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Table 1. HBV B¥EMEALIC X 2 BISERF 4 (2004 ~ 2008 4)
HBV ¥+ 7 de novo B BT %
(n =15) (n=14)
4§ (Median (range) i) 59 (29 ~ 80) 66 (48 ~ 76)
R (B/&) 9/6 8/6
WE (Bi/EEH/LOHF) 3/4/8 0/14/0
R (EE/RT/FBHE) 2/12/1 0/14/0
KB
B v3E 7 (46.7%) 11 (786%)
Z DAt MBS 1 2
ki ADUARY XT3 2 1
BER (Vy<Fily) 4
Z At 1
HAR
DV e 5 (333%) 11 (786%)
AFa4 ¥ 11 (733%) 11 (786%)
AN mEHR A ) 1
FF 0 i
4 o=t 15 (100%) 14 (100%)

BUNCHRE RBAT A OEE L.

2) HBV BERSE

HBs R &t T HBc Hidk 72 v L HBs HiikRtE
DA TEIZ HBVDNA EEREZ £ 5
HBV DNA EEBHRESBHTHIN KR T -0
T DFixS % BB 5. HBV DNA H3HH &
FEUT CRUEDHAEL, BETB X RERTHE
\ZHBVDNA # B1EE=%Y v /% 5. HBV
DNA ORIEICIEHEERDMHBREORY, V7T
V&4 APCRETOHMENDZE L. #FBE
2|2 HBV DNA 2SR EAb L 7- R s CE B I28
B7rur7o%5%HAT 5. HBVDNA OE
=H ) VT RBEEPETTEOEERTHED 12
7 BB RkHT 5. HBs HUE & E T HBc Hifk,
HBs ik Fnd BEOBEIEFEOMIS LT
B, BEVECRENR D 5V IMEERERT
FIEIMHEIREEIC & BB ITHED M S hiz v
ZLdHY, HBVDNAZERE T THUET 3
TLENET LW,

BT T oS RTICHT 2 W2 EREII 2
W2S, HBs FUEBGEBICI3 AT 2 887 F
Oy O%EHTRE CES S, HBs HURKEHE,

(14)

HBc #ifk 72\ L HBs JUAB S CIREBEE T #
b 127 RS kL, Z ORI
ALT & HBV DNA #FatEfb L Twa B4k
BERTORFOTEETHS. 2721, BET7 I
07 FHHSRT 6~8 7 BRI A )V A D
BHABIVEERAORBELHRESL TS
D% HERTHELBEICIZVAMIKELZES
BREVLETHS.

