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can be easily measured are necessary to accurately diag-
nose NASH or CHC. :

In recent years, proteomic techniques, including 2-D
gel electrophoresis (2-DE), have been commonly
used to explore novel biomarkers. However, traditional
2-DE-based proteomic approaches are tedious and have
several limitations, including reduced sensitivity and
lack of quantitative results. Isotope-coded affinity
tagging (ICAT) and isotope tagging for relative and abso-
lute quantitation (iTRAQ) are the most commonly used
chemical isotope labeling methods and can be used to
address many of the limitations of 2-DE. In this report,
we examined a novel stable isotope labeling method, the
2-nitrobenzenesulfenyl (NBS) labeling method devel-
oped by Kuyama et al.” The NBS labeling method is
based on the specific binding reaction of the NBS reagent
to tryptophan residues within a protein, and the 6-Da
mass difference between ['2C]-NBS-labeled and [“C}-
NBS-labeled peptides generates a mass signature for all
tryptophan-containing peptides.”®

Here, we explored novel oxidative stress marker can-
didates using the NBS labeling method and identified
four candidate oxidative stress markers in human
primary hepatocytes including MnSOD. Furthermore,
we verified the clinical significance of MnSOD as a diag-
nostic marker for NASH.

METHODS

Chemicals and materials

HE *CNBS® STABLE isotope labeling kit-N was pur-

chased from Shimadzu Biotech (Kyoto, Japan).
Human primary hepatocytes (a monolayer of human
long-term hepatocytes), which were isolated from a
77-year-old woman, were purchased from Biopredic
International (Rennes, France). 4-Hydroxycinnamic
acid (CHCA) was obtained from Bruker Daltonics
(Bremen, Germany) and 3-hydroxy-4-nitrobenzoic acid
(3H4NBA) was purchased from Sigma Chemical (St
Louis, MO, USA). Sequencing-grade modified trypsin
was from Promega (Madison, WI, USA), and the pro-
tease inhibitor cocktail set III was from Calbiochem
(Darmstadt, Germany).

Cell culture, NBS labeling and identification
of NBS-labeled peptides

Human primary hepatocytes were cultured in a long-
term culture medium.® Confluent human primary hepa-
tocytes (~2 x 10° cells/12.5 cm? flask) were incubated
for 24h with phosphate buffered saline (PBS) or
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200 uM hydrogen peroxide (H,0,)."%"" Cells were
washed and homogenized in 50 mM phosphate buffer,
pH 8.0, containing 1% protease inhibitor cocktail set
III. The NBS labeling was performed as previously
described.!>** Briefly, both cell lysates (100 jg) treated
with PBS or H,0, were labeled with [**C]- or [*C]-NBS
under acidic conditions, respectively. After labeling,
the two respective conditioned protein mixtures
were denatured with urea and reduced with tris{2-
carboxyethyl)phosphine (TCEP) followed by alkylation
with iodoacetamide. NBS-labeled proteins were
digested with trypsin and eluted through phenyl
sepharose using a stepwise gradient of increasing aceto-
nitrile (10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%
and 50%) containing 0.1% trifluoro acetate. Next, the
NBS-labeled peptides were ionized by a combined
application of CHCA and 3H4NBA as described.'**> The
mass spectral data were obtained by MALDI-TOF-TOF-
MS, Autoflex Il TOF/TOF (Bruker Daltonics) in positive-
ion and reflectron mode. Pairs of peaks with a 6-Da
difference were identified by MS/MS ion searching using
tandem MS. The data set from the MS/MS ion was ana-
lyzed using the database search engine, Mascot (www.
matrixscience.com), to find the closest match with
known proteins/peptides in the database from the
Swiss-Prot website.

Western blot analysis

Equal amounts of cell lysates from human primary
hepatocytes (4 ug) were run on sodium dodecylsulfate
polyacrylamide gels and electroblotted onto polyvi-
nylidene fluoride membranes. The blots were probed
with anti-cytochrome ¢ oxidase VIb isoform 1 (anti-
COX6B), anti-liver carboxylesterase 1 (anti-CES1),
anti-carbamoyl-phosphate synthase [ammonia] mito-
chondrial 1 (anti-CPS1) and anti-MnSOD antibodies.
After incubating the membrane with the appropriate
horseradish peroxidase-conjugated secondary antibody,
the reactivity was visualized using an ECL chemilumi-
nescent detection kit (GE Healthcare Biosciences,
Tokyo, Japan).

Real-time reverse transcription polymerase
chain reaction (RT-PCR)

Total RNA was extracted from cells using ISOGEN
(Nippon Gene, Toyama, fapan) according to the manu-
facturer’s instructions. Samples were reverse-transcribed
using the PrimeScript RT reagent Kit (TAKARA Bio,
Shiga, Japan). Synthesized ¢cDNA was amplified using
SYBR Premix Ex Taq Il (TAKARA Bio) and analyzed by
StepOnePlus Real-Time PCR Systems and StepOne
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Table 1 Identification and quantification of 2-nitrobenzenesulfenyl-labeled peak pairs

Accession no.  Protein name Peak pairs Identified sequences
(*C-"*C, mfz)
P14853 Cytochrome ¢ oxidase subunit VIb isoform 1 1705-1711 NCWQNYLDFHR
P23141 Liver carboxylesterase 1 precursor 1783-1789 FIPPQPAEPWSFVK
P31327 Carbamoyl-phosphate synthase {ammonia], 1902-1908 GAEVHLVPWNHDFIK
mitochondrial precursor
P04179 Superoxide dismutase [Mn}, mitochondrial precursor ~ 2790-2796 FNGGGHINHSIFWTNLSPNGGGEPK

Bold and underlined characters highlight the tryptophan (W) residues in the identified peptide sequences.

Software ver. 2.0 {Applied Biosystems, Foster City, CA,
USA). The cycle conditions were as follows: one cycle at
95°C for 30 s followed by 35 cycles each at 95°Cfor5 s
and 60°C for 34 s. To normalize the amount of total
RNA present in each reaction, the glyceraldehydes
3-phosphate dehydrogenase (GAPDH) gene was used as
an internal standard.

Serum samples and MnSOD enzyme-linked
immunosorbent assay (ELISA)

Serum samples were obtained from 20 healthy subjects,
15 simple steatosis (SS) patients and 29 NASH patients
after a thorough clinical evaluation. Signed informed
consent was obtained from each patient. The patients
were diagnosed at University Hospital, Kyoto Prefectural
University of Medicine (Kyoto, Japan) and Kagoshima
University (Kagoshima, Japan). The study protocol was
approved by the Ethics Committee of the Kagoshima
University Hospital, the Kyoto Prefectural University
of Medicine and the Miyazaki Prefectural Industrial
Support Foundation. Serum MnSOD levels were mea-
sured by a Human Superoxide Dismutase 2 ELISA
(ABFRONTIER, Seoul, Korea).

Statistical analysis

Differences among three groups were evaluated using
Kruskal-Wallis test followed by Dunn's multiple com-

parison test. Correlation coefficients were calculated
by Spearman’s rank correlation analysis. A receiver-
operator curve (ROC) was constructed by plotting the
sensitivity and specificity (100 - specificity) for each
value.

RESULTS

THE NBS-LABELED peptides from human primary
hepatocytes were analyzed by MALDI-TOF/MS, and
73 pairs of peaks with 6-Da differences were detected in
all mass spectra. Among these pairs of peaks, 44 pairs had
a greater signal intensity in the H,O,-loaded sample
compared to the PBS-loaded sample (data not shown).
Among these 44 pairs of peaks, four peak pairs, m/z
1705-1711, m/z 1783-1789, m/z 1902-1908 and m/z
2790-2796, were identified as COX6B, CES1, CPS1 and
superoxide dismutase (Mn), mitochondrial (MnSOD),
respectively, by MS/MS ion searching (Table 1). The MS
spectrum of the m/z 2790-2796 pair and the MS/MS
spectrum of 2796 m/z (['*C]-NBS labeled; MnSOD) are
shown in Figure 1(a,b), respectively. Western blotting
and real-time RT-PCR revealed that the protein and
mRNA expression for each of these molecules increased
in human primary hepatocytes after H,O, loading
(Fig. 1c-e).

»

Figure 1 Typical MS spectrum and MS/MS spectra from a proteomic analysis. (a) MALDI-TOF/MS spectra of a pair of peaks,
2790-2796 m/z, and the relative intensities of the ["°C}-2-nitrobenzenesulfenyl {NBS)-labeled peak compared to the [*C}-NBS-
labeled peak. Relative intensities are the means of two independent values analyzed by Autoflex Il TOF/TOF. (b) MS/MS spectra of
2796 m/z ([13C}-NBS-labeled). From the detected MS/MS spectra, superoxide dismutase (Mn) mitochondrial was identified. (c}
Equal amounts of cell extracts (4 pig) from human primary hepatocytes loaded with 200 UM hydrogen peroxide (H.0,) for 24 h
were separated by sodium dodecylsulfate polyacrylamide gel electrophoresis and then immunoblotted with cytochrome ¢ oxidase
VIb isoform 1 (COX6B)-, liver carboxylesterase 1 (CES1)-, carbamoyl-phosphate synthase (ammonia), mitochondrial 1 (CPS1}-,
superoxide dismutase {Mn], mitochondrial (MnSOD)- or B-actin-specific antibodies. {d) Quantitative representation of the western
blot data. The results have been normalized to B-actin levels and are expressed as the levels relative to untreated cells. The data are
the means of duplicate cultures. (€) The mRNA expression levels of COX6B, CES1, CPS1, MnSOD and glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) were measured by real-time polymerase chain reaction. The results have been normalized to GAPDH and
are expressed as the levels relative to untreated cells. The data are the means of duplicate cultures. PBS, phosphate buffered saline.

