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=%, Nif UK I+s— MIBIT 2 TIE, HCV fifklmiEE 04 HCV #{nFEYNIE &
bOTLHWI TR —IIHHEINLZ ehb, TOHIBO HCV BT iT 30 F LU EFTic i
WAL 72 EFH LI ENLY,

aHCV%ﬁﬁ&%%GDALTEtH%ﬁ%{& T LT

=

N U#iXa+k—FTid, HCV RNA BHEZE O ALT EEF K LT RICOVWTomA
BELNY, ALT fHEESRIZBEEH 723% (99 A/137 N), #&PEA$569% (112 A/197 A) T
D, BEECTECBWTALT EREEIME» -7 72, UEORLGEZ W2 THED
MEfTid, ALT fEIEH® 43 B0 83.7% (36 ) i3 & Pl B AT 7 (chronic persistent hepatitis
CPH) Wi R T -722% ALT EARHE 2R 105 BITIZZ D 429% (45 ) 2512 VLG T HENT 2¢
(chronic active hepatitis ; CAH)2B & %\ ZfFAIZE (liver cirrhosis ' LC) TH-7:(F2). %
7250 MAMOBLEZHE T HE, BIDIZ) HFHREROERSRE N LATRENTI,

N

aw EMOHCV BREEOTL )

/

BAETH HOV ISR AE R R BITHIFEI v, —H T, @FOHMEEETIE CBFLEOH
BRI Y ) 209 EIPICOVTELHATH 72, £IT, AERELS 10FER- 72
2001 4E (] — i 10 ERIC R A HCOV BB ERDOEELZRF L& 25, HCV HifkREE®
1% 1991 4E @ 331% 2 & 2001 4F 1213 24.0% (KT L TW7e?, & {2 T 0 10 4E [ T 50 meft LA
ToOHCV HEGEROETAEE TH- -2 8050, ZOMBTRF-2BREZIZIHBLT
Wi DEEZ Shi,

%72, 1991~2001 4£F TD 104EMICH72Y 161 MOKFZBBHEL 2225, KFED
5AHCV HifkiEtE T 5 27 Mo ERFII BV TiE, 10 4EM T2 OREZ ICHH HCV Hik
BUHEROONL 72T eh b, —HOBEEFIZBVTIE, CRFRREOBREL X

HCV RNA & ALT D 5 H7=FHEHFT R

HGV. RNA (+) (n=148)
ALT {B1E = (n=43) ALT {52 (h=105)

it HCV RNA(=)(n=92)

8 (88.9%) 3 (7.0%) 0 (0.0%)
1 (11.1%) 36(83.7%) 15(14.3%)
0 (0.0%) 4 (9.3%) 45(42.9%)
0 (0.0%) 0 (0.0%) 30(28.6%)
0 (0.0%) 0 (0.0%) 15(14.3%)
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bivbiud, AaFk— MFgEA %R0 21 it COE (center of excellence) 71 75 AZHRR
SN2 E2RICELAY — 5 — DITHIMBEE), CHFLEOBKERICEET 2EETSE
IZOWTHERTLIEE Lz, BFETORLTWAEY ) 574 FEHEMEH (genome-wide associa-
tion study : GWAS) TidZ&h o 7225, HCV BREFEOBELEICHES T BB ETO—1ESE
% Tl (single nucleotide polymorphisms ; SNPs) it L72& 2 A, HCV RNA ek & B4R
$%20SNPs, BXUHCV ¥+ 1) 70D ALT ER¥ L BRI 5 15SNPs % 2001 FFICRML,
HCVRERAEOKBIZR S IIEILFERTFIEET 2T HE LAY, Tokr0lD
2, TR A (transforming growth factor : TGF)-B @ 7 1€ — ¥ — SNP(-509T/C)
BdHolzds, TOSNPIX, TCFBEBEFEMTRD LB ENTVE Y 7 VRTF FH
@ ProlOLeu Z# L ZIZELICHEALBH B TH Y, -509C 7 L VD FEiZZ LS D geno-
type ICHRTHKRBEAZSEBICEZ VI AW L7z, Prol0/-509C X TGF-B DKFEH D/
Tusf47eEZLR, IhLOFERYPL TCF-BERIOEE T HCV OFRIEE R
VI EDTRIRE LY, £ 0% 2000412, CRBNFRORY A VABRRHRICERT S L
W SNAFmERFA ¥ — 04 F ¥ (interleukin ; IL)-28B @ SNP 2%, &Ik — MIBWT
HEHREBCHECEELTW A 2 Edtbhro T a0,

aALT BE%E HCV £+ U 70D ALT [ERES : )

