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Figure 1. Morphologic change of HLE cells treated with namural IFN-g and sodium butyrate. As the result of treatment with natural [FN-a and sodism
butyrite, the shape and size of HLE cells were changed. With the treatment of 1000 IU/ml of IFN-a for 7 days, the size of HLE cell became slightly larger and
the morphology was round-shaped, although it hardly changed with 100 IU/m] of IFN-n. The treatment of HLE cells with 2 mM sodium butyrate changed the
shape of cells more than thit stimulated by IFN-. Nucleic size of HLE cells became larger. 1, Control; 2, Cells treated with 100 TU/ml of IFN-u for 7 days; 3,
Cells ireated with 1000 IU/ml of [FN-u for 7 days; 4, Cells treated with 2 mM of sodium butyrate for 7 days. Original magnification x100.
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Figure 2. The morphometric analysis of the number of cells invaded from
the upper-side chamber o the lower-side chamber in six human HCC cell
fines. Invasion through Matrigel of HLE, HLF, HCC-T, HCC-M, HepG2
and PLC/PRF/5 was assayed using the Biocoat Mutrigel Invasion Chamber.
The cancer cells invade into the Matrigel, and appear on the lower surface of
the Matrige! membrane. The aumber of invaded cells was counted in
randomly selected 5 ficlds in every experiment (0=5).

showed that pro-MMP-2 and 9, and active MMP-2 and -9
were detected in the culture supernatants of both HLE and
HLF. In HLE cells, production of MMP-2 was higher than
that of MMP-9, and HLF produced much more MMP-@ than
MMP-2. The culmre supernatants of HLE and HLF treated
with IFN-a (1000 IU/m]) and sodium butyrate (2 mM) for

7 days showed significant reduction of pro- and active-MMPs
production in both cell lines. Especially MMP-2 activity
almost disappeared by gelatin zymography in both cell lines
(Fig. 4).

Effect of natural IFN-a and sodium butyrate on MMP-2 and -9
activities. Effect of agents on MMP activity was further
examined using the MMP activity assay, which can detect
active-form of MMP-2 and MMP-9. Active MMP-2 levels
in HLE and HLF were 1.340.2 ng/ml and 0.53+0.2 ng/ml,
respectively, in their contro] culture conditions. Active MMP-9
levels in HLE and HLF were 0.740.3 ng/ml and 1.240.3 ng/ml,
respectively, in their control culture conditions. These levels
almost disappeared by treatment with both IFN-a and sodium
butyrate (Fig. 5).

Real-time quantitative RT-PCR assay. Effect of IFN-a and
sodium butyrate on transcription of the MMP family and
its counterpart, TIMP-1 and -2 was examined by real-time
RT-PCR. The production of MMP-1 that dissolves type [
collagen and promotes cancer cell invasion into its surrounding
tissue was more or less inhibited by both agents. The mRNA
levels of MMP-1 were slightly decreased by stimulation with
1000 IU/ml of IFN-a, and were significantly reduced by
treatrnent with 2 mM of sodium butyrate. On the other hand,
the agents variously changed the production of TIMP that
inhibits MMP activity. The mRNA levels of TIMP-1 and
TIMP-2, which are couaterpart enzymes of MMP, were
significantly increased by IFN-a (p<0.01, Mann-Whitney's
U test) and slightly decreased by sodium butyrate (Fig. 6).
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DBiscussion

This study demonstrated that both IFN-o and sodium butyrate
are potent inhibitors of malignancy of human HCC, especially
of cellular invasive activity. Type I IFN has various anti-
cancer activities, such as anti-proliferative activity, immuno-
modulatory activity, and anti-angiogenic activity (37), in
addition to anti-viral activity, and it has been clinically used
in patients with renal cell carcinoma, multiple myeloma,
chronic myelocytic leukemia, and hairy cell leukemia. Anti-
malignant effect of IFN has been also reported in HCC. IFN
induces apoptosis of human HCC cells (16), in case HCC
cells are not resistant to apoptotic stimulation. Auti-apoptotic
Bel-2 family proteins may play an important tole in this
resistance (17,31,38,39). In this study, apoptosis was not

841
LAY 0 T Ta ST e
S AN S
o~ Y 1-01". -". ol A "."‘.‘.V

Figure 3. Effect of [FN-¢ and sodium butyrate on the Matrigel invasion.
A, Microphotograph of the lower-side Matrigel membrane attached with HLE
cells invaded through the membrane and small membrane holes. Cells were
stuined with light Giemsa, The treatment with IFN-¢ und sodium butyrate
decreused the number of invaded ceils. L. Control; 2, IFN-¢ eatment
(100 [U/ml); 3, IFN-a treatment (1000 [U/ml); 4, sodium butyrate treatment
(2 mM). Original magnification x100, B, The morphometric analysis of the
number of cells (HLE and HLF} reached from the upperchumber to lower-
chamber of the Matrige!. IFN 2nd sodium butyrate significantly reduced the
number {p<0.01, Mann Whitney's U test). The morphometry was achieved
5 times and ccll number was counied in randomly selected 5 fields in cvery
experiment, [, Control; 2, IFN-a treatment (160 [Ufml); 3, IFN-q treatment
(1000 [U/ml); 4, sodium butyrate treatment (2 mb).

