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Preface 

The ninth meeting of the Yamaguchi Symposium on Liver Disease, held 
every December since its inception in 1986, convened December 13-14, 
1997. 

With astonishing progress in recent research on viral hepatitis, it 
seemed the time to summarize and present the work that had been 
done to date. Therefore, at the recommendation of Emeritus Professor 
Fumihiro Ichida, a pioneer in hepatitis research in Japan, and members of 
the Organizing Committee, viral hepatitis was chosen as the main theme 
for the symposium. 

It is estimated that more than 2 million people in Japan have the 
hepatitis C virus (HCV). Of these, 300000 will die of liver cirrhosis 
and another 30000 will lose their lives as a result of complications 
of hepatocellular carcinoma. Although the information has not been 
verified, in the United States the number of persons with liver disease 
caused by HCV is said to be approaching 4 million. Therefore, much 
more attention must be given to HCV-related liver diseases while 
continuing to be concerned with diseases caused by hepatitis B virus 
(HBV). 

Leading Japanese hepatologists were invited to the ninth symposium, 
where they took part in serious discussions of the following major topics: 
(1) Possible replication of HCV in peripheral blood mononuclear cells; 
(2) Clinical manifestations other than liver disease in patients who are 
HCV-positive; (3) Biological characteristics of HCV; (4) More effective 
treatment of chronic hepatitis C, particularly with a combination of dif­
ferent antiviral agents; (5) The possible chemoprevention by interferon of 
hepatocellular carcinoma. 

We were fortunate that Professor Stanley M. Lemon was able to accept 
our invitation to the symposium. Prof. Lemon is one of the top virologists 
and hepatologists and on the American side is in charge of the U.S.-Japan 
Hepatitis Conference. His remarks on the virological aspects ofHCV were 
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VI Preface 

extremely valuable to participants concerned with treatment of chronic 
hepatitis C. 

Two days of discussions made clear that we do not yet have extremely 
effective antiviral agents for chronic hepatitis C, nor is there evidence that 
HCV behaves like an oncogenic virus, in spite of a positive epidemiologi­
cal relationship between HCV and hepatocellular carcinoma. In dealing 
with HCV infection and disease, much work remains to be done in devel­
oping more effective therapies to reduce the number of patients who are 
at risk of dying of advanced chronic liver diseases. 

The symposium could not have been held without the generous 
financial support of the Otsuka Pharmaceutical Co., Ltd., to whom the 
Organizing Committee, on behalf of all participants, expresses sincere 
gratitude for their continuing, valuable assistance. 

Finally, The Organizing Committee sincerely hopes that this pro­
ceedings, with its wealth of information, is useful for physicians and 
hepatologists around the world who are involved in this specific field. 

ORGANIZING COMMITTEE OF THE YAMAGUCHI SYMPOSIUM 
ON LIVER DISEASE 

Kiwamu Okita, M.D., Yamaguchi University, Ube 
Kenichi Kobayashi, M.D., Kanazawa University, Kanazawa 
Masamichi Kojiro, M.D., Kurume University, Kurume 
Masao Ornata, M.D., University of Tokyo, Tokyo 
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Hepatitis C: Current Status and 
Future Directions for Antiviral Therapy 

STANLEY M. LEMON 

Introduction 

Hepatitis C virus (HCY) was first identified and shown to be the cause of 
almost all cases ofnon-B posttransfusion hepatitis in the late 1980s [1,2]. 
The virus, now classified within the genus Hepacivirus of the family 
Flaviviridae, is unique in its ability to establish persistent infection in the 
great majority of infected persons, many of whom develop evidence of 
chronic inflammatory liver disease [3]. These chronically infected per­
sons are at risk for cirrhosis and, to a lesser extent, hepatocellular carci­
noma [4,5]. Such serious complications ofHCY infection usually develop 
over several decades, although in exceptional cases life-threatening liver 
disease can become evident within 10 years or less of infection. Despite 
this, most infected individuals appear to reach a relatively healthy equi­
librium with this infection, and the majority of infected persons will 
probably die of causes completely unrelated to hepatitis C. Little is known 
of the reasons why certain infected patients do well, while others get into 
trouble with this infection. This lack of understanding extends to an 
absence of prognostic tests that are capable of predicting disease outcome 
in individual patients. 

