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ACACA compensates for the increased accumulation of
triglycerides.

Of the genes involved in lipid uptake, fatty acid trans-
porter protein 5, a liver-specific member of the fatty acid
transporter protein family, mediates the uptake of long-
chain fatty acids. Unexpectedly, the expression of
SLC27A5 (encoding fatty acid transporter protein 5) was
not up-regulated but rather down-regulated in patients with
steatosis. Again, this expression could be a compensatory
response to increased accumulation of triglyceride.

Further studies are needed to determine the importance
of the products of these genes because. the limited size of
biopsy samples prevented measurement of the enzyme
activities. Changes in enzymatic activities of their products
are more important for the development of steatosis than
changes in their transcriptional levels. Moreover, in vitro
studies and mouse models have shown that HCV proteins
cause mitochondrial injury, leading to oxidative stress
[39-43]. Oxidative stress may inhibit enzymes involved in
lipid metabolism, and reactive oxygen species may cause
peroxidation of membrane lipids and structural proteins,
such as those involved in trafficking and secretion of lipids.
Oxidative stress perturbs lipid metabolism, thus contrib-
uting to steatosis. It is possible that, instead of a direct
effect of HCV proteins on the transcription of genes reg-
ulating lipid metabolism, nonspecific inhibition of lipid
metabolism through oxidative stress leads to HCV-related
steatosis.

In conclusion, a higher BMI, higher levels of y-GTP and
triglyceride, and a higher fibrosis stage correlate indepen-
dently with steatosis in HCV-infected Japanese patients.
Thus, the down-regulation. of genes involved in fatty acid
oxidation may contribute to the development of steatosis in
these patients.
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Abstract

DNA copy number aberrations in human hepatocellular carcinoma (HCC) cell lines were investi-
gated using a high-density oligonucleotide microarray, and a novel amplification at the chromosomal
region 721 was detected. Molecular definition of the amplicon indicated that PEG!0 (paternally
expressed gene 10), a paternally expressed imprinted gene, was amplified together with CDK14
(cyclin-dependent kinase 14; previously PFTAIRE protein kinase 1, PFTK!) and CDK6 (cyclin-
dependent kinase 6). An increase in PEG!0 copy number was detected in 14 of 34 primary HCC
tumors (41%). PEG10, but not CDK14 or CDKG, was significantly overexpressed in 30 of 41 tumors
(73%) from HCC patients, compared with their nontumorous counterparts. These results suggest that
PEGI0 is a probable target, acting as a driving force for amplification of the 7q21 region, and may

therefore be involved in the development or progression of HCCs. © 2010 Elsevier Inc. All rights

reserved.

1. Introduction

Hepatocellular carcinoma (HCC) is the fifth most
common malignancy in men and the eighth most common
in women worldwide; it is estimated to cause approxi-
mately half a million deaths annually [1]. Although the risk
factors for HCC, which include hepatitis B virus, hepatitis
C virus, and alpha-toxin, are well characterized, the molec-
ular pathogenesis of this widespread type of cancer remains
poorly understood [2].

Amplification of DNA in certain regions of chromo-
somes plays a crucial role in the development and progres-
sion of human malignancies, specifically when
protooncogenic target genes within those amplicons are
overexpressed. Oncogenes that are often amplified in
cancers include MYC, ERBB2, and CCNDI. The recent
introduction of high-density oligonucleotide microarrays
designed for typing of single nucleotide polymorphisms

* Corresponding author. Tel.: +81-75-251-5519; fax: +81-75-251-
0710.

E-mail address: yasuik @koto.kpu-m.ac.jp (K. Yasui).

0165-4608/10/$ — see front matter © 2010 Elsevier Inc. All rights reserved.

doi:10.1016/j.cancergencyto.2010.01.004

(SNPs) facilitates high-resolution mapping of chromo-
somal amplifications, deletions, and losses of heterozy-
gosity [3,4].

To identify genes potentially involved in HCC, we inves-
tigated DNA copy number aberrations in human HCC cell
lines using high-resolution SNP arrays and found a novel
amplification at the chromosomal region 7q21. Recurrent
amplifications at 7q21 have been observed in human
neoplasms [5]. Gains of 7q21 have been associated with
the aggressiveness of several tumors, including HCC [6],
colorectal cancer [7], prostate cancer [8], Burkitt
lymphoma [9], and esophageal squamous cell carcinoma
[10]. These data suggest that this chromosomal region
may harbor one or more protooncogenes (henceforth
referred to as targer genes) whose overexpression following
amplification might contribute to the initiation or progres-
sion of HCC. The actual target gene that drives the 7q21
amplification in HCC remains unclear, however, and we
therefore conducted a molecular definition study of the am-
plicon to identify such genes. Three putative oncogenes,
CDKI4 (cyclin-dependent kinase 14; previously PFTKI,
PFTAIRE protein kinase 1), CDK6 (cyclin-dependent
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kinase 6), and PEGI0 (paternally expressed gene 10), were
identified in the 721 amplicon.

The serine/threonine-protein kinase PFTAIRE-1 protein
(also known as PFTK1) is a member of the cell division
cycle-2 (CDC2)-related protein kinase family [11] and acts
as a cyclin-dependent kinase that regulates cell cycle
progression and cell proliferation [12]. CDKG6 is activated
in response to increased expression of D-type cyclins in
the early G1 phase of the cell cycle and inactivates the reti-
noblastoma protein by phosphorylation, thereby activating
the transcriptional complex E2F-DP1 that regulates the
genes for S-phase onset [13]. PEGI0 has been character-
ized as a paternally expressed, maternally silenced gene
[14]. Several research groups have recently reported over-
expression of PEGI0 in HCC [15—19).