induced and various aspects induced by IFN-a and sodium
butyrate were confirmed not to be affected by apoptosis. n
vitro studies demonstrated its anti-proliferative activity by
inducing apoptosis or cell-cycle S-phase arrest. This cell-
cycle arrest is considered to be due to P2LI/WAFI induction
and inhibition of cyclin A and B, which sequentially reduces
cdk2 and cdc? activities (30,40,41), Type I IFN was also
demonstrated to inhibit angiogenesis of tumor vessels in
nude mouse models (42,43). In addition, our previous
studies demonstrated that IFN has an anti-metastasis effect
by increasing cell-cell adhesion formed by E-cadherin and
B-catenin (25). Furthermore, telomerase activity was
reduced and the present study demonstrated that [FN inhibits
cancer cell invasion and metastasis by reducing MMP
production of HCC cells. These observations confirm the
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Figurc 4. Gelatin zymography of the culture superatants of HLE and HLF
cells and the effect of IFN- and sodium butyrate-treatment. The serum-free
culture supernatants of HLE and HLF with and without [FN and sodium
butyrate for 7 duys were collected. Equal amounts of protein were subjected
to gelatin zymography described in Materials and methods. Destained band
showed the existence of getatinase. Control (lane 1), treated with 1000 [U/ml
IFN-« (lane 2), treated with 2 mM SB (lane 3). Both HLE and HLF
produced pro- and active MMP-2, and MMP-9. HLE produced MMP-2
much more than MMP-9, although HLF produced much more MMP-9 than
MMP-2. The culture supernatants of HLE and HLF treated with IFN-u and
sodium butyrate showed significant reduction of pro- and active-MMPs
production in both cell lines, Especially MMP-2 activity almost disappeared
in both cell Enes. 1, Control; 2, [FN-u treatment (1000 [U/ml); 4, sodium
butyrate treatment (2 mM}.

theoretical background of recent clinical trials, which
demonstrated that type [ [FN was effective in advanced HCC
(11,44) and inhibited secondary HCC raised after first
treatment (45) other than acyclic retinoid (46,47). Recent
studies have demonstrated that type I IFN directly activate
p53 pathway not only in anti-viral but also in tumor
suppression systems (48), We have demonstrated that
interferon regulatory factor (IRF)-1 is a key transcription
factor in the anti-proliferative activity of type I KEN (30),
and it is possible that signal transduction of IFN depends on
a type of single nucleotide polymorphisms in the IRF-1
promoter (18). Therefore anti-cancer effect of type I [FN on
HCC may vary between individuals.

On the other hand, sodium butyrate is an HDAC inhibitor,
which modifies histone acetylation and regulates gene
expression (39). Recent studies revealed that a role of
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Figure 6. Real-ime quantitative RT-PCR assay of MMP-1, TIMP-] and
TFIPM-2. Effect of IFN~ and sodium butyrate on transcription of the MMP
family and its counterpart, TIMP-1 and 2 of the HLE cell line was examined
by real-time RT-PCR. The mRNA Ievels of MMP-1 decreased significantly
by sodium butyrate, TIMP-1 and TIMP-2, whick were counterparts of
MMP-2, were significantly increased with treatment of 1000 U/ml of [FN-a
(p<0.01, Mann Whitmey's U test), although slightly decreased with treatment
of 2 mM of sodium butyrate. Control (1), treated with 1000 TU/ml of IFN-a (2),
treated with 2 mM of sodium butyrate (3).

epigenetic conditions such as DNA methylation status and
histone acetylation or methylation status are important
factors in multistep carcinogenesis of human liver cancer
especially that caused by chronic HCV infection. Hypo-
methylation in CpG islands of promoter regions in several
oncogenes and deregulation of methylation enzymes have
been demonstrated in human HCC (20,49,50). These epigenetic
regulations of genomic expression are indispensable in human
ontogeny or development and differentiation, suggesting that
carcinogenesis and differentiation are closely related to each
other. Sodium butyrate is categorized as one of differentiation
inducers and its effects of increasing albumin production and
decreasing a-fetoprotein production on HCC cells might be
related to the cellular differentiation process.

MMP activity is considered to play an important role in
invasion and metastasis activity of HCC. MMP-2 seems to be
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Figure 5. Quantitative analysis of active-form MMP-2 and -9 before and afier treatment with TFN-a and sodium butyrate. The levels of sctive-type MMP-2 and -9
were assayed osing the matrix metalloproteinase-2, -9 activity assay system, Control (1), treated with 1000 1U/mi of IFN=n (2), treated with 2 mM of sodigm
butyrate (3). Both active MMP-2 and MMP-9 levels produced by HLE cells were significantly decreased by IFN-u and sodium buytrate.
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expressed in HCC especially in its peripheral region rather
than centra! region of HCC, and the location is similar with
that of MT1-MMP, which is an activator of MMP-2 (51),
although negative data also exist (52). It seems true that the
expression of active-form of MMP-2 is stronger in cancer
than in non-cancer tissue in HCC (53,54). Active-forms of
MMP-2 and -9 correlated with portal invasion, intrahepatic
metastasis and recurrence rate after hepatic resection.
MT1-MMP correlated with MMP-2 activation and invasion
of HCC, and mRNA expression of this factor was positively
shown in 22 cases in 30 HCCs. Ogata ef af (54) demonstrated
by immunostaining and in situ hybridization that expression
of MT1-MMP and MMP-2 correlated to differentiation status
of HCC tissues. Maatta et af (55) showed that MT1-MMP
mRNA was expressed in HCC cells and its levels correlated
1o differentiation status of HCC, that is, the levels of expression
is much more in poorly differentiated HCC than in well-
differentiated type. MMP-2 expression levels of HCC may
not be so different between cancer and the surrounding non-
cancer tissue, but MMP-2 may be activated by MT1-MMP,
which exists near the surrounding membrane of the tumor
or membranous capsule, resulting in an increase of invasion
potential (26). In addition, the balance of MMP-2 and TIMP-2
relates to metastasis potential (56). On the other hand, the
lecalization of MMP-9 is closely correlated to tumor and
malignant potential. Arii ez al (52) showed that MMP-9
mRNA is detected only in the tumor, and its expression is
higher in HCC with invasion through the membranous
capsule. Immunostaining showed higher expression of this
enzyme in the interface between tumor and non-tumor tissue,
In the present study, both MMP-2 and MMP-9 expression
and its activity was significantly reduced by IFN-a and
sodium butyrate, suggesting that these two drugs are possibly
useful for preventing HCC cells from invasion and metastasis,