Another unexplained mystery is that most American patients who do 
succumb to liver disease related to chronic hepatitis C die as a result of 
cirrhosis and liver failure, while most HCY-related deaths in Japan are 
due to hepatocellular carcinoma [6]. The factors that may account for this 
apparent difference in the natural history of the infection are not known. 
However, these may include genetic differences in the populations of the 
two countries, dietary or other environmental factors, differences in the 
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2 S.M. Lemon 

infecting strains of HCV, differences in the age-specific distribution of 
HCV infections in the two countries, or other yet unrecognized factors. 

Epidemiology of Hepatitis C: Contrasting Patterns in the US and Japan 

HCV infection accounts for under 20% of acute viral hepatitis cases 
within the United States. However, it is by far the leading cause of chronic 
viral hepatitis and is present in 40%-55% of persons who succumb to 
chronic liver disease of any type. The Centers for Disease Control and 
Prevention (Atlanta, GA, USA) recently estimated that HCV infection 
contributes to as many as 8000-10000 deaths annually due to chronic 
liver disease within the United States [7]. A recent serologic survey of over 
20000 Americans has been carried out by this government agency using 
sera that were collected by a stratified, randomized sampling of the popu­
lation. The results of this study indicate that, overall, approximately 1.8% 
of all Americans are positive for HCV antibody, and thus most likely 
persistently infected with the virus. Strikingly higher prevalences of infec­
tion were documented in African Americans and Mexican Americans, 
compared with Caucasian Americans. Most importantly, the highest 
prevalences of infection were noted in persons aged 30 to 50 years, with 
substantially lower antibody prevalences found in older persons of any 
racial background. 

This pattern of the age-related seroprevalence of HCV infection 
strongly suggests that there has been an upsurge in new HCV infections 
among young adults over the past 2-3 decades. This is almost certainly 
related to increases in illicit injection drug use in the US since the early 
1960s. Since HCV infection persists for many decades and progresses only 
slowly to serious liver disease, it is likely that this relatively recent epi­
demic spread of HCV will be reflected in substantial increases in liver­
specific mortality during the next two decades. By the year 2010, it is 
predicted that the number of HCV-related deaths will increase to 24000-
30000 per year [8]. This would represent a tripling of the present 
estimated death rate due to hepatitis C, and an annual HCV-related 
death rate comparable to the present number of AIDS-related deaths in 
the US. 

These predictions are made credible by increases in the death rate due 
to HCV -associated hepatocellular carcinoma that have been observed 
over the past 20 years in Japan [9,10]. During this period, the rate of death 
due to liver cancer tripled among Japanese men, and this increase in 
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cancer deaths was related exclusively to Hev -associated tumors. Inter­
estingly, there has been little increase in the incidence of liver tumors 
among Japanese women during the same period, despite the fact that the 
seroprevalence of Hev is roughly similar in both genders. Equally strik­
ing, however, is the age-related seroprevalence curve in Japan [11]. In 
contrast to the US, where a major peak is present in the 30-50-year-old 
age group, seroprevalence increases continuously with advancing age in 
Japan. This reflects the widespread dissemination of Hev infection 
within the Japanese population in the early post-WWII era, probably due 
to a combination of injection needle practices and frequent blood trans­
fusions related to endemic tuberculosis. 

Thus, both countries have experienced a cohort-effect with respect to 
Hev infection and disease during the last half of this century, with the 
Japanese experience preceding the American experience by 2-3 decades. 
This epidemiologic view is supported by phylogenetic analyses of Hev 
strains in the two countries, and is very sobering from the American 
perspective. It accentuates the need for a better understanding of the 
pathobiology of this infection, and the accelerated development of better 
therapies. 

