Table 3. Factors associated with progression to hepatocellular carcinoma
among propensity-matched patients (Cox proportional hazard model).

Adjusted hazard  p value

ratio (95% Cl)
Age (yr) <40 1 0.015
— >40 436(1.33-1429) =
Treatment no NA 1 0.002
NA 028(01 3-0.62)
BCP wild-type 1 0.012
‘mutant-type 12.74 (1.74-9311)
HBcrAg (log,, U/ml) 3.0 1 0.036
V-GTP (1U/L) <56 1 0.001
>56 2.76 (1.49-5.12)

NA, nucleos(t)ide analogue; BCP, basal core promoter; HBcrAg, hepatitis B core-
related antigen; y-GTP, gamma glutamy] transpeptidase.

higher ALT levels, elevated AFP levels, and presence of cirrhosis
are factors associated with the development of cirrhosis and
HCC [17,18]. Platelet count is a useful surrogate marker for the
diagnosis of cirrhosis [37]. All subjects were not histologically
diagnosed in this study. Therefore, we selected platelet count as
a marker of hepatic fibrosis instead of cirrhosis. An elevated
ALT level indicates the presence of active disease, and persis-
tently elevated AFP levels are a reflection of an enhanced regen-
erative state in the liver [16]. In the REVEAL study, a high HBV
DNA load was associated with an increased rate of HCC develop-
ment [17]. A direct correlation was observed between baseline
HBV DNA levels and the incidence of HCC, independent of serum
ALT concentration. In a mode] that integrated baseline and fol-
low-up HBV DNA levels, the cumulative incidence of HCC ranged
from 1.3% in patients with undetectable levels of HBV DNA to
14.9% in patients with HBV DNA levels greater than or equal to
10° copies/ml Therefore, we have selected factors, such as age,
sex, HBeAg serostatus, HBV DNA concentration, platelet count,
and ALT for propensity matching.

Although the exact mechanisms of hepatocarcinogenesis by
HBV remain unclear, two mechanisms have been proposed
[38,39). One mechanism involves chronic necroinflammation of
hepatocytes, cellular injury, and hepatocyte regeneration [40].
The other mechanism involves the direct carcinogenicity of
HBV through chromosomal integration [41]. Complete and sus-
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tained viral suppression by NA might block both pathways and
prevent the development of HCC. It is well known that the rate
of HCC is significantly higher in patients with virological break-
through or no response. In our study, when virological or bio-
chemical breakthrough was observed and the YMDD mutation
was detected in patients on lamivudine, adefovir dipivoxil was
immediately added, In patients with cirrhosis, especially in the
decompensated stage, sustained viral response on NA therapy
was not necessarily associated with a preventative effect against
the development of HCC, even though the incidence was lower
than in a group not on NA [14]. It is not surprising that viral sup-
pression decreased but did not eliminate the risk of HCC, because
HBV DNA may have already integrated into the host genome
before the initiation of therapy and may have resulted in genomic
alternations, chromosomal instability, or both [42,43].

It is reported that patients with HBV genotype C infection
have higher HBV DNA levels, higher frequency of pre-S deletions,
higher prevalence of BCP T1762/A1764 mutations, and signifi-
cantly higher chances of developing HCC [16,44-46]. In our study,
T1762/A1764 mutations were observed in 158 (80.2%) out of 197
patients and were associated with a higher risk of developing
HCC (adjusted hazard ratio, 12.740 [95% ClI 1.743-93.108]), inde-
pendent of NA therapy. However, the BCP T1762/A1764 muta-
tions were detected in HCC patients from Asia and Africa,
where HBV genotype C infection is predominant [16].