WA — FEAVAIETIE, HCV EEE Tk L 2 ALT EA5IER T b R EA
TWAILRELZTANLGATWAIEF Y A TH A7, bhbitid 2006 4F T TOBEBH
TredLis, RLUTHBEEE(ALTE30IU/L BT)®DHCV ¥+ ) 7 Tk EOREEDOHEE
TALT A FHNICIEE TH 20200 TIRET L7z. T0#ER, 239 AOHEREIEEFICE
AR R (ALTME 31 TU/L DLE) IR IT 423%IC LB 2 LR E SR, <1265
MRS & CHBWE T, IFh— MEBFFCHERIIFRERERIEI E2RELY,

Mok — MIFEhE ok — P L3RR )V FRERZZZELNREL T2 HE L, RMM
FRICIRDIZH B D00, 2011 Fiid 2R — FERRMD S 20 FM D ALT fEDOZEE DWW T ret-
rospective IZIEHT L 720 1991~1995 4 F TH R 7 ) — = ¥ FHIZ B W T HCV RNA B#: T
Ho72600 AD ALT HZATHS L, 204EMD ) HITZD53%7A% ALT i 31 TU/L LLEOE
FEE2oTwAR, 2O L2, HCV 3+ ) 7 TRERNZIFRIED 7+ 0—7 v 753
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EP) 4B LITETIRT | SRR

AST fBIE® (<301UZL) 1.97 0.96~4.06 0.07
ZTTfEEE (<11 Kunkel) 10.26 3.10~33.96 p<0.01
HBs fifaiate 2.22 1.19~4.13 0.01
HCV #if#(C.0.1 0.60 0.47~0.76 p<0.01

Cox Ny —RKEFI
HR : N\Y— Kt 95%Cl : 95%18#EX A, C.0. : cut-off-index

VETH D EDVUDTRBRE N

mww\ B RBES 77 | _ j)

N F TR L 70 HCV OAEED 5 0 HAPEBR DA IZOWTIEAHET
Ho7zo HCVHFHRBREZE O N TIA VAOBREROEF#EL ZOREZ AT 5 2 L I3RK
REKRBAEMRT S A TEECTH S, £ TIWHHCV akx— FOMETH B 20U LD
7,925 A, HCV RNA el Tdh - 72 846 AZBWT, HCV REOHATAZ L Z L E
B, ak— MER2SD Y A VA BARPERRICO W TR L7219,

BEMGE TR EZZ L, HU AV R EHRIGIRY 475 A (CF4 61299 ik, FHEEN
M 16802 4E) # M RIT, FREMIZ TagMan® HCV(T ¥ 250 IC Ty 4 v AEZ2WE L
72 & Z %, Kaplan-Meier #:1C X % Ifirft HCV RNA B8 AR EALEIZ 546 T43%, 10T
51%, I5ETTI%THotze TDF—F &b LICAFRIZL BB ETo/2LT A, HCV
Fx ) TIXEOHKRFEBRD 06%/year person FEEOHETHAIR I M TV 2 Wi H 5
CEVHENER oz, & BT Cox HBINTF— FEF NV ZHWT HCV RNA BBHLICE 5§
LEATZH0H LA, ZTTAMERMETH 5 Z & & HCV kD cut-off-index 23K TH
T e, HCV BARPEBRE B BIR L Tz (38 3). F 7B R4 (RERAZEMA: Wit
ZeHT) & OERBFEIZT, 74 VA HAIERFITid HCV All#% & (neutralization of binding ;
NOB)PIAD EE SN T WA I L EIR Lz, THODFIEDLS, TERY A NV ADNHKPHRS
BIENMEILAELVWEZEZ SN TV HCV #HHEEZ BV T, BEHICHIC B RBER
ENBENHHZ EDHHLIZ.