2. Materials and methods
2.1. Cell lines and tumor samples

A total of 20 HCC cell lines were examined: JHH-1, JHH-
2, JHH-4, JHH-5, JHH-6, JHH-7, SNU354, SNU368,
SNU387, SNU398, SNU423, SNU449, SNU475, Huh-1,
Huh7, Hep3B, PLC/PRF/5, Li7, HLE, and HLF [20]. All cell
lines were maintained in Dulbecco’s modified Eagle’s
medium supplemented with 10% fetal calf serum. Paired
tumor and nontumor tissues were obtained from 36 HCC
patients who underwent surgery at the Hospital of Tokyo
Medical and Dental University. All specimens were frozen
immediately in liquid nitrogen and were stored at —80°C
unti] required. Genomic DNA was isolated using a Puregene
DNA isolation kit (Gentra, Minneapolis, MN), and total RNA
was obtained using Trizol reagent (Invitrogen, Carlsbad,
CA). Thirty-four tumor samples were available for DNA
analyses, and 41 paired tumor and nontumor samples were
available for mRNA analyses.

Prior to the study, informed consent was obtained and
the study was approved by ethics committees.

2.2. SNP array analysis

DNA copy number changes were analyzed by the Gene-

Chip Mapping 100K array set (Affymetrix, Santa Clara, CA)
according to the manufacturer’s instructions as described
previously [21]. In brief, 250 ng of genomic DNA was digested

Table 1

with a restriction enzyme (Xbal or HindIll), ligated to an
adaptor and amplified by polymerase chain reaction (PCR).
Amplified products were fragmented, labeled by biotinylation,
and hybridized to the microarrays. Hybridization was detected
by incubation with a streptavidin—phycoerythrin conjugate,
followed by scanning of the array; analysis was performed
as previously described [22). After appropriate normalization
of mean armay intensities, signal ratios were calculated
between HCC cell lines and anonymous normal references,
and copy numbers were inferred from the observed signal
ratios based on the hidden Markov model using CNAG soft-
ware (Copy Number Analyzer for Affymetrix GeneChip
mapping arrays) [23]. The CNAG software is available at
http://www.genome.umin.jp.

2.3. Fluorescence in situ hybridization

Fluorescence in situ hybrdization (FISH) was per-
formed using five bacterial artificial chromosomes (BACs)
as probes, as described previously [24]: RP11-66P5, RP11-
412F4, RP11-316P4, RP11-28023, and RP11-958G24 (In-
vitrogen, Carlsbad, CA). The BACs were selected based on
their homology to locations in the human genome accord-
ing to the database provided at the University of California,
Santa Cruz, Genome Bioinformatics Web site (http://
genome.ucsc.edu/).

2.4. Real-time quantitative PCR

Genomic DNA and mRNA were quantified using a real-
time fluorescence detection method, as described previously
[21]. The primers used for PCR (Table 1) were designed
using Primer3Plus software (http://www.bioinformatics.nl/
cgi-bin/primer3plus/primer3plus.cgi) on the basis of
sequence data obtained from the National Center for
Biotechnology Information (http://www.ncbi.nlm.nih.gov/)
database. GAPDH was used as endogenous control for
mRNA levels, and the long interspersed nuclear element 1
(LINE-1) was used as an endogenous control for genomic
DNA levels.

2.5. Statistical analysis

The Wilcoxon signed-rank test was performed using
SPSS 15.0 software (SPSS, Chicago, IL). P values of
<0.05 were considered significant.

Primer sequences used for polymerase chain reaction with sequence-tagged site (STS) markers for the three genes investigated

Gene STS marker Forward primer Reverse primer

CDK14 genomic DNA D78627 5-AAACCAAGAACATTCCAG-3' 5'-ACACATCACATTCTCACC-3'

CDK14 mRNA 5'-CCAAGGAGTTGCTGCTTTTC-3 5'-GAATGAACTCCAGGCCATGT-3'

CDK6 genomic DNA SHGC-33519 5'-AAGTCAGAAGGAAAAAAGCTTACTG-3' 5-TGAGATGTGTTAAAGTAGGTTTTCA-3
CDK6 mRNA 5'’AGCCCAAGATGACCAACATC-3' 5'-AGGTCAAGTTGGGAGTGGTG-3
PEGI0 genomic DNA STS-H51766 5'-AAAGTTTACATACATTTATGAAGGG-3' 5'- TTCCAGACTGCACCATATAG-3'
PEGI0 mRNA 5'-CAGGCCTGAAAAGAAAGTGC-3' 5-AATGCTTTGTGGAAGCCATC-3'

The gene CDK/4 was previously assigned the symbol PFTK] (http://www.genenames.org).
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3. Results
3.1. Detection of the 7g21 amplicon

Twenty HCC cell lines were screened for DNA copy
number aberrations by GeneChip Mapping 100K array
analysis. The copy number detection algorithm CNAG al-
lowed assessment of copy number and identification of
genomic gains and deletions using the hidden Markov
model [23]. Gains at the chromosomal region 7q21 were
frequently found in 13 of the 20 cell lines (65%)
(Fig. 1A). Of these cell lines, JHH-4 cells exhibited
a high-level copy number gain indicative of gene amplifica-
tion at 7q21 (Fig. 1B). The estimated extent of the amplifi-
cation in JHH-4 cells is 9 Mb. This chromosomal region
lies between the Affymetrix markers SNP_A-1692471
and SNP_A-1650999 (supplementary Table S1) and
includes 35 known or predicted protein-coding genes. The
7q21 region may harbor one or more genes that, when acti-
vated by amplification, play a role in carcinogenesis.
Because we identified three putative oncogenes (i.e.,
CDK14, CDK6, and PEGI0) in the 7q21 amplicon, we
chose to focus further analysis on these three genes.

To confirm amplification of CDK14, CDK6, and PEG 10,
we performed FISH analyses on JHH-4 cells using the
BACs RP11-66p5, RP11-412F4, RP11-316P4, RPI11-
28023, and RP11-958G24 as probes. RP11-412F4 (con-
taining CDKI4) (Fig. 1D) and RP11-316P4 (containing
CDK6) (Fig. 1E) generated amplified FISH signals, and
RP11-28023 (containing PEGI10) (Fig. 1F) showed an
increase in the number of FISH signals. In contrast, neither
RP11-66P5 nor RP11-958G24, which correspond to chro-
mosomal regions outside of the amplicon, showed an
amplified signal or an increase in the number of FISH
signals (Fig. 1C, 1G). These data confirm that CDK14,
CDK6, and PEGI0 are amplified in JHH-4 cells.