HBcrAg is a new HBV marker that reflects HBV load and cor-
responds to HBV DNA levels [21]. HBcrAg is comprised of HBV
core antigen (HBcAg) and HBeAg; both are products of the pre-
core/core gene and share the first 149 amino acids of HBcAg.
The HBcrAg assay measures HBcAg and HBeAg simultaneously
by using monoclonal antibodies that recognize both denatured
HBcAg and HBeAg [47). Serum HBcrAg concentration is well cor-
related with intrahepatic levels of covalently closed circular DNA
(cccDNA) [48]. It is reported that HBcrAg is a useful marker for
guiding cessation of NA therapy and evaluation of disease activity
[21,49]. In our study, elevated serum HBcrAg concentration was
associated with a higher risk of developing HCC (adjusted hazard
ratio, 2.767 [95% CI 1.067-7.172]). This is the first report demon-
strating a relationship between HBcrAg and HCC.

The present study has several limitations. The retrospective
design might have introduced an unintended bias. The propensity
matching method was adopted to reduce the confounding effects
of covariates. Characteristics of patients who did or did not
receive NA therapy were similar except for HBcrAg concentration.

Table 4. Average integration values of various parameters in patients who did or did not receive NA therapy.

NA group Non-NA group p value

(n=117) (n=117)
Platelet count (x10%/m?) 17.0 (3.3-37.2) 14.8 (3.3-296) 0.0060
ALT (lU/ml) 28.2 (8.5-88.9) 39.1 (12.2-737.5) <0.0001
y-GTP (lU/L) 27.0 (10.9-267.6) 36.2 (9.5-269.7) 0.0427
Total bilirubin (mg/dl) 0.7 (0.3-2.0) 0.7 (0.3-2.8) 0.1554
ALP (IUL) 242.7 (113.5-1028.8) 265.2 (140.5-1247.6) 0.0127
Albumin (g/dl) 4.4 (3.0-5.0) 4.0 (2.4-4.8) <0.0001
Alpha-fetoprotein (ng/ml) 2.2 (0.8-106.0) 4.5 (0.9-723.8) <0.0001
HBV DNA (log,, copies/ml) 2.5(2.1-8.9) 4.6 (2.1-9.3) <0.0001

NA, nucleos(t)ide analogue; ALT, alanine aminotransferase; y-GTP, gamma glutamy! transpeptidase; ALP, alkaline phosphatase; HBV, hepatitis B virus.
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However, the non-NA group included many historical cases when
NA therapy was not yet available, In addition, the HBV DNA assay
used between 1998 and 2007 was not the most sensitive one.

In conclusion, NA therapy reduces the risk of HCC compared
with untreated controls. Higher serum HBcrAg levels and BCP
mutations are associated with development of HCC, independent
of NA therapy.
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ANZF XY TEHECV F ¥ 7E)2RTO
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m 1992 FELRTICIE, HCV BREOELBRLRBRECAMICE2HDTH » /.
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m IR IC & > THCYV OFBRBEEROSEICIEED H B FREITRENS.
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U5 1992 EPIETIIE, HCV B I 72 ki
BRIEMIMIZE DD TH o722 EBBEHICH
BaEhb.
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HETB_EPERTH Y, RERBGE] EHEINLEE, FREMAEICLZZHE

EEEENOMRZZIER.

mYILIATDBREETIVICEBEETIE, BRENAZTHhEVES, BHETIE R,
ZHUTIL0FEZBED_APSHREEILRT S,

- F®1 HCVREROIMMRAELEE (1 988 ~2004)

SmE | wEmed | MEAE | #ifmlase(95%cCI)
@ st ]
1992~ 1995 114,266 3 168,726 |1.8/10 TALE
S (0.4~5.2/10 HAZ)
1994~2004 218,797 16 861,842 |1.9/10 AAE
' (1.1~3.0/10 HALE)
@smE [kl
1992~199 448,020 59 1,095,668 |5.4/10 ANE
o s SKHLPEIRIE (4.1~7.0/10 FALE)
o 3,079 3 5786 |0/10 AAE
T (0~0.6/10 FAE)
G U]
T 678 0 2,712 |0/10 ANE
ol e, (0~1.3/10 AA%E)
O EEMIRIES]
1999 ~ 2003 2,114 16 4,893 |3.3/1,000 A
‘ (1.7~4.9/1,000 A%)
Lo, HWRYANVACEBELTWAEADIZE HEFHICHY L Twa.