@ HCV BRI S 5 - @ T2 2

HCV BBREFEDFHRO—HZHLNITAHNT, BFEMBZTHEZNRITEEE BT R
HE2IT->THBY, ITNFETHS ADHZRFEIFER SN TS, WiRIZ genotype 1b A¥69%, 2b
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H26%THY, 2anbORBIRORP o7z, FEWFL NEETATHSLE, 1000 AFEH72Y
FH 51 AFBESS A, KE3SN) EBVIERTRENAONL I L b0z T
ALTECTHRBEREATASLE, ALT i 60 IU/L Pl ki X U 30~60 IU/L DFFTH AT I
BAHRLN(E2), WRWICFSTHRTIZBHE genotype 1b BEI U ALT ETH »72(F&4)W,
E 52, HCV BREDFBRRIRIZICKITTEECIOWT, HCV ISR 1078 A&EB 2 HE
, MEHBREOBLEET, RTBEHFL D LICCOREIF— MBI EGTRHAEL
SERMAEE T o729, ZORR, BIEREY» 5 F1Y 173 FEDBH TIX, HCV RNA BE#F )¢
Rt T R BB EE OB A BICHE 2 2 72 (134% vs. 45% + p<0.01),
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INFET, FRMZER—RICLFL£IF— PREEFOHKZ 21TV, HCV BRI
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HBEPNTEL, CRFLOWMBIIERICHEL T0EWREEI 2 F— MIE,S DL A
) o0H b, HED CEFROKRERIALZH - IMHEOERIIZEETI LV OD
575 Tholiiak— MEZBLT, HCVBREGIRDZ-ODEDOEH NF—A V7 4+ A —
TavdELIIREINAZ L RHFEL V.

ESEES
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AEHE), IREREL -CEMIIMED), R IhEEKIUBHEERE), BEFI(Z o) LAREEH 7
V=v7), ZRETF(AWERFE), ZHHTIUBRREMLY ¥ —), SHE—GFIFNRTEERZ Y
=v7), WERE(ERFERERIMERAFZEBRGEYR), BT (LB RERERHE LS NEE
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ARTICLEINFO ABSTRACT

Article history: Objectives. Serum samples from patients with chronic hepatitis C were subjected to
Received 25 March 2013 metabolomics analysis to clarify the pretreatment characteristics of their metabolites and
Accepted 16 July 2013 also changes in specific metabolites resulting from antiviral therapy with pegylated

interferon plus ribavirin (PegIFN/RBV).

Keywords: Materials/Methods. The serum levels of low-molecular-weight metabolites in the twenty
Metabolome patients before and 24 weeks after completion of PegIFN/RBV therapy were analyzed using
HCV capillary electrophoresis and liquid chromatography-mass spectrometry.

Oxidative stress Results. Ten patients showed a non-virological response (NVR) and 10 achieved a
CE-TOFMS sustained virological response (SVR) with eradication of viremia. The pretreatment levels of
Glutathione tryptophan were significantly higher in the patients of SVR than in those of NVR (p = 0.010).

The area under the curve (AUC) value of tryptophan calculated from the receiver operating
characteristic (ROC) curve for discriminating SVR from NVR was 0.84 (95% confidential
interval, 0.66-1.02, p = 0.010). The ROC curve of multiple logistic regression model
incorporating the pretreatment levels of tryptophan and y-glutamate-arginine showed
that the AUC value was highly significant (AUC = 0.92, 95% confidential interval, 0.79-1.05,
p =0.002). Twenty four weeks after completion of treatment, the levels of y-glutamyl
dipeptides, glutamic acid, 5-oxoproline, glucosamine and methionine sulfoxide were
decreased, whereas those of 5-methoxy-3-indoleacetate, glutamine, kynurenine and
lysine were increased significantly (p < 0.05) in both the NVR and SVR patients.
Conclusions. The pretreatment serum levels of certain metabolites including tryptophan
are associated with the response to PegIFN/RBV therapy. PeglFN/RBV therapy can
ameliorate the oxidative stress responsible for glutathione metabolism.
© 2013 Elsevier Inc. All rights reserved.
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1. Introduction