© 2010 The Japan Society of Hepatology



Hepatology Research 2010; 40: 438-445 Identification of oxidative stress markers 441

(a) (¢
— Western blottin
3 2796.444 9
& 10004 2 o
g 15° - (kDa)  pps 200 uM H,0
£ € 2 uvERa0n
8004 ¢
z 1
= 17T
K=
180 COX6B
600 - 2790402
] 72—
400+ < CESt
55—
2001 170—
J < CPS1
o fr P
(b
26— e
2790-2796 m/z wne # %9 g | < Mnsop
FNGGGHINHSIFWTNLSPNGGGEPK
Superoxide dismutase [Mn] mitcondrial precursor (P04179)
HNHSIF——HINHSIF —1 S 2y .
b y18b]2 Y0612 e 43 - e wwew | < B-actin
Vag | E— ] +WGEGHINHSIF
HIN © WINL  pnisey y24b12
32 2008 yI3MIE T yiop1g % | ' A
o [ eur [T fomes cwwermusniecse parention | (g
30 4 0o 4 N y21ds
el YIRTA | yeonta NLSHNGGG NHSIFWTNLSPNGGGE (2796 m/z) Densitometric analysis
28 ™ mHs| | pReaE yikbe2 y18b23 i
s VYT yoo22 Tfsenaa "GGI-HN}—liSIFV»I'l"\ILS 2
] ful 1| ewa N peiony IR 3 pas JJJj 200 uM H,0
24 v20h7 T[veb20| | yitdnis e ¥ 2 L N o
ﬁ i __GHINHSIF SIFWTNLSPNGGG
224 NG} SIF 737 bos y21b{2 T yieho2 28
y24p3 16012 [ { 3G
204 i T _Fwiust  fecoHNHSIFW £35
Pt PE225  legaia y1dbia b oyeabis =39
' 3 i e | inist || NUSNGGGEP e £ !
64 'y ?1 ;!2 P51 Wiib24 -gg
AN B ¥ 1 TS
1wl T Dérmi s 1334450 Eg
nl ¥ E‘s HSIFWTNLSPNGGGE 2
226.2(1 "3}'235 ooy =4
104 y?' IFWTNLSPNGGG o
5 233;;6 yishz2 2600653 COX6B CES1 CPS1 MnSOD
a T
6 3
1. ! , (e)
i il Realtime RT-PCR
2 il b 4
ol L [res i 200 sM H,0,
500 1000 wo 2000 2500 3000

Iy
o

Relative mRNA expression
=]
"

(mRNA/GAPDH fold of control)

4]
COX6B CES1 CPS1MnSOD

© 2010 The Japan Society of Hepatology



442 Y. Takami et al.

Table 2 Characteristics of study subjects

Hepatology Research 2010; 40: 438-445

Simple steatosis NASH P-value
(n=15) (n1=29)
Age (years) 43.2+14.0 60.8 £ 14.9 <0.001
Sex (male/female) 11/4 11/18 <0.05
Height (cm) 162.5+11.2 156.5% 8.7 (28) 0.05
Bodyweight (kg) 693+11.8 69.2+15.2 (28) 0.58
BMI (kg/m?) ) 26.3%3.6 28.1+4.4 (28) 0.23
Diabetes (yes/no) 5/10 13/15 (28) 0.52
Hyperlipidemia (yes/no) 10/5 16/12 (28) 0.74
Hypertension (yes/no) 4/11 10/18 (28) 0.74
Hb (g/dL) 151418 144415 0.07
Plt (x10%*/uL) 238+75 18.8£7.0 <0.05
AST (1U/L) 41.6£20.2 69.4+46.5 <0.05
ALT (IU/L) 83.1+53.1 94.6 £ 96.0 0.89
¥-GTP (U/L) 753 +52.4 155.6 +303.1 0.40
ChE (1U/L) 4179 £97.5 352.8+135.5 <0.05
y-Glob (g/dL) 1.27 £ 0.40 1.50+0.44 (24) 0.06
Total cholesterol (mg/dL) 209.2+45.8 204.8+52.1 0.97
Triglyceride (mg/dL) 168.3 + 65.8 184.8 £168.3 0.45
BS (mg/dL) 119.14485 112.3+34.3 0.61
Ferritin (mg/dL) 190.0+ 112.7 (14) 239.8£234.3 (22) 0.75

Values represent means + standard deviation for the indicated number of subjects. Significant differences between the mean values
(P < 0.05) were assessed by Fisher's exact probability test (sex, diabetes, hyperlipidemia and hypertension) or Mann-Whitney’s U-test

(other items).

Values in parentheses indicate the number of samples. Bold characters highlight statistically significant P-values.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; BS, blood sugar; ChE, choline esterase; y-Glob,
y-globutin; y-GTP, y-glutamyl transpeptidase; Hb, hemoglobin; NASH, non-alcoholic steatohepatitis; Plt, platelet count.

The clinical characteristics of the SS and NASH groups
were not significantly different except for the average
age, platelet count (Plt), aspartate aminotransferase
(AST) and choline esterase (ChE) (Table 2). We exam-
ined the serum MnSOD levels in healthy subjects
(n=20), SS patients (n=15) and NASH patients
(n=29). There were mo significant differences in
MnSOD serum levels between healthy subjects and
SS patients (Fig. 2a). In contrast, NASH patients had
significantly higher serum MnSOD levels than both
healthy subjects and SS patients (Fig. 2a). In addition, as
shown in Figure 2(b), the serum levels of MnSOD
tended to increase in parallel with the fibrosis stage. In
contrast, there was no correlation between the levels of
MnSOD and the activity grade of NASH (Fig. 2c). ROC
of MnSOD levels were constructed to distinguish NASH
(29 patients) from 8S (15 patients) (Fig. 2d). The serum
MnSOD threshold level that was used to predict NASH
was calculated to be 71.8 ng/mL. At this threshold, the
sensitivity was 69.0% and the specificity was 80.0%. The
area under the ROC (AUC) for serum MnSOD levels was
0.760 (P = 0.010). The ROC curves for Plt, AST and ChE,
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which were significantly different between SS and NASH
(Table 2), were also constructed. As a result, the AUC
(P-value, threshold, sensitivity [%)], specificity [%]) for
Plt, serum AST and ChE were 0.733 (0.012, 19.4, 65.5,
86.7), 0.726 (0.015, 42.0, 65.5, 73.3) and 0.687 (0.044,

317.5, 48.3, 86.7), respectively.

DISCUSSION

N THIS REPORT, we used the NBS labeling method to

identify novel oxidative stress markers in hepatocytes
that can be used as diagnostic markers for NASH and
identified four candidate markers, COX6B, CES1, CPS1
and MnSOD, that were upregulated with H,0, loading
(Table 1, Fig. 1). Several recent studies have reported
novel approaches that combine the NBS labeling
method with 2-DE, high-performance liquid chroma-
tography (HPLC) and lectin column chromatographic
techniques.’3'¢ In our present study, we identified only
four proteins, indicating that it may be necessary to
modify the current method by 2-DE and column chro-
matographic techniques to identify additional NBS-
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Figure 2 Clinical significance of serum MnSOD levels. (a) Serum MnSOD levels in healthy subjects and patients with SS or
non-alcoholic steatohepatitis (NASH). Serum MnSOD levels were measured by enzyme-linked immunosorbent assay. (b} Com-
parison between serurn MnSOD levels and the fibrosis stage in SS and NASH patients. (¢} Comparison between serum MnSOD
levels and the activity grade in SS and NASH patients. (d) Receiver—operator curve for MnSOD. The differences among three groups
were evaluated using Kruskal-Wallis test followed by Dunn’s multiple comparison test. Correlation coefficients were calculated by
Spearman’s rank correlation analysis. Bars indicate the median in the respective groups. AUC, area under the curve.

labeled peptides. In addition, further studies are needed
to identify novel biomarkers by other proteomic
techniques using serum samples from SS and NASH
patients.

COX6B, CPS1 and MnSOD are mitochondrial pro-
teins, and therefore may be indicators of mitochondrial
disorders that are induced by oxidative stress. CPS1 is

expressed primarily in the liver and small intestine and
is involved in the urea cycle.'” In galactosamine-induced
rat acute hepatitis, plasma concentrations of CPS1
increase up to approximately 100-fold for 24 h after
treatment.’® This may indicate that secreted CPS1 is a
serum marker for acute hepatitis. CES1, which is respon-
sible for detoxification of exogenous compounds such

© 2010 The Japan Society of Hepatology



444 Y. Takami et al.

as esters, amides and thioesters, is also known to exist in
the serum. Therefore, CES1, like CPS1, may be a serum
oxidative stress marker.'*” Additional studies are
needed to further evaluate the serum levels of these
identified proteins.

MnSOD primarily exists in the mitochondrial matrix .

and eliminates reactive oxygen species (ROS) by cata-
lyzing the dismutation of superoxide radicals and
hydrogen peroxide."” Furthermore, MnSOD expression
was previously shown to increase after exposure to
hydrogen peroxide in rat hepatocytes' In addition,
obese mice were previously reported to have increased
hepatic H,0, levels and necrosis following an imbal-
ance between increased MnSOD, which forms H,O,,
and decreased glutathione activity, which detoxifies
H,0,.22 We found that MnSOD is potentially a novel
diagnostic marker of NASH that can be used to distin-
guish between SS and NASH. One of the mechanisms
contributing to increased MnSOD serum levels in NASH
might be the discharge of MnSOD from necrotic
hepatocytes. On the other hand, in the liver, several
pro-inflammatory cytokines, such as tumor necrosis
factor-o, interleukin-6 and interleukin-1f can act as
common inducers of NASH.?* Such pro-inflammatory
cytokines have been shown to induce MnSOD expres-
sion in liver tissues.® Furthermore, pro-inflammatory
cytokines induced the expression and secretion of
MnSOD in several cancer cell lines including hepatoma
cells.?7 In our present study, the origin of MnSOD
produced in NASH and the precise mechanism of
increased serum levels of MnSOD in NASH patients
remain unclear. However, these reports may partially
support the mechanism of MnSOD production in
NASH. Further elucidation is necessary to clarify the
mechanism of MnSOD expression and production in
NASH.