Mechanisms of Hev Replication: Ample Targets for Novel Antivirals 

The Hev Polyprotein 

Like other flaviviruses, HeV is a positive-strand RNA virus [12,13]. The 
virus particles possess an extensively glycosylated envelope within which 
the 9.7kb single-stranded RNA genome is packaged in association with a 
highly basic, nucleocapsid (core) protein. As with many other positive­
strand viruses, Hev expresses its protein complement in the form of a 
single giant polyprotein that is encoded by a large open reading frame 
extending through much of the length of the genomic RNA (Fig. O. 
Unlike yellow fever virus and other members of the genus Flavivirus, 
HeV and other Flaviviridae classified with the genus Pestivirus initiate 
translation of this polyprotein via internal entry of the 40S ribosome 
subunit on the virion RNA. This process is controlled by a highly struc­
tured RNA sequence located within the 342 nucleotide-long 5' non­
translated RNA (NTR), which is called the internal ribosome entry site (or 
IRES) [14]. The precise structure ofthe 5' end of the genomic RNA is not 
known, although it is presumed not to possess a typical 5' cap structure. 
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-Translation 

Fig. 1. Diagram depicting the genetic organization of the hepatitis C virus (HCV) 
genome. Major protein products derived from proteolytic processing of the 
polyprotein are indicated. E1 and E2, secreted glycoproteins that form the envelope of 
the virus 

The 3' non translated RNA appears also to be relatively structured [15,16], 
but it also contains a lengthy pyrimidine-rich tract that is largely poly-(U) 
in composition. The function of this tract is unknown. 

The polyprotein of Hev is comprised of approximately 3000 amino 
acid residues. It undergoes cotranslational and posttranslational cleav­
ages that are directed by both host cell and virus-encoded proteinases 
(Fig. I) [17-19]. Signal sequences located within the amino terminal third 
of the polyprotein direct its secretion into the endoplasmic reticulum 
(ER). There, several cleavages directed by host cell signalase produce a 
series of structural proteins. These include the nucleocapsid protein 
(otherwise known as the core protein), two envelope glycoproteins, El 
and E2, and a small membrane-associated protein, p7 (or NS2A) that 
plays an uncertain role in viral assembly. The nucleocapsid protein re­
mains within the cytoplasm and may possibly undergo further proteolytic 
processing. In contrast, El and E2 are secreted, and extensively 
glycosylated within the ER and Golgi [20,21]. Their subsequent trafficking 
within the cell remains uncertain. However, there is little evidence that 
these glycoproteins reach the cell surface, and it is possible that viral 
assembly involves budding of virus particles into internal membranous 
structures within the cell. 

The remaining segment of the polyprotein is processed entirely under 
the control of two viral proteinases. What may be a primary cleav­
age occurs at the NS2/NS3 junction, under control of a cis-acting zinc-
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dependent metalloproteinase that spans this junction [18,19]. Further 
processing of the polyprotein is controlled by the viral serine proteinase 
located within the amino terminal third of the NS3 protein, and is likely to 
involve both cis- and trans-active cleavages. A small polypeptide, NS4A, 
which appears to be cleaved from the residual amino end of the nascent 
polypeptide following the release of NS3, assembles noncovalently with 
the NS3 molecule to form a fully active proteinase [22,23]. Although the 
temporal sequence of the processing cascade remains poorly docu­
mented, this NS3/NS4A complex cleaves at several different sites within 
the polyprotein, resulting in several additional proteins (NS4B, NS5A, 
NS5B). While NS5B is an RNA-dependent RNA polymerase, the func­
tional roles of these additional proteins are not well understood. None­
theless, it is likely that each of the resulting cleavage products has a 
specific function related to replication of the RNA. In addition to its 
proteinase activities, NS3 has NTPase and RNA helicase activities map­
ping to its carboxy two-thirds [24,25]. NS4A plays a role in controlling the 
phosphorylation ofNS5A [26], although the function of the latter protein 
remains uncertain. 

Molecular Events in HCY Replication 

Replication of the viral RNA proceeds through a negative-strand interme­
diate, and is likely to occur in association with membranous replication 
complexes in the cellular cytoplasm. These complexes almost certainly 
include each of the nonstructural proteins of the virus [27]. Initiation of 
negative-strand synthesis is likely to be dependent upon specific recogni­
tion of the 3'NTR RNA structure by this replicase complex. Among the 
HCY proteins, RNA binding activities are present within the core protein 
as well as NS3 and NS5B. 