Chronic hepatitis C virus (HCV) infection causes progressive
liver inflammation, which predisposes patients to possible
liver cirrhosis and, finally hepatocellular carcinoma (HCC)
[1,2]. Antiviral therapy for chronic HCV infection comprises
interferon (IFN), pegylated interferon plus ribavirin (PegIFN/
RBV), or a combination of PegIFN/RBV and a HCV-related
protease inhibitor. Patients who achieve a sustained virolog-
ical response (SVR) with successful eradication of HCV, or
even those with a non-virological response (NVR) but showing
improvement of liver inflammation or the serum alanine
aminotransferase (ALT) level have a reduced risk of progres-
sion to HCC [3-6]. A meta-analysis of randomized controlled
trials suggests that IFN therapy can efficiently reduce HCC
development in patients with HCV-related cirrhosis [7].

The oxidative stress induced by reactive oxygen species
(ROS) has a close association with the inflammatory process in
hepatitis [8,9]. Healthy individuals have protective mecha-
nisms against oxidative stress, i.e., induction of anti-oxidative
substrates such as glutathione, thioredoxin, vitamin A and
vitamin E, or enzymes for removing ROS such as superoxide
dismutase, catalase and glutathione peroxidase. However, in
patients of chronic hepatitis C, these protective mechanisms
are impaired, and the resulting long-term exposure to
oxidative stress during viral infection leads to progressive
hepatitis accompanied by a risk of HCC [10-12].

Metabolome analysis has emerged as a powerful technique
for detecting low-molecular-weight metabolites in cells.
Metabolome profiling approaches based on capillary electro-
phoresis-time-of-flight mass spectrometry (CE-TOFMS) have
led to the discovery of ophthalmate (y-glutamyl-2-aminobu-
tyrylglycine) as a biomarker of reduced glutathione depletion
in mice with acetaminophen-induced hepatotoxicity [13,14].
Recently, the serum metabolites in a total of 248 samples from
patients with nine types of liver disease were analyzed
comprehensively using this approach, and increased levels
of y-glutamyl dipeptides in the majority were reported [15].
That study demonstrated that y-glutamyl dipeptides are
synthesized via ligation of glutamine with various amino
acids and amines by y-glutamylcysteine synthetase, which is
under feedback inhibition by glutathione, and that the level of
v-glutamyl dipeptides represents the degree of glutathione
production. Therefore, y-glutamyl dipeptides are likely to be
key metabolites reflecting the extent of liver tissue injury due
to oxidative stress, suggesting that monitoring of their levels
in serum may be useful for predicting the course of liver
disease in patients with HCV infection. In addition, y-glutamyl
transferase (GGT) is the enzyme responsible for the extracel-
lular catabolism of glutathione, and a recognized source of
vy-glutamyl dipeptides. Thus GGT can be used as a marker to
indicate the amelioration of oxidative stress [16].

The metabolism of human liver cells under conditions of
HCV-related hepatitis has not been extensively investigated.
In addition, the changes in serum metabolite levels in patients
with chronic hepatitis C treated with PegIlFN/RBV remain
unknown. Such analysis would yield a considerable amount of
useful information on the metabolism of these patients, and
might lead to the discovery of new biomarkers of chronic

hepatitis C that could be useful in clinical practice. In the
present study, we used CE-TOFMS to analyze serum samples
collected from patients with chronic HCV infection before and
after PegIFN/RBV therapy.