Several reports have shown a relationship between the
enzymatic activity of MnSOD and non-alcoholic fatty
liver disease, NASH, liver cirthosis and hepatocellular
carcinoma.?®! Ono et al. showed that MnSOD serum
levels were significantly increased in patients with
primary biliary cirthosis compared to patients with
other liver diseases.?? However, the serum protein levels
of MnSOD in liver diseases have not been fully evalu-
ated. In addition, the enzymatic activity of serum
MnSOD was not different among the three groups and
this activity did not correlate with serum MnSOD levels
in our study (data not shown). The reasons for these
results are unclear. However, as shown in Figure 2(b),
serum MnSOD levels increased in paralle]l with the stage
of fibrosis in NASH. The increase in serum MnSOD
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levels also significantly correlated with the serum AST
levels (data not shown). These results indicate that
serum MnSOD might be a biomarker that reflects
hepatitic and fibrotic pathology. In addition, although
MnSOD levels should increase in patients with other
diseases including CHC, ROC analysis revealed that
serum MnSOD may be a more sensitive biomarker than
Plt, AST and ChE. We concluded that serum MnSOD is
a useful biomarker that can distinguish 8S and NASH.
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Abstract

Background Hepatocellular carcinoma (HCC) has a high
mortality rate, and early detection of HCC improves patient
survival. However, the molecular diagnostic markers for
early HCC have not been fully elucidated. The aim of this
study was to identify novel diagnostic markers for HCC.
Methods Serum protein profiles of 45 hepatitis C virus
infection (HCV)-related HCC patients (HCV-HCC) were
compared to 42 HCV-related chronic liver disease patients
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without HCC (HCV-CLD) and 21 healthy volunteers using
the ProteinChip SELDI system. One of the identified pro-
teins was evaluated as a diagnostic marker for HCC in
patients with HCV.

Results Five protein peaks (4067, 4470, 7564, 7929, and
8130 m/z) had p-values less than 1 x 1077 and were sig-
nificantly increased in the sera of HCV-HCC patients
compared to HCV-CLD patients and healthy volunteers.
Among these proteins, an 8130 m/z peak was the most
differentially expressed and identified as the complement
component 3a (C3a) fragment. For HCV-HCC and HCV-
CLD, the relative intensity of this C3a fragment had the best
area under the ROC curve [0.70], followed by des-y-car-
boxy prothrombin (DCP) [0.68], lectin-bound alpha
fetoprotein (AFP-L3) [0.58] and AFP [0.53] for HCC. A
combined analysis of the C3a fragment, AFP and DCP led
to a 98% positive identification rate. In addition, the mea-
surable C3a fragment in some HCC patients was not only
significantly higher in the year of HCC onset compared to
the pre-onset year, but also decreased after treatment.
Conclusions The 8130 m/z C3a fragment is a potential
marker for the early detection of HCV-related HCC.

Keywords Hepatocellular carcinoma - Complement
component C3a - Serum proteomics - Serum biomarkers -
Proteinchip SELDI system - Hepatitis C virus

Introduction

Hepatocellular carcinoma (HCC) is reportedly the third
most frequent cause of global cancer-related deaths, and
the incidence of HCC is increasing worldwide [1, 2]. The
clearly established risk factor for HCC is chronic hepatitis
C virus (HCV) infection [3].
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To date, both ultrasonography and serum tumor markers
such as the alpha fetoprotein (AFP), and des-y-carboxy
prothrombin (DCP) assay are the principle methods for
screening and detecting HCC. Routine screening is the best
method to detect early HCC and improve patient survival,;
however, elevated serum AFP and DCP levels have
insufficient sensitivity and specificity, respectively. The
sensitivity and specificity of serum elevated AFP levels
were reported to range from 39-64% and 76-91%, while
those of the serum elevated DCP levels were 41-77% and
72-98%, respectively [4-9]. In addition, it was recently
reported that only a small percentage of small HCC tumors
were diagnosed based on AFP and DCP [6, 10]. The lens
culinaris agglutinin-reactive fraction of AFP (lectin-bound
AFP or AFP-L3) has been reported to be elevated in the
serum of HCC patients. Although AFP-1.3 has a high range
of specificity for detecting HCC, the sensitivity is low [11,
12]. The ability to detect early HCC, prior to the onset of
clinical symptoms, leads to curative treatment and signifi-
cantly improves the disease prognosis. Thus, additional
biochemical markers are necessary for the specific detec-
tion of early HCC.

Serum profiling using a proteomic approach is thought
to be a useful technique to detect or predict early HCC in
chronic liver disease patients. Studies using the Protein-
Chip SELDI system, which is a powerful tool to discover
new biomarkers, have shown that this method may be
successfully used to diagnose HCC. Zinkin et al. [13],
Schwegler et al. [14] and our research group [15] previ-
ously detected early HCC using the profile of several
protein peaks that were identified by the ProteinChip
SELDI system. Paradis et al. [16] reported the highest
discriminating peak (8900 Da), which was identified as the
V10 fragment of vitronectin. Furthermore, Lee et al. [17]
described complement 3a, which had a molecular weight
of approximately 8900 Da, as a novel marker of HCC.
Therefore, using this proteomic approach to identify spe-
cific proteins may not only help establish simple methods
to detect HCC, but also further our understanding of the
molecular mechanisms of hepatocarcinogenesis and facil-
itate the development of novel cancer therapies. Therefore,
this study assessed and compared the protein expression
profiles in the sera of HCC patients in order to identify a
more useful biomarker of HCC-associated HCV infection
using proteomic approach.

Materials and methods
Samples

Eighty-seven patients {45 HCC patients and 42 patients
with chronic liver diseases without HCC (CLD)] with

@ Springer

Table 1 Patient characteristics

HCC? CLD® p value

Patients 45 (40/5) 42 (40/2) -

(male/female)
Age 73.6 [63-85] 61.8 [41-83] <0.0001
PLT® (x 10%ul) 125+ 58 84+ 46 0.001
Albumin (g/dl) 38+038 42+ 16 0.8
ALTS QUM 57.7 £ 283 52.8 + 375 0.7
AFP® (ng/ml) 311 £ 1144 51.6 £ 36.1 (38)  0.008
DCPf (mAU/ml) 235 & 605 (44) 37.1 = 59.8 (39)  <0.0001
HAZ (ng/ml) 388 =+ 446 A(4O) 280 + 272 (27) 0.6
Diameter 23.2 [10-40] - -

of HCC (mm)
TNM stage” 24/18/3/0 - -

(VI/II/IV)

Data are shown as the means = SD or means [range] (numbers)
# Hepatocellular carcinoma

® Chronic liver disease

¢ Platelet counts

4 Alanine aminotransferase

¢ Alpha fetoprotein

f Des-y-carboxy prothrombin

& Hyaluronic acid .

b TNM; primary tumor/lymph node/distant metastasis

HCV infection were selected to participate in this study
(Table 1). These patients provided informed consent.
Serum samples were collected by the Faculty of Medi-
cine, University of Miyazaki (Miyazaki, Japan), and some
patients were in a hyperendemic HCV area with a cohort
study in Miyazaki [18]. The sera of all patients with and
without HCC, which was confirmed by abdominal ultra-
sonography or computed tomography, were obtained prior
to treatment. All of the sera samples from HCV-infected
patients were analyzed in a previous study [15]. In
addition, sera from 10 HCV-HCC patients who were
diagnosed with HCC within 1 or 2 years and sera from
five patients who had received radiofrequency ablation
(RFA), percutaneous cthanol injection therapy (PEIT)
and/or transarterial chemoembolization (TACE) for HCC
were collected through a cohort study in Miyazaki. We
also analyzed the sera of 21 healthy volunteers without
HCC as controls. After freezing and thawing once, all
samples were separated into 50-100 pl aliquots and
refrozen at —80°C. The study protocol was approved
by the Ethics Committee of the Faculty of Medicine,
University of Miyazaki, Kagoshima University Graduate
School of Medical and Dental Sciences, and Harvard
School of Public Health and Boston University School of
Public Health.
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SELDI-TOF/MS analysis of sera

Expression difference mapping analysis profiles of the
samples were obtained using weak cation-exchange
(CM10) ProteinChip Arrays (Bio-Rad Laboratories).
Arrays were analyzed by ProteinChip reader as previously
reported [15]. In addition, the laser intensity ranged from
220 to 245, with a detector sensitivity of 8, and spectra
ranging from 1300 to 150000 m/z were selected for anal-
ysis in this study.