A LB EEEREZ, FEOREIEITL T
dHEERIENLIC Y, LI REEEES T
WHZD, BPBRPIREBIOREZIEET S
ikt L.

BER U720 O KHRBER D S/ 6 NIz F kG
BEBBIFR T A VAE X ) TEEZHNT, L
TANVAFXY Y THROWFTZIT oL 25,
2005 fEHE H O EERMBICBWT, HCV Fx 1)
7 # 1% 807,903 A (95% CI : 68.0~97.4 H A)
PEWRYIND. ZofER, WEftnEERS
FUHRTA NVARBZTEERIIBIT A+ %
JT7EPSOHEFMETHH I LD, BEN
(BEZMOVEIBHELTCVRIF Y 7D

TREZHSEVWEFEELTCWAFY YT IC
XU TiE, BEBIICHREYANVABELZHEET
BIENBEETHDH LR, WMERICEMEE
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A follow-up survey of hepatitis virus carriers after notification of their

infection in Okayama prefecture

Sohji NishinaV, Junko Kurihara?, Toshiaki Noriyasu?, Tatsuya Itoshima?),

Kazuhide Yamamoto?, Junko Tanaka®, Keisuke Hino?

In Okayama prefecture we investigated by questionnaires whether hepatitis
B virus (HBV) (n=549) or hepatitis C virus (HCV) carriers (n=803)
consulted a doctor after they had been informed of their infection at their
initial checkup for viral hepatitis between 2002 and 2006. The ratio of
patients who consulted a doctor after notification of infection was 38.4%
(211/549) of HBV carriers and 49.4% (397/803) of HCV carriers,
respectively. Among those patients, 53.1% of HBV carriers and 73.4% of
HCV carriers were on follow care at the start of this investigation. These
results indicated a need to establish a more effective follow up system for

hepatitis virus carriers following notification at the initial medical checkup.
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Abstract

Background: miRNAs circulating in the blood in a cell-free form have been acknowledged for their potential as readily
accessible disease markers. Presently, histological examination is the golden standard for diagnosing and grading liver
disease, therefore non-invasive options are desirable. Here, we investigated if miRNA expression profile in exosome rich
fractionated serum could be useful for determmmg the disease parameters in patients with chronic hepatitis C (CHC).

Methodology: Exosome rich fractionated RNA was extracted from the serum of 64 CHC and 24 controls with normal liver
(NL). Extracted RNA was subjected to miRNA profiling by microarray and real-time qPCR analysis. The miRNA expression
profiles from 4 chronic hepatitis B (CHB) and 12 non alcoholic steatohepatitis (NASH) patients were also established. The
resulting miRNA expression was compared to the stage or grade of CHC determined by blood examination and histological

inspection.

Principal Findings: miRNAs implicated in chronic liver disease and inflammation showed expression profiles that differed
from those in NL and varied among the types and grades of liver diseases. Using the expression patterns of nine miRNAs, we
classified CHC and NL with 96.59% accuracy. Additionally, we could link miRNA expression pattern with liver fibrosis stage
and grade of liver inflammation in CHC. In particular, the miRNA expression pattern for early fibrotic stage differed greatly
from that observed in high inflammation grades.

Conclusions: We demonstrated that miRNA expression pattern in exosome rich fractionated serum shows a high potential
as a biomarker for diagnosing the grade and stage of liver diseases.
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Introduction

MicroRNAs (miRNAs) are a gene family that is evolutionarily
conserved and have important roles in the control of many
biological processes, such as cellular development, differentiation,
proliferation, apoptosis, and metabolism [1]. Aberrant expression
of miRNAs in liver tissue has been implicated in the progression of
liver fibrosis, and hepatocarcinogenesis [2,3,4]. Recently, two
independent groups showed that miR-122 plays a critical role in
the maintenance of liver homeostasis and anti-tumor formation
[5.,6].