Similarly, the initiation of positive-strand RNA synthesis from newly 
synthesized negative-stranded RNA is also likely to require specific recog­
nition of the 3' terminal negative-strand structure by the RNA replicase. 
This latter structure is of course formed by sequence complementary to 
the 5'NTR of the virion RNA. The extent to which recognition of the 3' 
and 5' ends of the RNA by the replicase complex include common RNA­
binding activities is not known. However, it is noteworthy that there is 
no recognizable structural homology between the 3' ends of these 
RNA molecules. Replication of the RNAs appears to occur asymmetri­
cally, with positive-strand synthesis exceeding negative-strand synthesis. 



6 S.M. Lemon 

Remarkably, however, most studies indicate that infected liver con­
tains less than lO-fold more copies of the positive-strand than the 
negative-strand [28]. This is very different from the situation with the 
picornavirus, hepatitis A virus (HA V), where the abundance of positive­
strand copies exceeds the negative-strand intermediate by a factor of 
100 or more [29]. 

Thus, although Hev is a relatively simple virus that expresses less than 
a dozen separate proteins, its replication is dependent upon a consider­
able number of virus-specified enzymatic activities or highly specific 
macromolecular interactions. Each of these is a potential target for devel­
opment of new antiviral drugs. It is remarkable that a such a large amount 
of information has been gathered concerning a number of these viral 
activities, despite the fact that the virus is unable to replicate with any 
degree of efficiency in cell culture. 

Potential Mechanisms Underlying Viral Persistence 

The morbidity and mortality associated with Hev infection is due largely 
to its unique propensity to cause persistent infection in most persons, a 
feature that distinguishes this virus from other known hepatitis viruses 
[3]. Persistent infections with hepatitis B virus (HBV), for example, gen­
erally occur only in individuals who are immunocompromised, or who 
are infected at birth, while truly persistent infections with HA V occur 
rarely if ever. In sharp contrast, recent data from a cohort of injection 
drug users that has been studied prospectively in Baltimore by Thomas 
and colleagues suggest that persistent infection develops in about 85% of 
adults who undergo acute Hev infection with seroconversion to the virus 
[6]. Although the specific mechanisms underlying the persistence of He V 
are not known, the available evidence suggests several possibilities. 

Regulated Replication of Hev 

Among potential mechanisms contributing to viral persistence is the 
possibility that the replication of Hev may be specifically regulated by a 
mechanism that minimizes the expression of viral proteins. From a teleo­
logical point of view, this would offer several survival advantages to the 
virus. First, it would contribute to the lack of cytopathic effect that ap­
pears to mark this flavivirus relatively uniquely. Second, it could conceiv­
ably lower the profile of the infection as seen by the host immune system, 
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rendering an infected cell less likely to be recognized by virus-specific 
cytotoxic T lymphocytes (CTLs). There is no solid evidence for specific 
regulation of the HCV replication cycle. However, the hepaciviruses differ 
significantly from the flaviviruses and pestiviruses (other members of the 
family Flaviviridae) in that they lack the capacity for vigorous replication 
such as that observed with yellow fever virus or bovine viral diarrhea 
virus both in animals and in cell culture. It is noteworthy that HCV titers 
in the blood are never very high, even during acute infections before the 
evolution of virus-suppressive CTLs, despite the fact that the liver con­
tains an enormous mass of apparently permissive hepatocytes. 

Furthermore, it is curious that, while HCV does apparently undergo 
replication in cultured lymphoblastoid cells, it never adapts to growth in 
these cells [30-32]. HAV readily adapts to growth in monkey kidney cells 
over the course of 10-20 consecutive passages [33]. However, there is no 
significant increase in the replicative capacity ofHCV, even after continu­
ous passage for up to a year in lymphoblastoid cells. The infectious titer of 
the virus present in harvests of these cells never exceeds 2-310glO/ml. This 
is puzzling for a positive-strand RNA virus that is known to undergo 
relatively frequent mutation during the course of human infection [34]. 
These observations suggest an intrinsic restriction on replication of the 
virus, at least in these cells. 