2. Materials and methods
2.1.  Patients and details of PegIFN/RBV therapy

Twenty patients who received PeglFN/RBV combination
therapy for chronic hepatitis C were enrolled. These patients
comprised 6 men and 14 women, with an age range of 38 to
70 years (52.8 + 9.6 years, mean + standard deviation). All of
the patients had HCV genotype 1b infection with a high viral
load exceeding 5 loglU/ml. Patients with alcoholic liver injury,
autoimmune liver disease, and those positive for hepatitis B
surface antigen were excluded. All patients were treated with
a combination of PeglFN-alpha 2b (Pegintron; MSD KK,
Tokyo, Japan) and RBV (Rebetol; MSD K.K.) in accordance
with the Japanese standard prescription information supplied
by the Japanese Ministry of Health, Labour and Welfare.
Briefly, PegIFN was administered subcutaneously once a week
and RBV was given orally twice a day to achieve the total dose.
The dosages of peglFN and RBV were determined on the basis
of body weight. Patients with body weights of 35-45, 46-60, 61~
75, and 76-90 kg were given PegIFN at doses of 60, 80, 100, and
120 ug, respectively, and those with body weights of <60, 60~
80, and >80 kg were given RBV at doses of 600, 800, and
1000 mg, respectively. Virological responses were evaluated at
24 weeks after completion of treatment, and the clinical
outcome was classified as either an SVR with HCV eradication,
or an NVR without HCV eradication. Patients were considered
to have achieved an SVR if monitoring at four-week intervals
confirmed negativity for HCV RNA for 24 weeks after comple-
tion of the therapy. Virological responses were assayed on the
basis of serum HCV RNA using a real-time PCR assay kit
(COBAS TagMan HCV Auto, Roche Diagnostics). Single nucle-
otide polymorphism of interleukin (IL) 28B (rs8099917) was
determined by direct sequencing of genomic DNA from
patients, and classified into two types: the major homozygote
(T/T: homozygosity for the major allele), and the minor
heterozygote or homozygote (T/G or G/G: heterozygosity or
homozygosity for the minor allele).

2.2.  CE-TOFMS technique for profiling of
serum metabolites

In all CE-TOFMS experiments, we used an Agilent CE capillary
electrophoresis system (Agilent Technologies, Waldbronn,
Germany), an Agilent G3250AA LC/MSD TOF system (Agilent
Technologies, Palo Alto, CA), an Agilent 1100 series binary
HPLC pump, a G1603A Agilent CE-MS adapter and a G1607A
Agilent CE-ESI-MS sprayer kit. Data were acquired with the
G2201AA Agilent ChemStation software for CE and Analyst QS
in the Agilent TOFMS software.

The metabolites were separated in a fused silica capillary
(50 pm id. x 100 cm) filled with 1 mol/L formic acid as the
electrolyte [13]. A sample solution was injected at 50 mbar for
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3's (3 nl) and a voltage of 30 kV was applied. The capillary
temperature and sample tray were set at 20 °C and below 5 °C,
respectively. Methanol/water (50% v/v) containing 0.1 pmol/L
hexakis(2,2-difluoroethoxy)phosphazene was delivered as the
sheath liquid at 10 pl/min. ESI-TOFMS was performed in the
positive ion mode, and the capillary voltage was set at 4 kV.
The flow rate of heated dry nitrogen gas (heater temperature,
300 °C) was maintained at 10 psig. For TOFMS, the fragmenter,
skimmer and Oct RFV voltages were set at 75, 50 and 125 V,
respectively. Automatic recalibration of each acquired spec-
trum was achieved using the masses of reference standards
([*3C isotopic ion of a protonated methanol dimer
(2MeOH + H)]*, m/z 66.0632 and [hexakis(2,2-difluoroethoxy)
phosphazene + H]*, m/z 622.0290). Exact mass data were
acquired at a rate of 1.5 spectra/s over a 50-1000 m/z range.
To facilitate peak identification and quantification, we
analyzed 162 commercially available metabolic standards
before analyzing the samples. The raw data were processed
using our proprietary software (MasterHands) [17].

2.3. Liquid chromatography tandem mass spectrometry
(LC-MS/MS) technique for analysis of serum ~-glutamyl
peptide

LC-MS/MS was carried out using an Agilent 1100 series HPLC
system (Agilent Technologies) and an API 3000 triple-
quadrupole tandem mass spectrometer (Applied Biosystems,
Foster City, CA). System control and data acquisition and
analyses were performed with the Applied Biosystems
Analyst QS software.