3.2. DNA copy number and expression level of CDK14,
CDK6, and PEGI0 in HCC cell lines

To further analyze the potential role of CDK14, CDKG,
and PEG10 in HCC, we determined the DNA copy number
of these three genes in 20 HCC cell lines by real-time

quantitative PCR. For this analysis, copy number changes
were counted as gains if the copy number for a given tumor
cell type exceeded the mean plus 2 standard deviations of
the level of the gene in normal cells. A copy number gain
of CDKI4, CDK6, and PEGI0 was observed in 13
(65%), 12 (60%), and 14 (70%) of the 20 cell lines, respec-
tively (Fig. 2A). JHH-4 celis showed the highest copy
number gain of each gene.

A common criterion for designation of a gene as a puta-
tive target of amplification is that gene amplification leads
to its overexpression [25]. To determine whether CDK14,
CDK6, and PEGIQ are overexpressed, we determined the
mRNA level of these three genes in the 20 HCC cell lines
by real-time quantitative PCR. Both CDK6 and PEG10, but
not CDK14, were overexpressed in JHH-4 cells, relative to
the other cell lines (Fig. 2B). These findings suggested that
CDK6 and PEGIO are candidate targets for the 7q21
amplification.

3.3. DNA copy number and expression level of CDK14,
CDK6, and PEGI0 in primary HCC tumors

To determine whether the amplification of CDKI4,
CDKG6, and PEGI10 that was observed in JHH-4 cells was
relevant to primary human carcinomas, we first determined
the copy number of the three genes in 34 primary HCCs,
using a method similar to that used for the HCC cell lines.
A copy number gain of CDKI4, CDK6, and PEGI(0 was
observed in 8 (24%), 16 (47%), and 14 (41%), respectively,
of the 34 tumors (Fig. 3).

We then further examined the expression of the three
genes in paired tumor and nontumor tissues from the 41
HCC patients by real-time quantitative PCR. Patient and
tumor characteristics are summarized in Table 2. PEGI0
was significantly overexpressed in 30 of the 41 tumors
(73%), compared with their nontumorous counterparts
(Wilcoxon signed-rank test, P < 0.001) (Fig. 4). In
contrast, expression of CDK14 or CDK6 was not upregu-
lated in HCC tumors (Fig. 4). Taken together, these results
suggest that PEGI0 is the most likely target for the 7g21
amplicon in HCC.

Eg. 1. Map of the amplicon at 7q21 in the human hepatocellular carcinoma (HCC) cell line JHH-4. (A) Recurrent copy number gains on the 7q arm as
assessed using a GeneChip mapping 100K array (Affymetrix, Santa Clara, CA). Copy number gains are indicated by red horizontal lines above the chro-
mosome ideogram: high-level gains (amplifications) are shown by bright red lines, whereas simple gains are shown by dark red lines. Copy number losses
are indicated by green lines under the chromosome ideogram. Each horizontal line represents an aberration detected in a single HCC cell line. The cytobands
in 7q are shown. (B) Copy number profile of chromosome 7 in JHH-4 cells. Copy number values were determined by GeneChip mapping 100K array anal-
ysis. Shown are the position of the Affymetrix single-nucleotide polymorphism (SNP) probes, the 35 genes included within the amplicon, the five bacterial
artificial chromosomes (BACs) used as probes for fluorescence in situ hybridization (FISH) experiments, and the three sequence-tagged site (STS) markers
used for real-time quantitative polymerase chain reaction (PCR) based on the University of California, Santa Cruz, Genome Bioinformatics database (http://
genome.ucsc.edu/). (C-G) Representative images of FISH on metaphase chromosomes from JHH-4 cells, using the following BAC probes: paired RP11-
66P5, containing ZNF804B (red) (C) and RP11-412F4, containing CDK14 (green) (D); single RP11-316P4, containing CDKG (red) (E); and paired
RP11-28023, containing PEGI0 (green) (F) and RP11-958G24, containing LMTK2 (red) (G). Arrows indicate normal signals; arrowheads indicate
amplified signals. The set of images shows two normal signals (C), three amplified signals plus two normal signals (D), two amplified signals plus four
normal signals (E), six normal signais (F), and three normal signals (G). Noze: In these figures the gene CDK14 is identified by the previously approved
symbol, PFTKI. ’
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Fig. 2. DNA copy number and expression level of CDK14 (previously PFTK1), CDKG6, and PEG10 in HCC cell lines. (A) DNA copy number of CDK 4,
CDK6, and PEG10 in 20 HCC cell lines and four normal peripheral blood lymphocytes as measured by real-time quantitative PCR with reference to LINE-1
controls. Values are normalized such that the average copy number in genomic DNA derived from four normal lymphocytes has a value of 2 (solid horizontal
line). A value corresponding to the mean +2 S.D. of the copy number of normal lymphocytes was used as the cutoff value for copy number gain (dotted line).
Asterisks indicate cell lines showing copy number gain. (B) Relative expression levels of CDK14, CDK6, and PEGI0 in 20 HCC cell lines as determined by
real-time quantitative PCR. The results are presented as the expression level of each gene relative to a reference gene (GAPDH ), to correct for variations in

the amount of RNA.

4. Discussion

The high-resolution SNP array analysis reported in
this study identified amplification at the chromosomal
region 7q21 in JHH-4 HCC cells. A copy number gain
at this region was frequently observed, not only in
HCC cell lines, but also in primary HCCs. Of the three
genes identified in the amplicon (i.e., PEGI0, CDKS6,
and CDKI4), subsequent experiments suggested that
PEGI0 is the most likely target for the amplicon, in that

the PEGI10 transcript was both overexpressed in JHH-4
cells and significantly upregulated in primary HCC
tumors, compared with their nontumorous counterparts.
In contrast, although the highest level of copy number
gain was found at the CDK6 locus in JHH-4 cells and
primary HCC tumors, CDK6 expression was not upregu-
lated in primary HCC tumors.