A possible molecular mechanism for such regulation of virus replica­
tion is suggested by studies of the HCV IRES. Several lines of evidence 
suggest that the 40S ribosome subunit forms an important primary con­
tact with the viral RNA directly at the site of the initiator AUG codon at nt 
343 ofthe genome [35-37]. There is no scanning ofthe ribosome subunit 
on the RNA prior to its being positioned over the initiator AUG. Interest­
ingly, the initiator AUG is located within the single-stranded RNA seg­
ment of what appears to be a small stem-loop (Fig. 2) [35]. Preservation of 
this structure is not required for IRES activity in synthetic RNA tran­
scripts, and mutations which enhance its stability have a notable negative 
effect on virus translation. Yet, this RNA structure appears to be present 
in all strains of HCV that have been studied to date. One possible expla­
nation for these findings is that the stem-loop might act as a regulator of 
translation, were it the target site of a viral RNA-binding protein that was 
capable of stabilizing this RNA structure through a protein-RNA in­
teraction [35]. If this were the case, the viral protein could effectively 
compete with the 40S ribosome subunit for the viral RNA, providing 
a convenient mechanism for autoregulation of viral gene expression 
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Fig. 2. Secondary and tertiary RNA structures that are present within the 5' 
non translated RNA (5'NTR) of Hev and which control cap-independent translation 
of the virus by a process of internal ribosome entry. A primary contact is formed 
between the 40S subunit and the viral RNA near the site of the initiator AUG (shaded 
box), which is located within the single-stranded sequence of a small stem-loop [35). 
Modified from Lemon and Honda [14) 

through translational repression. There are as yet no hard data that sup­
port the autoregulation of Hev translation by an Hev gene product, but 
very similar regulatory mechanisms have been demonstrated to exist 
among some prokaryotic viruses. 

Quasispecies Variation 

Like the human immunodeficiency virus (HIV-l), Hev demonstrates 
extensive nucleotide sequence variation within individual patients. The 
virus is present in blood as a diversity of genetically related but individu-
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ally distinct sequences (i.e., a quasispecies "swarm") [34]. The extent of 
quasispecies variation is dependent on two major factors: the extent of 
ongoing viral replication, and the presence of selective forces which favor 
the amplification of certain quasispecies over others. Viral replication is 
essential to this phenomenon, because it is the machine that allows the 
virus to explore "sequence space" (i.e., all possible virus sequences). The 
RNA polymerase, like all viral RNA-dependent RNA polymerases, lacks a 
proofreading capability and makes relatively frequent errors during RNA 
transcription. On average, this is likely to amount to more than one 
misincorporated base in every progeny RNA molecule. The primary se­
lective forces that shape the process of quasispecies variation include the 
replication capacity of the variant RNA, and immunologic pressure ap­
plied by CTL activity and neutralizing antibodies. These latter forces 
lead to the continued evolution of both B- and T-cell escape mutants 
in chronically infected persons [38-40]. 

The role played by this quasispecies variation in the establishment of 
persistent infection has been extensively debated. Although genetic varia­
tion is extensive, it is far from clear that it is a cause of virus persistence. 
It seems more likely that quasispecies variation occurs as a result of 
persistence, with continuous replication providing the virus with the op­
portunity to explore sequence space. According to this hypothesis, the 
evolution of escape mutants is then a reflection of the presence of an 
active yet ultimately ineffective immune response to this infection. 

