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7 )7 — LEREEREBF % nonalcoholic steatohepatitis (NASH) D BU#Fo 2200 mAEED U
Foli, NASH DML 2537 v a— LN % B non-alcoholic fatty liver disease
(NAFLD) #B¥f -8\ 2MABETHS. Zhicid, BIHFCHERN2MEREIMNAT
NASH ~ADKENER L BT 2 MARENSINED. T/, NASHOBUIZIX, Tra—w
BARRSEF 75V TR ¢, SMFFRY A VA, HBORE ARMFARRELR CBROREC X AHFE
BEBATALENSD. Lo T, BABKOZHOOMARELLETHE. 2610
NAFLD % NASH O EB I 1= 1@ @A RARI X TH 5 2°, NAFLD OMEIR® <, FrE
BRI BBHTH L0, MPREE FERRT)BELRRTILDICLERTHAS.

A2 —=Y 7IRET NAFLD HE 2 S h 2 EFADS b, BHICUTO LI 2 mERER R
6, BHYEIERSEF X ) NASH %8\ (E5-1), FERIC X AMEBIZ{T) 25I2, NASH
iz, Day H7'#% L7 two hit theory i= & 2 &, MM, WIRMAE, WERMZ O Ist hiti2L b
BEFFFIC, 4 v A YEREPMIEAPLA, TV F R+ 2% 80 2nd hit b > TRET
5. L7=#5T, =@ two hit theory IZME+ 2 BF =B+ 5 MAEFEIL, NAFLD ® NASH
DBV HERTHLEEIOND.

FAREEMTAE NAFLD BEOMARIER R

1. Mm# - ECERE
CFIYAT I+ EOEESE (i ALTI00 BLE AN
- AST/ALT o EEM L7
C A YZAFI-EORRYET
- kv —2— (e7roOYE, NVE25—-4> PHOP) %
M MERDET
. (%3 v bO—LERR
M7= F el
- HOMAIR @ LR (2LE)

2. HREE
- W CRP &l
CMikFAL FEL R
- TNF- a #fill
T F4HR2F B
CLTFoml
- [fnil CK18 WFk mfll
- DHEA-S #fifi
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A. NAFLD 8 & U NASH EHiIc RS MR 2R

AST. ALT % FRA NAFLD TidA b, S5i2 NASH THBVHEIICHS (F5-2)V.
LALERDSBEUEICZ2Z btz ALY, NASHDO 23 REHME TEDH TSI £
%2 Y NASH X ALT @I T AST/ALT Kz | ®i#TH 0, 1 BEL %2273 — VIEREEEET
REERBUSHAE, X6, Yy AFF7—¥4 NAFLD#®# NASH TLATS, LoL, 2
4V ATEIBHERFES L Fi%iC NASH Tb AST/ALT HiAFMME(Lo#TE L b ICER L, HE
ECIR1IUEICA22Z 255, BARBILIARLZY - N-0O—2Thb 2NV YTRAT7—F¥
LFNTIveTOobOor Y oM ERRICHFELICEBTALETTA. £/ NAFLDO#%Z
TR GERIII TR ERA B LTI VAT I+ —HIIWMETH S 2 & b
ShThh? PSYATIFT—EXBESEEETHNIZ NASHEEIEBE 23, ALP,
yGTPIZNAFLD TEATAZ LA'H A4, BETH). NASH & HAERDFOERIICIZH
BTix%kuw.

Fisit~—n—Thare 7O B, NEI5—4 2 procolagen II polypeptide (PIIP)
I HAMERRAGIF L ) NASH TR 25 L E2 60, M/MERITEME25. T/ FEME
DEBWTHETLTI Y, 700y Y BMIZNASHOBEERE L HIZET T2 BF
DFRMILE 2+ 5 NASH Tt SMtERERERT = 12 2 A K Eb SRV

BHRAERE, RRAHMRY, SHMESZOEFERMIG NASH DRECHEER - MY 5
ZEdt, Mm% HbAwx #£ILAFOo—)b, LDLILVAFO=, PHELZ2 SIS EE 2
Ao ENEw. £7:, NASH (S MAIEMEGT & L8 L THEBROKEROBRENRETH Y,
M7 ') F I NASH Cla®flEL 25 &7 ) F ilfE & FRREESCRMELEERELE D
MELHLEwbNL Y, MAEARNTARE 278407 —8E 2D, Fenton LGz & ) ROS
DELE PSS, [FAERECHFRELLrERTILE200 T A,

(#%52) NASH & MEMETF BEDELEREMOILE”

steatosis patients  NASH patients P value

AST (U/ml) 333+128 530+355 001
ALT (U/mi) 570+323 B06 =600 008
FBS (mi/ml) 1084 + 164 1236=3638 006
IRT (pl/mli) 114+78 141=106 028
HOMA-IR 310230 407=373 026
HDL cholesterol (mg/d() 499144 479115 050
LDL cholesterol (mg/d!l) 1151 £310 1203+385 013
triglycerides (mg/dl) 1707 £823 1726=985 094
iron (ng/mi) 116.1 =469 110.1 £40.2 059
ferriin (ng/mil) 1466=96.1 264.2 £ 2454 005
hyaluronic acid (ng/dl) 273=262 512+522 0.05
type IV col7s (ng/dl) 421093 467+123 012

*means:S5D M 1 ZHE)
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B. MOFEERADLDOMBAE

I, A NARFROBRAOL O HBs AE L HCV itk xllE L, BCREEFELD
TREELEETALOK, fI b3y F) THELBRELMET S, 7L, NAFLD Tit
HEAEBEENFEETAZ L0, BESROBRIIIETSLETH S FRA L EEES
RIEKRLE Y, RROFABRENEDNLIBEIIE, VO TFAI Y, RPHEH, o, 7Y
FrRITYY, bR YEAELREFNSIIFRNZRELTH (E5-1).

f

| FRSE : WIHF
D
[ E{LSRE : FME (AST, ALT, y-GTPLR)

l

Yo L AIEFF#  HBSHM, HCVILEE }

BCRAETER : MM, M3 b2 FU TR
Tofts: EREEMETFERL &

l

{ wEE J
1L ZEMEFER Y £ (191—1»4!'111 R20gkl k)
T — LERTES NAFLD
L |
NASH E WGILRR AT

NASH/NAFLD DEHT

- C. NAFLD ;BJ-'.U NASH leﬂ!_?ém

1. 122 AERMH

MERAERS # ML NAFLD nERE LTEETHY, 1M 1 A1) v &t NASH O
ERLLIMBCHE. A 2 A AABREOFMEEIZV{22d 54, BERLIEAZATVS
®ix, HOMA-IR (homeostasis model assessment insulin resistance index) T, | EOHRMT
HET25- 6B ENTVA, HOMA-IR X 26 MM (mg/dl) x EMEFA X2 ¥
(pU/ml) =405 DHAXTRO LMD, —#IZ, HOMA-IR #°2 RMOMERZIES, 2Lz
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YA CEHE SULOBSIIEENS YR YiEHkEE2 00D, BYFORENETT
%13 ¥ HOMA-IR 2*%fli = 2 b, (% ALT f#iZ BMI, HOMA-IR t HECIEQOHMERL,
ALT 2540U/I Ll EDBIOKEMBMI A 25 LA L, 5 it HOMA-IR#2ULETH B 3
7=, NASH DIF@s{Lo#ITIZS ¥ 2 ) Y EHRE L MEFHL LvnbhTnad Y Z0kiez
s, 472 EREOHFEILNASH A BEIFTRO—2THS

2. B™E CRP (high-sensitivity C-reactive protein: hsCRP)

B CRP HIEZEOMBIZ L N, #6380 CRP T 2 hiz v 181489 TR/ % 4E % FFli T
25 LkHckot. hsCRP LAXVOERIE, LIEES, 2EMERKE A9F Vv 2 Fo-
LAREOFHETTHL I ENEHIATVSEY F/ A7E) v sy Fu—LAO—RAR
Lvibh s NAFLD Tid hsCRP @ LR ABEMAAT I ) RELRBL T2 L EIH6A T
% 5|2 NASH (23T hsCRP O L8 L PR LR EIZIZHMIH L tvbh Y, A5 ET
v Fu—L%f L% NAFLD Ot ALT Bt EXBOLETIE, AEIZALT @
BOhsCRPAMETHALVAIBREY bHD, SHENASHOF LW —A—L2d I L2
#Hihas (H5-2).

