steatosis. However, only four studies (962 patients) were included
in the analysis of rs12979860; or when it comes to the studies with
only treatment-naive patients, only two studies (495 patients) were
extracted. Thus, we should not make any definite conclusion on
this matter right now. Further studies with larger sample sizes are
needed to identify their exact correlation.

According to the meta-regression analysis, the effect of
rs8099917 polymorphisms on steatosis became smaller with the
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Figure 3. Forest plot of the IL28B genotypes and the risk of severe inflammation activity. (a) rs12979860 and (b) rs8099917. (¢)
rs12979860 in treatment-naive patients, and (d) rs8099917 in treatment-naive patients.

doi:10.1371/journal.pone.0091822.g003

increase in the male proportion (Fig. 5), suggesting that a sexual
dimorphism might be involved in the eflect of rs8099917
polymorphisms on the liver fat content. Although the present
study cannot explain the interaction between the polymorphism
and sex, immune systems responding to IFN are reportedly
controlled by estrogenic sex hormones [36,37]. Differences in
IL28B expression mediated by sex hormones could be a possible

mechanism for the sexual dimorphism in the effect of rs8099917
polymorphisms on liver steatosis.

The 15738409 genotype within the patatin-like phospholipase
domain containing 3 locus was also reported to be associated with
hepatic steatosis in patients with CHGC [38-40]. Notably, previous
meta-analysis evaluating the effect of patatin-like phospholipase
domain containing 3 polymorphisms on steatosis also reported a

Table 2. Meta-regression analysis between each continuous variable among the studies (only treatment- naive patients were
included) and the effect (log odds ratio) of IL28B polymorphisms on inflammation activity.

Proportion of Caucaéian patients, per 1% increase
rs1 2975866‘?

Prdportion of African-American patients, per 1% increase
rs12979860%

Proportion of Asian patients, per 1% increase

rs12979860+

Variables Slope* Standard error P-value
Proportion of patients with genotype 1 or 4 virus, per 1% increase

rs12979860 2.992 1.497 0.046
Proportion of male patients, per 1% increase

rs12979860 0.610

—2.963 5.802

doi:10.1371/journal.pone.0091822.t002

PLOS ONE | www.plosone.org

*Positive (negative) slope values indicate that the proportions of patients with the rs12979860 CC genotype with severe inflammation activity are increasing
(decreasing) as the values of each contentious variable (proportions of genotype 1 or 4 virus, male, or each race) is increasing.
*We could not perform meta-regression analyses for these outcomes because only caucasian patients were included in all 3 studies included in this analysis.
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Figure 4. Forest plot of the IL28B genotypes and the risk of hepatic steatosis. (a) rs12979860 and (b) rs8099917. (c) rs12979860 in

treatment-naive patients, and (d) rs8099917 in treatment-naive patients.

doi:10.1371/journal.pone.0091822.g004

polymorphisms on steatosis.

Table 3. Meta-regression analysis between each continuous variable among the studies and the effect (log odds ratio) of 1L28B

Variables Slope* Standard error P-value
Proportion of patients with genotype 1 or 4 virus, per 1% increase

rs12979860 —4.947 1.086 <<0.001
158099917 ~2.704 1277 ‘ 0034
Proportion of male patients, per 1% increase a ‘

112979860 2 —2.899 16.577 0.861 .«

rs8099917 6.225 2.530 0.014
Proportion Of‘,CaLtéasia’n patients, per 1% increase i i

512979860 / 7.361 1.569 <0.001

158099917 1168 . .0422 . . 0006
Proportion of African-American patients, per 1% increase

rs12979860 —8.996 1.918 <0.001

rs8099917 0.142 2.147 0.947
Proportion of Asian patients, per 1% increase ;

rs129798601 - - -
158099917 -1049 0398 S 0008

doi:10.1371/journal.pone.0091822.t003
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*Positive (negative) slope values indicate that the proportions of patients with the rs12979860 CC or rs8099917 TT genotypes with severe steatosis are increasing
(decreasing) as the values of each contentious variable (proportions of genotype 1 or 4 virus, male, or each race) is increasing.
"We could not perform a meta-regression analysis for this outcome because only one patient was included in the corresponding studies.
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rs8099917.
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negative correlation between the male proportion and the effect of
15738409 on the liver fat content in nonalcoholic fatty liver discase
[41]. Interestingly, the meta-regression analysis in the present
study showed that the effect of the IL28B (rs12979860 and
rs8099917) polymorphisms on steatosis was also influenced by
racial and viral genotype distributions.