Separation of candidate biomarker (8.1 k m/z)

The purification strategy was determined by the Pro-
teinChip Arrays. Two hundred microliters of sera from
HCV-HCC patients were diluted 5-fold into 50 mM Na-
phosphate buffer, pH 7.0, and loaded onto a CM-Ceramic
HyperD F spin column (Bio-Rad Laboratories). After
equilibrating with the same buffer, the samples were
eluted with a stepwise sodium chloride gradient from O,
200, 300, and 1000 mM. The elution was desalinated and
concentrated using a centrifugal concentrator (VIVA-
SPIN, Vivascience, Hannover, Germany), and the puri-
fication progress was monitored using NP20 arrays. The
flow-through fraction was dialyzed and then separated by
16.5% tricine one-dimensional sodium dodecyl sulfate—
polyacrylamide gel electrophoresis (SDS-PAGE). The
SDS-PAGE samples were run in tricine sodium dodecyl
sulfate buffer according to the manufacturer’s instruc-
tions and then stained with Coomassie brilliant blue
(CBB).

Identification of the candidate biomarker (8.1 k m/z)

Gel pieces containing the target 8.1 k m/z protein were
excised. The excised bands were reduced and alkylated
for 30 min at room temperature, and then digested with
trypsin (Modified Sequence Grade, Roche Diagnostics,
Basel, Switzerland) in Tris~HCI, pH 8.0, for 20 h at 35°.
The reaction solution was applied to NP20 arrays and
allowed to air dry. To identify the protein, the digested
peptides were purified by high-performance liquid chro-
matography (HPLC; MAGIC 2002; Michrom Biore-
sources Inc., Auburn, CA) and analyzed by Q-Tof2
(Micromass; Waters Ltd., Hertsfordshire, UK). The HPLC
solvent consisted of solvent A (2% acetonitlile/0.1%
formic acid) and B (90% acetonitlile/0.1% formic acid).
The digested peptides were separated with a linear gra-
dient from 10 to 50% solvent B with a flow rate of
400 nl/min using HPLC [19]. Mass spectral data were
searched with Mascot (htip://www.matrixscience.com) to
identify proteins based on the peptide mass [20, 21].

Immunodepletion assay

For immunodepletion, serum samples were prepared as
follows. Sera (250 pl) from HCC patients were diluted
5-fold in 50 mM Tris—HCI buffer, pH 8.0, and loaded onto
a CM-Sepharose Fast Flow spin column (GE Healthcare
Bio-Sciences Corp., NJ). After equilibration with the same
buffer, the samples were eluted with a stepwise sodium
chloride gradient from 0, 500, and 1000 mM. The elution
from each NaCl concentration was monitored using NP20
arrays. To prepare the antibodies for immunodepletion,
6 ! anti-human C3 antibody, which detected C3 and C3a
expression, or anti-C4a antibody (Santa Cruz Biotechnol-
ogy, Santa Cruz, CA) was incubated with 20 pl Interaction
Discovery Mapping (IDM) affinity beads (Bio-Rad Labo-
ratories) and Protein A (Sigma Chemical Co, St. Louis,
MO) over night at 4° with shaking. These beads were
centrifuged, and the supernatant was discarded. The beads
were washed with 50 mM phosphate buffer (pH 7.0), and
3 pl of the prepared serum sample was incubated with
15 pl IDM affinity beads with shaking for 2 h at 4°. As a
negative control, 3 pl sample was incubated with IDM -
affinity beads and Protein A with an anti-C4a antibody or
without antibody. After the incubation, the samples were
cleared by centrifugation, and 5 pl of each supematant
was analyzed on NP20 ProteinChip arrays in a PBS 1L
reader.

Cell culture and SELDI-TOF/MS analysis
of culture supernatants

The human hepatocarcinoma cell line HuH-7 and human
hepatoblastoma cell line HepG2 were cultured in
Dulbecco’s modified Eagle’s medium supplemented with
10% fetal bovine serum (FBS), 100 TU/ml penicillin G, and
100 mg/ml streptomycin sulfate (Invitrogen, Carlsbad,
CA). Before starting the experiments, the cells were cul-
tured on 96-well microplates in medium without FBS for
24 h. After washing with FBS-free media, the cells were
cultured for 24 h with FBS-free media with or without
500 pg/ml of C3a (Calbiochem, San Diego, CA). The
supernatants were collected by centrifugation and analyzed
for the expression of 8.1 k m/z using the ProteinChip
system.

Statistical analysis

Values are shown as the means = SD. Statistical differ-
ences, including laboratory data and individual peaks in
SELDI TOF/MS, were determined using the Mann—-Whit-
ney U test. Values of p < 0.05 were considered statistically
significant. The discriminatory power for each putative
marker was described via receiver operating characteristics
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(ROC) area under the curve (AUC). These statistical
analyses were performed using STATVIEW 4.5 software
(Abacus Concepts, Berkeley, CA), SPSS software (SPSS
Inc., Chicago, IL), JMP software, or Ciphergen Protein-
Chip Software, version 3.0.2.

Results
Profiling sera from HCC patients and healthy controls

We analyzed the sera of all patients with HCV-HCC or
HCV-CLD and healthy controls without HCC using the
CM10 ProteinChip array to identity the most differential
protein peak. Peaks were automatically detected using the
Ciphergen ProteinChip Software 3.0.2. following baseline
subtraction as described previously [15, 22]. This analysis
identified 178 protein peak clusters, as seen in the spectrum
representations from the three groups (HCV-HCC, HCV-
CLD, and healthy control) in the 3000- to 15000-m/z
range. Peak expressions were increased for 18 proteins and
decreased for 14 proteins in sera from HCV-HCC patients
compared to HCV-CLD patients. Compared to healthy
subjects, 68 protein peaks were increased, and 16 protein
peak intensities were decreased in the sera of HCV-HCC
patients. Five protein peaks (4067, 4470, 7564, 7929, and
8130 m/z) had a p-value less than 1 x 1077 and were
significantly increased in the sera of HCC patients com-
pared to the sera of HCV-CLD patients and healthy vol-
unteers. In particular, an 8130 m/z peak was the most

Fig. 1 a Partially purified a
proteins were separated by
SDS-PAGE using serum
samples from HCV-HCC
patients. The Coomassie-stained
SDS-PAGE gel shows two clear 143
bands at approximately 8 kDa

(X and Y). b After each band (X

and Y) was excised from the gel,

the proteins were extracted and 65
analyzed using the ProteinChip

system. The target protein in the

significantly different peak and had the most differential
expression profile between patients with HCV-HCC and
with HCV-CLD.

Purification and identification of the 8.1 k m/z peak

We optimized the adsorption and desorption conditions on
the arrays using an HCV-HCC patient serum sample and
healthy volunteer serum sample in order to determine a
procedure to purify the target 8.1 k m/z protein. The
optimal pH for retention of the 8.1 k m/z protein was a pI
value of approximately 7.0 on the CM10 arrays, which
indicates that weak cation-exchange sorbents and buffer
pH should be fixed for further experiments. The target
protein was eluted by increasing the sodium chloride
concentrations in a Na-phosphate buffer and was eluted in
the 1000 mM sodium chloride fraction. The concentrated
serum protein that was eluted with 1000 mM sodium
chloride was applied to SDS-PAGE for further separation.
The 8.1 k m/z protein was identified and excised by in-gel
trypsin digestion for identification. The peptide sequences
were analyzed using liquid chromatography (LC)-MS/MS
and then examined by a database search with Mascot. The
digested peptides matched human complement C3a
(Fig. 1).

After reacting the HCC sera with anti-complement C3a
or anti-C4 antibodies or without antibody, the supernatants
were analyzed by the SELDI ProteinChip system for
immunodepletion. Analysis of the supernatant showed that
only the 8.1 k m/z peak corresponding to complement C3a

¢ Complement component 3:
Total score: 70, Peptides matched: 2

bt temsanint T 43D
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FISLGEACK Start — End Sequence: 713 - 721

excised band was detected, and b
the 8.1 k m/z peak = Molecular weight (m/z)
cotresponded only to the “Y” Z 2'; -
band contained in gel. ¢ The é 1.5
excised “Y” band was alkylated Z 1
. . X = 0.5
and digested using trypsin. The £ o
peptides were collected and 3 2';
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was reduced. On the other hand, immunodepletion with a
control anti-C4 antibody or without antibody did not
reduce the 8.1 k m/z peak (Fig. 2).

Profiling the C3a of sera from patients
with HCC and without HCC

The 8.1 k m/z peak was confirmed as the complement C3a
fragment using an immunodepletion assay. However, C3a
was stabilized as C3adesArg with a molecular weight of
approximately 8.9 k m/z. Figure 3a, b compares the
expression of the 8.1 k m/z peak in the sera of HCV-HCC
or HCV-CLD patients and healthy controls. The intensities

Molecular weight (m/z)
7000 $000 9000 1000 11000
15
; 1
05 [ Ant C3a antibody |
L il

[ Anti c4 antibody |

Normalized Peak intensity
S &

VENINy A A
s
1
95 No antibody J
) Sptultpsig]
Target

Fig. 2 Immunodepletion assay of the C3a fragment. Analysis of
supernatant that had been immunodepleted with an anti-C3a antibody
showed that only the 8.1 k m/z peak corresponding to complement
C3a was reduced. Supernatants that had been immunodepleted with
either a control anti-C4 antibody or without antibody did not have
reduced 8.1 k m/z peaks by the ProteinChip system

Fig. 3 a and ¢ Comparisons of
the expression profiles of the 8.1
and 8.9 k m/z peaks in HCV-
HCC, HCV-CLD, and healthy
sera. Boxes indicate the
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in HCC patient sera were significantly higher than those in
the HCV-CLD patients or healthy controls. The expression
of the 8.9 k m/z peak in HCV-HCC patients was also
higher than that in HCV-CLD patients or healthy controls
(Fig. 3c, d). Although the 8.9 k m/z peak was not identified
as C3adesArg, it is possible that both the 8.1 and 8.9 k m/z
peaks were specific tamor markers for HCC. Furthermore,
we analyzed sera from 10 HCV-HCC patients who were
diagnosed with HCC within 1 or 2 years and sera from five
patients who had received curative treatments using RFA,
PEIT, and TACE for HCC. The 8.1 k m/z C3a fragment in
the HCV-HCC patients was significantly increased in the
year of disease onset compared to the pre-onset year. After
treatment, expression of the C3a fragment significantly
decreased in all five of the patients who had measurable
samples after treatment (Fig. 4a). In contrast, the 89 k m/z
peak did not change regardless of the occurrence of HCC
over time (Fig. 4b). Thus, the 8.1 k m/z C3a fragment
appears to be the most discriminatory tumor marker for
HCV-HCC.