Effect of IFN on MMP production or expression has been
demonstrated in several types of cells. Type I IFN reduces
MMP-2 production from glioma cells (57) and also reduces
malignant potential of bladder cell carcinoma (58). These
inhibitory effects of type I IFN on MMP production are
induced via Stat-1 pathway in various types of cells (59,60).
Another important mechanism may be a competitive binding of
IRF-1 to NF-xB binding region in the MMP-9 promoter (61). It
has been demonstrated that Stat-1, -2 and -3 are up-regulated
by IFN-c in human HCC cell lines (62), and this pathway is
responsible for up-regulation of MMP production.

In the present study, the effect of sodium butyrate, ene of
HDAC inhibitors, on HCC cells was sirmilar with that of IFN-a,
and our previous studies showed that effects of these two
agents are very similar. It was demonstrated that Stat-1
expression is up-regulated in human HCC cell knes by
sodium butyrate (63). This report suggests a possible
crosstalk mechanism between sodium butyrate-induced and
type I IFN-induced pathways. We investigated the gene
expression after butyrate-stimulation in human HCC cells
with a DNA micro-array, and one of the genes that
increased by the stimulation was IRF-1, which is a key
factor in the interferon system. This result also suggests that
the reason why sodium butyrate shows a similar effect on
HCC cells with IFN-a seems to be partially because of a
crosstalk pathway between the effector systems in both

843

agents. Other signal pathways may exist, because effects of
these two agents on the expression of TIMP-1 and -2 were
different from each other. Further investigation in these
pathways may facilitate the development of a new therapeutic
strategy.
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SUMMARY. Although rundomized trials have shown
enhancement of efficacy for combination therapy with
interferon (IFN) @-2b and ribavirin compared with IFN
monotherapy as first-line treatment for chronic hepatitis C,
infection with genotype 1b and high viremia are still asso-
clated with significantly low response rates compared with
non-1 genotypes and low viremia. We analysed amino actd
sequences of the viral RNA-dependent RNA polymerase
(RARP) or nonstructural protein 5B (NSSB), responsible for
ribavirin misincorporation into RNA products in patients
with genotype 1b-related chronic hepatitis C and high
viremia, and examined the relationship between such RdRp
polymorphisms, and the initial decline in viral load induced
by combtnation therapy with IFN-¢ and ribavirin. Substitu-
tion of glutamic acid to lysine at the 124th position (E124K)

and of isoleucine to valine at the 85th positton (I85V) were
found to be closely associated with a potent decline of viral
load and viral clearance at & weeks of treatment (five of five
pattents, cotncidence rate 100%). In concluston, cur results
suggest that the polymorphisms of E124K and 185V identi-
fied in NS5B protein are crucial for early viral clearance in
patients with genotype 1b and high viremta by combination
therapy with IFN and ribavirin, and that detection of amino
acld sequence motifs might enable prediction of clinical
efficacy.

Keywords: amino acid sequence motifs, direct sequencing,
genotype 1b, hepatitis C virus, nucleoside analogue, RNA-
dependent RNA polymerase.

INTRODUCTION

Chironic infection with hepatitis C virus (HCV) is a4 common
cause of chronic hepatitis, which in many patients pro-
gresses to cirrhosis and hepatocellular carcinoma. Until
recently, interferon-alpha (IFN-e) and interferon-beta (IFN-§)
were the only available treatments for HCV infection in
Japan, although only 10-15% of treated subjects achieved
sustained viral eradication. Ribavirin, a nuclecside ana-
logue, exhibits in vitro activity against some DNA and RNA
viruses, including certain members of Flaviviridae. Although
ribavirin cunnot decrease serum HCV RNA level in patients
by Itself, it has been demonstrated that combination therapy
with [FN-¢ and ribavirin yields a higher sustained response
rate than JFN-x monotherapy [1-3]. Moreover, the recently
developed pegylated IFN and ribavirin combination therapy

Abbreviations: HCV, hepatitis C virus; IFN, interferon: PCR, poly-
merase chain reactton; RARP, RNA-dependent RNA polymerase;
RT. reverse transcription.
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is more effective for chronic hepatitis C patients, although
half of patients with HCV genotype 1b and high baseline
levels of viral RNA do not achieve sustained virological
response with it [4,5].

Ribavirin Is a broad-spectrum antiviral nucleoside ana-
logue that is converted to mono-, di- and triphosphoryl-
ated forms inside of cells. It has recently been
demonstrated that the antiviral activity of ribavirin can
result from the ability of u viral RNA-dependent RNA
polymerase {RARP) to utilize ribavirin triphosphate and to
incorporate this nucleotide into the viral genome with
reduced specificity, thereby mutagenizing the genome and
decreasing the yield of infectious virus [6). Moreover,
ribavirin exhibits an antiviral effect through a mechanism
of error-prone replication in the HCV subgenomic repli-
catlon system {7].