4r P<0.0001
35+

25+

CRP (mg/)
n

1.5¢

1k
0.5t
0

steatosis

NASH & MpEtRERARTIC 511 2 hsCRP
BE oM EuE)

3. BEAPLZAT—H—

I TOFREEEEITROS EL L, B¥IGELHIZHEZZNAH, NASH Tt
P K TRECLDROSBMIC 2D LEZLATVA. /-, HFMROMAR RIS
IbharyEYTORBEEAESE, CYPEl DARMEBRLH#T S =25i2, NASH EED
PRl DSk L AV IR EHIEIRF L D ETH A 0L LRBIENASHICBW TR
LA ML ALERFTLLEEIONS

B{LA b L AT—A—I213, EHMEC L IEHEEY £ ENBRREERMECHBILY KA
# 47 heat shock protein (HSP) ##F # L F#* ¥ » thioredoxin (TRX) % ¥ IXM{LA } L
At - THBENABZARTHN, FAL FF2 2 EAREDRELTLHOATV S
NAFLD Tii % & & h#r L T, HF##+ ® malondialdehyde (MDA) % ¥B{EA F L A7—
71— 2 38B A% ¢ . NAFLD Ot T b HgitEARRAAF £ 1 NASH @13 5 4% 4+ MDA 2

193 -1 4202 [IGLS]
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WhF4L FEL 28y ([5-3)Y. O LI 2, NASH OB BEAR b L A0E < W
542+ EZ0N BEAFLVRAT— -2 NASH OB L REERTFEIZET>. B2, F
AL FFL A MikPOBELBECELL06, Biiv— -+ LTOERAEIHFETE
5,

% s T P<0.001
£ 100+ P<0.001
=
Sl
N 6ot
g
40- -
Y
== =
=
NASH, MMIEmFeRRE 513 T O s wmemDE and
mWF+LF¥ 2 RE (IR 22E) (n=25) (n=15) (n=17)

4. PT4RYARDHT

PRI M ARB T ALF - DOBMMBETH LT TR, RS DEREEDR*
T AMMTHS. S0k 2 EREREREBERYRIIRHEL TT PR b AL VL
Fidhas KEHLTTFAHIA A4 LT, INF-a, VL7F ¥, TF14HEZZIF 2,
PAI-1 (plasminogen activator inhibitor typel), L ¥ AF »# L4 HIF6nAH%, NAFLD O
TLHFIZNASH THINLDFWREYHL - vbhd,

TNF-a it EEETA b A4 2 O—2TH 5, BHEBKI-BVTLRAL TS, B#IZE
Dins TNF-aid bR L, IRUSEEIZBIT5 TNF-o ORBLIGEMEE L /M L, NASH Titfis
TNF-a ® LR S TO TNF-a ZHREOHIMIABOH SRS 1Y,

FRABRIIFARAZEY v 22 FO—LARECHRGICEHE, B#CLh ZoMmPilE
IMET L, MR . & MM ATRT. BB CHFREIZE Y T AMP kinase # PPARa #
EHIEL, A A A EHERA S E) v 2 vy FO- a2 BT 5EA%E L. NAFLD 8%
TP 7FAH22FBEFBETLTWAE Y, £/ A2 VERESRERELE 7)) 4
V' 7id, PPARy #fr L THRRFMRR 2 NBEL, 774 HA 7 F U/ EEBERTR*RWETLH LT

| 7071392

707+ — A4 (proteome=protein +ome) Lit 1 @OEWHLOT N TORERBTHE Y/
PoA (gene+ome) G L/-HEBTHN, #0LPLHRICREA L TWEATRTORAROEEHE
| MIETRAE Il BBNCEARORBACHEEFHETAZILL, JUTA—LBGL (I
| 7O074 322 proteomics L RT3 7uFt—ARFRIESROTE EEROAED
L 2onkRHGRE BLEITFDATVADE, —ATREADICL - TEARLFRL, WE
| R TENOREREFMRT AHETHE REMRAKI 07 I3 74—L—~tht ot
| LC-MS tEBROKE L RITEFMOME L FIA L 722 TOF-MS #*5 %
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IASHBREZ AN THALEZLNTWVA, IDLIRI LN, TTARRIF L/ ZBH2E
ITHE, FTRARAIFORAGLEERYF ) $ S R EOEREOBROE=S ) ¥/
SHLIDATE ATREEY D S

L7 iR ER L TN ARERMEER RT3, 4 2R YHHRMEER,
CAMF—HRAE MELAERS IS 26BEEATT. iR ENTA2L7
FoiSENERL, ERAETE#AL L4 IIALYF—OHEREEHLN, REBETHLY
FORRBOKELEEZ R, FOBMIERL KIEL 2 oT A £, LTFVIFRE
EEBlET A FEMBEOESRLERET A2 L RESATWA Y, ZnL5iz, IRLTF
/BEEIX NASH Ti2EB L, BWICAHTHATRERY S S

D. mMERED next apprdaciw

NAFLD ® NASHDO A2 | —=» YDz R FEIBECMETCE S LyL, NASH
PRI L2 A LS LRERIERASETRAEL 2T EZ62VRERB LS, L7LY
JAFLD & L ¢ {4 NASH |28 88974 4 O Tid% {, NASH OBEBW - EFEEFLETHS
Fobt, MECIIETE, BROBTHEZ NASH O R 2 MKBH~— 7 —E%\.

fiif cytokeratin-18 (CK-18) WiH iR X NAFLD (=BT AFFMlD 7R F—2 A LML T
WL Y, BHALEYDRMAREN THE 7L FOLYF Y FORFOYHFu 72—}
DHEA-S) X NAFLD OF LD ETL L IZETTA W, 262, w{2pD7—F—%
EHaEbe B NASH OBELBMEXNL L 2hoTETWA (K53, /2, 7O

PF+£27F, HOMA-R, NEIS—# 278, LUT—hH—
OHAEHEEAVBMEERE (Stage1-2) NASH DBEE

parameter cut-off Value AUC [:3: 4 HRME
adiponectin =40 (pg/ml) 0.765 68 79
HOMA-IR =30 0.757 51 95
Type IV Col.75 =50 (ng/mil) 0.758 41 95
combination of markers 94 74
(e 15 &%)

SELDI TOF/MS 7O 7
{F9yTYATLE
AL\ - NAFLD BEmiH
DERARR/I G-

114202 [168)
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FAIVAREERVI S A= —REVEEEREP LR TS LI hoTET
WA A, NAFLD # NASH IZbIGHTies s #2608 SHBFL WALy —h—D%
BRI ATWS, &4, 7OFF I RALAVT, MEESICHB L TNAFLD THE L
7L, NAFLD A v —A— L 22N H 2 EBY -2 2 &0 ELTE) (H5-4),
SBEODHRDRBYMFTES
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Hepatic oxidative DNA damage is associated with increased
risk for hepatocellular carcinoma in chronic hepatitis C
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-

Although the oxidative stress frequently occurs in patients with chronic hepatitis C, its role in future hepatocellular carcinoma (HCC)
development is unknown, Hepatic B-hydroxydeoxyguanosine (8-OHdG) was quantifiec using liver biopsy samples from 118 naive
patients who underwent liver biopsy from 1995 to 2001, The predictability of 8-OHdG for future HCC development and its relations

to epidemiologic, biochemical and histological baseline characteristics were evaluated. Dunng the follow-up penod (mean was