Contrary to these data, a recent report indicated that
expression of CDKI4 was higher in HCC tumors than in
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Fig. 3. DNA copy number of CDK14 (previously PFTK!), CDK6, and
PEGI0 in primary HCC tumors. The DNA copy number of each gene in
34 primary HCC wmors and four normal peripheral blood lymphocytes
was determined as already described (for Fig. 2A). Asterisks indicate
primary tumors showing copy number gain.

adjacent nontumorous liver tissues and that upregulation of
the gene correlated with both advanced metastatic HCCs
and microvascular invasion [26). Further studies are
required to clarify the potential role of CDK14 in HCC.
PEGI10 was first identified as an imprinted gene that
is paternally expressed and maternally silenced [14]. It
has been suggested that PEGI0 is derived from a retro-
transposon that was previously integrated into the
mammalian genome [14]. The overexpression of
PEGI0 in HCC observed in this study is consistent with
the previously reported overexpression of PEGIO in
tumors, including HCC [15—19], and in B-cell leukemia
[27,28]. Furthermore, several lines of evidence suggest
that PEG10 may be important for the regulation of cell
proliferation and cell death: PEGI0 is overexpressed in
regenerating mouse liver [16], knockdown of PEGI0

Table 2
Patient and tumor characteristics
Characteristics Value®
Sample size® n=4]
Sex

Male 33

Female 8
Median age, yr (range) 67 (35-79)
Etiology of liver disease

Hepatitis B virus 9

Hepatitis C virus 21

Other 11
Median tumor size, cm (range) 5.0 (1.9-26)
Tumors, single or multiple

Single 26

Multiple 15
Tumor differentiation

Well 7

Moderate 20

Poor 14
Stage®

I 1

o 15

m 14

v 11
Background liver tissue

Normal 4

Chronic hepatitis 18

Liver cirrhosis 19
Child—Pugh classification

A 40

B 1

C 0

Median a-fetoprotein, ng/mL (range) 14.9 (0.9—114,859)

2 Where no other unit is specified, values refer to number of patients.

® All patients were of Japanese ethnicity.

¢ International Union Against Cancer tumor—node—metastasis (UICC
TNM) classification of malignant tumor.

inhibits the proliferation of cancer cells [29], and the
PEG10 protein inhibits cell death mediated by SIAHL,
a mediator of apoptosis [15]. The importance of
PEG10 for cell regulation is further suggested by the
fact that targeted disruption of the mouse Pegl0 gene
results in early embryonic lethality due to defects in
the placenta [30].

The exact mechanism by which PEGI0 signals is
unclear, but it is known to interact with members of
the TGF-B receptor family [31]. Further evidence of
a potential role for PEGI0 in cell growth and carcino-
genesis is that its expression can be regulated by the
protooncogene MYC [29], by E2F transcription factors
that modulate the cell cycle [32], and by the sex
hormone androgen [33].

Although the exact mechanism of PEG/0 function in
tumors remains to be elucidated, and the findings in this
study must be verified in future studies using a larger
sample number, the data presented in this work suggest
a role for amplification and overexpression of PEGI0 in
hepatocarcinogenesis.
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Fig. 4. Expression levels of CDKI4 (previously PFTKI), CDKG6, and
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determined as already described (for Fig. 2B). CDKI4, CDK6,
and PEG]0 were overexpressed in 22 (54%), 21 (51%), and 30
(73%) of the 41 tumors, respectively, compared with their nontumorous
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Relapse of hepatitis C in a pegylated interferon-o-2b plus
ribavirin-treated sustained virological responder

Hideki Fuijii,’ YOShltO Itoh,? Naoki Ohnishi,’ Masafumi Sakamoto,’ Tohru Ohkawara
Yoshihiko Sawa,’ Koichi leh[da Takeshi Nishimura,? Kanjl Yamaguchl
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Kyoto Prefectural University of Medicine, Graduate School of Medical Science, Kyoto, and 3Division of

Gastroenterology, Saiseikai Suita Hospital, Osaka, lapan

. A 41-year-old woman with chronic hepatitis C was treated
with pegylated-interferon (PEG-IFN)-a-2b plus ribavirin for
24 weeks. She had hepatitis C virus (HCV) genotype 2a
{1600 KIU/mL}, and her liver histology showed mild inflamma-
tion and fibrosis. Four weeks after the start of the therapy, she
achieved a rapid virological response (RVR) and then a sus-
tained virological response (SVR). Serum alanine aminotrans-
ferase (ALT) levels remained within normal ranges and HCV
RNA continued to be negative. However, ALT levels flared with
the re-emergence of HCV RNA in the serum 1.5 years after
discontinuation of therapy. HCV RNA obtained from sera

before therapy and after relapse shared a 98.6% homology
with the E2 region, and phylogenetic analyses indicated that
they were the same HCV strain. These results eliminated the
possibility of a re-infection and strongly indicated a late
relapse of the disease. Therefore, follow-up is necessary for
chronic hepatitis C patients after SVR, even if they respond
well to therapy, including RVR.

Key words: chronic hepatitis C, genotype 2a, sustained
virological response, relapse, phylogenetic analyses.

INTRODUCTION

EPATITIS C VIRUS (HCV) is an important cause of

chronic liver disease, and more than 170 million
people are infected worldwide, including 1.5-2 million
people in Japan.! Approximately 70% of Japanese
chronic hepatitis C patients are infected with genotype
1b, whereas the rest are infected with genotypes 2a or
2b.? At present, pegylated-interferon (PEG-IFN)-o plus
ribavirin is the optimal therapy for chronic hepatitis C.
Sustained virological response (SVR), defined as unde-
tectable serum HCV RNA 24 weeks after therapy
completion, is the primary goal of this therapy. Approxi-
mately 80% of patients infected with genotypes 2 or 3
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654

achieve SVR after 24 weeks of treatment, whereas
approximately 50% patients with genotype 1 achieve
SVR after 48 weeks of treatment.