Relationship between the C3a fragment
and other tumor markers

AFP and DCP levels were measured in sera from 83 of 87
patients with HCV-associated liver disease. The recom-
mended cutoff levels for these tumor markers, AFP and
DCP, are 20 ng/ml and 40 mAU/ml, respectively. AFP-L3
in 26 patients with HCV-associated liver disease was also
investigated among measurable samples in which AFP in a
total 35 patients was higher than 20 ng/ml. The cutoff level
of AFP-L3 was set at 10%. When samples from patients
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Fig. 4 Comparisons of the a
expression profiles of the

8.1 k m/z (a) and 8.9 k m/z (b)
peaks in sera from HCV-HCC
patients before diagnosis, during
disease onset, and after
treatment. The samples in the
before diagnosis group included
sera collected 1 or 2 years
before the onset of HCC. Boxes
indicate the median 3 25th
percentile, the lower bar
indicates the 10th percentile and
the upper bar indicates the 90th 2
percentile
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Table 2 Diagnostic rates for hepatocellular carcinoma in the HCV
infected patients

Markers Sensitivity  Specificity = ROC
(%) (%) AUC
AFP? (>20 ng/ml) 38 (17/45) 47 (18/38)  0.53
DCP® (>40 mAU/ml) 45 (20/44) 74 (29/39)  0.68
AFP-L3° (>10%) 58 (8/14) 50 (6/12) 0.58
C3a fragment (>3.5) 78 (37/45) 52 (22/42)  0.70
C3a fragment + AFP 91 (41/45) 26 (10/38)  0.72
C3a fragment + DCP 93 (41/44) 33 (13/39) 0.77
AFP + DCP 64 (28/44) 34 (12/35) 0.70
C3a fragment + AFP + DCP 98 (43/44) 20 (7/35) 0.80

* Alpha fetoprotein
b Des-y-carboxy prothrombin
¢ Alpha fetoprotein, lectin lens culinaris agglutin-bound fraction

with HCV-HCC and HCV-CLD without HCC were com-
pared, the sensitivity and specificity of AFP were 38 and
47%, whereas those of DCP were 45 and 74% and those of
AFP-L3 were 58 and 50%, respectively. When the cutoff
, level for the relative intensity of the C3a fragment was set
at 3.5, the sensitivity and specificity were 78 and 52%,
respectively; the C3a fragment had the most sensitivity for
the diagnosis of HCC. Furthermore, the ROC AUC of the
C3a fragment, AFP, DCP, and AFP-L3 was 0.70, 0.53,
0.68, and 0.58, respectively (Table 2). There was no rela-
tionship between the C3a fragment and several other tumor
and inflammation markers [AFP, DCP, AFP-L3, alanine
aminotransferase (ALT), and high-sensitivity C-reactive
protein (hs-CRP)], and each of these markers was inde-
pendent of the diameter and number of tumors. The ROC
AUC using AFP and DCP was highly similar to the ROC
AUC with the C3a fragment alone. In addition, we inves-
tigated a combination assay that included the C3a frag-
ment, AFP and DCP. This combination test, in which at
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least AFP, DCP, or the C3a fragment was positive, had a
positive identification rate of 98%, although the specificity
of this assay was too low at 20%. The ROC AUC of the
combination test using AFP, DCP, and the C3a fragment
was higher than those of any other markers. This result
indicates that this combination assay using three markers
is more useful than the combination assay using
AFP £ DCP, which are measured worldwide to detect
HCC (Table 2).

Profiling C3a expression in culture medium

C3a reacted with HCC cell lines, and the C3a peak in the
culture medium was monitored by the ProteinChip system.
The C3a fragment (approximately 8.1 k m/z) was not
detected in the supernatants of HuH-7 and HepG2 cell
cultures. However, the 8.9 k m/z peak was detected in the
culture medium. This 8.9 k m/z peak was considered to be
a stabilized form of C3a. This result indicated that the
stabilized form of C3a (8.9 k m/z) was not undergoing
proteasome-mediated degradation to yield the C3a frag-
ment (8.1 k m/z) in these HCC cell lines.

Discussion

Because the HCC disease-associated mortality rate remains
high, it is highly important to develop early diagnostic
tools and treatments for HCC. Our study indicates that an
8.1 k m/z peak, which was identified as the C3a fragment
by both peptide sequencing and an immunoassay, is up-
regulated in the serum of HCC patients, 93% (42/45) of
whom were TNM stage I or II. The C3a fragment in some
HCC cases was also significantly higher in the year of HCC
onset compared to the pre-onset year and decreased after
curative treatment. Therefore, the C3a fragment appears to
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be a promising simple tumor marker for the diagnosis of
early HCC. In addition, a combination serum HCC diag-
nostic test that included AFP, DCP, and the C3a fragment
had higher sensitivity than each individual marker. These
results suggest that this combination test may be a useful
HCC screening method, although the low specificity may
pose challenges. Further examinations are needed to
determine whether the C3a fragment or a combination test
.can be used to detect early HCC.

The results of our study demonstrated that the C3a
fragment (8.1 k m/z) is a highly expressed novel tumor
marker that is abundant in the sera of early HCC patients
but not in the sera of healthy volunteers or HCV-CLD
patients. A similar study by Lee et al. [17] used the Pro-
teinChip SELDI system to show that C3a is a potential
candidate biomarker for HCV-HCC. However, Lee et al.
found that the molecular weight of C3a was represented by
an approximately 8.9 k m/z peak. C3a has a very short
half-life and is immediately cleaved into the more stable
C3adesArg (8.9 k m/z), which is the anaphylatoxin C3a
that lacks the C-terminal arginine and is stable state in the
serum [23]. In our study, the 8.9 k m/z peak was also
significantly different among HCV-HCC patients, HCV-
CLD patients, and healthy volunteers (Fig. 3¢, d). How-
ever, the discriminatory power of the 8.9 k m/z peak (ROC
AUC was 0.60) was lower than the 8.1 k m/z peak (ROC
AUC was 0.70) to distinguish between HCV-HCC and
HCV-CLD. In addition, unlike the 8.1 k m/z peak, the
levels of the 8.9 k m/z peak did not significantly increase
with time as HCC progressed in 10 HCV-HCC cases
(Fig. 4b). In contrast, Li et al identified two proteins
(8926 m/z and 8116 m/z) as complement component
C3adesArg and a C-terminal truncated form of C3adesArg;
the latter was a C-terminal truncation of C3adesArg that
lacked the C-terminal sequence RASHLGLA (referred to
as C3adesArgA8) in breast cancer patients [24]. However,
these two biomarkers cannot be used to discriminate
between breast cancers and benign tumors, and there were
minimal differences in the peak intensities between breast
cancer patients and healthy controls. Therefore, the C3a
fragment with a molecular weight of 8.1 k m/z appears to
be a potential diagnostic marker for HCC, although we
cannot explain why the 8.1 k m/z fragment of C3a is
overexpressed in HCC patients and did not confirm whe-
ther our C3a fragment (8.1 k m/z) is C3adesArgA8.

C3a, including C3adesArg, was also previously identi-
fied as a tumor marker for lymphoid malignancies, breast
and colorectal cancers using the ProteinChip SELDI sys-
tem [24-26]. Complement activation and subsequent
deposition of complement components on tumor tissues has
been demonstrated in cancer patients [27]. Malignant
ovarian cells isolated from ascitic fluid samples had C3
activation products deposited on their cell surface [28].

Complement components are important mediators of
inflammation and help regulate the immune response. C3a
is biologically active and binds to mast cells and basophils,
triggering the release of their vasoactive contents [29]. We
investigated C3a expression by immunochemical exami-
nation of HCC tissues and Western blot analysis of proteins
extracted from human HCC cell lines, including HepG2
and HuH-7. However, specific C3a expression, including
the C3a fragment (8.1 k m/z), was not detected.

The complement system can be activated after exposure
to tumor antigens [30]. It is speculated that small tumors can
trigger a systematic reaction. Therefore, elevated C3a
(8.9 k m/z) levels in the serum of HCV-HCC patients may
reflect both a systematic immune response to HCV infection
and non-specific tumor antigens rather than a specific
immune response to HCC [24-26, 31]. In contrast, it is
possible that overexpression of the C3afragment (8.1 k m/z)
is specific for HCC in addition to non-specific C3 activation.