In the present study, we included studies that did not report the
associations between IL28B genotypes and background liver
diseases as study outcomes, but provided raw data that allowed
us to calculate the OR for each outcome, which may have
minimized potential publication bias. In fact, no publication bias
was observed in the present study. The Human Genome
Epidemiology Network highlighted the necessity of meta-analysis
before evidence for a particular association can be regarded as
strong [42]. The impact of IL28B genotypes on the disease
progression found in the present meta-analysis may provide
clinically important information in the follow-up of patients with
CHC. The effect of IL28B polymorphisms on hepatocarcinogen-
esis, which is also crucial information in the HCC screening of
patients with CHC, remains controversial [43-47]. Further
analysis with larger sample sizes may be needed to clucidate the
exact effect of IL28B polymorphisms on hepatocarcinogenesis.

A potential limitation of this study is inter-study variability in
the outcome measure and the definition of “severe” among
studies, where some discrepancies among studies exist. The studies
without a pathological diagnosis, using laboratory data as
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Abstract MicroRNAs (miRNAs) are small, noncoding
RNA molecules that regulate gene expression post-trans-
criptionally through complementary base pairing with
thousands of messenger RNAs. Although the precise bio-
logical functions of individual miRNAs are still unknown,
miRNAs are speculated to play important roles in diverse
biological processes through fine regulation of their target
gene expression. A growing body of data indicates the
deregulation of miRNAs during hepatocarcinogenesis. In
this review, we summarize recent findings regarding
deregulated miRNA expression and their possible target
genes in hepatocarcinogenesis, with emphasis on inflam-
mation-related hepatocarcinogenesis. Because miRNA-
based strategies are being applied to clinical therapeutics,
precise knowledge of miRNA functions is crucial both
scientifically and clinically. We discuss the current open
questions from these points of view, which must be clari-
fied in the near future.
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Introduction

MicroRNAs (miRNAs) are short, single-stranded, non-
coding RNAs, which are expressed in most organisms,
from plants to vertebrates [1]. Since the discovery of the
miRNA lin-4 in Caenorhabditis elegans [2, 3], 1,872
miRNA precursors and 2,578 mature miRNA sequences in
humans have been deposited in miRBase, a public repos-
itory hosted by the Sanger Institute, as of November 2013
[4]. Bioinformatic predictions suggest that miRNAs regu-
late more than 30 % of human protein-coding genes [5-7].
Through the regulation of gene expression, miRNAs are
involved in various physiological and pathological pro-
cesses, including cell proliferation, apoptosis, differentia-
tion, metabolism, oncogenesis and oncogenic suppression
[8, 9]. Thus, it is not surprising that deregulation of
miRNAs is linked closely to various human pathological
conditions. In this review, we will describe the crucial role
of miRNAs in liver carcinogenesis, especially inflamma-
tion-related hepatocarcinogenesis.

Biogenesis and functions of miRNAs

Transcription is the first step in miRNA expression
(Fig. 1). Similar to most protein-coding genes, transcrip-
tional factors, enhancers and silencers are involved in
miRNA transcription [10-12]. Epigenetic mechanisms,
such as promoter methylation or histone modification, also
regulate miRNA transcription, and it was shown that his-
tone deacetylase (HDAC) inhibition results in transcrip-
tional changes in ~40 % of miRNAs [13].