67 + 3.3 years), HCC was identified in 36 patients (30.5%). Univariate analysis revealed that |6 vanables, including 8-OHdG counts
‘ (65.2 £20.2 vs 40.0 £ 235 cells per 10° um?, P<00001), were significantly different between patients with and without HCC. Cox
proportional hazard analysis showed that the hepatic B-OHdG (P = 0.0058) and fibrosis (P =0.0181) were independent predicting
factors of HCC. Remarkably, 8-OHdG levels were positively correlated with body and hepatic iron storage markers (vs fermtin,
P<0000! vs hepatic iron score, P<0.0001). This study showed that oxidative DNA damage is associated with increased nsk for
HCC and hepatic 8-OHdG levels are useful as markers to identify the extreme high-nsk subgroup. The strong comrelation between
hepatic DNA damage and iron overioad suggests that the iron content may be a strong mediator of oxidatve stress and iron
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reduction may reduce HCC incidence in patients with chronic hepatitis C
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ellular carci (HCC) is one of the most common
malignancies worldwide, and the death rate due to this tumour has
been increasing over the past 20-30 years in the Unites States
(El-Serag, 2002) and in Japan (Nishioka et al, 1991). Chronic infection
with hepatitis C virus (HCV) has been recognised as an increased risk
of HCC; approximately 20% of HCV-infected individuals have
diseases that progress to cirrhosis, and about 40% of these patients
develop HCC after a mean of 10~ 15 years (Seeff, 2002). Consequently,
surveillance programmes based on periodic ultrasound examination
and serum x-fetoprotein determination are recommended for patients
with chronic hepatitis C. However, the effectiveness of these protocols
has not been fully assessed and they afford no contribution to
improvement of clinical outcomes in patients with chronic hepatitis C
(Gebo et al, 2002). Therefore, it is desirable to establish a useful
marker that could identify cases at high risk of developing HCC
among chronic HCV-infected patients.

Although the mechanisms underlying HCC development during
chronic HCV infection have been widely investigated, they are still
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unclear. It has been reported that structural and nonstructural
proteins of HCV, such as Core and NS3, play a role in cell
transformation, using in vitro cell culture systems (Sakamuro et al,
1995; Ray et al, 1996) and transgenic animals (Moriya et al, 1998).
But whether expression of HCV protein(s) directly induces HCC in
chronic HCV-infected patients is unknown. Recently, it has been
assumed that oxidative stress may be relevant to this process of
HCV-induced carcinogenesis, as has been suggested in several
other malignancies (Kasai, 1997), Considerable data suggest that
reactive oxygen species (ROS) may play a pathogenic role in
carcinogenesis (Crawford and Cerutti, 1985). The most damaging
species among the many ROS is the hydroxyl radical. The hydroxyl
radical has been shown to be responsible for a number of base
modifications that include thymine glycol, thymidine glycol
(Cathcart et al, 1984), 5-(hydroxylmethyl)uracil (Hollstein et al,
1984), and also 8-hydroxydeoxyguanosine (8-OHdAG) (Shigenaga
et al, 1989; Kasai, 1997). 8-Hydroxydeoxyguanosine is a modifica-
tion of guanine that induces a point mutation in the daughter
DNA strands (Kuchino et al, 1987; Shibutani et al, 1991) and it is
therefore used as a marker of oxidatively generated DNA damage
in several diseases (Shigenaga er al, 1989; Kasai, 1997). In patients
with chronic hepatitis C, increased 8-OHdG in DNA extracted from
liver tissue was also reported (Shimoda et al, 1994; Mahmood et al,
2004; Fujita et al, 2007). These reports suggest that oxidative stress
may be involved in the progression of liver disease, but they
showed no direct participation of oxidative stress in hepato-



carcinogenesis in the liver of HCV-infected patients. Also, no
information is available on whether ROS-mediated e to
DNA is useful for prediction of HCC development in chronic
hepatitis C patients,

In view of these considerations, we have examined the influence
of the degree of ROS-mediated hepatic DNA damage as measured
by counts of 8-OHdG immunohistochemically positive hepatocyte
nuclei on the prevalence of future HCC development in chronic
HCV-infected patients. Moreover, we evaluated the relation of the
degree of ROS-mediated DNA damage with the epidemiologic,
biochemical, and histological findings in chronic hepatitis C.

PATIENTS AND METHODS
Patients with chronic hepatitis C

This study comprised 118 consecutive patients (66 males and 52
females; mean age 55.8 + 10.8 years) recruited between January
1995 and October 2001 with HCV-related chronic hepatitis
(Table 1). All patients fulfilled the following inclusion criteria:
(1) liver injury caused by chronic HCV infection. All patients had
persistently elevated serum alanine aminotransferase (ALT) levels
and were seropositive for both anti-HCV antibody (the third-
generation enzyme-linked immunosorbent assay; Ortho Diagnostic
Systems, Raritan, NJ, USA) and HCV-RNA (Amplicor-HCV assay;
Roche Molecular Diag. Co., Tokyo, Japan). (2) Liver biopsy. Liver
tissue was obtained by percutaneous needle biopsy in all patients
for diagnostic purposes. (3) Follow-up without interferon (IFN)-
based therapy. The follow-up consisted of monthly blood tests and
monitoring of tumour markers at the outpatients clinic of our
department, and ultrasonography and dynamic computed tomo-
graphy were performed at regular intervals. As it is known that [FN
treatment reduces the incidence of HCC in patients with chronic
hepatitis C (Nishiguchi et al, 1995), patients with a history of
previous [FN-based treatment were excluded from the study. None
of them had received any antiviral therapy during the follow-up
period.

Exclusion criteria were as follows: a family history of
haemochromatosis; haemolytic disease; serological markers for

Table | Baseline charactenstics of patients with chronic hepatitis C
Characteristics Chronic hepatitis C (N = |18)
Age (years) 558+ 108 (575)
Gander (M/F) 66/52

Laboratody Satd

ALT (JI177) 735£534 (580)
AST (U17Y) 70.1 £41.8 (615)
Patelet count (% 10°mm ™Y 149 £59 (146)
Serum HOV-RNA (MUmI™') (N=89) 1570 % | 240 (1420)
HCV genatype (1a/Ib/2a/2b) (N = &0) /53572
Liver histology
Inflammatory actwty (O/1/23)* 1417149127
Fibrows stagng (OV1/2/3/4)° 112926127135
Total iron score’ 7754580 (700)

8-OHdG- nﬁ.me hepatocytes
(por 107 )

1842262 (415)

Data are ewpresied 35 mean tid (median) ALT =alawne aminotransferase
AST =aspartate aminctransferase HCV = hapattis C vus 8-0HdG = B-hydro
<ydeoxyguanoine. Inflammatory actiaty was ;"a-..e*‘ according 10 the intensty of
necronflammatory lesiens: 0. no histologeal actwty: | mild actaty: 1 moderate
Actraty Fibross stagng ‘was scored as follows: 0. no fbros |
portal fbross without sepra; L poral fibross with few septa; 3. numerous septa

without orrhass: 4, orrhoss. *The h nourgcaf quantification of ron was assessed oy
total ron scare proposed by Deugrer et of (1992)

1 semre actiy
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hepatitis B virus (HBV) (hepatitis B surface antigen and hepatitis B
core antibody); or human immunodeficiency virus infection.
Patients with concurrent diseases or those taking medications
that may interfere with free radical production, such as
nonsteroidal anti-inflammatory drugs, vitamins and iron-contain-
ing drugs, were excluded from the study. Patients \mh chronic
alcohol consumption of ethanol in excess of 40gday ' for male
and 20 gday ' for female for at least 5 years were also excluded. All
patients had no HCC or other cancers, by an initial screening
examination. Informed consent was obtained from each patient
and the study was approved by the Ethical Commitiee of Mie
University. The study was carried out according to the ethical
guidelines of the 1975 Declaration of Helsinki.

Clinical parameters were obtained for each patient at the time of
liver biopsy: age; sex; body mass index; duration of HCV infection
(when contamination was very probable and a precise data;
transfusion or drug addiction in the past year); alcohol intake;
biochemical, haematological, iron-related, and virological serum
markers; and liver histological findings and 8-OHdG immunor-
eactivity.

The diagnosis of HCC was made by several imaging methods
(ultrasonography, dynamic computed tomography, arteriography,
or magnetic resonance imaging) and confirmed histologically in 22
cases. Time to HCC occurrence was defined as the interval between
the date of liver biopsy and the detection of tumour, death without
HCC occurrence, or the last examination until 31 October 2006. All
patient deaths were considered end points irrespective of cause of
death. The mean follow-up period was 6.7 £ 3.3 (range, 0.4-11.8)

years.