2. HBV BiEHALICEE § 5 EH]

HBV Bt i i B R B DA O BER
T UNF—EEBIST A RENFIRETL AL
NaH, TOEEIZENT, LEOATUAL F
THFF 7Y VTR ENITIRA LNV, X
Vb E— FoRBEETIRENCERENTD
5% ¥2504 FEH TNF-ofik (4 v 7
V¥ y<7) BRI X 5 HBV BiEHLoHE s
HHN5BY. Crohnim, BYME Y Y~<TF, KE
BEERTTEAL V7Y F VI THERICIVE
7 HBV BiEHALe, 28 a2 5 denovo BE
FEOBREDALN D™, B{AE, bAETE
HBV BHEIHTHL Y7V F YT, 25 %
VeTE, THYATTOEBICE L TIZ HBV
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BILDY X7 2 ZEB L THIRT A2LENH L. T2, T2 THETLHBET -0/ Fhhix
Sy v Az, BELCTFHHREZEICRIET2H0TREZ W,
1) CLIABETHET A2 L2 F L\, ¥2) HBs HUEBES IS MECa vy
WRTHIE, TRTOEFTHET Fu /5 Chio TRIFBEMECI YV by
2ONREF L. HE3) WENAHERIC HBc 5k, HBs HUREE O B IG#E] T2 HUHME
PET LTV AEEH Y, HBV DNA EBRELR LIC L 2MHENLE L. E4) PCR
BEBLPVTNVY 4 L PCREICELDERT S, X VRBEEOEWY 7V ¥ 4 A PCR &
AEE LW, ES5) VUFYYT - 2704 VERG, ELMRBRESIE HBV BiEE
DBV A THY, BEILETHS. 7VF IV IENRRENGIEREET 5
HBV BEHLDY A7 BRHATH Y, SHEBNSLETH LS. H6) REMNH - L@
BERET A, TEARTEHMCRSEHETAONEE L. ET7) REHk - {E
i HBV DNA EBREVRHBEN EIC 2o 2B ATEL RS2 BETA. &
8) BEBE7FU/RI YT AENVDORARRERT S, E9) TROFHLHALTHE I
MEET7 P e/ ESORTERELTRY. A2 ) —= v 7HICHBsHUR (+) BITIRB
RBHFRICBITAEMT F o/ RERTEELHLTHE. A7) —=VFRICHBe
Hifk (+) and/or HBs Hifk (+) BITIE, (1) REIH - LEFRERTH, P2Ld
12 7 B RHESEREET S L. (2) TOMBYPMFIC ALT (GPT) 2F*E#{LLTw3
Z k. (7272 LHBV USHC ALT £ 0BRSS 2 HE138 ) (3) T o #kke iRk 12 HBV
DNA 2L L Twa 2 &, E10) HBT7 Fu/&5#TH# 12 » AMEBMECKE
BERET A BBBRFEREEBTIu/0ERLOERICET L. BABREPIC
HBV DNA EEHREIMRIMREN L1220 =B CEL RS2 ENT 5.

BEELICERET 2 2 LRI nTws. Zh HOBEPFES N, HBV BEHEICE+41E
T TICHBV BEHEASRE ST b EA R BEVLETHA.

Table2 DL B ) TH 199, &b EWFHR Bhi

A, 5 FRENEEEZ SR O RBENHIH L FE HBV BEHALIIFE T ISR R 245,
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Table 2. B RFFRBEME(LICMET 254

INFIARTUAL N

Fvk=vur, FEFRIVY, AFVTVL VOV

HUEBETAEYE

FEVIVEY Y, T¥VEY Y, Y VEY Y, TLi<4 ¥ ¥ (BLM),
<4 r<4¥vC (MMC), 725 /<4 ¥ »D (ACT-D)

wHTLATA R

¥y s AF>v (VCR), €¥77AF >~ (VLB)

7 v VAL Y7ufxA773F (CPA), 4RXA773IF (IFM), ZusAa7v,
H VAT Z 5~ (CBDCA), ¥ A7 5F ¥ (CDDP), 7uahv/s¥ v (PCZ)

REFFETE Y& S¥ Y (SPAC), 7THUVY Y, 7vtuws vy v (5FU),
FAYZEY, ANVHTIT) Y (6MP), AV FLFE—1+ (MTX),
FAITT=V

Z oAt L-7 A5 ¥ —+¥ (L-ASP), I FAN—¥, 7xV=v 7Yy F,
FOANVNT Y, FEZFL, TRV K (VP16), 7VFS¥ Y,
4 v#—7=zur (IFN)

S FIERERE VY F <7 (anti-CD20), 7V AY XY 7 (anti-CD52),

A 79%Y<7 (antiTNF), X VIVBA<F=7

CHE32) 33) L WBIEWE.

BRI T 7 u 725 TENEZDOFH
TRETHA. x4 DERFIZB VT HBV BiEMHL
BIUZDBEILD) 27 # EHICFHTAI &
R, A7V —= 72X HBV BiEk
LB A7 R REANCIEIB L, B2 R 1o
B7rus % MR35 L), HBV BiEtEibst
FIBVWTRDEETHA.