Primary miRNAs, which possess stem-loop structures,
are transcribed by RNA polymerase II [8]. These pri-
miRNAs are processed by a microprocessor complex
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Fig. 1 Biogenesis of miRNAs.
The primary miRNA transcript
(pri-miRNA) is transcribed
from the genome by RNA
polymerase II or III, The

microprocessor complex

Drosha-DGCRS cleaves the pri-
miRNA into the precursor
hairpin, pre-miRNA in the
nucleus. The pre-miRNA is
exported from the nucleus by
exportin-5-Ran-GTP. In the
cytoplasm, the RNase Dicer in

complex with the double-
stranded RNA-binding protein,
TRBP, cleaves the pre-miRNA
hairpin to its mature length. The
functional strand of the mature
miRNA is loaded together with =
Argonaute (Ago2) proteins into
the RNA-induced silencing
complex (RISC), where it
guides RISC to silence target
mRNAs through mRNA
cleavage or translational
repression. The passenger strand
(black) is degraded

comprising Drosha (RNAase III) [14] and DGCR8/Pasha
[15] in the nucleus [16]. The processed products are
approximately 65-nucleotide hairpin-shaped precursors
(pre-miRNAs) that are transported to the cytoplasm via
exportin-5 [17, 18]. Pre-miRNAs are further cleaved into
mature miRNAs by Drosha and Dicer RNA polymerase III.
Mature miRNA duplexes are loaded onto an RNA-induced
silencing complex (RISC) and are unwound into the single-
stranded mature form [19-21]. The resulting co-complex
directly targets the 3’-untranslated regions (3'-UTRs) of
target mRNAs, depending on the sequence similarities, to
negatively regulate their expression by enhancing mRNA
cleavage or inhibiting translation (Fig. 1) [8, 22]. Because
most miRNAs guide the recognition of imperfect matches
of target mRNAs, individual miRNAs have multiple
(probably hundreds) of mRNA targets. In addition, multi-
ple miRNAs can cooperate to regulate the expression of the
same transcript [6]. Thus, depending upon the identity of
the target mRNAs, miRNAs play roles as “fine-tuners of
gene expression” in the control of various biological
functions.

Identifying functionally important miRNA target genes
is crucial for understanding the impact of specific miRNAs
on cellular function. However, this is challenging because
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miRNAs usually have imperfect complementarity with
their targets [22]. In mammals, the most consistent
requirement for miRNA-target interaction, although not
always essential, is a contiguous and perfect pairing of the
miRNA (nt 2-8), representing the “seed” sequence [22]. In
many cases, the seed sequences determine this recognition,
but in other cases, additional determinants are required,
such as reasonable complementarity to the miRNA 3’ half
to stabilize the interaction. In addition, target pairing to the
center of some miRNAs has also been reported [23].
Although public miRNA target prediction algorithms, such
as TargetScan [24] and PicTar [25], have facilitated the
rapid identification of miRNA target genes [22], candidates
should be validated experimentally.

miRNAs and cancer

The involvement of miRNAs in cancer pathogenesis is well
established. miRNAs can affect six hallmarks of malignant
cells, which are (1) self-sufficiency in growth signals, (2)
insensitivity to anti-growth signals, (3) evasion of apopto-
sis, (4) limitless replicative potential, (5) angiogenesis, and
(6) invasion and metastasis [26]. miRNAs are frequently
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up- or downregulated in malignant tissues and can be
considered oncogenes or tumor suppressors, respectively.
However, it is essential to test experimentally whether the
deregulated miRNAs are actually causative to carcino-
genesis, since miRNAs have a very restricted tissue-spe-
cific expression and the apparent miRNA modulation in
cancer tissues may only reflect the different constituents of
a cell population as compared to normal tissues. Extensive
analyses have confirmed the causative roles of miRNAs in
cancer by using either human cancer cells or genetically
engineered animal models, such as transgenic expression of
miR-155, miR-21 and miR-15-a/16-1, which are sufficient
to initiate lymphomagenesis in mice [27-29]. These results
suggest the potential role of miRNAs in the pathogenesis of
carcinogenesis and as therapeutic targets.

miRNAs and hepatocarcinogenesis

Numerous reports regarding the deregulated expression of
miRNAs in human hepatocellular carcinoma (HCC) are
extant. Most studies compared the miRNA expression
levels between cancer tissues and background non-tumor-
ous tissues, selected candidate miRNA(s) and revealed
their target genes, which may be involved in carcinogen-
esis. As shown in Tables 1 and 2, many miRNAs have been
identified as downregulated or upregulated in recent studies
(Tables 1, 2). However, these numerous results are not
always superimposable due to the large variances in the
results. These significant differences may be due to several
reasons, such as the use of different techniques or different
samples as controls, normal liver tissues versus peritumoral
non-neoplastic tissues. In addition, one may need to take
into consideration the fact that HCCs arise in background
livers with different etiologies, such as hepatitis B, hepa-
titis C or steatohepatitis, and also the age or sex of the
tissue-derived patients and background liver condition,
such as fibrosis staging or inflammation activity, which
may result in differences in the expression status of
miRNAs. Despite these considerable limitations, the list
suggests that diverse miRNAs play crucial roles in he-
patocarcinogenesis. We will briefly describe some of them
below.