In contrast to our results, Steel et al. [32] searched for
HCC biomarkers using HCC-associated HBV-infected
patient sera and found that the C-terminal fragment of
complement C3 was down-regulated. Kawakami et al. [33]
searched for characteristic alterations in the sera of HBV-
and HCV-HCC-infected patients who had undergone
curative radiofrequency ablation treatment and showed that
C3 was up-regulated after treatment. In these studies, C3
was separated and identified using 2-DE of a mixture of
proteins from a small number of patient sera samples, and
this process identified various molecular weights for C3. In
addition, we analyzed the sera of 25 patients with HCC-
associated- HBYV infections, and the profile of several pro-
teins was different between HCV- and HBV-infected
patients. Although 35 protein peaks, including the C3a
fragment, were overexpressed in the sera of both HCV-
HCC and HBV-HCC patients compared to sera from
healthy volunteers, the C3a fragment (8.1 k m/z) was
particularly overexpressed in the sera of HCV-HCC
patients and was not significantly different between HBV-
HCC patients and HCV-CLD patients without HCC (data
not shown). The biologic and pathogenic activities of HCV
and HBV are different, and the molecular mechanisms
underlying the development of hepatitis and hepatocarci-
nogenesis may differ between HBV and HCV infections
[34-36]. Although the number of samples, cause of liver
disease, and method of protein identification may affect
these results, we speculate that the C3a fragment with a
molecular weight of 8.1 k m/z is a candidate tamor marker
for HCV-HCC but not HBV-HCC.

AFP, which is a commonly used HCC tumor marker, is
elevated not only during HCC, but also during hepatocyte
regeneration following liver damage. Previous reports
revealed that AFP was abnormally elevated in the sera of
patients with acute hepatitis, chronic hepatitis, and liver
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cirrhosis. This lack of specificity for HCC means that AFP
has a comparatively high false-positive rate [37]. The C3a
fragment may also be elevated during hepatocyte regen-
eration following liver damage [38], and early diagnosis of
small HCC tumors may be difficult with one marker alone.
Therefore, the false-positive rates for HCC must be care-
fully considered [39—41]. Also, a combination of markers,
including AFP, DCP, and the C3a fragment, in the serum
should be verified to improve the diagnostic rate.

The ProteinChip SELDI system can separate and par-
tially characterize multiple proteins in tissue and serum
samples. Our previous report used a panel of proteins to
diagnose early HCC with the ProteinChip SELDI system
[15]. This panel diagnosis of seven protein peaks included
a discriminant peak of 4060 m/z. This 4060 m/z peak may
be a double-charged 8130 m/z peak, although the C3a
fragment (8130 m/z) was not used to develop this diag-
nostic method. These results suggest that the C3a fragment
is a useful HCC biomarker, regardless of whether this
fragment carries a single or double charge. In addition, the
panel diagnosis method is more useful than measuring the
C3a fragment alone to diagnose and predict the occurrence
of HCC. However, this method must be performed using
the ProteinChip SELDI system, which is expensive and
does not detect putative interactions between various pro-
teins. Identifying a specific HCC protein such as the C3a
fragment will. also further our understanding of the
molecular mechanisms of hepatocarcinogenesis. Therefore,
the C3a fragment should not only be considered a simple
HCC tumor marker, but should also be evaluated for its
contribution to HCC carcinogenesis.

In conclusions, serum profiling with the ProteinChip
SELDI system may be used to distinguish HCC from chronic
liver disease without HCC and to detect early HCC in HCV-
infected patients. Because we identified the C3a fragment
(8.1 k m/z) in serum samples from HCC patients, the C3a
fragment is a promising marker that can be used to screen for
HCV-HCC and to develop new therapeutic targets.
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Hepatitis C virus (HCV) infection is a major cause of chronic
liver disease such as chronic hepatitis, cirrhosis, and hepatocel-
lular carcinoma, While searching for new natural anti-HCV
agents in agricultural products, we found a potent inhibitor of
HCV RNA expression in extracts of blueberry leaves when
examined in an HCV subgenomic replicon cell culture system.
This activity was observed in a methanol extract fraction of blue-
berry leaves and was purified by repeated fractionations in
reversed-phase high-performance liquid chromatography. The
final purified fraction showed a 63-fold increase in specific
activity compared with the initial methanol extracts and was
composed only of carbon, hydrogen, and oxygen. Liquid chro-
matography/mass-ion trap-time of flight analysis and butanol-
HCl hydrolysis analysis of the purified fraction revealed that the
blueberry leaf-derived inhibitor was proanthocyanidin. Fur-
thermore, structural analysis using acid thiolysis indicated that
the mean degree of polymerization of the purified proanthocyani-
din was 7.7, consisting predominantly of epicatechin. Proantho-
cyanidin with a polymerization degree of 8 to 9 showed the greatest
potency at inhibiting the expression of subgenomic HCV RNA.
Purified proanthocyanidin showed dose-dependent inhibition of
expression of the neomycin-resistant gene and the NS-3 protein
gene in the HCV subgenome in replicon cells. While character-
izing the mechanism by which proanthocyanidin inhibited HCV
subgenome expression, we found that heterogeneous nuclear
ribonucleoprotein A2/B1 showed affinity to blueberry leaf-derived
proanthocyanidin and was indispensable for HCV subgenome
expression in replicon cells. These data suggest that proanthocya-
nidin isolated from blueberry leaves may have potential usefulness
as an anti-HCV compound by inhibiting viral replication.

Hepatitis C virus (HCV)? is often associated with the devel-
opment of chronic liver diseases. Infection by HCV causes
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chronic hepatitis at high rates and finally results in liver cirrho-
sis and subsequent occurrence of hepatocellular carcinoma
(1-3). The number of people worldwide who are infected by
HCV is estimated to be over 200 million with 2 million infec-
tions in Japan (4). The South Kyushu area of Japan, including
Miyazaki prefecture, has a high prevalence of this virus, and it
is now recognized as a social problem. There is no vaccine effec-
tive for HCV at present. The elimination of HCV may be
achieved by a combination of pegylated a-interferon and riba-
virin, a broad spectrum antiviral drug (4 — 6). However, virolog-
ical response to this combination therapy has been reported to
be 80% for genotypes 2 and 3, but less than 50% for genotype 1
(7, 8). Moreover, a-interferon is associated with severe side-
effects, including leucopenia, thrombocytopenia, depression,
fatigue, and flu-like symptoms, and ribavirin is associated with
side-effects such as hemolytic anemia (9). Therefore, establish-
ment of a new modality of treatment without serious adverse
effects is still required.

Considering the prolonged period (20 -30 years) required for
development of liver cirrhosis and hepatocellular carcinoma in
individuals infected with HCV, we speculated that progression
of the disease might be influenced by daily diet. Our research
project focuses on the daily use of agricultural products that
could cure or reduce the risk of disease progression by HCV.
Thus, we screened local agricultural products (1700 samples
from 283 species) for their suppressive activity against HCV
subgenome expression using an HCV replicon cell system. We
found a significant suppressive activity in extracts of blueberry
leaves. Blueberries are classified in the genus Vaccinium, and
the species are native only to North America. Blueberry leaves
have high quinic acid and chlorogenic acid contents and also
significant flavonol glycosides such as rutin. Thus, they are high
in antioxidant activity. In our subsequent screening studies
using various kinds of blueberry species, the most potent activ-
ity was observed in the leaf of rabbit-eye blueberry (Vaccinium
virgatum Aiton), which is cultivated in southern areas of Japan.

phy; PDA, photodiode array; EPMA, electron probe micro-analysis; LC/MS-
{T-TOF, liquid chromatography/mass spectrometry-ion trap-time of flight;
APCl, atmospheric pressure chemical ionization; mDP, mean degree of
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ation factor 3; CHAPS, 3-[(3-cholamidopropryl}dimethylammonio]-1-pro-
pane sulfonate; IRES, internal ribosome entry site; DIGE, differential gel
electrophoresis.
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Blueberry Leaf Proanthocyanidin Suppresses HCV

In this study, extracts of rabbit-eye blueberry leaves were
used in an effort to purify and identify the compound respon-
sible for inhibition of the expression of subgenomic HCV RNA.
We identified oligomeric proanthocyanidin with mean degree
of polymerization (mDP) around eight as an inhibitor of HCV
subgenome expression. We also analyzed cellular proteins that
have affinity to the oligomeric proanthocyanidin in HCV repli-
con cells and identified heterogeneous nuclear ribonucleopro-
tein (hnRNP) A2/B1 as one of candidate proteins involved in
the proanthocyanidin-mediated inhibition of HCV subgenome
expression.

EXPERIMENTAL PROCEDURES

Extraction of Blueberry Leaves—A lyophilized powder made
from leaves of rabbit-eye blueberry (V. virgatum Aiton) was
provided by Unkai Shuzo Co., Ltd. (Miyazaki, Japan). One gram
of the lyophilized powder was extracted with 100 ml of metha-
nol at room temperature with shaking for 15 min, and the
supernatant was passed through filter paper (filter paper No.2,
Toyo, Tokyo, Japan). The methanol extract was then extracted
with 100 mi of chloroform, followed by centrifugation (1750 X
g for 10 min), and the resultant precipitate and supernatant
were collected. The precipitate was dissolved in methanol, con-
centrated in vacuo, and lyophilized (CMW-ppt). The superna-
tant was mixed with 150 ml of distilled water and methanol to
perform a liquid-liquid extraction, and the water layer was
collected and mixed with 150 ml of chloroform to repeat the
chloroform extraction. The water layer was concentrated
and lyophilized (CMW-W). The chloroform layer was also
concentrated and lyophilized (CMW-C). Most HCV subge-
nome-expression inhibitory activity was recovered in the
CMW-W fraction. .