X #®

1) Lok AS,Lai CL, Wu PC, et al : Spontaneous hepa-
titis B e antigen to antibody seroconversion and
reversion in Chinese patients with chronic hepati-
tis B virus infection. Gastroenterology 92 ;1839-
1843 :1987
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risk factors. ] Med Virol 62 ; 299-307 : 2000
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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].

@ Springer
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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-L3 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® (x10%ul) 125 +58 84 +46 0.001
Albumin (g/dl) 3.8 +0.8 42416 0.8
ALT® (1U/1) 577 +£28.3 52.8 & 37.5 0.7
AFP® (ng/ml) 311 £ 1144 51.6 +£36.1 38) 0.008
DCP' (mAU/ml) 235 & 605 (44)  37.1 £59.8 (39)  <0.0001
HAE (ng/ml) 388 £+ 446 (40) 280 & 272 (27) 0.6
Diameter 23.2 [10-40] - -

of HCC (mm)
TNM stage® 24/18/3/0 -

(VIVTI/TV)

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

® Chronic liver disease

© Platelet counts

9 Alanine aminotransferase

¢ Alpha fetoprotein

f Des-y-carboxy prothrombin

& Hyaluronic acid

B TNM; primary tumor/lymph node/distant metastasis

HCYV 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 ethanol 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 S50-100 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 0,
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 (http://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-HCl 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 pl 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 supernatant
was analyzed on NP20 ProteinChip arrays in a PBS II
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 IU/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 (kDa)
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
excised band was detected, and
the 8.1 k m/z peak

&
S

o T

Molecular weight (m/z)

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 p/
value of approximately 7.0 on the CMI10 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

corresponded only to the “¥”
band contained in gel. ¢ The
excised “Y” band was alkylated
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analysis. The proteins, which
were derived from complement

P -

Normalized Peak intensity
=

S hm e o =i

C3a, were identified using a

7000 8000 9000
database search

@ Springer

10000 J—‘LLJLJ#@HM;MJ_J%?_&

FISLGEACKK,, Start — End Sequence: 713 - 722




T Gastroenterol (2010) 45:459-467

463

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)
8000

9000 10000 11000

in

Anti C3a antibody

i o |

Anti C4 antibody

=
n

[l

C)

No antibody
ST Y|

05

Normalized Peak intensity
o

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
median + 25th percentile. The
lower and upper bars represent
the 10th and 90th percentiles,
respectively. b and d
Representative spectra of the
8.1 and 8.9 k m/z peaks from
patients in each group. The 10
horizontal axis indicates the
protein molecular weight, while
the vertical axis designates the
relative intensity

+ P00l

Normalized peak intensity

o
Healthy CLD HCC

Mokcubrweight (n/z)

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 tumor 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 8.9 k m/z
peak did not change regardless of the occurrence of HCC
over time (Fig. 4b). Thus, the 8.1k 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 P=003

P=0005 b

expression profiles of the »
8.1 k m/z (a) and 8.9 k m/z (b) 16 *
peaks in sera from HCV-HCC > P=03 P=05
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Before Onset After ° Before Onset After
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Table 2 Di ic rates for hep: Tlul i in the HCV least AFP, DCP, or the C3a fragment was positive, had a
infected patients positive identification rate of 98%, although the specificity
Markers Sensitivity ~ Specificity ROC  of this assay was too low at 20%. The ROC AUC of the
(%) (%) AUC  combination test using AFP, DCP, and the C3a fragment

AFP* (20 ng/ml) 38 (1745 47 (1838)  0.53 was higher than those of any other markers. This result

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
® 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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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. 3c, 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 C3adesArgAB8) 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 C3a fragment (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 HBV 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 tumor 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 mechani 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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Presence of multiple copies of capsulation loci in invasive
Haemophilus influenzae type b (Hib) strains in Japan before
introduction of the Hib conjugate vaccine

Kentaro Ueno, Junichiro Nishi, Naoko Imuta, Koichi Tokuda and Yoshifumi Kawano
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ABSTRACT

Despite the effectiveness of the Hib vaccine, multiple amplification of the capb locus contributes to
vaccine failure. However, there has been no report on the effect of Hib locus amplification in Japan. We
examined 24 Hib strains from Japanese children with invasive diseases due to Hib. Although all strains
showed the same capb sequence, Southern blot analysis showed that four strains (16.7%) harbored
multiple copies (more than two) of the capb locus. Careful analysis of the locus in circulating Hib strains
is necessary now that the Hib vaccine has been introduced into Japan.