Late relapse, defined as a HCV RNA reappearance in
serumn after achieving SVR, is rare in SVR patients. Fur-
thermore, distinguishing relapse from re-infection is dif-
ficult without comparing the HCV nucleotide sequence
before the start of the therapy and after relapse. Here
we describe the clinical course of an HCV genotype
2a-infected woman treated with PEG-IFN-a plus ribavi-
rin for 24 weeks. She achieved a rapid virological
response (RVR) because HCV RNA was undetectable by
a qualitative polymerase chain reaction (PCR) assay
4 weeks after initiating therapy. However, she achieved
SVR and suffered a relapse of chronic hepatitis C
1.5 years after therapy discontinuation. We analyzed
nudeotide sequences within the E2 region of HCV RNA
containing the hypervariable region (HVR)1 and the
IFN sensitivity-determining region (ISDR) of non-
structural protein 5A (NS5A), using sera before treat-
ment and after relapse and confirmed that they were the
same HCV strain.

© 2010 The Japan Society of Hepatology
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CASE REPORT

A 41-YEAR-OLD WOMAN had elevated serum
alanine aminotransferase (ALT;, 138 IU/L) and
aspartate aminotransferase (AST; 248 IU/L) levels on a
routine medical check-up in mid-September 2005.
Because of liver dysfunction in October 2005, she
visited Aiseikai Yamashina General Hospital for further
examination. She had no family history of liver diseases.
Her height was 145 cm and weight was 42kg. No
abnormalities were detected on physical examination;
her average alcohol intake was less than 20 g/week. She
had no history of i.v. drug abuse.

Table 1 shows the laboratory data. On 25 October
2005, transaminase and biliary enzyme levels were
elevated. Serum anti-HCV antibody was positive. The
HCV RNA load was 2400 KIU/mL (Amplicor Monitor
ver. 2.0; Roche Diagnostic Systems, Tokyo, Japan), and
she had the 2a HCV genotype. She hesitated to undergo
IEN treatment in the beginning. We strictly prohibited
her from alcohol and started treating her with 600 mg/
day oral ursodeoxycholic acid (UDCA) and 40 mL i.v.
glycyrrhizin twice a week (Stronger Neo-Minophagen C,
SNIMC). Her liver functions improved significantly, but
did not normalize following treatment with UDCA and
SNMC.

Table 1 Laboratory findings

‘Relapse of hepatitis C after SVR 655

She was admitted to Aiseikai Yamashina General Hos-
pital on 3 February 2006, and PEG-IEN plus ribavirin
treatment was initiated for chronic hepatitis C. Abdomi-
nal ultrasonography revealed that the liver was almost
normal in size, the edge was sharp and the internal echo
was slightly coarse. Other tests including hepatitis B

- virus PCR, HBc antibody, HIV 1/2 antibodies, anti-

nuclear antibody, anti-mitochondrial antibody, serum
ceruloplasmin, copper and ferritin were normal. The
laboratory test results obtained on 3 February 2006 are
presented in Table 1. The liver biopsy specimen before
treatment revealed mild fibrosis with mild inflamma-
tion, which was graded as A1F1 according to the classi-
fication of Ichida et al. or Bedossa and Poynard.>* She
received combination therapy comnsisting of PEG-IFN-
a-2b (1.5 ug/kg 60 ug) once a week plus 600 mg rib-
avirin daily..

After therapy initiation, ALT levels declined rapidly
and remained within the normal range after completion
of the treatment. Serum HCV RNA levels were measured
by a quantitative PCR assay (Amplicor HCV Monitor
ver. 2.0) before therapy initiation and after relapse and
by a qualitative PCR assay (Amplicor HCV Test ver. 2.0)
at4, 8,12, 16, 20 and 24 weeks (all during the treatment
period) as well as at 4, 8, 12, 16, 20 and 24 weeks after
therapy completion. Serum HCV RNA was qualitatively

Normal Initial visit . Before PEG-IFN + Rib After relapse
(10/20/2005)  (2/3/2006) (1/25/2008)
White blood cell (uL) (3900-9300) 9070 8110 8800
Red blood cell (x10%/ul) (425-571) 458 433 412
Platelet (x10*/uL) (12.7-35.6) 29.2 29.7 27.3
PT (%) 85% 82% 92%
Albumin (g/dL) (4.0-5.0) 42 4.2 4.1
T. Bil (mg/dL) (0.3-1.2) 0.6 0.4 0.4
AST (IU/1) (<33) 87 35 61
ALT (IU/1) (<35) - 195 38 96
ALP (TU/T) (115-360) 278 240 247
y-GTP (IU/T) (<47) 256 48 88
RPR “) NA ) “)
HBsAg (-) ) ) )
ANA (<40) NA <40 <40
Type IV collagen 7S (ng/mL) (<5) NA 3.8 3.2
Serum ferritin (ng/mL) (5.3-179.7) NA 50.7 NA
HCV RNA (Amplicor Monitor ver. 2.0) (KIU/mL) (-) 2400 1600 2600
HCV genotype 2a 2a 2a

ALP, alkaline phosphatase; ALT, alanine aminotransferase; ANA, antinuclear antibody; AST, aspirate aminotransferase; y-GIP,
y-glutamyltranspeptidase; HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; NA, not available; PT, prothrombin time; RPR,

Rapid Plasma Reagin; T. Bil., total bilirubin.

© 2010 The Japan Society of Hepatology
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Figure 1 Levels of alanine aminotransferase (ALT) and hepatitis C virus (HCV) RNA load during the clinical course. Pegylated-
interferon (PEG-IFN)-ot plus ribavirin combination therapy was started in February 2006 and continued for 24 weeks until August
2006. HCV RNA was undetectable within 4 weeks. ALT levels remained within normal ranges until November 2007. Relapse
occurred in January 2008. SNMC, Stronger Neo-Minophagen C; UDCA, ursodeoxycholic acid.

undetectable 4 weeks after therapy initiation and
remained undetectable 6 months after therapy com-
pletion. The patient had few side-effects, and the treat-
ment was completed without reducing either of the
drugs.