The expression levels of miRNAs have restricted tissue
specificities. In the liver, miR-122, miR-192 and miR-
199a/b-3p are the three most expressed miRNAs,
accounting for 52, 17 and 5 % of all mRNAs in the tissues,
respectively [30]. The tumorigenic role of the loss of miR-
122 was confirmed in gene-knockout mice [31, 32] and its
expression is indeed decreased in half of the HCCs, espe-
cially non-viral HCCs [30]. We also reported that
decreased expression of miR-122 is linked with poor
prognosis of HCC [33]. While miR-192 does not appear to

be deregulated in HCC samples in previous studies, miR-
199a/b-3p is decreased with high frequency in HCC, which
is closely linked to a poor prognosis of HCC [30]. In
contrast, miR-21, whose expression is increased following
rat hepatectomy [34], is upregulated as a known oncom-
iRNA and represses PTEN signaling, resulting in promo-
tion of HCC development [35]. Although individual
miRNAs may be involved in hepatocarcinogenesis,
because miRNAs often function co-operatively, the extent
of their involvement remains to be determined.

As described above, miRNAs usually have multiple
mRNA targets. Thus, it is not practical to describe only a
few genes as being responsible for the phenotypes by
deregulation of specific miRNAs, while many studies
identify specific genes as targets of specific miRNAs.
Nonetheless, the identified targeted genes are generally
related to at least one of the hallmarks of cancer, such as
cell growth, apoptosis, invasion, and so on. These results
suggest that the deregulation of miRNA expression might
mediate hepatocarcinogenesis through deregulating the
expression of their target genes.

The miRNAs identified as deregulated in hepatocarci-
nogenesis may be useful as diagnostic and prognostic
markers [36], because miRNAs in the circulation are
reported to be relatively stable [37]. Also, deregulated
miRNAs may be candidate therapeutic and preventive
targets against HCC. However, to include the obtained
results in clinical interventional applications, it is necessary
to confirm if the deregulated miRNAs are truly drivers or
are simply passive in hepatocarcinogenesis. To this end,
genetically modified mice may provide some information.
In addition, to correctly interpret the data, a standard
method of normalizing the microRNAome data between
studies may also be crucial. Since there are multiple target
genes of miRNAs and, conversely, one transcript can be
targeted by multiple miRNAs, a more systematic compar-
ison using miRNA data, transcriptome data and proteome
data would increase our understanding of the consequences
of the deregulation of miRNAs during hepatocarcinogen-
esis. From this point of view, systematic and comprehen-
sive target gene analyses for in silico systems biology
models may be one option to resolve these issues.

miRNAs linked to inflammation-mediated
hepatocarcinogenesis

Inflammation is considered to be a major cause of cancer
[38, 39]. In the liver, hepatocarcinogenesis frequently
occurs in persistently inflamed liver tissues caused by
chronic hepatitis viral infection or non-alcoholic steato-
hepatitis. However, the molecular linkage between chronic
inflammation and carcinogenesis is not well characterized.
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Table 1 Upregulated miRNAs in hepatocarcinogenesis