In genotype 1b-infected patients, u potent antiviral effect
on HCV viral dynamics in serum during combination ther-
apy with IFN-x and ribavirin has been reported. The initial
decline in viral load predicts the outcome of therapy: sus-
talned virologlca! responders have either an undetectable
plasma HCV RNA level at day 14 [8] or >99.9% decrease of
viral load within 4 weeks [9].
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In this study, we analysed amino acid sequences of RARP
(NS5B) in patients with genotype 1b-related chronic hepa-
titis C and examined the relationship of polymorphisms of
RARP and the degree of initial decline in viral load during
combination therapy with IFN-a and ribavirin. We identified
the amino acid sequence motifs of RARP that were highly
correlated with early clearance of HCV.

PATIENTS AND METHODS

Patients

Eight patients with chronic hepatitis C associated with
genotype 1b with high viral load (>500 KIU/mL by Ampli-
¢or-HCV monitor ver. 2.0 assay; Roche Molecular Diagnos-
tics Co., Tokyo, Jupan) were included in the present study,
Two patients had previously been treated with IFN-¢ alone
and six patients had not previously taken IFN. Written
Informed consent was obtalned from all patients, und the
protocol of the present study was approved by the local
ethics committee of Kitusato Institute Hospital.

Treatment schedule

All patients received 10 MIU IFN-x 2b (Intron A®, Schering-
Plough, K.K., Osaka, Japan)/day for 2 weeks followed by
6 MIU tiw. of IFN-a 2b for 22 weeks. During the treatment,
all patlents received the sume amount of ribavirin: 600 mg/
day (<60kg body weight) or 800 mg/day (>60 kg).
Adjustment of therapy was performed accerding to changes
in haemoglobin, WBC, and platelet count using standard
criteria for IFN/ribavirin combination therapy, although no
patients exhibited change in amount of ribayirin during the
first 8 weeks of therapy.

Measurement of serum ribavirin concentrations

In order to ascertain steady administration of fbavirin in
patients, we measured the ribavirin concentration in serum
using a solid-phuse extruction, high-performance Iiquid
chromatography assay [10] after 8 weeks of administration,
when the concentration is generally believed to have
reached a plateau [11],

Table 1 Sequences of oligonucleotide primers and their locations In the HCV-RNA genome

Primers Sequences (5 to 3) Length (base}  Sense  Nucleotide positions*
HCV-1b-7481F ’-ATGCCCCCCCI'YGAGGGRGARCCRGGGGACCC—3’ 30 + 7481-7512
HCV-1b-9396R ~ATGGCCTATTGGCCTGGACTG-3 21 - 9377-9396
HCV-1b-7527F 5'-CI’CAGYGACGGGTC’ITGGTCTACCGTGAGC-3’ 30 + 7527-7556
HCV-1b-9374R “TTAKCTCCCCGYTCAYCGRTTGGGGAGC-3* 28 - 93479374
HCV-1b-7947F 5’-TCCGTGTGGRAGGACYTGCI‘GGARGACACI‘-3' 30 + 7947-7976
HCV-1b-8397F 5‘-GGGCAGARCI‘GYGGTI‘ATCGCCGGTGCOGC—3’ 30 + 8397-8426
HCV-1b-8878R 5-GAGAAGAARTGRGTCATCARAATCAT-3 26 - 8853-8878

*Coordinates refer to nucleotide position in the HCV-] strain (accession No. D90208).
In the primer sequences, Y denotes T or-C, R denotes A or G and X denotes G or T,

Table 2 Baseline characteristics and HCV-RNA level at 8 weeks of treatment with IFN in combination with ribavirin

Hcv
Patient No., Histological Previous IFN Baseline ALT Baseline HCV Serum ribavirin RNA ut 8 weeks
gender/age  diagnosis therupy (yes /mo) level (ILVL) ENA (KIU/mL) at 8 weeks Tx {ng/ml) Tx (KIU/mL)
1 F/65 CAH No 156 830« 3089 -
2 M/51 CAH No 145 690 2152 -
3 M/55 CAH Yes 210 850« 4216 ~
4 M/51 CAH No 45 850« 2632 -
5 M/65 CAH No 58 850< 2901 -
6 F/53 CAH No 118 850< 1800 260
7 M/55 CAH Yes 232 520 2922 330
8 M/53 CAH No 80 830 1598 320

*CAH, chronic active hepatitis; HCV, hepatitis C virus; IFN, Interferon; ALT, alanine aminotransferase; Tx, treatment,

© 2004 Blackwell Publishing YL.td, Journal of Viral Hepatitis, 11, 225-235
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Determination of viral load of HCV RNA in serum

Blood was obtained from the patients on day 0, (before
administration of IFN) and days 1, 14, 28, and 56 of
treatment. Total RNA was extracted from serum, and HCV
RNA in serum at each time point was quantified by Ampli-
cor® HCV monttor ver. 2.0 assay.

Primers for RARP amplification

The primer sequences used for this study wre shown in
Table 1. These primers were obtained with an ABI-394 DNA
synthesizer (Applied Biosystems Inc., Foster City, CA, USA}
using a protocol described previously [12]. Outer primers
HCV-1b-7481F [13] and HCV-1b-9396R, end tnner primers
HCV-1b-7527F, and HCV-1b-9374R, were used for nested
polymerase chain reaction (PCR). Primers HCV-1b-7947F,

HCV-1b-8397F and HCV-1b-8878R were used for sequen-
cing reactions.