Key words capsular polysaccharide, Haemophilus influenzae type b, Hib conjugate vaccine.

Hib occasionally causes invasive bacterial diseases such as
meningitis, epiglottitis and sepsis, especially among young
children. Hib conjugate vaccines, which consist of capsule
polysaccharide conjugated with carrier protein, are very
effective and safe. Since the Hib conjugate vaccine was
introduced in Europe and America in the 1990s, the inci-
dence of invasive Hib disease has decreased dramatically
in many countries (1). However, despite the efficacy of the
Hib vaccine, an increased number of cases of the rare in-
vasive Hib diseases (i.e. cases of true vaccine failure) have
now been reported in Europe in fully vaccinated children
(2-5). Although possibly contributory host factors such
as lower avidity of the anti-Hib antibody are known to
occur (6, 7), amplification of the capsulation locus may
also have contributed to vaccine failure (8, 9).

Type b polysaccharide capsules, polymers of PRP, are
cell-surface components that serve as major virulence fac-
tors against host defense mechanisms. The genes involved
in Hib capsule expression are found within the capb locus,
an 18-kb DNA segment of the chromosome (10). Most

Correspondence

invasive Hib strains contain a partial duplication of the
capb locus which consists of one intact copy of the locus,
and a second copy with a 1.2-kb deletion region contain-
ing the bexA gene and an IS1016 insertion element that
flanks the locus (10). Polysaccharide capsule production
relates to the number of copies of the locus (11). Recently,
Cerquetti et al. reported that amplification of the capb
locus to as many as three to five copies is associated with
vaccine failure (8, 9). In addition, Schouls et al. found
two variants of the capsular gene cluster, designated type [
and type II, which were assessed by considerable sequence
divergence in the hcsA and hesB genes of the capb locus.
They found that type I strains carry approximately twice
as much capsular polysaccharide on the cell surface as type
11 strains (12).

In Japan, the Hib conjugate vaccine was licensed in Jan-
uary 2007, and introduced in December 2008; however,
the vaccination plan has not yet been fully implemented.
Although 55% of bacterial meningitis cases in children in
Japan were caused by Hib (13), there has been no national
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Table 1. Sequence type and number of copies of the capb locus of the 21 Haemopbhilus influenzae strains examined in this study

the capb locus

No.of No.of Detected date Age Ampicillin PFGE
cases  strains  (Year/month)  (months) specimen disease susceptibility ~pattern  Sequence type  Size of band  No. of copies
1 C1650 2004/11 14 blood bacteremia Rt H | 45 kb 2
2 Ka646  2005/7 9 blood meningitis R G | 81 kb 4
3 K5003  2005/11 53 blood meningitis St Al | 45 kb 2
4 K5154  2006/1 17 CSF meningitis S D | 45 kb 2
5 K5221  2006/1 5 CSF meningitis S B | 45 kb 2
6 K5331 200672 24 CSF meningitis S E | 45 kb 2
7 K5545  2006/4 12 blood cellulitis - Al | 45 kb 2
8 K5625 2006/5 31 CSF meningitis R F | 45 kb 2
9 K5905  2006/9 19 CSF meningitis S Al | 45 kb 2
10 K6066  2006/11 7 CSF meningitis S B | 63 kb 3
11 K6168  2006/12 56 CSF meningitis R B | 45 kb 2
12 K6519 2007/8 20 CSF meningitis S Al | 45 kb 2
13 K6803 2007/10 29 blood epiglottitis S Al | 45 kb 2
14 K6886  2007/12 21 CSF meningitis S Al | 45 kb 2
15 K6892  2007/12 9 CSF meningitis R Al | 45 kb 2
16 K6930 2008/1 63 blood bacteremia R Al | 45 kb 2
17 K6934  2008/1 2 CSF meningitis R Al | 45 kb 2
18 K7112  2008/3 15 blood meningitis S Al | 45 kb 2
19 K7448  2008/7 8 CSF meningitis S C | 45 kb 2
20 K7450 2008/7 7 CSF meningitis S Al | 45 kb 2
21 K7522 20089 14 CSF meningitis S Al | 45 kb 2
22 K7639  2009/4 4 blood meningitis S A2 | 81 kb 4
23 K7641  2009/4 12 CSF meningitis S Al | 45 kb 2
24 K7721  2009/5 4 blood bacteremia S | | 63 kb 3