miRNA Expression levels Targets Main tested samples References
miR-17-5p Upregulated p38 pathway Cultured cells, human tissues [52]
miR-18a Upregulated ERla Human tissues, cultured cells [53]
miR-21 Upregulated C/EBPb Mouse CDAA model [54})
Upregulated PTEN Human tissues, cultured cells [35]
miR-22 Upregulated ERa, 1L-1a Human tissues, cultured cells, DEN model [55]
miR-23a Upregulated PGC-1a,G6PC Human tissues, cultured cells [56]
miR-26a Upregulated Lin28B, Zcchell Human tissues, xenograft model [57]
Upregulated NF-kB, IL-6 pathways Human tissues [58]
miR-30d Upregulated GNAI2 Human tissues, cultured cells [59]
miR-100 Upregulated Human tissues [60]
miR-106b Upregulated APC Human tissues, cultured cells [61]
miR-122 Upregulated Human tissues [60]
miR-130b Upregulated TP53INP1 Human tissues, xenograft model [62]
miR-135a Upregulated FOXMI, MTSS| Human tissues, cultured cells, xenograft [63]
miR-143 Upregulated FNDC3B Human tissues, HBX transgenic mouse [64]
miR-146a Upregulated in endothelial cells BRCA, PDGFRA Cultured cells [65]
miR-151 Upregulated FAK Human tissues, cultured cells [66]
Upregulated FAK, RhoGDIA Human tissues, cultured cells [67]
miR-155 Upregulated SOCS! Orthotropic transplant model [68]
Upregulated DKK1, APC Human tissues, cultured cells [69]
Upregulated PTEN Mouse CDAA model [54]
miR-181 Upregulated TIMP3 Mouse CDAA model [70]
Upregulated CDX2, GATAG, NLK Cultured cells [71]
miR-183 Upregulated AKAP12 Human tissues [72
miR-186 Upregulated AKAP12 Human tissues [72]
miR-200 Upregulated NRF2 pathway Rat HCC model, [73]
miR-210 Upregulated VMP1 Human tissues, cultured cells [74]
miR-216a Upregulated TSLC1 Human tissues, cultured cells [75]
miR-216a/217 Upregulated PTEN, SMAD7 Cultured cells, Human tissues [76]
miR-221 Upregulated CDK inhibitors Transgenic mouse [77]
Upregulated p27, p57, Arnt Primary hepatocytes [78]
Upregulated Bmf Cultured cells, human tissues [79]
Upregulated p27, p57 Cultured cells, human tissues [80]
miR-221/222 Upregulated p27, DDIT4 Human tissues, mouse model [81]
miR-224 Upregulated Human tissues [82]
Upregulated Atg5, Smad4, autophagy Human tissues, HBV X transgenic mice [83]
Upregulated API-5 Cultured cells, human tissues [84]
Upregulated Human tissues [85]
Upregulated API-5 Human tissues [86]
miR-423 Upregulated p21/wafl Human tissues, cultured cells [87]
miR-485-3p Upregulated MATI, LIN28B Human tissues, xenograft model [88]
miR-490-3p Upregulated ERCIC3 Human tissues, cultured cells [89]
miR-494 Upregulated MCC Human tissue, mouse liver cancer model [90]
miR-495 Upregulated MATI1, LIN28B Human tissues, xenograft model [88]
miR-517a Upregulated Human tissues, cultured cells [91]
miR-657 Upregulated TLE1, NF-xB Human tissues, cultured cells [92]
miR-664 Upregulated MATI, LIN28B Human tissues, xenograft model [88]
miR-1323 Upregulated Human tissues [93]
@ Springer
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Table 2 Downregulated miRNAs in hepatocarcinogenesis
miRNA Expression levels Targets Main tested samples References
let-7a Downregulated STAT3 Cultured cells [94]
let-7¢ Downregulated Human tissues, cultured cells [95]
let-7¢g Downregulated COLI12A Cultured cells, human tissues [96]
miR-7 Downregulated PIK3CD Cultured cells, human tissues [97]
miR-10a Downregulated EphA4 Cultured cells [98]
miR-10b Downregulated Human tissues [99]
miR-15a/16 Downregulated Cultured cells [100]
miR-21 Downregulated Human tissues [82]
miR-26a Downregulated IL-6 Human tissues, xenograft model [101]
Downregulated CyclinD2, E2 Cultured cells, mouse model [102]
miR-29 Downregulated Bcl2, Mcll Human tissues, cultured cells [103]
miR-29b Downregulated MMP-2 Human tissues, cultured cell [104]
miR-29¢ Downregulated SIRT1 Cultured cells [105]
miR-34a Downregulated CCL22 Human tissues, cultured cells [106]
miR-99a Downregulated PLK1 Human tissues, cultured cells [107]
Downregulated IGF-1R Human tissues, cultured cells [108]
miR-100 Downregulated PLK1 Human tissues, cultured cells [107]
miR-101 Downregulated EZH2, EED Human tissues, cultured cells [109]
Downreguiated Human tissues, cultured cells [95]
Downregulated Mcll Cultured cells, human tissues [110]
Downregulated Fos Human tissues, cultured cells [111]
miR-122 Downregulated c-Myc Human tissues, cultured cells [112]
Downregulated Cultured cells [113]
Downregulated MTTP Knockout mice [32]
Downregulated IL6, TNF Knockout mice [31]
Downregulated IGF-1R Human tissues [114]
Downregulated Cyclin G1 Human tissues, cultured cells [115]
miR-124 Downregulated ROCK2, EZH2 Human tissues, cultured cells [116]
Downregulated CDKS6, VIM, SMYD3, IQGAP1 Human tissues, cultured cells [117]
miR-125a/125b Downregulated Human tissues, cultured cells [118]
miR-125b Downregulated SUV39H Human tissues, cultured cells [119]
Downregulated Mcll, Belw, IL6R Human tissues, cultured cells [120]
Downregulated Human tissues, cultured cells [95]
Downregulated PIGF, MMP-2, MMP-9 Human tissues, cultured cells [121]
Downregulated Lin28B Human tissues, cultured cells [122]
miR-139 Downregulated ROCK2 Human tissues, cultured cells [123]
miR-139-5p Downregulated Human tissues, cultured cells [95]
miR-140-5p Downregulated TGFBR1, FGF9 Human tissues, cultured cells [124)]
DNMT1 Knockout mice [125]
miR-141 Downregulated DLC-1 Human tissues [126]
miR-145 Downregulated Human tissues [60]
Downregulated IRS1, IRS2, IGF-1R, b-catenin Human tissues, cultured cells [127]
Downregulated Human tissues [85]
miR-148a Downregulated c-Met Human tissues, cultured cells [128]
Downregulated HRIP Mouse xenograft model, cultured cells [129]
Downregulated e-cadherin Human tissues, cultured cells [130]
Downregulated c-Myc Cultured cells [131]
miR-152 Downregulated DNMT1, GSTPI1, CDH1 Human tissues [132]
@ Springer
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Table 2 continued