Direct sequencing of the NSSB region coding RARP
of HCV RNA

HCY RNA was isolated from a 100 pL aliquot of each serum
sample by the Actd Guanidium-Phenol-Chloroform method
described previously [14). Obtained RNA was reverse-tran-
scribed to complementary DNA (cDNA} using SuperScript 2
reverse-transcriptase (Invitrogen Corp., Carlsbad, CA, USA)
with random primers. The resulting cDNA was amplified by
PCR using primers HCV-1b-7481F and HCV-1b-9396R and
the Takara LA Taq DNA polymerase (Takara Shuzo, Otsu,
Japan) in a 9600 GeneAmp® PCR System (Applied Biosys-
tems Inc.). PCR was performed for 40 cycles. Each PCR
reaction cycle included denaturation at 94 °C for 303,

@ 2004 Blackwell Publishing Ltd, Journal of Viral Hepatitis, 11, 225-235
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Table 3 Amino acid residues at positions

85 and 124, and viral clearance Initial decrease  Viral clearance NSSB

Patient in serum in serum

No. HCV RNA* ut 8 weeks Tx Position 85 Position 124
1 3.1 log Yes v K
2 3.110g Yes v K
3 3.2 log Yes v K
4 321og Yes v X
5 3.2 log Yes v K
6 0.2 log No I E
7 -0.1 log No 1 E
8 0.4 log No I E

*[nitial decrease showed in 2 weeks after administration.

primer annealing at 60 °C for 30 s, and primer extension at
72 °C for 120 s. Nested PCR was performed with 2 pL of the
first PCR-products under the same conditions as for the first
round. We then separated the nested PCR-products by 1.0%
agarose gel electrophoresis and purified the 1848 bp-long
amplicons. Purified fragments were subjected to cycle
sequencing using the primers in Table 1, and excess dNTPs
were removed with gel filtration using Sephadex G-50
(Pharmacia Biotech). Direct sequence comparisons were
performed using the ABI PRISM 3100 Genetic Analyzer
(Applied Biosystems Inc.).

Protein structure prediction

A tertiary structure model of HCV RdRp protein from
patients was generated by SWISS-MODEL, and ribbon
models and molecular surfaces with electrostatic potential
were illustrated with a Swiss-Plot Database Viewer [15]. The
SWISS-MODEL program automatically finds all similarities
in the target sequence with sequences of known structure
ustng the BLASTP2 program, and generates tertiary models
with the ProMod I program. Energy minimizations of the
models were then caleulated using the GROMOS96 program.
The models of HCV RdRp from patients in this study were
butlt using HCV RdRp X-ray structures deposited in the
Protein Data Bank as templates (Protein Data Bank numbers
1C2PB, 1C2PA, 1QUVA, 1GX5A, 1CSJB, 1CSJA, 1GX64A). In
the reported models, most of the residues were in the most
favoured regton of the Ramachandran plot {96.5%). Crystal
structure models of HCV RdRp for HCV-BK (Protein Data
Bank number 1QUV) and HC-J4 (Protein Data Bank number
1NB6) were used for reference.

RESULTS

The demographic, clinical, histological, and virological
charactertstics and clinical outcome of combination therapy
with IFN and rtbavirin for the eight patients are shown in
Table 2. Patients in whom HCV RNA could not be detected

after 8 weeks of treatment were defined as ‘good responders’,
while patients in whom HCV RNA remained detectable after
8 weeks treatment were defined as poor responders. Patients
1-5 were good responders and patients 6-8 were poar
responders. Hepatitis C viral dynamics in serum for the eight
patlents during therapy are shown in Fig. 1.

Amplicons of the NS5B region of HCV RNA from these
patients were directly sequenced, and the nucleic acid
sequences were compared phylogenetic tree analysts. How-
ever, no clusters that discriminated between good and poor
responders were observed. We then searched for a single
mutation that may have been responsible for viral clearance.
Figure 2 shows a multiple alignment of amino acid
sequences of the NS5B region of HCV compared with the
HCV] strain [13], which is generally considered
IFN- resistant. We noticed that substitution of glutamic acid
at the 124th position by lysine yielded a complete match
with the population of good responders (five of five). Sub-
stitution of isoleucine at the 85th position by valine also
appeared relevant to viral clearance (five of five) (Table 3).
“These positions of nucleic acld substitution were identical in
each patient, although quasispecies were observed.

DISCUSSION

Combined use of IFN-a and ribavirin has become first-line
treatment for patients with chronic hepatitis C since 2000
[1,2]. The efficacy of pegylated IFN-« 2a or —a 2b plus rib-
avirin has recently been reported [16,17). Although ribavi-
rin enhanced the efficacy of interferon in patients with
hepatitis C, the viral eradication rate is still low in patients
infected with genotype 1b of HCV [1,18]. Disappearance of
serum HCV RNA as measured by PCR after 12-24 weeks of
treatment is useful for predicting sustained viral response, as
are genotype and baseline viral load, stage of fibrosts, gender,
and age. Thus, disappearance of HCV-RNA in serum during
the early stage of treatment is necessury for sustained viral
response {19]. In a study of seram HCV dynamics, the
exponential decay slopes calculated from the second phase of

@ 2004 Blackwell Publishing Ltd, Journal of Viral Hepatitis, 11, 225-235
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Fig. 3 Structural model of hepatitis C virus RNA-dependent RNA polymerase (N85B). The structure of the HCV NS5B from
patient 6 was predicted with the SWISS-MODEL program {15). Ribbon diagrams (laft panel) and molecular surfaces with
clectrostatic potential {right panel) were obtuined with the Swiss-Plot Datubase Viewer (15). In the ribbon diagrams, positions
of isolencine 85 and glutamic actd 124 are represented in ved. Fach of the upper panels shows HCV NS5B from Pt 6, which
has isoleucine at the 85th position and glutamic acid at the 124th position, and each of the middle panels shows FHICV NS5B of
the HCV-BK strain (1QUV) (28), which has valine at the 85th position und lysine at the 124th position. Each of the bottom
panels shows HCV NSS5B of HCJ4 strain (INB7)(29), which has valine at the 85th position and lysine at the 124th position.
In surface models with electrostatic potential, positive and negative charges are indicated in blue and red, respectively.