Exosome in one of the endoplasmic reticulum carries mRNAs
and miRNAs [7]. Recently, it has become clear that exosome
perform intercellular signaling through miRNA. miRNAs are
released through a ceramide-dependent secretory machinery and
are then transferred and become functional in the recipient cells
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[8]. In a prior study using human blood and cultured cells, several
miRNAs were selectively packaged into microvesicle (MV) and
actively secreted [9]. In another study, miRNAs originating from
EBV was transported by exosome and then participated in the
immune response of host cells [10]. In HCC cells as well, this type
of exosome-mediated miRINA transfer is an important mechanism
of intercellular communication [11].

It has also become clear that exosome can adjust to immune
function, control infection or carry the virus itself. Exosomes of T,
B and dendritic immune cells contain a repertoire of miRNAs that
differ from that of their parent cells [12,13]. Exosomes released
from nasopharyngeal carcinoma cells harboring latent EBV were
shown to contain LMP1, signal transduction molecules, and virus-
encoded miRNAs [14]. Retroviruses evade adaptive immune
responses by using nonviral or host exosome biogenesis pathways
to form infectious particles and as a mode of infection [15].
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Recent evidence has shown that the expression patterns of
serum or plasma miRNAs are altered in several diseases, in
particular heart disease, sepsis, malignancies, and autoimmune
diseases (reviewed in [16]). Discoveries such as this is encouraging
and has propelled further research leading to the hypothesis that
circulating miRNAs are detectable in serum and plasma in a form
sufficiently stable to serve as biomarkers [17,18]. One such
example is that tumour-associated miRNAs were found in the
serum of diffuse large B-cell lymphoma patients [19]. In other
examples, serum levels of miR-34a and miR-122 were associated
with histological disease severity in patients with CHC or non-
alcoholic fatty-liver disease (NAFLD) [20]. In fact, the serum level
of miR-122 strongly correlates with serum ALT activity and with
necro-inflammatory activity in patients with CHC and elevated
ALT levels. However, there seems to be no significant correlation
between fibrosis stage and functional capacity of the liver [21].
The expression levels of miR-122 and miR-194 correlated
negatively with age in patients with CHB and HBV associated
acute-on-chronic liver failure [22]. The expression level of miR-
122 in serum was found to be closely related to non drug-induced
acute liver injury [23]. Based on the above, it comes as no surprise
that recently, the expression profile from extracellular miRNA is
being used clinically to diagnose various diseases.

Here, in order to obtain data with high resolution that is
reproducible, we extracted MVs from serum using exoquick and
then performed a comprehensive microarray analysis. We
attempted to diagnose HCV infection, and ascertain the degree
of liver inflammmation and fibrosis stage using exosome-rich
fractioned miRNA. In short, we investigate if serum-derived
miRNAs had the potential to serve as non-invasive bio-markers for
various liver diseases.

Results

Reproducible Gene-analysis Using Microarray

In microarray experiments, serum analysis is comparatively
easy; however, the downside is that the accuracy and reproduc-
ibility of the results are usually not satisfactory. To circumvent this
drawback, we devised a procedure that would give us higher
accuracy and reproducibility. Serum samples from NL subjects
were prepared and divided into two groups; for the first, RNA was
extracted using exoquick treated serum, and in the second, RNA
was extracted from total serum. Next, miRNA expression was
analyzed using Agilent miRINA microarray. The above procedure
was performed independently twice (Fig. 1A). We compared the
miRNA expression pattern among the four microarray results
(Fig. 1B) and found that miRINA expression analysis using
exoquick was the more reliable and reproducible (Fig. 1C).

Exosome from normal human prostatic cell lines PNT-2, was
yielded by the conventional ultra-centrifugation method [8). We
prepared serums with and without exoquick treatment and
performed immunoblot analysis with anti-CD63 (Fig. 1D). Bands
of the expected relative sizes were detected in serum treated with
exoquick. We designated RINA extracted using exoquick treated
serum as exosome-rich fractionated RINA.