Histological evaluation

All of the liver biopsy samples were stained with haematoxylin -
eosin and Masson’s trichrome, and were graded for the degree of
necroinflammatory activity and staged for the extent of fibrosis
using the criteria of Desmet er al (1994). The histological
quantification of hepatic iron was carried out according to
Deugnier et al (1992) by scoring iron separately within hepatocytes
(hepatic iron score, 0-36), sinusoidal cells (sinusoidal iron score,
0-12), and portal tracts or fibrotic tissue (portal iron score, 0-12)
using liver samples stained with Perls’ Prussian blue, The total iron
score (TIS, 0-60) was defined by the sum of these scores. This
score has been shown to highly correlate with the biochemical
hepatic iron index and hepatic iron concentration as measured by
the atomic absorption spectrophotometry in patients with chronic
liver diseases (Piperno et al, 1998; Silvia et al, 2005).

Immunohistochemical study

Immunohistochemical staining of 8-OHdG was performed as
previously described (Fujita et al, 2007). Mouse monoclonal
antibody against 8-OHdG (Japanese Aging Control Institute,
Shizuoka, Japan) and Alexa 488-labelled goat antibody against
mouse IgG (Molecular Probes, Eugene, OR, USA) were used. The
degree of immunoreactivity was estimated by counting the number
of stained hepatocyte nuclei using Adobe Photoshop version 5.5
and NIH Image free software (Vers. 1.62, National Institute of
Health, image program).

Statistical analysis

Results were expressed as mean ts.d. or median. Comparisons
between groups were performed using the Mann - Whitney U-test
or Kruskal -Wallis test for continuous variables and the ;* or
Fisher's exact test for categorical data. Correlation coefficients
between numerical variables were calculated as Spearman's rank
test. Cumulative HCC incidence curves were determined using the
Kaplan - Meier method and the differences between groups were
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assessed with the log-rank test. Cox proportional hazard regression
analysis was used to identify significant factors that influence
C development. All tests were two-tailed, and P-values
tically significant. Statistical
5 software (SPSS Inc,

ulure

less than 0.05 were consi

{ered as statis

analyses were performed using the SPSS 11
ago, 1L, USA)

RESULTS

In situ detection of 8-OHdG-positive hepatocytes using
biopsy samples

In the liver of patients with chronic hepatitis C, 8-OHdG
immunoreactivity was strongly observed in the nuclei (weakly in
the cytoplasm) of hepatocytes, Kupffer cells, and infiltrated
lymphocytes (Figure 1A). The hepatocyte nuclei were differen
tiated from the nuclei of other cells using computed analyses at the
point of nuclear shape and size. The number of 8-OHdG-positive
hepatocytes in patients with chronic hepatitis C was counted from
7 to 123 cells per 10° um’, the median being 42.5 cells per 10° um’.
Using the liver samples of patients with simple fatty liver as
controls, immunoreactivity of 8-OHdG was faintly observed in the
nuclei of hepatocytes in this experimental setting (Figure 1B). The
specificity of the anti-8-OHdG antibody used in this study was
confirmed by several parallel experiments. Sections in which the
primary antibody was omitted or those treated with normal
control serum instead of the primary 8-OHdG antibody consis-
tently yielded negative staining. Localisation of 8-OHdG was
considered specific because the recognition of hepatowtes was
completely blocked by previous incubation with 25ngml ' of
8-OHdG, but not by over a thousand-fold greater concentration of
guanosine. Further, enzymatic treatment with RNase did not affect
the immunoreaction of oxidised DNA.

98

Analysis of factors associated with the occurrence of HCC
in patients with chronic hepatitis C

Until the end of
securrence was identified nts (30.5%) in this study
Seven patients died with no sign of HCC. The overall cumulative
incidence of HCC was 3.4, 12.0, 17.2, and 38.9% at 1, 3, 5, and 10
years, respectively. To examine the effect of degree of liver
oxidative DNA damage on HCC development during chronic HCV
infection, clinical variables, including hepati HdG quantifica-
tion, were compared between patients who developed HCC and
those who did not develop (non-HCC group) during the follow-up
(Table 2). No significant difference was found in the patient age,
body mass index, alcohol consumption, serum albumin levels, red
blood cell count, and HCV genotype distribution between patients
with and without HCC. In the group of patients with HCC, the
proportion of male subjects, duration of infection, serum ALT,
aspartate aminotransferase (AST), total bilirubin, hyaluronic acid,
haemoglobin, iron, transferrin saturation, and ferritin levels at
liver biopsy were significantly higher, and HCV-RNA titres and
platelet count were significantly lower, than in the group of

follow-up (mean was 6.7£3.3 years), HCC

36 patie

Table 2 A ar patie
Nan-HCC
HCC group  group
Characteristics (N =186) (N =812) Pevalue
61 l.},OIHI

0.0453*

1 +504 563513 0.002)
% 605 0.0003

0.0001
0.0003
<0.0001

n (gd 313 ¢ rEJN: 0.0302
ug d 21 £ 62 0.0320
1 1 £ € 0.028%
0.0002"
+1160 0.0068

0.0015
8 7 0.0001

0.0001
£ <0.0001




P<0.0001
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Figure 2 Companson betwsen 8-OHdG counts in patients who
developed HCC (N =36) and those who remained free of HCC (non
HCC, N = 82) during the follow-up period. Baseline 8-OHdG counts were
significantly highee in the HCC group than in the non-HCC group in
pabents with chronic hepatitis C

Table 3 Factors associated with the occurrence of HCC in patients with
chronic hepatitis C by Cox proportional hazard regression analyss

Factor Odds ratio  95% Cl  P-value
Count of 8-0OHIG-positve hepatocytes | 487 1.12=197 00058

(each 10 cells per 10° um® increase)

Fibross stagng (each stage | increase) 4090 127-13.45 00181

HCC = hepatoceliular carcnoma; 8-OHAG = Bhydroxydeaxypuancsans Ol = confidence

miterval

patients without HCC during the follow-up. The histological
grading and staging scores were significantly higher in the HCC
group than in the non-HCC group. The prevalence of hepatic iron
deposits in patients with HCC was also significantly greater than
that in non-HCC patients. Hepatic 8-OHdG expression levels in
patients who developed HCC were significantly higher than in
those wha did not develop HCC (65.2 + 20.2 vs 40.0 £ 23.5 positive
cells per 10°um’, P<0.0001; Mann-Whitney U-test) (Figure 2).
When hepatic steatosis was evaluated by scoring system as 0, no
steatosis; 1, <33% of hepatocytes with steatosis; 2, 33-66% of
hepatocytes affected; 3, >66% of hepatocytes affected, the degree
of steatosis was not significantly different between HCC and non-
HCC groups.

To examine the independent factors that affect the development
of HCC, Cox proportional hazard regression analysis was
performed using the 16 variables that were significantly different
between HCC and non-HCC groups by univariate analyses. The
multivariate analysis identified two factors as independent factors
for HCC development: degree of hepatocytic 8-OHdG lmmuno
reactivity (odds ratio, 1.487 (each 10 posmve cells per 10° um*
increase); P=0.0058) and histological staging (odds ratio, 4.090
(each stage 1 increase); P=0.0181) (Table 3). When the patients
were stratified according to the degree of hepatic 8-OHdG counts
and histological fibrosis staging, the cumulative incidence of HCC
was significantly increased in proportion to these variables (long-
rank test) (Figure 3A and B). The cumulative incidences of HCC of
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Figure 3 Cumulative inadence of HCC in | IB patients with chronic
hepatitis C Incidence curves were determined using the Kaplan-Meier
method and statistical analysis was performed using the long-rank test. (A)
Cumulative incidence of HCC dwvided by degrees of hepatic 8-OHdG
expression levels. (B) Cumulative incidence of HCC draded by degrees of
histological hepatic fibrosis staging score

3,5 and 10 y:ar: were 0, 0, and 0% in 8-OHdG counts of <25
(cells per 10° um?) subgroup (n=23), 4.4, ILI1, and 218%
in 25-30 (cells per 10°um?) subgroup (n=45), 142, 142, and
84.9% in 50-75 (cells per 10° um?) subgroup (n=129), and 38.8,
55.5, and 74.6% in >75 (cells per 10° um®) subgroup (n=21),
respectively.