Preparative Fractionation by HPLC—To separate the com-
ponents in the CMW-W fraction processing inhibitory activity
against HCV RNA expression, we performed HPLC (Promi-
nence System, Shimadzu, Kyoto, Japan). Preliminary fraction-
ation of CMW-W to confirm the elution pattern of HCV
expression suppressive components was carried out on a
reversed-phase column (Atlantis dC18, 4.6 mm X 150 mm, 3
wm, Waters, Milford, MA) at 40 °C with UV detection at 254
nm. A gradient consisting of eluant A (0.05% trifluoroacetic
acid) and eluant B {acetonitrile) was applied at a flow rate of 0.7
ml/min as follows: 15-25% B linear from 0 to 12.5 min,
25-100% B linear from 12.5 to 17.5 min followed by washing
100% B from 17.5 to 25 min. For purification, the first HPLC
fractionation was performed on a reversed-phase column
(Atlantis T3, 4.6 mm X 150 mm, 3 pm, Waters). A gradient
consisting of eluant A and eluant B (acetonitrile) was applied at
a flow rate of 0.7 ml/min as follows: 30% B from 0 to 7.5 min,
30-100% B linear gradient from 7.5 to 12.5 min, followed by
washing with 100% B from 12.5 to 20 min. The CMW-W frac-
tion dissolved in 30 ml of methanol was injected, and the eluted
fractions (2.1 to 18.0 min, total 26 fractions) were collected. The
gradient program for the second fractionation was 20% B from
0to 7.5 min, 20 —100% B linear from 7.5 to 12.5 min, followed by
washing with 100% B from 12.5 to 20 min. Fractionation of the
eluate was the same as the first HPLC program. In the third
HPLC fractionation, the eluant B was replaced by methanol and
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eluted with 40—65% B linear gradient from 0 to 12.5 min and
65-100% B linear gradient from 12.5 to 17.5 min. Fractions
eluted from 2.2 to 17.5 min (total 26 fractions) were collected.
In all experiments, suppressive activity of each fraction against
HCV RNA expression was measured using replicon cells.

HCV Replicon Cells and Replicon Assay—The Huh-7/3-1 cell
line carrying an HCV-replicon was used (10). The line was
established from Huh-7 cells by stable transfection with sub-
genomic selectable RNA in which the encoding HCV structural
proteins were replaced by the firefly luciferase gene, the inter-
nal ribosome entry site (IRES) of the Encephalomyocarditis
virus and the neomycin phosphotransferase gene. With this
HCV subgenome, the efficiency of subgenomic HCV expres-
sion could be estimated by measuring luciferase activity in the
replicon cells. The HCV replicon cells were routinely grown in
Dulbecco’s modified Eagle's medium supplemented with Glu-
tamax {Invitrogen), 10% fetal bovine serum, 1% penicillin/
streptomycin (Invitrogen), and 500 pg/ml G418 (Invitrogen).
Cells were maintained at 37 °C in a humidified atmosphere con-
taining 5% CO,. For the HCV subgenome expression assay, the
replicon cells in Dulbecco’s modified Eagle’s medium supple-
mented with Glutamax and 5% fetal bovine serum were seeded
in 96-well plates (5000 cells/well) and incubated for 24 h. Then
the cells were cultured with various concentrations of samples
for 72 h. Quantification of the luciferase activity was performed
using the Steady-Glo Luciferase Assay System (Promega, Mad-
ison, W1I) according to the manufacturer’s instructions, and the
luminescence was measured by DTX 800 Multimode Detector
(Beckman Coulter, Fullerton, CA). The inhibitory activity was
expressed as the concentration required for 50% inhibition
(ICs,). Specific activity was calculated as a reciprocal number of
ICs, (1/IC,,). Total activity was calculated by multiplying
yielded weight by specific activity.

The cytotoxicity of the samples was measured by Cell Count-
ing Kit-8 (Dojindo Molecular Technologies, Kumamoto, Japan)
according to the manufacturer’s instructions. Briefly, 10 pl/well

of Cell Counting Kit-8 reagent was added to the cells cultured in )

a 96-well plate, incubated at 37 °C for 60 min. The absorbance
of each well was measured at 450 nm with a reference wave-
length at 650 nm using an Emax Precision microplate reader
(Molecular Devices Inc., Sunnyvale, CA). Cell viability was cal-
culated as relative index of control cells, and effects of samples
on cell viability were expressed as the concentration required
for 50% cytotoxicity (CCs,).

Constitutive Analysis of Electron Probe Micro-analysis and
Liquid Chromatography/Mass Spectrometry-ion Trap-time of
Flight (LC/MS-IT-TOF)—For electron probe micro-analysis
(EPMA-1600, Shimadzu), the excitation voltage and the beam
current were kept at 15 kV and at 100 nA, respectively. The
diameter of the electron beam was 50 pum, and the sample was
processed for carbon shadowing in advance.

Identification of the anti-HCV compound purified from
blueberry leaves was done by HPLC-MSn fragmentation anal-
yses. An HPLC System (Prominence System, Shimadzu) on a
reversed-phase column (Atlantis T3, 2.1-mm inner diameter X
100 mm, 3 pum, Waters) was equipped with a photodiode array
(PDA) detector scanning from 200 to 800 nm and mass spec-
trometry-ion trap-time of flight (MS-IT-TOF, Shimadzu)
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detector. The mobile phase consisted of a gradient system 30
min of eluant A (0.05% trifluoroacetic acid) and eluant B (ace-
tonitrile) at a flow rate of 0.25 ml/min. The elution program was
10-25% B linear from 0 to 7.5 min, 25-100% B linear from 7.5
to 12.5 min, followed by washing 100% B from 12.5 to 20 min.
The column was maintained at 40 °C. Electrospray ionization
conditions were recorded from m1/z = 200 to 1500 in a negative
ionization mode. Other MS conditions were as follows: inter-
face voltage, —3.5 or —3.0 kV; nebulizer N, gas, 1.5 or 2.0 liters/
min; drying N, pressure, 200 or 70 kPa, respectively. Heat block
temperature and curved desolvation line temperature were
both 200 °C. Analytical conditions were recorded from m/z 250
to 1500 in a negative ionization mode. Atmospheric pressure
chemical ionization (APCI) probe temperature was set from
250 to 450 °C.

Analysis of Proanthocyanidin—Proanthocyanidins were
characterized by a modified method of Porter et al. (11, 12),in
which they were degraded to anthocyanidins by heating under
acidic conditions. Briefly, 200 ul of purified compound from
blueberry leaves (0.1-2.5 mg/ml) was mixed with 750 ul of
n-butanol/HCI (95:5) and 50 ul of 1% of NH,Fe(SO,),'12H,0
dissolved in 2 M HCL The mixture was vortexed and heated in
an oven at 105 °C for 40 min, and cooled in flowing water. Opti-
cal densities of the treated solution were recorded at 540 nm by
spectrophotometer (UV-1700, Shimadzu). Procyanidin B2
(Sigma-Aldrich) was used as a standard. The hydrolysates gen-
erated by the modified Porter method were also analyzed using
LC/MS-IT-TOF as described above. The elution program was
10—40% B linear from 0 to 15 min followed by washing 100% B
from 15 to 22.5 min. Electrospray ionization conditions were
recorded from m1/z 200 to 1500 in a positive ionization mode.
Interface voltage and nebulizer N, were 4.5 kV and 1.5 L/min,
respectively. MS/MS conditions were set to auto system and
recorded from m/z 50 to 1000. The parent MS was searched
from m/z 200 to 1500, and ion accumulation was 30 ms. The
data were analyzed by LCMS solution v3.41 software and For-
mula Predictor Software (Shimadzu).

Thiolysis Analysis—Thiolysis was performed by a previously
described method (13, 14) with some modifications. Briefly, 50
wlof purified samples (2 mg/mlin methanol) was mixed with 50
1l of methanol acidified with HCI (3.3%) and 100 gl of benzyl
mercaptan (5% in methanol). The reaction was carried out at
50 °C for 30 min and then kept at ambient temperature for 3 h.
Pure catechin or epicatechin solution (1.25 mg/ml in methanol)
(Funakoshi, Tokyo, Japan) was also thiolyzed to obtain the epi-
merization rate to calculate the ratio of catechin and epicat-
echin in the terminal units. The reaction mixture was diluted
5-fold with methanol and analyzed by reverse-phase HPLC. An
Atlantis T3 column (4.6 mm X 150 mm, 3 um, Waters) was
used at 40 °C as described above. UV detection was performed
at 280 nm. The gradient program was 15-25% B linear from O to
10 min, 25-100% B linear from 10 to 30 min, followed by wash-
ing 100% B from 30 to 37.5 min and re-equilibration of the
column 37.5 to 45 min under initial gradient conditions. To
ascertain the elution pattern of thiolysis media and to estimate
unknown peaks, LC/MS-IT-TOF was also employed in a nega-
tive ion mode. Flavan-3-ols and their benzylthio adducts
obtained by thiolysis media of procyanidin B2 were used as a
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standard. The mDP was calculated by the formula, mDP =
[sum of (benzylthio adducts X 1) + sum of (free flavan-3-ol X
m)]/[total free flavan-3-ol}, in which “n” is DP of detected flavan-
3-ol by thiolysis.

Preparation of Proanthocyanidin from Blueberry Leaves—To
prepare proanthocyanidin from blueberry leaves, freeze-dried
powder (100 g) was extracted with 1.2 liters of acetone for 10
min, and the supernatant was decanted. This procedure was
repeated five times to remove the green pigment from the
leaves, followed by washing in 1.2 liters of hexane for 30 min.
The remaining residues were washed with ethyl acetate. The
washed powder of leaves was extracted with 1.2 liters of meth-
anol for 30 min, and the supernatant was filtered. This proce-
dure was repeated four times, and the resulting crude methanol
extracts were concentrated by rotary evaporator at 50 °C and
lyophilized, finally resulting in ~30 g of solid powder. The
crude methanol extract (15 g) was then dissolved in 1.0 liter of
60% methanol and placed on a Sephadex LH-20 column (50
mm X 920 mm, Amersham Biosciences). Fractionation was
performed using the following series of solvents: fraction [, 9.0
liters of 60% methanol (retrieved weight: 10.2 g); fraction II, 9.0
liters of 100% methanol (retrieved weight: 3.3 g); fraction III,
9.0 liters of 70% (v/v) acetone (retrieved weight: 1.3 g). The
LC/MS-IT-TOF analyses of each fraction indicated that frac-
tion I was primarily composed of quinic acid, chlorogenic acid,
and flavonol glycosides such as rutin. Fraction II consisted of
proanthocyanidin oligomers from tetramer to decamer as ana-
lyzed by thiolysis. Fraction III consisted of proanthocyanidin
polymers that were decamers or greater. In each fraction, the
eluate was divided into 28 subfractions/liter.