Potential Role of the Envelope Glycosylation in Viral Persistence 

The envelope proteins of HCV are glycosylated to an unusual extent, as 
the addition of microsomal membrane preparations to cell-free transla­
tion reactions results in an approximate doubling of the molecular 
masses of both EI and E2 [17]. This is reminiscent of the extensive 
glycosylation of the envelope protein of HIV. The glycosylation of the 
HCV envelope proteins likely reduces the ability of the immune system to 
respond effectively to the presence of these proteins. On the whole, there 
is relatively little evidence for neutralizing antibodies that are capable of 
significantly reducing viral infectivity. The absence of an effective neu­
tralizing antibody response is reflected in generally high levels of anti-E2 
antibodies in individuals who are viremic with HCV [41]. Another mea­
sure of the lack of an effective neutralization response is the high fre­
quency of second infections observed in chimpanzees on reexposure to 
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an HCV inoculum that was previously used to infect the animal [42]. 
However, more detailed studies of the neutralizing antibody response to 
HCV are not possible due to the absence of an effective cell culture system 
for propagation of the virus. This has precluded the development of 
classical viral neutralization assays. 

Despite these indications of a poor overall neutralizing antibody re­
sponse to HCV, the E2 protein contains a highly variable domain near its 
amino terminus (HVR-l domain). This domain appears to form an im­
munogenic loop on the surface of the virion and it is suspected to interact 
with neutralizing antibodies [38,43]. The HVR-l domain is a prime site 
for the evolution of quasispecies mutations. What specific role it might 
play in the pathobiology of this infection is unclear. 

Could HCV Specifically Disarm the Immune System? 

Despite the above speculations, it seems likely that HCV, like many other 
viruses, may have evolved specific mechanisms for evasion of the host 
immune system. There are two suggestive lines of evidence for this. First, 
the core protein of HCV has been shown to interact directly with the 
cytoplasmic domain of the lymphocytotoxin beta receptor and other 
members of the tumor necrosis factor (TNF) receptor family [44]. The 
evidence suggests that this interaction occurs close to the "death domain" 
through which an apoptotic signal is transduced to the nucleus following 
the binding ofligand to the receptor. Although the molecular evidence for 
this interaction is strong, its biologic significance remains uncertain. Ini­
tially suspected of potentially blocking signal transduction (and thereby 
protecting the infected cell from attack by CTLs), recent evidence sug­
gests that the expression of core protein may actually sensitize some cells 
to apoptosis following the binding of ligand [45-47]. While this makes 
little sense in the context of infected hepatocytes, there is evidence that 
suggests that HCV may also infect lymphoid cells [31,48]. In this case, 
early apoptosis may prevent an infected lymphoid cell from participating 
in the activation of CTLs or the production of antibody. Clearly, more 
work is needed in this area, but efforts will be slowed by the continued 
absence of a small animal model for hepatitis C. 

A second possible way in which HCV could interfere with the host 
immune response concerns the cellular interferon-inducible kinase, PKR. 
Phosphorylation of this kinase is induced by the presence of double­
stranded RNA, and phosphorylated PKR acts to inhibit host cell transla-
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tion through phosphorylation of the cellular translation initiation factor, 
eIF-2. This results in both an antiviral and antiproliferative state in the 
cell. Following discovery of an "interferon sensitivity determining region" 
(ISDR) within the NS5A protein [49,50], it was shown recently that NS5A 
interacts directly with the catalytic domain ofPKR [51]. This suggests that 
the presence of NS5A might create a cellular environment within which 
interferon-mediated antiviral responses are relatively ineffectual. This is 
an attractive hypothesis, because the virus clearly is able to survive the 
endogenous host interferon response, despite its suppression by exog­
enous interferon administered in large doses. However, as with the core­
TNF receptor interaction, the biologic significance of the NS5A-PKR 
interaction remains to be proven. 

Careful consideration of the mechanisms underlying viral persistence 
will be important to gaining an understanding of the pathobiology of 
hepatitis C. It may even lead to novel strategies for intervention. However, 
it is important to remember that there may be no single underlying cause 
for HCV persistence. Instead, persistent infections may result from a 
combination of factors, including both those that are described above as 
well as others that are waiting to be discovered. 