miRNA Expression levels Targets Main tested samples References
miR-195 Downregulated NF-kB pathway Cultured cells [133]
Downregulated VEGF, VAV2, CDC42 Cultured cells, human tissues [134]
Downregulated Cyclin D1, CDK6, E2F3 Cultured cells, human tissues [135]
miR-198 Downregulated Human tissues [60]
miR-199a/b-3p Downregulated PAK4 Human tissues, cultured cells [30]
miR-199b Downregulated Human tissues [85]
miR-200a Downregulated H3 acetylation Human tissues, cultured cells [136]
miR-200b Downregulated Human tissues, cultured cells [95]
miR-200c Downregulated Human tissues [82]
miR-200 Downregulated Human tissues (82]
miR-203 Downregulated ABCEl Human tissues, cultured cells [117]
miR-214 Downregulated HDGF Human tissues, cultured cells [137]
miR-222 Downregulated Human tissues [82]
miR-223 Downregulated STMNI1 Human tissues [138]
miR-224 Downregulated Human tissues [139]
miR-363-3p Downregulated c-Myc Cultured cells [131]
miR-375 Downregulated ATG7 Human tissues, cultured cells {140]
Downregulated AEG-1 Human tissues, cultured cells [141]
miR-429 Downregulated Rabl18 Cultured cells [142]
miR-449 Downregulated c-MET Xenograft, cultured cells [143]
miR-520e Downregulated NIK Human tissues, cultured cells [69]
miR-612 Downregulated AKT2 Cultured cells, human tissues [144]
miR-637 Downregulated STATS3 activation Human tissues, cultured cells [145]
miR-1271 Downregulated GLP3 Human tissues, cultured cells [99]

Initiation of inflammation

Fig. 2 A model bridging chronic inflammation and transformation by
miRNA. Inflammation triggers activation of NF-xB, which leads to
transcription of LIN28B. LIN28B inhibits the production of Let-7.
Let-7 normally inhibits IL-6 expression, resulting in higher levels of

miRNAs, as a new class of gene expression regulators, may
be involved in chronic inflammation-induced carcinogen-
esis and, in fact, several studies have clarified one such
linkage, in which miRNAs may serve as a bridge between
continuous inflammation and carcinogenesis.