fresistant, *susceptible.

survey of strains isolated from patients with invasive Hib
diseases including meningitis. Furthermore, there are no
reports on the amplification or sequence divergence of the
capb locus. The principle aim of this study was to analyze
the number of capb copies, and to assess sequence diver-
gence in the hcsA and hesB genes of Hib strains isolated
from children with Hib diseases in our district before the
introduction of the Hib conjugate vaccine.

A total of 24 Hib strains isolated between Novem-
ber 2004 and May 2009 from 24 children with invasive
Hib diseases who had not received Hib conjugate vac-
cine in Kagoshima Prefecture, Japan, were collected and
examined. Of these strains, 15 were isolated from CSF
and 9 from blood. The strains were epidemiologically
unrelated and individually stored at —80°C. All isolates
were identified as serotype b by PCR capsular genotyping
(14). PFGE was performed using a CHEF-DR 3 apparatus
(Nippon Bio-Rad Laboratories, Tokyo, Japan) according
to previously reported methodology (15). Briefly, DNA
was digested by Smal and separated on 1% agarose gels
by PFGE under the following conditions: current range,
100 to 130 mA at 14°C for 16 hr; initial switch time, 5.3 s,
linearly increasing to a final switch time of 49.9 s; angle,

(© 2010 The Societies and Blackwell Publishing Asia Pty Ltd

120°; field strength, 6 volts/cm. The gels were stained with
ethidium bromide and photographed. A lambda with a
size range of 48.5 kb to 1 Mb (BME, Rockland, ME, USA)
was used as a size marker. For interpretation of banding
patterns separated by PFGE, we referred to the criteria of
Tenover et al. (16).

Two variants of the capb locus DNA sequence, type I
and type II, were determined by PCR using two primer sets
targeting the hesA gene which could discriminate between
the two capsular genotypes as described in a previous
report (12). The DNA sequences of the PCR products
were determined by an ABI Prism 310 sequencer (Applied
Biosystems Japan, Tokyo, Japan).

The number of capb locus copies was detected by South-
ern blotting analysis according to previously reported
methods (8). Because Kpnl and Smal restriction sites
flank the capb locus, extracted DNA in an agarose plug
was digested with these enzymes, separated by PFGE,
and transferred to a nylon membrane. A Hib capsule-
specific 480-bp probe was constructed by PCR (14) and
labeled with DIG using a DIG high prime DNA labeling
kit (Roche Diagnostics, Mannheim, Germany). The mem-
brane was hybridized with the probe and visualized by
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chemiluminescent detection using a DIG detection kit
(Roche Diagnostics). The Kpn I/Sma I fragment of a two
copy strain was expected to be 45-kb, because it includes
two repeats of the locus (18 + 17 kb) plus additional seg-
ments (~10 kb) upstream and downstream of the cap re-
gion (17). Three-, four-, and five-copy fragments showed
increased size in 18-kb increments for each additional copy
(63, 81, and 99-kb, respectively) (8).