Correlation between hepatocytic 8-OHdG counts and
clinical characteristics in patients with chronic hepatitis C

To estimate the cause of hepatic oxidative DNA damage,
correlation of clinical findings with hepatic 8-OHdG levels was
evaluated (Table 4). The age of patients, body mass index, duration
of infection, alcohol consumption, and the serum HCV-RNA titre
were not related to the degree of oxidative DNA damage.
8-Hydroxydeoxyguanosine immunoreactivity was significantly
higher in male than in female patients. Serum transaminases,
platelet count, histological inflammation grade, and fibrosis stage
were significantly correlated with the hepatic 8-OHdG levels. It is
noteworthy that the hepatic 8-OHdG levels were strongly and
positively correlated with body and hepatic iron deposition
markers; serum ferritin levels and the hepatic iron deposit grade,
that is, TIS, were strongly correlated with hepatic 8-OHdG count
(8-OHAG wvs ferritin, r=0.640, P<0.0001; ws TIS, r=0.768,
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Table 4 Comrelavons betwean clinical findings and 8-OHdG levels in the
ver of pavents with ¢chronic hepatitis C (N=118)
Statistics
Hepatic 8-OHdG levels
Characteristics (positive cells per 10° um?) r Povalues
Age (years) 0149 0059
Gander
Male (N =#88) 577+ 213 <0.0001"
Female (N =51) 167 £214
Body mass index | ) 073 oami*
Duration af HCV infection 0.237* oos?7*
(ymars) (N=58)
Alcohal intake (gday” ') 0.121* 02709"
Lodonatory oglo
ALT (W17 054" <0.0001"
AST (L) 0605" <0.0001°
Platelet count -0430" < 0.0001"
(= 1Tmm™ Y
Serum farmtin (ngml~ ') 0.640" <0.0001"
Serum HCV.RNA ~0.197* oo72"
RUmMI™") (N=B83)
inflammatory octrgy”
AD or Al (N=42) 321+112
A2 (N =49) 5234226 <0.0001"
A3 (N=17) 624 £ 260
Fibrous stagng”
FO or Fl (N=30) 2661147
F2 (N=126) 460+221 «<0.0001°
3 (N=27) 5242212
F4 (N=35) 6631253

Total iron score’ 0.768" <0.0001"

Data am expressed as meantid 8.0HdG = B-hydroxydeoxyguancsine;
HCV = hepattis C wux ALT =alanne aminotransierase: AST = aspartate amino-
transferase “Spearman rank comelation test "Mann - Whitney U-test. “inflammatory
actvity was graded according to the inteniity of necromflammatory lesons @ no
hiftalogical actaty: |, mild actmty: 1 moderate actnaty. 3, severe actiaty. “Kruskal -
Wallis test. *Fibross stagng was scored as follows: O no fibross; |, portal fibrasss
without septa. 1 portal fibrosis with few septa; 3, numernus septa wsthout cirhops; 4
cimhosis ‘The histological quantification of iron was assessed by total iron score
propased by Deugnier et of (1992)

P<0.0001) (Table 4 and Figure 4). These results suggest the
association between hepatic 8-OHdG production and iron deposi-
tion in the liver of patients with chronic hepatitis C.

DISCUSSION

Although free radicals are normally produced by many reactions
essential for cell metabolism and energy production, they are also
implicated in the pathogenesis of several different diseases (Valko
et al, 2007). Reactive oxygen species production within the cells is
controlled by numerous antioxidant intracellular defence mechan-
isms, but under certain conditions, ROS overproduction exceeds
the cellular defences and damages cell components including
nucleic acids (Valko et al, 2007). Reactive oxygen species attack on
DNA causes the production of stable covalent bonds and the
subsequent formation of DNA adducts, such as 8-OHdG (Shigen-
aga et al, 1989). Experiments in which DNA templates containing
8-OHAG were used indicated that this oxidatively modified DNA
residue can induce G-C to T-A transversion at DNA replication
(Kuchino er al, 1987; Shibutani et al, 1991), suggesting that the
lesion is mutagenic and therefore potentially carcinogenic, but the
role of this oxidative DNA adduct in human carcinogenesis is not
entirely understood.

Chronic HCV infection is recognised as the most major risk
factor for HCC (Nishioka et al, 1991; El-Serag, 2002; Seeff, 2002),
but little is known about the precise role of HCC development in
HCV-related liver disease. It was reported recently that oxidative
damage is a peculiar feature of HCV-mediated liver injury. Patients
with chronic hepatitis C showed increased oxidative stress markers
in serum or in the liver (Shimoda et al, 1994; Sumida et al, 2000;
Mahmood et al, 2004; Fujita et al, 2007). Therefore, we measured
the amount of 8-OHdG in liver biopsy specimen of patients with
chronic hepatitis C and examined its relation with future HCC
development. Baseline clinical variables were compared between
patients with and without HCC development. Based on univariate
analysis, the following numerous variables were picked up for
potential factors for HCC development: (1) gender and duration of
infection, (2) hepatic inflammation (serum ALT and AST levels
and histological grade), (3) hepatic fibrosis (hyaluronic acid,
platelet count, and histological stage), (4) iron-related markers
(haemoglobin, serum iron, transferrin saturation, ferritin, and
TIS), (5) serum HCV-RNA titres, and (6) hepatocytic 8-OHdG

A B
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counts. Cox proportional hazard analysis identified increased
hepatic oxidative DNA damage, together with histological fibrosis,
which is a well-recognised risk factor for HCC (Greten et af, 2005),
as an independent risk factor for HCC development. This result
suggests that the hepatic oxidative stress plays an important role
in hepatocarcinogenesis and it may be a useful marker to predic!
future HCC development in chronic HCV-infected patients.
Especially in the group of pmems wuh hepatic 8-OHdG counts
exceeding 75 positive cells per 10° um?, the HCC incidence during
the first 3 years was extremely high (38.8%) (Figure 3A), indicating
that these patients constitute a very high-risk subgroup for
developing HCC and should necessarily be carefully monitored
by several modalities. Recently, Maki et al (2007) evaluated the
expression levels of B-OHAG of non-cancerous hepatic tissues in
HCV-infected patients who developed HCC and received curative
tumour resection. The postoperative cumulative HCC-free survival
was significantly shorter in patients with the highest percentage of
8-OHdG-positive hepatocytes, indicating that the hepatic 8-OHdG
levels are also useful for prediction of HCC recurrence in patients
with chronic HCV infection who developed HCC.

Several additional risk factors for HCC were identified in
patients with chronic hepatitis C in previous reports - increased
age (Seeff, 2002), heavy alcohol intake (Donato er al, 1997), and
chronic coinfection with HBV (Donato et al, 1997) - but our
results did not identify these factors for HCC. This may be
attributable to the fact that our study population excluded heavy
alcohol abusers (defined as a chronic consumer of ethanol in
excess of 40 gday ™' for male and 20 gday ' for female for at least 5
years) and included relatively old patients (median age was 57.5
years). Patients coinfected with HBV were completely excluded
from our study because all patients were seronegative for both
hepatitis B surface antigen and hepatitis B core antibody. Recently,
several reports have suggested that persons with diabetes mellitus
are at an increased risk for develnpmg HCC (El-Serag et al, 2001),
and obesity, which fr ly accomp diabetes, has also been
reported to increase the risk for hepatic steatosis and HCC in
HCV-infected patients (Ohata er al, 2003). But, body mass index
and hepatic steatosis were not significantly different between the
HCC- and non-HCC-developed groups among our patients.