A flagship report addresses a positive feedback loop of
an inflammatory response mediated by NF-xB that acti-
vates Lin28B transcription (Fig. 2) [40]. LIN28B, which is

‘2_) Springer

LIN28B

Continuous inflammation
Malignant transformation?
Cancer cell growth?

IL-6 than are achieved by NF-kB activation. IL-6 mediated STAT3
activation is necessary for transformation and IL-6 activates NF-«B,
completing a positive feedback loop

an inhibitor of miRNA processing, reduces let-7 levels.
Let-7 inhibits IL-6 expression, resulting in higher levels of
IL-6 than achieved by NF-xB activation. IL-6-mediated
STAT3 activation is necessary for transformation and IL-6
activates NF-xB, completing a positive feedback loop.
Although the experiments mainly used MCF10A cells
(breast cancer cells), a similar feedback loop was observed
in HCC tissues. The authors termed these mechanisms an
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Fig. 3 A model describing a positive feedback loop mediated by
miRNAs from transient HNF4o inhibition to transformation. Tran-
sient silencing of HNF4¢ is mediated by miR-24 and miR-629, both
of which are induced by STAT3 activation following IL-6 stimula-
tion. miR-124, whose promoter region contains HNF4a-binding sites,
targets IL-6R and, thus, HNF4o silencing results in reduced
expression of miR-124 and enhanced expression of IL-6R and
activation of STAT3, which induces miR-24 and miR-629. This
microRNA feedback-inflammatory loop is thought to be crucial in IL-
6-mediated liver cancer

“epigenetic switch” because the loop maintains the epi-
genetic transformed state even in the absence of induction
by inflammation (Fig. 2).

Another report addressed hepatocarcinogenesis induced
by transient inhibition of HNF4a (Fig. 3) [41]. HNF4a
was reported to be involved in liver oncogenesis, although
discrepant reports have also been published [42-44]. In
that report, transient HNF4a silencing was sufficient to
maintain cell transformation. Through a miRNA library
screen, miR-24 and miR-629 were identified to target

Fig. 4 A model bridging the
malignant transformation of
precursor cells and autocrine-
mediated inflammation by
microRNA. LIN28-expressing
cells exist in the foci of altered
hepatocytes, in which let-7 is
downregulated, resulting in
enhanced IL-6 expression,
which mediates the progression
of malignancies from progenitor
cells

Foci of altered hepatocytes

HNF4a. Interestingly, both miRNAs were induced fol-
lowing HNF4a silencing, supporting their involvement in
the HNF4a-dependent feedback loop. miR-24 and miR-
629 contain the STAT3-binding motif in their promoter
region. The authors showed that in response to IL-6,
STAT3 binding to their promoters increased, resulting in
miRNA expression. They also identified miR-124, whose
promoter region contains HNF4o binding sites. miR-124
targets IL-6R and, thus, HNF4a silencing results in
reduced expression of miR-124 and enhanced expression
of IL-6R and activation of STAT3. The importance of
these feedback loops was confirmed in vivo using a mouse
HCC model induced by diethylnitrosamine. miR-124
delivery by cationic liposomes prevented tumor develop-
ment. Thus, these microRNA feedback-inflammatory
loops are important and can be a therapeutic target for
liver cancer (Fig. 3) [41].

A recent paper reported a similar but distinct observa-
tion (Fig. 4). The authors found that when using DEN-
induced foci of altered hepatocytes (FAH), LIN28-
expressing cells are present in FAH, in which let-7 is
down-regulated, resulting in the enhanced expression of
IL-6, mediating the progression of malignancies from
progenitors. An important difference between the cells in
FAH and those in early hepatocarcinogenesis is that IL-6
signaling is autocrine, being mediated by reduced let-7 due
to upregulation of LIN28B in FAH cells. This mechanism
may contribute to malignant progression from HCC pro-
genitor cells (Fig. 4) [45].