© 2004 Blackwell Publishing Lid, Journal of Viral Hepatitis, 11, 225-235
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the response (2-14 days of treatment) were significantly
higher for combination therapy with TFN-¢ and ribavirin
than for IFN-a monotherapy [20]. Therefore, the efficacy of
combination therapy for patients with hepatitis C could be
determined by serum HCV dymamics during the early stage
of treatment, especially when HCV-RNA was undetectable in
the early phase.

The mechanism of action of ribavirin in combined
treatment for chronic HCV infection has been vigorously
Investigated [21]. At present, there are several proposed
mechantsms of action of ribavirin [21-23]. Among them,
we focused on the ability of the viral RdRp to wtilize rib-
avirin triphosphate and to tncorporate this nucleotide with
reduced specificity, thereby mutagenizing the genome and
decreasing the yield of infectious virus {6,21]. We then
attempted to determine the relationship between viral RARP
sequence variations and responsiveness to IFN-z and rib-
avirin combination therapy by nucleic acid sequence ana-
lysis. The NS5B region coding RARP consists of 591 amino
acids. Direct sequencing of the NS5B region of HCV RNA
from chronic hepatitis C patients with genotype 1b and
high viremia clearly revealed that E124K and 185V were
closely assoctated with early HCV clearance by combination
therapy. The results of direct sequencing analysis showed
that some nucleic acld residues were mixed in all patients,
and that some quasispecies existed. However, the nucleic
acid residues at the 85 and 124th positions of the RARP
were identical in each patient. Two patients previcusly
treated with IFN-¢ monctherapy were included in this
study: one patient (Pt3) has V85 and K124 in the HCV
RARP and the other (Pt7) had 185 and E124. The former
was a good responder to IFN-¢ and ribavirin combination
therapy, but the latter was not. This result indicates that
185V and E124K substitutions did not affect responsiveness
of HCV to IFN-o monotherapy, and implies the direct or
indirect participation of ribavirin in this responsiveness.
Lohmann et al [24] identified four amino acid sequence
motifs crucial for RARP activity (residues 220-225, 282-
291,317-319 and 342-346), and Qin et al [27] deter-
mined that mottfs E18, Y191, €274, Y276 and H502 were
critical for RARP activity. As the 85 and 124th amino acid
substitutions were not included in these motifs, and this did
not affect the essential function of replication of HCV-RNA,
HCV viral load was high in our pattents before treatment.
Neither the 85th nor the 124th position is related to either
the p-loop (residues 445-454) or carboxyl- terminal tail
(residues 545-569), interaction of which occludes the nu-
cleic acid-binding site [25,27). Like most nuclelc acid po-
lymerases, the RARP of HCV has finger, palm, and thumb
subdomains {25-27]. The 85 and 124th amino acids are
located in helix D and helix F tn the finger domain,
respecttvely. Comparison of the tertlury structure model of
HCV-BK (Protein Data Bank number 1QUV) [28] with that
of HC-J4 (Protein Data Bank number 1NB6) [29] showed
that the 85 and 124th amino acid substitutions do not

cause significant conformational change (Fig. 3). For
poliovirus RARP, a single substitution at the 64th amino
acid position In the finger domain confers resistance to
ribavirin, as it increases fidelity of incorporation of stb-
strates [30]. Pfeiffer et al [30] reported that a single
mutation in poliovirus RARP confers resistance to ribavirin.
They proposed that a G648 substitution tn the poliovirus
RARP affected the space for base mispair formation or
reduced the flexibility of the finger domain. For HIV-1
reverse transcriptase, some studies have shown cotrelations
between point mutations in nucleic acid-binding sites and
fidelity {31-33]. In this study, the 85th amino acid of HCV
RARP was found to be distant from the active site, and
substitation of lsoleucine for valine ylelded no change in
polarity or charge. However, the 85th amino acid is located
near the RNA primer binding site, and substitution of it
may influence nucleotide misincorporation through slight
rearrangement of the finger domain during pelymerization.
Since glutamic acid is an acidic amino actd and lysine a
bastc one, substitution at the 124th position is accompan-
ied by a change in electrostatic potential on the surface of
the protein, which may result in modulation of inferaction
of NS5B protein with other viral proteins (NS3, NS44,
NS4B and NSSA) [34-37] and/or host ones. Young KC
et al has recently reperted a ribavirin-resistant NS5B
mutation of HCV during ribavirin monoctherapy in five pa-
tients infected with HCV genotype la [38). They reported
that an NS5B amino acid 415 Phe-to-Tyr (F415Y) mutation
emerged in all of the putients and presented this mutation as
a ribavirin-resistant variant, using the HCV subgenomic
replicon in Huh7 cells. This does not apply to our patients
infected with genotype 1b, since their NSSB amino acid se-
quence had Y at posttion 415 before treatment. The effect of
the amino acid substitution at NSSB§S5 and NS5B124 on
HCV RNA replication is under Investigation using the repl-’
icon system. In conclusion, our results suggest that the
identified polymorphism in NS5B protein (E124K, IB5V) is
highly correlated with early viral clearance by combination
therapy with IFN and ribavirin, and that its detection might
be useful for prediction of clinical efficacy of IFN and rib-
avirin therapy for genotype 1b patients.
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Abstract