After achieving SVR, she underwent monthly liver
function tests, and a qualitative PCR assay was per-
formed occasionally. In December 2007, her liver func-
tion tests deteriorated. AST/ALT levels were elevated,
and she tested positive for HCV RNA on 25 January
2008 (Fig. 1, Table 1). A quantitative PCR assay indi-
cated that the HCV RNA titer was 2600 IU/L, and the

HCV genotype was 2a. The patient again started taking .
600 mg UDCA daily, and ALT returned to low levels

(~30-40 IU/L). Repeated tests showed that HCV RNA
was persistently positive.

To determine if HCV RNA that appeared 1.5 years
after treatment completion was identical to that before
therapy, we compared the nucleotide sequences of the
two coding regions, namely, the E2 region containing
HVR1 and ISDR of NS5A. Informed consent was
obtained from the patient before analysis, and the
serum samples obtained before treatment and after
relapse were stored at —80°C until use.

Virological analyses proceeded as follows. To recon-
firm HCV genotyping direct sequencing of the
5’-untranslated region was performed, as described pre-
viously.* The genotypes were classified according to the
nomenclature proposed in a previous report and were
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determined to be 2a in both the samples. HCV RNA was
amplified by reverse transcription (RT)-PCR to directly
sequence the E2 and ISDR regions.

In brief, RNA was extracted from 140 pL sera using a
commercially available kit (QIAamp viral RNA kit;
QIAGEN, Valencia, CA, USA) and dissolved in 50 pL
diethylpyrocarbonate-treated water. This sample was
used for RT with random hexamer primers (SuperScript
I1I First-Strand Synthesis System for RT-PCR cDNA syn-
thesis kit; Invitrogen, Carlsbad, CA, USA). The E2 region
was amplified by nested PCR, and ISDR regions were
amplified by hemi-nested PCR. Each 50-uL PCR reaction
contained 100 nM of each primer, 1 ng template cDNA,
5 UL 10x Ex Taq buffer, 4 pL deoxyribonudleotide triph-
osphate mixture, and 1.25U of Takara Ex Taq HS
(Takara Ex Taq, Otsu, Japan).

The PCR primers were set based on a reference HCV
sequence (accession no. AF177036).

The first PCR primer sequences for E2 were: sense
(1422, 1441) 5-ACTTCTCTATGCAGGGAGCG-3" and
antisense (2437, 2418) 5-GTTTTGGTGGAGGTGGAG
AA-3’; and sense (2171, 2190) 5"-TGCCTGATCGACTA
CCCCTA-3’ and antisense (2730, 2711) 5-AGGCC
AGTGAGGGAATAGGT-3’. The second PCR primer
sequences for E2 were: sense (1453, 1472) 5-CGIT
GTCATCCITCTGTTGG-3’ and antisense (2261, 2242)
5-CAACCCCTCCCACATACATC-3'; and sense (2189,
2208) 5-TACAGGCTCTGGCATTACCC-3" antisense
(2698, 2679) 5-TACCCGACCCITGATGTACC-3".
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Figure 2 (a) Comparison of the hepatitis C virus (HCV) E2 (top) region amino acid sequences. Sequencing was performed for
serum samples obtained before therapy on 3 February 2006 and after relapse on 25 January 2008. Sequences were aligned against
the HCJ6 HCV genotype 2a reference sequence (GenBank accession no. D00944). Hypervariable region (HVR)1 positions of E2 are
indicated by numbers corresponding to the amino acid positions within the HCV genotype 2a polyprotein of the reference
sequence. There were five amino acid mutations in these regions between the two samples. (b} IFN sensitivity-determining region
(ISDR) sequences before therapy and after relapse showed the same single mutation at codon 2205. Sequences were aligned against
the HCJ6 HCV genotype 2a reference sequence (GenBank accession no. D00944). ISDR positions are indicated as numbers
corresponding to the amino acid positions within the HCV genotype 2a polyprotein of the reference sequence.

The first PCR primer sequences for ISDR were: sense
(6866, 6885) 5-ACGTCCATGCTAACAGACCC-3” and
antisense (7185, 7166) 5-GGGAATCTCITCITGGG
GAG-3’. The second PCR primer sequences for ISDR
were the sense primer from the first-round PCR and
a new antisense primer (7109, 7090) 5-CGAGAG
AGTCCAGAACGACC-3'7

Polymerase chain reaction products were separated by
electrophoresis on 1% or 2% agarose gels, stained with
ethidium bromide, and visualized under ultraviolet
light. The products were purified and sequenced with
second-round PCR primers, using a dye terminator
sequencing kit (BigDye Terminator ver. 1.1 cydle
sequencing kit; Applied Biosystems, Foster City, CA,
USA) and an ABI PRISM 310 genetic analyzer (Applied
Biosystems). Sequence alignments and phylogenetic

analyses were performed with MEGA4 software.® Nucle-
otide sequences obtained from the two samples were
compared to 23 published HCV genotype 2a sequences.
A phylogenetic tree was constructed by the neighbor-
joining method’® based on the nucleotide sequence of the
E2 region, with pairwise distances being estimated using
the Kimura two-parameter method. Bootstrap values
were determined on 1000 re-samplings of data sets.’

The E2 nucleotide sequences before treatment and
after relapse were 98.6% similar. Except HVR1, two of
the samples were 99.0% similar. The amino acid
sequences in the E2 region, except HVR1, were identical
between the two samples. There was a difference of five
amino acids in HVR1 (Fig. 2a).