Vaccines Versus Antiviral Agents in the Control of Hepatitis C 

In addition to quasispecies variation, there is considerable genetic diver­
sity among different strains of HCV [34]. Although classical neutraliza­
tion assays have not been developed and data are thus sparse, it is likely 
that these different HCV genotypes also vary substantially in their antige­
nicity. Pairwise comparisons of the nucleotide sequences of NS5B from 
different HCV genotypes reveal a magnitude of difference that is far 
greater than that which exists between the RNA polymerase (3Dpol) se­
quences of types 1 and 2 poliovirus. This suggests that different HCV 
genotypes may well be different serotypes in that they may stimulate little 
if any cross-protective immunity to each other. However, as indicated 
above, we lack the tools (neutralization assays and small animal models) 
that would be required to test this point. 

Thus, genetic, and likely antigenic, variation poses major problems for 
the development of vaccines against HCV. To a large extent, the technical 
hurdles in HCV vaccine development mirror those that have been en­
countered in HIV vaccine development. Although a candidate vaccine 
comprised of recombinant envelope proteins was shown to protect 
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chimpanzees against a low-dose homologous challenge [52], the ability of 
such a vaccine to protect against other Hev strains is doubtful at best. It 
is an important point to test, however, and it would be premature to 
consider dropping such a conventional approach to vaccine develop­
ment. In the long run, however, it seems likely that the extent of antigenic 
variation among the envelope glycoproteins may ultimately point this 
field in the direction of T cell vaccines. Such a vaccine has been shown 
capable of protecting mice from infection with lymphocytic chorio­
meningitis virus [53]. 

In the absence of any clearly feasible strategy that might allow develop­
ment of effective immunization against hepatitis e, only three general 
approaches offer any hope of decreasing the disease burden due to Hev 
infection. First, new infections may be prevented in the absence of effec­
tive vaccines by screening blood products that pose risks for transmission 
of Hev. Although it is likely that a small number of transfusion-related 
cases of hepatitis e continue to occur, this approach has been spectacu­
larly successful in reducing the frequency of transfusion-related hepatitis 
e since 1991 in many countries [7,54,55]. However, the impact of blood 
screening is of course limited by the extent to which other mechanisms of 
transmission (e.g., injection drug use) contribute proportionately to new 
infections. 

A second approach is to foster modification of risky behaviors in cer­
tain high-risk populations (i.e., injection drug users). This may be more 
difficult to achieve than screening the blood supply. However, there have 
been significant decreases in the incidence of all forms of viral hepatitis 
associated with illicit injection drug use within the United States over the 
past decade. The basis for these decreases is far from clear, but it is likely 
that they reflect a reduction in risky needle-sharing behaviors related to 
the fear of AIDS. Whatever the reason, there has been a dramatic decrease 
in the incidence of new Hev infections within the United States since 
1988 [7]. Nonetheless, approximately 4 million persons remain per­
sistently infected with Hev within the United States alone. These 
individuals, most of whom are currently in their third and fourth decades 
of life as indicated above, will remain at significant risk for cirrho­
sis and hepatocellular carcinoma in the absence of new therapeutic 
modalities. 

The third and last general strategy is the development of better thera­
peutic regimens that are capable of reducing or possibly even eliminating 
the liver destructive effects of Hev infection. 
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Interferon Treatment of Chronic Hepatitis C 

A considerable number of controlled clinical trials have proven that treat­
ment with several different formulations of interferon may be beneficial 
in a small proportion of patients with chronic hepatitis C [8]. This benefi­
cial response is marked by normalization of serum alanine amino­
transferase (ALT) values, elimination of viral RNA, and/or improvements 
in hepatic histology. A full discussion of these reports is well beyond the 
scope of this review. However, several points are worth emphasizing. First 
of all, the mechanism by which interferon exerts its therapeutic benefit is 
not well understood. There is a clear antiviral effect, with relatively rapid 
declines in HCV viremia on institution of interferon therapy. However, it 
is not clear whether this reflects a direct suppression of viral replication, 
or enhanced immunologic suppression of viral replication due to the 
immunomodulatory action of interferon. The latter includes the up­
regulation of class I markers on the surface of hepatocytes, which would 
enhance the recognition of infected cells by virus-specific CTLs. 