The targeted y-glutamyl peptides were separated on a
Develosil RPAQUEOUS-AR-3 column (2 mm id. x 100 mm,
3 pm; Nomura Chemical, Seto, Japan) that was maintained at
30 °C. The mobile phase consisted of 0.5% formic acid/water as
solution A and acetonitrile as solution B. The gradient was
increased from 0% B at 0 min to 1% at 5 min, 10% at 15 min
and 99% at 17 min and then retained at 99% until 19 min. The
flow rate was 0.2 ml/min and the injection volume was 1 pl.
The MS conditions for positive ions were: mode, multiple
reaction monitoring (MRM); ion spray voltage, 5.5 kV; nebu-
lizer gas, 12 psi; curtain gas, 8 psi; collision gas, 8 U; nitrogen
gas temperature, 550 °C. The MRM parameters, i.e. Q1
(protonated precursor ion), Q3 (production), declustering
potential, focusing potential, collision energy and collision
cell exit potential for y-glutamyl peptides, were optimized
using the Analyst software.

2.4.  Principal component analysis and heat map
visualization

Principal component analysis, which is a type of unsupervised
statistical analysis used widely as a statistical tool in
metabolomics studies, was applied prior to the detailed data
analysis [18]. This facilitates visual inspection of the distrib-
uted samples in principal component (PC) space using score
plots [19], and the distance between individual samples in
score plots reflects the degree of systematic variation in
metabolite profiles among samples. Principal component
analysis converts high-dimensional data into fewer dimen-

Table .1 -Patient characteristics according to the
virological response.

Virological response

non-viroylogicaly sustained p value

- responder . virological
o responder
Number of patient 10 . 10 !
Sex (Male/Female) 2/8 4/6 Ns®
Age 553 9.0 50299 - NsP
Height 1585 £ 9.1 160.5+9.8 + NsP .
 Weight 520 +11.8 58.7+11.3 . Ns®
'HCV genotype 1b 10 10 : e
HCV-RNA >5 loglU/ml 10" ‘ 10 :
AST 51.9+187 51.8+27.5 Nsb
ALT 64.3 = 34.2 79.0+529  NS®
GGT 663 £427 431+366 Ns® .
1128B SNP (Ma/Mi) . 4/6- . ++10/0 00117
IL28B SNP: Ma, major homozygote (T/T), Mi, heterozygote or minor
" homozygote (T/Gor G/G). =~ : giti g
Data were expressed as mean = standard deviation. NS, not
significant. ‘ ~ :

2 Fisher exact test.
® Mann-Whitney U-test.

sions, by projecting the data into a reduced dimensional
subspace, while maintaining as much variance from the
original data as possible [20]. In this study, the procedure
was repeated until the datasets were presented within three
dimensions. We also visualized the observed metabolomic
profile as a heat map representation, and performed hierar-
chical clustering analysis. The metabolite concentrations
were averaged in each group, and the colors on the heat
map were determined by subtracting the mean over four
groups after log2 transformation. Euclidean distance was used
for clustering metabolites.

2.5.  Statistical analyses

The Mann-Whitney U-test, Wilcoxon matched-pairs signed
rank test, and Fisher exact test were used to assess the
statistical significance of differences at a significance level
of p <0.05. Receiver operating characteristic (ROC) curve
analysis was used for assessing the discrimination ability of
individual metabolites. To assess the ability to discriminate
SVR from NVR using multiple metabolites determined
before treatment, we developed a multiple logistic regres-
sion (MLR) model. Metabolites for the MLR model were
selected by the forward and backward feature selection
method using a threshold of p < 0.2 for adding and one of
p > 0.2 for elimination of metabolites. Bootstrap analysis
was conducted to obtain unbiased estimates of the devel-
oped model. We used the bootstrapping technique to obtain
relatively unbiased estimates; 200 repetitions were gener-
ated by random selection of individuals allowing redun-
dancy. We used JMP version 9.0.2 (SAS Institute, Cary, NC)
for principal component analysis and development of MLR,
Weka version 3.6.4 (The University of Waikato, Hamilton,
New Zealand) for bootstrap analysis, Mev TM4 software
version 4.8.1 (Dana-Farber Cancer Institute, Boston, MA) for
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