To determine the factors involved in the occurrence of hepatic
oxidative stress during chronic HCV infection, epidemiologic,
laboratory, and histological variables were examined for associa-
tion with hepatocytic 8-OHdG staining counts. Quantitative
analysis revealed that hepatocytic 8-OHdAG levels were significantly
correlated with serum aminotransferase levels and with the
histological grading of necroinflammation, suggesting a possible
link between hepatic oxidative stress and hepatic inflammation in
chronic hepatitis C. It is unclear whether oxidative stress is the
cause or the consequence of liver injury, but it has been
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demonstrated that oxidative stress can directly activate Kupifer
cells, causing the release of inflammatory and profibrogenic
cytokines such as tumour necrosis factor-z and transforming
growth factor-f (Poli and Parola, 1997). Accordingly, the
hepatocytic 8-OHdG counts were also significantly correlated with
hepatic fibrosis, as assessed by the serum hyaluronic acid, platelet
count, and histological staging score, Sumida et al (2000) have also
shown a significant association between oxidative stress (serum
thioredoxin levels) and hepatic fibrosis (hyaluronic acid, type IV
collagen-7S domain, procollagen-lII peptide) in HCV-positive
persons, suggesting that ROS is an important cofactor in
accelerating the development of hepatic fibrosis during chronic
HCV infection, which may lead to further acceleration of HCC
development. In addition, the hepatic 8-OHAG levels were
significantly correlated with the serum ferritin and hepatic iron
amounts assessed by TIS, suggesting a strong relationship between
the damage to hepatocytic DNA and body store of iron in chronic
hepatitis C patients. [t is known that free iron promotes generatmn
of oxygen radicals by catalysing the Fenton reaction in which Fe’ ©
reacts with H;O, to generate highly reactive OH" radicals, which
can cause nucleic acid damage and 8-OHdG adducts. Therefore,
iron may cause liver tissue injury by increasing the formation of
toxic hydroxyl radicals leading to progression of liver inflamma-
tion, fibrosis, and increased risk for developing liver cancer during
chronic HCV infection, Increased iron stores were associated with
increased oxidative DNA damage, suggesting that removing iron
stores in the body, for example by phlebotomy (Yano er al, 2004),
or dietary iron restriction (Iwasa et al, 2004), which has been
accepted as a useful treatment option, may delay or reduce the
incidence of HCC in patients with chronic hepatitis C. Additional
studies are warranted to determine whether these iron-reduction
therapies are effective for reducing HCC and for improving the
clinical outcomes of patients with chronic HCV infection.

In conclusion, this study clearly showed that in patients with
chronic hepatitis C, the oxidative DNA damage in the liver
frequently occurred and that it was strongly associated with
increased risk for HCC. Strong positive correlations between
hepatic oxidative stress and iron overload suggest that iron content
may be a mediator of hepatic oxidative stress and that iron
reduction may be beneficial to reduce the HCC incidence in
chronic HCV-infected patients.
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SUMMARY. 8-Hydroxydeoxyguanosine (8-0HdG) is a pro-
mutagenic DNA lesion produced by hydroxyl radicals and
is recognized as a useful marker in estimating DNA damage
induced by oxidative stress. The aim of this study was to
clarify the clinical significance of hepatic 8-0HdG levels in
patients with chronic viral hepatitis. Hepatic 8$-OHdG
accumulation was investigated In patients with chronic
hepatitis C (CH-C) (n = 77) and chronic hepatitis B (CH-B)
(n = 34) by immunohistochemical staining of liver biopsy
samples. 8-OHAG positive hepatocytes were significantly
higher in patients with CH-C compared to CH-B (median
55.0 vs 18,8 cells/10° gm?. P < 0.0001). The number of
positive hepatocytes significantly increased with the eleva-
tion of serum aminotransferase levels. especially in CH-C
patients (8-OHdG vs alanine aminotransferase (ALT)/
aspartate aminotrasferase (AST) were r = 0.738/0.720 in
CH-C and 0.506/0.515 in CH-B). 8-OHdG reactivity was
strongly correlated with body and hepatic iron storage

markers in CH-C (vs serum ferritin, r = 0.615; vs hepatic
total Iron score. r=0.520: vs hepatic hepcidin mRNA
levels, r = 0.571), although it was related to serum HBV-
DNA titers (r = 0.540) and age of patients (r = -0.559) in
CH-B. These results indicate that hepatic oxidative DNA
damage is common in chronic viral hepatitis, in particular
chronic HCV-infected patients, suggesting a possible link
between chronic hepatic inflammation and hepatocarcino-
genesis. The strong positive correlation between hepatic
DNA damage and iron overload suggests that iron content
is one of the most likely mediators of hepatic oxidative
stress and iron reduction may be beneficial to reduce the
incidence ol hepatic cancer in CH-C patients.

Keywords: alanine aminotransferase/aspartate aminotras-
ferase; hepatitis B virus, hepatitis C virus, hepatocellular
carcinoma, iron, oxidative stress.

Abbreviations: 8-OHAG, 8-hydroxydeoxyguanosine; CH-B, chronic
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hyde 3-phosphate dehydrog HBV, hepatitis B virus; HCC.
hepatocellular carcinoma: HCV, hepatitis C virus: HIS, hepatic iron
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INTRODUCTION

Reactive oxygen species (ROS) In living cells have been
implicated in a number of pathologies. including aging.
inflammatory disecases and the development of cancer, be-
cause they cause oxidative damage to nucleic acids, proteins,
and lipids [1]. ROS include oxygen-centred radicals and non-
radical compounds. Among the many radicals, the hydroxyl
radical is the most reactive and is also responsible for the
formation of 8-hydroxydeoxyguanosine (8-0HdG) [2.3].
8-OHdG is known to induce G-C to T-A transversions during
DNA replication |4). Therefore, 8-0HdG is considered a
useful marker for oxidatively generated DNA damage, lead-
ing to carcinogenesis [3].

Hepatocellular carcinoma (HCC) is one of the most
common malignancies worldwide, and the death rate due
to this tumour has been increasing over the past
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2030 vears in the Uniles States [5] and in Japan [6]. It
has been shown that chronic hepatitis C virus (HCV) and
hepatitis B virus (HBV) infections are strong and indepen-
dent risk factors associated with the likelihood of HCC [7.8].
but the precise mechanism(s) of hepatocarcinogenesis dur-
ing chronic viral hepatitis in humans are still largely un-
known. Recently, there has been an increasing body of
evidence suggesting that oxidative stress may play a
pathogenic role in chronic hepatitis. especially in patients
with chronic hepatitis C (CH-C). It has been demonstrated
that plasma samples from HCV-infected patients have in-
creased lipid peroxidation products [9). superoxide dismu-
tase activity [10], and 8-OHdG level in circulating
leukocyte DNA [11]. Immunochistochemistry has also doc-
umented the presence of oxidative stress formation in the
livers of CH-C patients |9.12]. Involvement of oxidative
stress In pathogenesis during chronic HCV infection is also
supported by the fact that antioxidant therapy improved
liver injury caused by HCV infection [11.13]. Despite these
evidences. little is understood about the mechanisms of
oxidative stress formation during chronic HCV infection.

In the case of chronic HBV infection, mechanisms of he-
patocarcinogensis have been proposed by using several
theoretical roles. Early studies suggested that the direct
integration of the HBV genome into human chromosomes
might cause inactivation of tumour suppressor/prolo-onc-
ogenes [14). The HBV encoded X protein has been shown to
initiate transactivation as well as induction of signal trans-
duction pathways such as Ras/Raf-1 [15], and the large
surface HBV protein has been shown to induce HCC in a
transgenic mouse model [16]. But the pathogenic role(s) and
clinical significance of oxidative stress formation in the livers
of patients with chronic hepatitis B (CH-B) has not been
sufficiently investigated.

To examine the potential role of hepatic oxidative stress
formation for the pathogenesis of liver injury caused by
chronic HCV and HBV infections, we compared 8-OHdG-
positive hepatocyte count in liver biopsy specimens of CH-C
and CH-B patients, and evaluated the association between
hepatic oxidative DNA damage and demographic, biochem-
ical and histological findings.