‘When compared to known HCV isolates of various
genotypes whose entire coding region sequence has
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Figure 3 A phylogenetic tree was constructed by the neighbor-
joining method based on the nucleotide sequence of the E2
region (1101 nt) of 23 genotype 2a strains using the genotype
1a hepatitis C virus (HCV) isolate (NC004102) as an out-
group. The isolates obtained in the present study before
therapy and after relapse are indicated in bold letters for clarity.
Twenty-three reported genotype 2a HCV isolates, whose entire
coding region sequence is known, are included for compari-
son, and their accession numbers are shown. Bootstrap values
were determined on 1000 re-samplings of datasets.

been determined, the two isolates were the closest to a
particular genotype 2a HCV isolate (accession no.
AB047645) with 87.3% nucleotide sequence similarity;
however, the isolates were only 64.4-72.7% similar to
known genotype non 2a (1a NC004102, 1b D90208, 2b
D01221, 3a D17763, 4a Y11604, 5a Y13184 and 6a
Y12083). The phylogenetic tree of 23 genotype 2a HCV
isolates, constructed based on the E2 1101-nucleotide
sequence, indicated that the sample obtained after
relapse bifurcated from a common trunk with the
sample before treatment, and we confirmed that these
two samples were the closest to each other among all
known genotype 2a HCV isolates (Fig. 3). The results
of sequencing analysis before therapy and after

© 2010 The Japan Society of Hepatology
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.

fe-emergence of viremia ruled out the possibility of a
re-infection and strongly suggested a late relapse of

~ chronic hepatitis C.

Interferon sensitivity-determining region sequences
before treatment and after relapse showed 98.9%
similarity. The amino acid sequences of the two ISDR
regions were completely identical. The sequences of the
HCJ6 (accession no. D00944) strain were defined as
wild-type ISDR, and those that deviated from this strain
were defined as the mutant type. ISDR sequences before
treatment and after relapse were different in only one
codon (2205) when compared with the reference HCJ6
sequence (Fig. 2b).

DISCUSSION

N THIS STUDY, we clarified that E2 1101-nucleotide

sequences of HCV isolated from sera before treatment
and after relapse shared a 98.6% homology. Further-
more, phylogenetic analyses classified these two
samples as the same strain. These results ruled out the
possibility of a re-infection and strongly suggested a late
relapse of chronic hepatitis C.

Hepatitis C virus is an RNA virus belonging to the

.genus Hepacivirus in the Flaviviridae family. Similar to

other RNA viruses, HCV circulates as a genetically dis-
tinct population, demonstrating a quasispecies.’* HCV
HVR1, which is composed of 27 amino acids and is
located at the 5’ terminus of the E2 gene, is highly
variable among and within infected patients,*** so it
can be used to identify individual HCV isolates.'**¢ HCV
HVR1 changes rapidly over time in the same individual.
Our pairwise sequences were not completely identical
but shared a high homology, which was equal to the
homology reported previously.’® These results suggest
that the patient achieved SVR but suffered a relapse of
hepatitis C after 1.5 years.

Some reports have indicated that in a majority of
patients with SVR, low-level HCV RNA can be detected
in lymphocytes, monocytes/macrophages and liver,
despite constantly undetectable HCV RNA in sera.'”*’
This “occult” persistence of HCV replication could
potentially play a role in late recurrence after treatment.
However, the significance/mechanism of HCV RNA per-
sistence in the liver or peripheral blood mononuclear
cells is still uncertain, and data regarding occult persis-

" tence are conflicting.?® Moreover, it is unclear as to how
g

many of these late relapse patients were “true” relapsers
and how many were re-infected. The relapse rates after
SVR in IEN monotherapy are approximately 5-10%.2"#
Nakayama et al. recently reported a late relapse of
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hepatitis C after IEN-a. plus ribavirin therapy and sum-
marized late relapsing cases in Japan.” They indicated
that compared to reports from foreign countries, late
relapses were very rare in Japan, particularly after IFN
and ribavirin therapy and that the relapse interval was
principally restricted to within 2 years after therapy

completion. Four hundred and fifty-five chronic hepati-

tis C patients were cured by PEG-IEN plus ribavirin
therapy in the study group of Kyoto Prefectural Univer-
sity of Medicine and related hospitals, and this is the
only case of late relapse to date (Itoh Y. etal., 2009

unpublished data). This may be the first reported case of -

relapse after SVR with PEG-IEN plus ribavirin therapy.

Several host and viral characteristics are associated
with the likelihood of response to IFN-based therapy.
The HCV genotype and viral load are the most impor-
tant viral predictors, and the ISDR sequence variation™
and substitutions of amino acids 70 and/or 91 in the
core region® within the HCV genome have been
recently advocated in patients with genotype 1. It is
interesting to note that only one amino acid varied in
ISDR compared to the reference sequence in our case.
For patients with HCV genotype 2a, Hayashi etal.
reported that ISDR amino acid variations compared to
the reference sequence and RVR as well as negative HCV
at 4 weeks are important predictors of SVR in PEG-IFN
monotherapy.” ISDR interacts with interferon-inducible
double-stranded RNA-activated protein kinase (PKR)
and inactivates HCV replication in vitro.*® According to
the report by Hayashi eral.,” an A-to-T mutation at
codon 2205 (Fig. 2b) can be interpreted as wild type,
and hence ISDR in this case contained no mutations,
which may have influenced HCV RNA re-emergence
after achieving SVR.

Patients with RVR, defined as a negative HCV RNA at
4 weeks, are more likely to have SVR"¥ In our case,
HCV RNA was negative at 4 weeks, which indicated that
this case may be cured; however, relapse of hepatitis C
occurred after 1.5 years. The data concerning the efficacy
of re-treatment of genotype 2 chronic hepatitis C are
limited. According to the report by Moucari et al.,*® there
is a higher rate of SVR in genotype non-1 relapsers.
Therefore, our patient could be retreated with a second
PEG-IFN plus ribavirin combination therapy. However,
because the patient is 41 years old and has stage F1
hepatic fibrosis, we will recommend that she wait for a
new drug such as a protease inhibitor. Further research
for unknown factors to predict late relapse after achiev-
ing SVR might be necessary.