These three reports are from related research groups,
and rely on the hypothesis that the IL-6-STAT3 pathway is
crucial for hepatocarcinogenesis. Although IL-6 has been
implicated as a growth factor in various epithelial cancers
[46, 47], its relevance in hepatocarcinogenesis needs to be
confirmed to determine the applicability and reproducibil-
ity of these findings to the clinical setting.

Progenitor cell

Malignat transformation
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miRNAs as therapeutic targets in the liver

Recently, miravirsen, a LNA-modified DNA phosphoro-
thioate antisense oligonucleotide against miR-122, became
the first miRNA-targeting drug for clinical use [48]. It was
developed to target HCV, as the stability and propagation
of this virus is dependent on a functional interaction
between the HCV genome and miR-122 [49, 50]. No
harmful events were observed in Phase I studies in healthy
volunteers, and Phase 1I studies proceeded to evaluate the
safety and efficacy of miravirsen in 36 patients with
chronic HCV genotype 1 infection. The patients were
randomly assigned to receive 5 weeks of subcutaneous
miravirsen injections at 3, 5 or 7 mg per kg body weight or
a placebo over a 29-day period. Miravirsen resulted in a
dose-dependent reduction in HCV levels, without major
adverse events and with no escape mutations in the miR-
122 binding sites of the HCV genome [48]. The success of
miravirsen is promising, not only as a novel anti-HCV
drug, but also as the first trial of miRNA-targeting therapy.

In addition to miravirsen, a clinical trial of MRX34 as a
mimic of miR-34 is underway. MRX34 is a liposome-
formulated mimic of the tumor suppressor miR-34 (Mirna
Therapeutics, Austin, TX, USA). Further study of MRX34
is being conducted by Mirna Therapeutics, which initiated
a Phase I study in May 2013 to examine the effects of
MRX34 on unresectable primary liver cancer or advanced
or metastatic cancer with liver involvement (ClinicalTri-
als.gov Identifier: NCT01829971). If these oligonucleotide
therapies are successful, therapeutic options based on the
numerous miRNAs deregulated during hepatocarcinogen-
esis appear promising [51].

Issues to be resolved in miRNA involvement
in hepatocarcinogenesis

As described above, along with recent discoveries of the
diverse effects of miRNAs in hepatocarcinogenesis,
miRNA-mediated intervention is promising for the devel-
opment of new diagnostic, preventive and therapeutic
tools. However, the data obtained to date are far from
complete. The following are some of the critical issues that
we believe need to be resolved.

1. The reason for the non-reproducible results among
studies should be determined to utilize the available
data more reasonably and efficiently.

2. Identification of crucial driver miRNAs among the
diverse deregulated miRNAs is critical to develop
useful therapeutics in clinics, although even passive
miRNAs may be utilized as markers for diagnosis or
prediction of prognosis.

@ Springer

3. Comprehensive target gene analyses using in silico
systems biology models should be applied.

4. For effective interventions using miRNA, the delivery
method, improved oligonucleotide modification and
safety must be further considered. Since miRNAs
generally have diverse effects due to targeting multiple
mRNAs, undesired outcomes, so called off-target
effects, may be encountered, even when a specific
miRNA is targeted.

Finding solutions to these issues should be considered as
critically important for the near future in order to under-
stand more fully the physiological function of miRNAs in
hepatocarcinogenesis and utilize this knowledge in trans-
lational research.

Conclusions

The discovery of miRNA has, without doubt, opened up
new possibilities for understanding the molecular mecha-
nisms of gene regulation. As numerous findings regarding
miRNA, from diverse perspectives, have been reported, the
speed of discovery in this field is astonishing. In fact, novel
therapeutics targeting miRNAs have already been suc-
cessfully applied in clinical trials. Some miRNAs may be
useful as novel biomarkers. Additionally, the discovery of
novel concepts in the pathogenesis of hepatocarcinogenesis
frequently involves miRNA. On the other hand, several
important issues remain to be resolved in this field. Thus,
continuous  research in this field is still necessary to
develop truly innovative concepts in our understanding of
pathogenesis related to miRNA and to transform the
obtained knowledge into real clinical applications.
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