PATIENTS AND METHODS

Patients with CH-C and CH-B

A total of 111 consecutive non-selected patients with CH-C
and CH-B who underwent needle liver biopsy at Mie Uni-
versity Hospital between March 1998 and September 2005
were enrolled in this study. About 77 of them had CH-C
and included 45 males and 32 females, with a median age
of 55.0 (range, 25-81) years. Diagnosis of chronic HCV
infection was based on the consistent detection of serum
anti-HCV antibody [the third-generation enzyme-linked
immunosorbent assay (ELISA); Ortho Diagnostic Systems,
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Raritan. NJ, USA] and HCV-RNA (Amplicor-HCV assay:
Roche Molecular Diag. Co.. Tokyo, Japan). Serum HCV-
RNA titre was quantified by the Amplicor monitor assay
(Roche Molecular Diag. Co.). About 34 patients with CH-B
[24 males and 10 females, with a median age of 54.0
(range, 24-75) years] who underwent liver biopsy during
the same period were also recruited. All CH-B patients were
positive for both HBsAg and anti-HBc |[commercial enzyme
immunoassay kits (EIA): Abbott Laboratories, North Chi-
cago, IL. USA]. and 22 patients {64.7%) were HBeAg (EIA:
Abbott Laboratories) positive. Serum HBV-DNA titre was
measured using the transcription-mediated amplification
(TMA) assay (Mitsubishi Kagaku BML, Tokyo, Japan).
Patients with other liver diseases (drug-induced. autoim-
mune and metabolic) were excluded by appropriate sero-
logical testing and clinical history. None of the patients
were co-infected with both HBV and HCV. or received any
antiviral or immunomodulatory treatment in the preceding
6 months of the study. Patients with concurrent diseases or
those taking medications capable of interfering with [ree
radical production, such as nonsteroidal anti-inflammatory
drugs (NSAIDs), vitamins and iron-containing drugs were
also excluded.

The following parameters were obtained form each pa-
tient at the time of liver biopsy: age: sex; body mass index:
alecohol intake: biochemical, haematological, iron-related
|serum iron. transferrin saturation (calculated and ex-
pressed as a percentage: serum iron/total iron binding
capacity ® 100%), and ferritin levels], and virological ser-
um markers: liver histological findings; presence of hepatic
8-OHAG: and hepatic messenger RNA (mRNA) levels of
transferrin  receptor 2 (TfR2) and hepcidin. Informed
consent was obtained from each patient included in the
study and the study protocol conformed to the ethical
guidelines of the 1975 Declaration of Helsinki as reflected
in a priori approval by the Ethical Committee of Mie
University.

Histological evaluation

Liver biopsy specimens were immediately divided in to two
parts, and one portion was fixed in 10% buffered formalin
and embedded in paraffin for routine histological examina-
tion and the other was frozen and stored at —80 °C for RNA
extraction. The former samples were stained with haemat-
oxylin—cosin and Masson's trichrome, and were graded for
the degree of necroinflammatory activity and staged for the
extent of fibrosis using the criteria of Desmet et al. [17]. The
histological quantification of hepatic iron using liver samples
stained with Perls’ Prussian blue was carried out according
to Deugnier et al. [18] by scoring iron separately within
hepatocytes [Hepatic fron Score (HIS), 0-36). sinusoidal cells
[Sinusoidal Iron Score (S1S). 0-12]. and portal tracts [Portal
Iron Score (PIS), 0-12]. The Total Iron Score (TIS, 0-60)
represented the sum of these scores. This score has been
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shown to correlate highly with the biochemical hepatic iron
index and hepatic iron concentration measured by atomic
absorption spectrophotometry in patients with chronic liver
disease [19-21].

Immunohistochemical detection of 8-OHAG adducts in
liver biopsy samples

Immunohistochemical staining of 8-OHdG was performed
as previously described [22]. A mouse monoclonal antibody
against 8-OHdG (Japanese Aging Control [nstitute,
Shizuoka, Japan) and Alexa 488-labelled goat anti-mouse
IgG (Molecular Probes, Bugene, OR, USA) were used. The
degree of immunoreactivity was estimated by counting the
number of stained hepatocyte nuclel using Adobe Photo-
shop version 5.5 and NIH Image free software (Vers. 1.62,
National Institute of Health, image program) [22]. The
specificity of this anti-8-OHdG monoclonal antibody was
confirmed by (i) comparison with adjacent sections in
which the primary antibody was omitted, or (ii) using
normal mouse serum instead of the primary antibody, or
(iii) absorption with purified 8-OHdG (Sigma, Tokyo, Japan)
or guanosine (Sigma), or (iv) RNA digestion. The primary
antibody was incubated for 5 h at room temperature with
serial dilutions of purified 8-OHdG or guanosine in phos-
phate buffered saline (PBS) ranging from 2.5 mg/mlL
through 2.5 ng/ml. and applied to the sections. RNA
digestion was performed before the immunostaining pro-
cedures in PBS containing DNase-free RNase (5 ug/ul.) for
1hat 37 °C.

T/R2 and hepcidin mRNA quantification in liver biopsy
samples

Hepatic mRNAs of TfR2 and hepcidin were measured
using the TagMan real-time detection-polymerase chain
reaction (PCR) assay (Applied Biosystems, Tokyo, Japan),
as previously described [23,24]. mRNA was extracted from
liver biopsy specimens using the SV-RNA Isolation System
(Promega corporation, Madison, USA). Primer and probe
sequences are shown in Table 1. The results for TIR2 and
hepcidin mRNA were expressed as the amount relative to
that of glyceraldehyde 3-phosphate dehydrogenase (GAP-
DH) mRNA quantified simultaneously In each liver
sample.

Statistical analysis

Results were expressed as median with range. Comparisons
between groups were performed using the Mann-Whitney
U-test or the Kruskal-Wallis test for continuous variables
and the chi-square or Fisher's exact test for categorical data.
Correlation coefficients between numerical variables were
calculated as Spearman’s rank test. All tests were two-tailed
and P values < (.05 were considered as statistically signifi-

Table 1 List of primers and probes used for real-time detec-
tion-PCR Assay

Primers and probes  Sequence
TMR2
Forward primer 5" -TGGTGACTTTGGAAGCGTG-3"
Reverse primer 5-CTGGTCTTGGCATGAAACTTG-3
Probe 3-FAM-TAGTGTACGTGAGCCTGGA-
CAACGCAGT-TAMRA-3'
Hepcidin
Forward primer 3-TTCCCCATCTGCATITTCTG-3'
Reverse primer 5~TCTACGTCTTGCAGCACATCC-3"
Probe 5-FAM-TGCGGCTGCTGTCATCGAT-
CAA-TAMRA-V
GAPDH

3-GAAGGTGAAGGTCGGAGTC-3'

5“GAAGATGGTGATGGGATTC-3"

5-FAM-CAAGCTTCCCGTTCTCAG-
CC-TAMRA-3'

Forward primer
Reverse primer
Probe

PCR. polymerase chain reaction; TIR2, transferrin receptor
2: FAM. f-carboxyfluorecein: TAMRA. b-carboxyvtetram-
ethyl-rhodamine; GAPDH, glyceraldehyde 3-phosphate
dehydrogenase.

cant. Statistical analysis was performed using the commer-
clally available software SPss 11.5 software (SPSS Inc.,
Chicago, L. USA}.