In conclusion, SVR patients may have a potential risk
of HCV reactivation. Annual surveillance including HCV

Relapse of hepatitis C after SVR 659

RNA testing seems clinically reasonable for detecting
spontaneous relapse and recurrence of hepatitis C in
SVR patients.
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Table 1. HHEF

203

PR BYE 13 ZHE:S
() Mean +/—SD 596+/-90
FFREZE (H D) (No. [%]) 10 (55.6)
FHEEEE (1) (No. [%]) 5 (2738)
LAM+ ADV i&&EHM (F) Mean +/—SD 29.1+/-131
HBYV genotype Bj:1 C:17
HBV DNA (logio copies/ml) Mean+/—SD 410+/-1.18
HBeAg (+) (No. [%]) 13 (72.2)
ALT (IU/L) Mean +/-SD 359+/-177
LAM itk (No. [%]) 18 (100)
ADV Tt (No. [%]) 5 (27.8)
ETV it (No. [%]) 6 (333)
2 A Ve (No. [%]1) 10 (55.6)

OB AR, Ty A VAERADHENZ L5
K ODPDEERBFHTHS 0L S0, KIIC
BWTH ETV 32007 F DARRZRLAMIZHR D
DEBROBEBET Fursr#HlL 272 L
L, BICHRFTEL{OLAM HHEEZEZRDT
B, INSOEFNIR LT 2009 4 D XK E
%42 (American Association for the Study of
Liver Disease ; AASLD) 137 7R ¥V (adefovir
dipivoxil ; ADV), & A\ id 7 / K ¥ )l (tenofovir
disoproxil fumarate ; TDF) ® LAM & O
5, &%\t emtricitabine (FTC) & TDF &
RS~ B2 2 HEZELLY. FAHKICI -
o v 23RS % (European Association for the
Study of the Liver ; EASL) #*5 & TDF DB
2%, AFRD 51X ADV OFFAAHESE S 72 LAM
iy B x5 A LAM & ADV B EE (LLT
LAM/ADV i) 12X A7 4 VARIRORER
BEETHY, KEBO LAMHEEZICEMT
» BN, LEHITHBVDNA DETEIA+5
ThHHIEFBMEINTWERY", SEbhvbh
i3 LAM/ADV #ERBHII 35 ADV & ETV
i (ADV/ETV %) 48 BOREE MEf L7z
DTHET 5.
| WREFE
LAM/ADV #2402 < &b 1EUETY,

(15)

HBV DNA 7% 3log copies/ml (LLF log) LLE%
AL 18BlERRE L HOREMERE 7
Va—VvHERFEE 9 oMmEFEED &, C
BFEYANVAH I MUEREY L VAD
PRIEBI, BE - K - BRE - BB R E & bk
I BF B L 7z 18 Bl 6 Flid LAM 1412
95 ETVESOBEEZAE L. 2H2DEEDN
ADV#EicmiEs VL7 F= v ERE &L
729, ADV ZRRH&ZES M Thh T,

HBV DNA i TagMan PCR # (Roche Diagnos-
tics, Tokyo, Japan), W™~ 4 IV A DR IX
INNO-LiPA HBV DR version 2, version 3 (Innoge-
netics Gent, Belgium) % 72",

2 BEDOMEIZ1Z Student’s t test, Mann-Whitney
U test, chi-squared test, Fisher's exact test &
v, p<005%FEL L7

I # F

18 B DFREF % Table 1 12RT. 5 HITHE
OB, 161k ADV/ETV EEH IZIFE
ZFRE L72AS, FEaUIBDH 5 WIS T V4
W RE CRIEN 2 IRERE 2072, 10 612K
BEHFBEEORET, EETFETIZ 1615 B) &,
176 23CH % /R L, HBe#L & B 14 12 1341
(722%) T & - 7. LAMi % 21861 & %
(100%), ADV i35 (278%), ETV i £
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Table 2. N—2F4 », 48EAOEFHIZBITS HBV DNA, HBe HiE, ALT EDOH#ER & INNO-LIPA EIZL 5 R—2F
4070wk

c HBV DNA (log copies/ml) HBeAg (S/CO) ALT (IU/L) Resistance Mutation
ase 0w 48W OW-48W ow 48W ow 48W LAM ADV ETV
1 76 3.1 45 17 34 74 39 + +
2 5.03 3.69 1.34 44 18 32 28 +
3 309 1.8 1.29 - s 31 16 + +
4 412 251 161 245 106 27 20 + +
5 49 46 0.3 528 359 49 36 + +
6 3 1.8 12 37 — 27 28 + +
7 52 3.53 1.67 — — 39 47 +
8 387 2.93 0.94 1043 927 15 15 +
9 493 391 1.02 37 39 28 25 + +
10 524 4.17 1.07 161 121 48 43 +
11 476 2.64 212 19 1.3 40 36 +
12 346 3.36 0.1 e s 37 30 +
13 3 13 12 75 48 10 11 + +
14 361 2.51 11 39 3 28 25 -
15 307 13 127 57 5.1 21 22 +
16 396 3.11 0.85 164 94 73 138 # +
17 317 1.8 1.37 — — 28 42 + +
18 359 2.89 0.7 — — 14 16 + - +
g LLAWADV [~

E 7

w
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Figure 1. LAM/ADV #¥ - ADV/ETV # %2 X %5 HBV DNA O H## : HBV
DNA & X—=ZF 1 » 4.1log copies/ml 7> 5 48 38 2.9log copies/ml &, 48 # T 1.2log
copies/ml & T L 7.

64 (333%), 10#1 (55.6%) X 34 W 4 % 72, 1861 13 %1 13 48 8 T llog L £ @ HBV
7z (Table 2). DNA BOETERLAA, B55HADETRE

S35 HBV DNA i ADV/ETV EEIZTR— 2R llog Kifi Td - 72. HBe FLEFFHER - FEHEHF T
74 ~ 41log, 12 18 3.3log, 24 & 30log, 36 4 2.8 B 488D HBV DNA KT EICEZ DL 2o
log, 48 29log & FEIFIAET L7z (Figure 1). 7o, THuZER OEE 48 B To HBV DNA
18 BIFR 5 B1% 48 D IEHFIC 21log R ZE E L D FE B3 LAM W ¥ T 1.2log, LAM i 1 +

(16)
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