Unique Expression Pattern of miRNA in CHC

We attempted to diagnose CHC using the miRNA expression
pattern found in the peripheral blood samples from 64 CHC and
24 NL. The expression of nine miRNAs (miR-1225-5p, miR-
1275, miR-638, miR-762, miR-320c, miR-451, miR-1974, miR-
1207-5p, and miR-1246) allowed us to categorize patients as CHC
or NL with 96.59% accuracy (Fig. 2, 3 Table 1 and Table S1). As
shown in Fig. 2G, CHC and NL were well differentiated due to
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their distinct miRINA expression patterns. The expression pattern
of 12 miRINAs led to the distinction of CHC, CHB, NASH, and
NL with 87.50% accuracy (Fig. 4, SIA, and Table S1). The
accuracy of determining whether samples were CHC or CHB,
CHC or NASH, CHB or NASH was 98.35%, 97.37%, and
87.50%, respectively. The accuracy of judging whether samples
were NL or CHB, NL or NASH, was 89.29% and 88.89%,
respectively (Fig. 3, S1B and Table S1). Unlike CHC and NL,
there were relatively fewer analyses done of CHB and NASH (due
to a small sample size), therefore, we used “i sifico” resampling to
overcome any possible bias. With “in sifico” we found that it was
highly reproducible to determine with high accuracy whether
samples were CHC, CHB, NASH, or NL, CHC or CHB, CHC or
NASH, CHC or NL, CHB or NASH, CHB or NI, or finally
NASH or NL (Fig. 82 to 88 and Supporting Information).

In order to validate our above-mentioned classifications, we
prepared a separate independent sample consisting of 31 CHC,
16 CHB, and 8 NASH. We established miRNA expression
patterns using microarray for each of these chronic liver disease
groups. We tried to discriminate among the classifications in the
independent cohort using the semi-supervised learning method
[24] based only on the labels in the original sample group and the
selected miRNAs shown in Table S1. The accuracy of judging
whether samples were CHB or CHC, CHC or NASH, CHB or
NASH, was 74.47%, 87.18%, and 79.19%, respectively (Fig. S9,
Table 1, and Supporting Information). During the process of
obtaining these results, we noticed that different versions of the
Feature Extraction (FE) Software provided slightly different
results, however it was not possible to fully unify these versions
of FE. This may explain the relatively lower performance of the
independent group compared with the original samples that
mostly used the same FE Software versions.

miRNA Expression Correlates with the Grade of Liver
Inflammation

The grade of inflammation for CHC patients was ascertained
by liver histological examination, and then samples were divided
into four groups AQ, Al, A2, and A3 based on their fibrosis stage.
miRNA expression profiles were then established for CHC
according to each of their inflammation grade. From the four
groups (A0 to A3), a combination of six arbitrary pairs is possible.
miRNAs which had significant differential expression in five or
more of the six pairs were extracted (p<0.05). Five miRNAs (miR-
1914*, miR-193a-5p, miR-22, miR-659, and miR-711) had
expression levels that increased as the severity of liver inflamma-
tion progressed. On the other hand, the expression levels of nine
miRNAs (miR-1274b, miR-197, miR-1974, miR-21, miR-34a,
miR-451, miR-548d-5p, miR-760, and miR-767-3p) significantly
decreased with the progression of liver inflammation (Fig. 5, S10
and Table S2).

The Grade of Liver Fibrosis Corresponded with the
Expression Level of miRNAs

As previously noted, CHC samples were divided into FO, F1,
F2, and F3 based on patients’ fibrotic stage. From these four
fibrotic groups, a combination of six arbitrary pairs were
possible. miRNAs that had significant differential expression in
all six pairs were extracted (p<<0.05). The expression levels of
two miRNAs (miR-483-5p and miR-671-5p) significantly
increased the higher the fibrotic stage and the expression level
of 14 miRNAs (let-7a, miR-106b, miR-1274a, miR-130b, miR-
140-3p, miR-151-3p, miR-18la, miR-19b, miR-21, miR-24,
miR-375, miR-548l, miR-93, and miR-941) became progres-
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