Northern Blot Analysis—Total RNAs from cultured replicon
cells were prepared using RNeasy mini kits (Qiagen). RNAs
were denatured at 65 °C for 15 min, cooled on ice, and then
separated by 1% agarose-formaldehyde gel electrophoresis (2
wngflane) and transferred to a positively charged nylon mem-
brane (Hybond-N*, Amersham Biosciences). The membrane
was hybridized with a biotinized probe of the neomycin phos-
photransferase gene. For detection of the bound probe, mem-
branes were incubated with streptavidin-Alexa Fluor 680 con-
jugate (Invitrogen), and the bound fluorescence was detected
by Odyssey Infrared Imaging System (LI-COR Biosciences). For
internal control, -actin mRNA-specific biotinized antisense
RNA probe was used.

Western Blot Analysis—Cultured replicon cells were har-
vested, and total cellular proteins were extracted with Cel-
Lytic-M (Sigma-Aldrich) containing 1% protease inhibitor
mixture (Sigma-Aldrich). The samples were separated by SDS-
PAGE using 10% gel under reducing conditions. The proteins
were transferred electrophoretically to an Immobilon-P mem-
brane (Millipore, Bedford, MA).

The membrane was treated with a blocking buffer for near
infrared fluorescent Western blotting (Rockland, Gilbertsville,
PA). Primary antibodies used were anti-human hnRNP A2/B1,
hnRNP K, hnRNP L, and hnRNP Q and anti-human B-actin
antibodies (EF-67, D-6, A-11, 18E4, and I-19, respectively,
Santa Cruz Biotechnology, Santa Cruz, CA), anti-human
eukaryotic translation initiation factor 3 (elF3) F, elF3G elF3H
polyclonal antibodies (Novus Biologicals, Littleton, CO), and
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anti-HCV NS-3 polyclonal antibody (10). The labeled proteins
were visualized with Alexa Fluor 680 anti-rabbit or anti-mouse
IgG (Invitrogen) or IRDye™ 800CW anti-goat IgG (LI-COR
Biosciences) and detected by using as Odyssey Infrared Imaging
System.

Affinity Purification of Proanthocyanidin-binding Proteins—
Purified blueberry leaf-derived proanthocyanidin or catechin
was coupled with epoxy-activated Sepharose 6B (Amersham
Biosciences) according to the manufacturer’s instructions.
Approximately 5 X 10% HCV replicon cells were extracted with
lysis buffer (50 mm sodium phosphate (pH 7.5), 1% CHAPS, 5
mM EDTA, 150 mm NaCl, and protease inhibitor mixture
(Complete"™, Roche Diagnostics, Mannheim, Germany)). The
total protein extract (90 mg) was added to the coupled Sepha-
rose beads (3 ml) and incubated at 4 °C overnight with gentle
rotation. The beads were centrifuged (500 X g) for 1 min, and
the pellet was washed six times with the lysis buffer. The
absorbed proteins were eluted by incubation in 2% SDS with 50
mu dithiothreitol at 100 °C for 10 min. The eluate was concen-
trated with an Amicon Ultra-4 Ultracel-5k (Millipore), and the
solvent was replaced by the lysis buffer. Protein concentration
was determined by the o-phthalaldehyde method using bovine
serum albumin as the standard.

Fluorescent Two-dimensional DIGE—Fluorescent two-di-
mensional-DIGE was performed using fluorescent dyes, IC3-
OSu and IC5-OSu (Dojindo Molecular Technologies), with a
modification of the methods reported elsewhere (15, 16).
Briefly, 10 ug of proteins per gel were precipitated using a two-
dimensional clean-up kit (Bio-Rad) and then dissolved in 20 ul
of sample buffer (10 mum sodium phosphate (pH 8.0),7 Murea, 2
M thiourea, 3% CHAPS, and 1% Triton X-100). After addition of
400 pmol of IC3-OSu or IC5-OSu, proteins were incubated at
40 °C for 30 min. The labeling reaction was quenched by incu-
bation with 400 uM lysine for 15 min, followed by addition of an
equal volume of the sample buffer with 150 mm dithiothreitol,
0.4% Bio-Lyte 3—10 (Bio-Rad Laboratories), and 0.004% brom-
phenol blue. Two-dimensional gel electrophoresis was per-
formed according to the manufacturer’s instructions (Bio-Rad).
The mixed samples were applied to ReadyStrip IPG strips (pH
3-10 NL, 7 cm, Bio-Rad) for separation in the first dimension.
The second-dimensional separation was performed by SDS-
PAGE using an 8% gel. Fluorescence imaging was performed on
a Proxpress™ proteomic imaging system (PerkinElmer Life
Sciences). IC3-OSu-labeled proteins were detected with 540/25
nm excitation and 590/35 nm emission filters. IC5-OSu-labeled
proteins were detected with 625/35 nm excitation and 680/30
nm emission filters. In this study, while proteins from proan-
thocyanidin- or catechin-coupled Sepharose were labeled with
1C5-OSu, a mixture of equal quantities of both samples was
labeled with IC3-OSu and used as a reference for quantitation
of IC5-OSu-labeled proteins as described (16). The fluorescent
images were aligned using SameSpot TT900 S25 (Nonlinear
Dynamics, Newcastle, UK) and then analyzed with Progenesis
Discovery software (Nonlinear Dynamics). Each group (eluate
from proanthocyanidin- or catechin-coupled Sepharose) was
run on triplicate gels three times. Spot intensity in the IC5-OSu
image was normalized to the intensity of the corresponding
IC3-OSu image spot in the same gel. The average spot intensi-

21168 JOURNAL OF BIOLOGICAL CHEMISTRY

ties * standard deviation (S.D.) from nine gels were calculated.
Statistical differences were determined by Student’s ttest, and p
values <0.05 were considered significant. The proteins having
high affinity to proanthocyanidin but not to catechin were
detected using a 1.5-fold change (p < 0.05) as the cut off.

Protein Identification—Protein identification by peptide
mass fingerprinting was performed as described previously
(17). Briefly, 100 ug of proteins was separated by two-dimen-
sional-DIGE gels and stained with Coomassie Brilliant Blue
R-250. Protein spots of interest were excised from the gel and
digested overnight with trypsin. Each peptide extract was
deposited onto a thin layer of a-cyano-4-hydroxycinnamic acid
(Bruker Daltonics, Bremen, Germany) and allowed to adsorb
for 5 min, after which the layers were washed twice with 0.1%
trifluoroacetic acid. Spectra were obtained using matrix-as-
sisted laser desorptionfionization-TOF-TOF-MS, Autoflex II
TOF/TOF (Bruker Daltonics) in positive-ion and reflectron
mode. The data set was entered in an in-house Mascot search
engine (Matrix Science, London, UK), to find the closest match
with known proteins registered in the data base from the
Swiss-Prot.

Knockdown of Proanthocyanidin-binding Proteins Using
siRNAs—ON-TARGETplus SMARTpools of duplex siRNAs
targeting hnRNP L, hnRNP K, hnRNP A2/B1, hnRNP A/B,
hnRNP Q, eIF3F, elF3G, elF3H, and non-targeting control
siRNA were purchased from Dharmacon (Thermo Fisher Sci-
entific, Tokyo, Japan). Individual sequence of hnRNP A2/B1
siRNAs was confirmed by two single siRNAs (Target #09:
5 -CGGUGGAAAUUUCGGACCA-3', Target #11: 5'-GGA-
GAGUAGUUGAGCCAAA-3'). The replicon cells were trans-
fected with each siRNA using Lipofectamine RNAIMAX rea-
gent (Invitrogen) according to the manufacturer’s protocol.
After 72 h incubation, the cells were assayed.

RESULTS

Purification of an Inhibitor of HCV Subgenome Expression
from Blueberry Leaves—W e screened 283 species of local agri-
cultural products for their suppressive activity against the
expression of subgenomic HCV RNA using an HCV replicon
cell system, and found significant suppressive activity in the
leaves of the blueberry (Vaccinium virgatum Aiton), peels of
roots of Taro (Colocasia esculenta L.), and hulls of seeds of
Japanese plum (Prunus mume Sieb. et Zucc). Among them,
extracts of blueberry leaves contained the highest total activi-
ties. Therefore, we purified a compound from blueberry leaves
that inhibited expression of subgenomic HCV RNA in replicon
cells. An overall purification scheme is shown in Fig. 1, and a
summary of the purification steps is shown in Table 1. From
1000 mg of lyophilized powder from the leaves, 440 mg of
methanol extracts was obtained. The 1C;, value of the metha-
nol extracts was 5.47 pg/ml. The inhibitory activity was recov-
ered in the CMW-W fraction (284.2 mg}, in which the 1Cs,
value was 1.74 pg/ml. The specific activity of CMW-W was
3-fold greater than that of the initial methanol extracts and the
yield of the activity exceeded 200%, suggesting that an interfer-
ing substance had been removed.

The CMW-W fraction was subjected to a subsequent HPLC
purification step in which a preliminary HPLC elution pattern
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