To assess the efficacy of elastmetry in the determination of fibrotic stage in the liver, we investigated correlation between liver histology and
the elastometry usi‘ﬂg‘a device equipped with a vibrator and an ultrasound system (Echosens, Paris, France) in patients with chronic hepatitis
C. Totally 75 patients, 24 in F1 stage, 17 in F2 stage, 18 in F3 stage, and 16 in F4 stage according to the new Inuyama classification without
fatty change were investigated. Correlations between the staging of liver fibrosis and elastometry, serum fibrosis makers and platelet counts
were investigated. The elastometry was absolutely non-invasive. Serum fibrosis markers did not well correlate with the stage of liver fibrosis,
Platelet counts significantly (P < 0.0001) correlated with the fibrotic stage. Median platelet counts in each stage was, F1, 191.5; F2, 172.0;
F3, 132.0; F4, 77.5 (x10° I™"). However, the deviation was comparatively broad. On the contrary, the elastometry correlated well to the

These results suppest that elastometry is significantly useful for evaluating fibrotic staging of the liver without any invasiveness.

© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Fibrosis of the liver is a process of hepatic wound heel-
ing after continuous destruction of hepatocytes [1]. The
major source of fibrogenesis is hepatic stellate ceils (Ito
cells), which transform from fat storing cells to fibroblasts
and proliferate by some cytokines, such as transforming
growth factor (TGF)-8 {2), interleukin-13 [3], hepatocyte
growth factor or angiotensin II [4,5]. Accumulation of col-
lagen fibers and other extracellular matrix and regeneration
of hepatocytes, that is, the scaring and regeneration, result
in the formation of tissue change, liver cirrhosis, which
progressively decreases hepatic function into chronic liver
faiture [6]. The progression of fibrotic change is always
found in chronic viral infection and alcoholic liver dis-
eases, but these produce different pattemns of fibrosis as the
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disease progresses. These can be divided into those diseases
that are portal-based and those that are acinar zone 3-based,
and the portal-based diseases leading to cirrhosis include
chronic viral hepatitis and zone 3-based diseases include
alcoholic or non-alcoholic steatohepatitis,

Cirrhosis is not a static lesion and it may worsen, im-
prove, or stay on, probably according to underlying disease
activity. Recent studies revealed that the stage of fibrosis in
chronic viral hepatitis C correlates to increased risk of hepa-
tocarcinogenesis [7-11], and a success of anti-viral therapy
results in decrease in both hepatic fibrotic stage and occur-
rence rate of hepatocellular carcinoma [11-13]. Thus, the
regulation of hepatic fibrogenesis is important in the man-
agement of chronic liver diseases and evaluation of the stage
of fibrosis in chronic hepatitis C is necessary for both diag-
nosis and treatment. Staging of the disease process in chronic
hepatitis C indicates how far the disease has progressed in
the course of its natural history, and at the same time how
far the risk for developing liver cancer has impended. At the
end stage, the disease has run its course and the patient dies
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by liver failure or hepatocellular carcinoma. The establish-
ment of the staging of liver diseases is always determined
by liver biopsy.

“Although the complete diagnosis of the stages of liver
fibrosis can be determined in autopsy specimens, where
entire kiver can be carefully examined, needle biopsies are
the main procedure for histologic evaluation in living pa-
tients. The needle biopsy is sometimes subject to sampling
error, with small amount of samples [14,15]. Moreover, al-
though needle biopsy is safe procedure, it sometimes makes
complications such as pain, intra-abdominal bleeding, sam-~
pling from other organs, or penumothorax {16-18). These
conditions lead a new technology to make a non-invasive
apparatus that can evaluate the soft tissue elasticity, which
reflects fibrosis in the tissue, using a low-frequency shear
wave and an echogram. The apparatus named Fibroscan®
(Echosens Co., Paris, France) measures the elasticity of
organs by measuring the velocity of a low-frequency shear
wave going through the liver using transient elastography
[19-21]. The speed of the wave was determined in any 2 cm
in the liver from 2.5 to 6.5 cm depth from the surface. The
elasticity of the liver is determined by the accumulation
of fibrosis, so that the measurement of elasticity correlates
to the degree of hepatic fibrosis. The aim of this study is
to evaluate the usefulness of this apparatus, Fibroscan®™
(version 1), in the determination of hepatic fibrotic stage.
To that effect, we examined the patients with chronic hep-
atitis C who had been biopsied within 3 month before
and after the measurement with Fibroscan®, and we in-
vestigated the correlation between the elastometry and the
staging of hepatic fibrosis according to the new Inuyama
classification [22] that is the standard evaluating system in
Japan.

2. Patients and methods

Patients with chronic hepatitis C and liver cirrhosis type
C, who visited and received liver needle biopsy in our de-
partment in 2003 were included in this study after giving
a well documentation of the purpose and methods of this
study and having their acceptance for enrolling in this study.
The patient received elastometry with Fibroscan® version
1 within 3 months before or after liver biopsy. The case in
which fatty deposit of hepatocytes was found in more than
10% of whole hepatocytes in the sample was eliminated
in this study because it has not been determined that fatty
change might affect the result of elastometry.