A summary of results is shown in Table 1. The type
I-associated hesA gene was found in all of the strains ex-
amined. The DNA sequences of all the PCR products were
completely identical. PFGE analysis showed nine distinc-
tive restriction patterns (A to I) among the 24 isolates.
Fourteen strains with the A pattern were divided into Al
subtype (13 strains) and the closely-related A2 subtype
(one strain). Southern blotting analysis demonstrated that
20 strains showed a two-copy arrangement of the capb lo-
cus (45-kb), two strains showed three copies (63-kb), and
the other two showed four copies (81-kb) (Fig. 1). The
incidence of multiple-copy strains (>two copies) among
examined strains was 16.7% (4/24). All of the strains with
the dominant PEGE pattern (A1) possessed two copies,
while one with the closely-related A2 subtype harbored
four copies. The other three strains with multiple copies
showed minor PFGE patterns (B, G or I). All the patients
infected by strains with multiple copies were treated suc-
cessfully without neurological or physical sequelae.

Amplified capb sequences were detected more fre-
quently among strains from children with true vaccine fail-
ure than among those from unvaccinated children (24%
vs. 10%) in the United Kingdom (8). Furthermore, the
proportion of strains with multiple copies of the capb lo-
cus increased over time in Italy (9). Amplification of the
capb locus is associated with decreased susceptibility to
complement-mediated lysis and decreased complement-
mediated opsonization (11). Thus, amplification of the
capb locus may result in the overcoming of host defenses
and contribute to vaccine failure. We have found that Hib
strains with multiple (three or four) copies of the capb
locus were present in Japan before the introduction of the
Hib conjugate vaccine. The incidence of 16.7% (4/24) of
multiple-copy strains found in our study is slightly higher
than that found in the UK between 1991 and 1992 before
routine immunization was introduced (10.1%, 9/89) (8).
In our study, most of the multiple-copy strains showed
rare PFGE patterns. Thus these strains might be selected
and involved in vaccine failure after the introduction of
Hib conjugate vaccination in Japan.

Sequence typing of the capb locus is based on the con-
siderable sequence divergence in the hcsA and hesB genes,
which are involved in the transport of capsular polysac-
charides across the outer membrane (18). Schouls et al.
have reported that type II strains display less expression of
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Fig. 1. Examples of Southern blot analysis of DNA from Haemophilus
influenzae type b strains digested with Kpnl/Smal, separated by PFGE,
and hybridized with the 480-bp DIG-labeled capb probe. Strain K6066
in lane 2 and strain K7721 in lane 17 showed three-copy arrangement
of the capb locus (ca. 63-kb). Strain K4646 in lane 14 and K7639 in lane
15 had four-locus copies (ca. 81-kb). Other strains had two copies (ca.
45-kb).

capsular polysaccharide than do type I, and were isolated
only during the pre-vaccination era in the Netherlands
(12). The greater polysaccharide expression may have pro-
vided a selective advantage for type I strains, resulting in
the rapid elimination of type II. In addition, there have
been remarkable differences in the geographic distribu-
tion of type I and type II; with a higher incidence in the
United States (73%) than the Netherlands (5%) of type II
among Hib strains isolated from patients (12). While we
did not find type II strains in this study, more Hib strains
should be evaluated to clarify the exact incidence.

To our knowledge, this is the first study to investigate
capb locus copy number in invasive Hib strains isolated
in Japan. We found that multiple-copy strains were in
existence in Japan before the introduction of Hib con-
jugate vaccine. Molecular epidemiological surveillance of
invasive Hib strains after the introduction of vaccines will
allow prompt detection of any changes in bacterial proper-
ties. In addition, because higher antibody concentrations
may be required to protect against Hib disease caused by
strains with multiple copies of the capb locus, we strongly

(© 2010 The Societies and Blackwell Publishing Asia Pty Ltd
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recommend the complete implementation of Hib vacci-
nation in young children in Japan.
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