RESULTS

Comparison of clinical profiles of patients with CH-C
and CH-B

Demographic and laboratory data and histological leatures
of patients with CH-C and CH-B are shown in Table 2. There
was no significant difference in the median age and gender
distribution between the HCV and HBV groups. Laboratory
data, except for serum ferritin, were not significantly differ-
ent between the two groups. CH-C patients had significantly
higher ferritin levels compared to CH-B [211.6 (range 13.2-
792) vs 101.9 (9.1-322) ng/mL. P = 0.0032]. Among the
77 CH-C patients, serum ferritin levels were elevated above
the normal range (> 220ng/mL for male and
> 100 ng/mL for female) In 45 cases (58.4%) in contrast to
11 cases (32.4%) from 34 CH-B palients. and this reached
statistical significance (P = 0.0198). Liver histology showed
no significant difference in grading and staging score
between the CH-C and CH-B patients. Iron deposition in the
liver was more prominent in CH-C patients; TIS was signif-
icantly higher in CH-C compared to CH-B patients [7.0 (0-
22) vs 3.0 (0=16), P = 0.0033]. Hepatic TIR2 mRNA levels
were significantly higher in CH-C patients than in CH-B
[3740(237-30 700) vs 2095 (66.7-72 100), P = 0.0055].
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Table 2 Clinical characteristics of patients with chronic hepatitis C and B
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Chronic hepatitis ¢

Chronic hepatitis B

Characteristics (n=77) (n=34) P-Value
Age [years) 55 (25-81) 54 (24-75) NS
Gender (M/F) 45/32 24/10 NS
Body mass index {Iq;/m"} 24.0 (16.5-31.3) 24.0 (18.3-28.2) NS
Laboratory data

ALT (IU/L) 56 (19-411) 49 (11-561) NS
AST (IU/L) 60 (19-565) 58.5 (18-702) NS
Hyaluronic acid (ng/mL) 58.7 (9.0-649) 49.0 (11.0-324) NS
Platelet count (x 10*/mm?) 14.9 (4.9-29.8) 14.3 (3.6-25.3) NS
Red blood cell count (x 10*/mm*) 425 (234-565) 447.5 (280-566) NS
Haemoglobin (g/dL) 13.7 (7.9-16.8) 13.8 (9.2-17.1) NS
Serum iron (ug/dL) 128 (32-228) 128.5 (20-240) NS
Transferrin saturation (%) 39.1 (8.3-85.4) 41.5 (h.1-85.4) NS
Serum ferritin (ng/mL) 211.6 (13.2-792) 1019 (9.1-322) 0.0032
Viral titre

HCV-RNA (KIU/mL) 682 (10.4-5100]) ~

HBV-DNA (LGE/mL) - 5.4 (<3.7-8.7)

Liver histology

Inflammatory activity (0/1/2/3)° 1/28/42/6 1/12/14/7 NS
Fibrosis staging (0/1/2/3/4)t 2/25/21/15/14 0/6/10/9/9 NS
Total iron score} 7 (0-22) 3 (0-16) 0.0033
TiR2 mRNA (/GAPDH) 3740 (237-30 700) 2095 (66.7-72 100) 0.0055
Hepcidin mRNA (/GAPDH) 4500 (230-35 200) 3290 (25041 000) NS

Data are expressed as median (range).

*Inflammatory activity was graded according o the intensity of necroinflammatory lesions: 0. no histological activity: 1. mild

activity: 2, moderate activity: 3, severe activity.

tFibrosis staging was scored: 0, no fibrosis; 1. portal fbrosis without septa: 2, portal fibrosis with few septa: 3. numerous septa

without cirrhosis; 4, cirrhosis.

tHistological quantification of iron was assessed by total iron score proposed by Deugnier e al (1992).
ALT, alanine aminotransferase; AST, aspartate aminotransferase: TIR2, transferrin receptor 2: GAPDH, glyceraldehyde

3-phosphate dehydrogenase.

although the hepcidin levels were not significantly different
between the two groups, as reported previously [23,24].

In situ detection of 8-OHdG positive hepatocytes using
liver hiopsy samples

Figures lab show the B-OHdG immunohistochemical
staining in liver biopsy samples in patients with CH-C and
CH-B. 8-0HdG immunoreactivity was strongly observed in
the nuclei (and weekly in the cytoplasm) of hepatocytes.
Kupffer cells and infiltrated inflammatory cells in CH-C liver
biopsies (Fig. 1a). The hepatocyte nuclei were differentiated
from the nuclei of other cells using computed analyses based
on nuclear shape and size. 8-OHdG-immunoreactive he-
patocytes were distributed throughout the whole acinus in
the livers of patients. Using the liver samples of patients with
CH-B. relatively faint immunoreactivity of 8-OHdG was ob-
served in the nuclei of hepatocytes and was rarely in the
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cytoplasm (Fig. 1b). As a whole, 8-OHdG-positive hepatocyte
counts were significantly higher in CH-C patients than
in CH-B |55.0 (range 12-126) vs 18.8 (63-138)
cells/10° um?, P < 0.0001] (Fig. l¢). Stratifying the
patients according to the histological inflammatory grade, in
the mild and moderate hepatitis subgroup, CH-C patients
had significantly higher hepatic 8-OHdG levels than CH-B
lin grade O/1, 47.3 (12-126) vs 163 (6.3-36.7)
cells/10° um?, P < 0.0001; in grade 2, 54.7 (21.3-121) vs
18.2 (6.7-39.3) cells/10° um?*, P < 0.0001] (Fig. 1d).

The specificity of the anti-8-OHdG antibody used in this
study was confirmed by several parallel experiments, Sec-
tions in which the primary antibody was omitted or those
treated with normal control serum instead of the primary
8-0HdG antibody consistently yielded negative staining.
Localization of 8-OHdG was considered specific because the
recognition of hepatocytes was completely blocked by
previous incubation with 25 ng/mL of 8-0HdG, but not by
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8-OHdGu

Fig. 1 Representative 8-hydroxydeoxyguanosine (8-OHdG) immunohistochemical staining in liver tissues from patients
with chronic hepatitis C (CH-C) (a) and chronic hepatitis B (CH-B) (b). In the liver of CH-C patient, 8-OHdG immunoreactivity
was strongly observed throughout the whole acinus and mainly in the nuclei of hepatocytes and Kupffer cells [arrow in (a)].
In the liver of CH-B patient, the relatively faint immunoreactivity of 8-OHdG was observed in the nuclei of hepatocytes
and rarely in the cytoplasm. Scale bar 100 um. (c) Comparison between B-OHdG-positive hepatocytic nuclear count in
patients with CH-C and CH-B. Positive cells were significantly higher in CH-C patients than in CH-B. Box and whisker graphs
depict the median (line within the box), 25-75 percentiles (upper and lower border of the box), and 10-90 percentiles
(whiskers). Open circles and squares refer to patients with CH-C and CH-B respectively. (d) 8-OHdG-positive hepatocytic
counts were stratified according to histological grading score in patients with CH-C and CH-B. Box and whisker graphs depict
the median (line within the box), 25-75 percentiles (upper and lower border of the box), and 10-90 percentiles (whiskers),

with outliners plotted individually.

over a thousand-fold greater concentration ol guanosine.
Further, enzymatic treatment with RNase did not affect the
immunoreaction of oxidized DNA.

Clinical variables that correlate with hepatic oxidative
DNA damage in patients with CH-C

To estimate the source of oxidative-generated DNA damage
frequently occurring in the livers of patients with CH-C, the
correlation of clinical and histological findings with the de
gree of hepatic damaged DNA was evaluated, and the results
are summarized in Table 3. The age of patients was not re-
lated to the degree of hepatic oxidative DNA damage in CH-C
patients. Serum transaminase levels were significantly cor-
related with hepatic B-OHdG levels in patients with CH-C (8-
OHAG vs ALT. r=0.738. P < 0.0001: vs AST. r = 0.720.

P < 0,0001) (Table 3: Figs 2a.b). Hepatic 8-OHdG was sig-
nificantly higher in a subgroup of CH-C patients with his-
tologically advanced to severe hepatitis (grade 3) than in
those with mild hepatitis (grade 0/1) [74.5 (43-123) vs
47.3 (12-126) cells/10° gm?, P = 0.0320] (Fig. 1d). It is
noteworthy that the hepatic B-OHdG levels were strongly
and positively correlated with body and hepatic iron depo-
sition markers in patients with CH-C; serum [erritin levels
and the hepatic iron deposit grade, i.e. TIS. were strongly
correlated with 8-OHdG-positive hepatocyte nuclei (8-OHdG
vs ferritin, r = 0.615, P <0.0001; vs TIS. r=10.520,
P < 0.0001) (Table 3; Figs 2c.d). Hepcidin, that is exclu-
sively synthesized in the liver, was recently identified as a
key regulatory hormone of iron homeostasis, and is reported
to be up-regulated in response to iron overload [24-26].
Therefore. we evaluated the relation of 8-0HAG levels with
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