The patient was laid on a bed on their backs and the lo-
cation of measurement was determined with B-mode ultra-
sound. Elastometry was performed by contacting the probe
of apparatus with a range of pressure at an intercostal area on
the liver, and the measurement was done within a second af-
ter pushing the switch. The elasticity was automatically cal-
culated in the apparatus and the data were shown as kilo Pas-
cal (kPa). The elasticity of a patient was measured 10 times

and the median measured level was automatically shown at
the window and the result was printed after the measurement.
On the same date, we measured serum fibrosis makers, the
levels of type IV collagen 7S, type I procollagen-N-peptide
(P-TI-P) and hyarulonic acid, and also platelet counts. We
investigated the correlation between the levels of elastom-
etry, the stage of liver fibrosis, platelet counts, and serum
fibrosis markers. The stage of hepatic fibrosis was deter-
mined by two experts of liver pathology without information
of any clinical data according to the new Inuyama clacifica-
tion [21]. Liver biopsy was performed with 16-gauge needle
biopsy apparatus (TopNotch, Boston Scientific Japan Co.,
Tokyo, Japan).

3. Statistic analysis

The data of elastometry was automatically shown in the
central value, The data of each fibrosis stage were calculated
and indicated by mean 2 standard deviation. The correlation
between the data and the fibrosis stage was determined by
Kruskal-Wallis analysis. The correlation between the data
was determined by Mann—Whitney test.

4. Results

Totally 75 cases of chronic hepatitis C and liver cirthosis
type C were enrolled in this study. The age distributed from
18 to 74 and the central level was 50 year-old. The number
of patients in each fibrotic stage was 24 in F1 stage, 17 in
F2 stage, 18 in F3 stage, and 16 in F4 stage (liver cirrhosis).

The elastometry was entirely non-invasive and no one
complained anything during and after the examination. The
measurement was successful in almost all patients, but it did
not work in patients with ascites, with narrow intercostal
spaces, and with excess obesity. We tried to measure the
elasticity of ex vivo liver from pig, but we could never mea-
sure it, suggesting that the chest wall is necessary for the
measurement of hepatic elasticity with this apparatus.

The correlation between the elastometry and serum fi-
brosis makers was not found in this study. The median
level (and 50% levels) of type IV collagen 7S in each
fibrotic stage was Fl, 4.1ng/ml (3.54.1); F2, 4.4ng/ml
(4.2-4.5); F3, 4.9ng/m! (4.0-5.4); F4, 9.4 ng/ml (7.3-22.5)
(Fig. 1). Those of P-III-P were; F1, 0.60 U/ml (0.54-0.73);
F2, 0.87U/ml (0.74-0.91); F3, 0.75U/ml (0.59-0.91);
F4, 1.30U/ml (0.98-1.60) (Fig. 2). Those of hyaluronic
acid were Fl, 37.2ng/ml (20.9-51.5); F2, 48.3ng/ml
(38.1-59.0); F3, 62.3ng/ml (55.9-83.5); F4, 412.0ng/m]
(317.3-1110.0) (Fig. 3). The statistical differences of type
IV collagen 7S between F1 and F2, F2 and F3, F3 and F4,
were P = 0.135, 0.972, and <0.0001, respectively. Those
of P-III-P were P = 0.068, 0.401 and 0.0215, respectively.
Those of hyaluronic acid were P = 0.0545, 0.051 and
0.0004, respectively. Thus, these serum fibrosis makers
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Fig. 1. The median and 50% of the tevels of serum type IV collagen 7S in
each fibrotic stage of the New Inuyama Classification of chronic hepatitis
C. The P-valuc in the tablc means the difference of levels between F1 vs.
F2, F2 vs. F3, and F3 vs. F4, respectively, from the top. The significant
difference was found in only between the levels of F3 and that of F4
(P < 0.0001).

significantly increased in the fibrotic stage between F3 and
F4, but they could not distinguish between F1 to F3,

On the other hand, platelet counts significantly (P <
0.0001) correlated with the fibrotic stage (Fig. 4). The
median level of platelet counts {(and 50% levels) in each
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Fig. 2. The median and 50% of the levels of serum type III
procollagen-Npeptide (P-ITI-P) in each fibrotic stage of the New Intryama
Classification of chronic hepetitis €. The P-value in the table means the
difference of levels between F1 vs. F2, F2 vs. F3, and F3 vs. F4, respec-
tively, from the top. The significant difference was found in only between
the levels of F3 and that of F4 (F = 0.022).
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Fig. 3. The median and fifty percent of the levels of serum hyaluronic
acid in each fibrotic stage of the New Inuyama Classification of chronic
bepatitis C. The P-value in the table means the difference of levels
between F1 vs, F2, F2 vs. F3, and F3 vs. F4, respectively, from the
top. The significant difference was found in only between the levels of
F3 and that of F4 (P = 0.0004).

stage was; F1, 191.5 x 103 w~! (173.0-235.5); F2,
172.0 x 103 I~ (145.0-203.0); F3, 132.0 x 10° pl-!
(104.5-163.0); F4, 77.5 x 10° p1~! (67.0-107.0). However,
the deviation was comparatively broad even the patients
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Fig. 4. The median and fifty percent of the levels of platelet counts in
each fibrotic stage of the New Inuyama Classification of chronic hepatitis
C. The P-valuc in the table means the difference of levels between
F1 vs. F2, F2 vs, F3, and F3 vs. F4, respectively, from the top, The
significant gifference was found in between the levels of F2 and that of
F3 (P =0.048), and between F3 and F4 (P = 0.020).