It is interesting to note, however, that improved liver histology is the 
measure of response to interferon that occurs with the greatest frequency 
in treated patients. This significantly exceeds the frequency with which 
ALT levels are normalized or viral RNA eliminated. In early randomized, 
placebo-controlled, prospective clinical trials, improvements in histology 
occurred in an average of about 70% of all patients with hepatitis C who 
were treated with interferon [56-58]. In contrast, ALT levels became 
normal in only about 40% of patients by the end of 6 months of therapy 
with 2-3 million units interferon-a thrice per week. Thus, whatever the 
underlying therapeutic mechanism, at least a transient reduction in he­
patic inflammation frequently accompanies interferon therapy. 

This suggests that interferon may have a significant impact on the 
outcome of the disease, but data supporting a tangible improvement in 
health or quality of life have been sparse. Nonetheless, one randomized, 
controlled, prospective study has demonstrated a reduction in the inci­
dence of hepatocellular carcinoma in Japanese patients with well com­
pensated cirrhosis who were given relatively high-dose interferon therapy 
(6 million units of interferon-a three times a week for 12-24 weeks) [59]. 
Hepatologists in the west have been slow to accept these results due to the 
extraordinarily high incidence of liver cancer that was reported in the 
control group in this study. This approached 40% after 2-7 years of 
posttreatment follow-up. However, it is likely that the high incidence of 
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cancer in the untreated patients may simply reflect the natural history 
of hepatitis C in Japan, which appears to differ from that in the US as 
indicated above [6,60]. At least two additional, retrospective studies (one 
in Japan and one in Europe) suggest similar conclusions [61]. These 
studies, one of which was presented at this symposium, suggest that 
patients who respond to interferon have a lower risk of developing hepa­
tocellular carcinoma than interferon nonresponders. 

In addition to a relatively low response rate, there are other major 
impediments to successful treatment of chronic hepatitis C with inter­
feron. These include the extraordinarily high cost of the drug, its admin­
istration, and attendant patient monitoring. Moreover, interferon 
therapy for chronic hepatitis C is marked by a relatively high frequency 
of adverse side effects such as cytopenia, depression, autoimmunity, and 
increased frequency of bacterial infections, among others. Most notable, 
however, is the high rate of relapse that typically follows completion of 
interferon therapy. This generally occurs in about half of all treated pa­
tients whose ALT levels have been rendered normal by the end of therapy, 
although it may occur in a slightly smaller proportion of patients if 
therapy is continued for a year [8]. The low overall frequency of sustained 
response to interferon is a major reason for the current intensive search 
for better therapeutic regimens. 

Approach to Antiviral Therapy-The Case for Combination Therapy 

Recent successes in the treatment of HI V-I infections with combinations 
of antiviral drugs argue strongly for a similar approach to the treatment 
of chronic HCV infection. This is particularly so since HCV infections 
share a number offeatures in common with persistent HIV-l infection, 
including the capacity for substantial quasispecies variation and the 
potential for selection of resistant viruses in patients receiving 
monotherapy. Combination therapy with antimicrobial agents has a long 
history in the treatment of chronic infectious diseases. It has been used 
for decades in the treatment of tuberculosis for very similar reasons. In 
the case of hepatitis C, recent data strongly support a synergistic effect 
when ribavirin is combined with interferon, both in interferon-naive pa­
tients as well as in the retreatment of interferon nonresponders. 

Ribavirin is a synthetic, oral guanosine nucleoside analog that has been 
used clinically for a number of years as treatment for several different 
viral infections. It has demonstrated efficacy in the treatment of neonatal 
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respiratory syncytial virus infections, as well as in life-threatening 
arenavirus infections [62,63]. The compound is unusual in that it pos­
sesses a broad range of antiviral activity against viruses of vastly different 
type. It has been suggested to block the synthesis of functional rhabdovi­
rus mRNAs [64], possibly by interfering with capping of the 5' ends of the 
RNA (a phenomenon that is likely to be irrelevant in the case of HCV). 
Other data suggest that it may suppress transcription of double-stranded 
reovirus RNAs, possibly by interfering with viral RNA helicase activity 
[65]. However, its mode of broad antiviral action has never been satis­
factorily explained and, as indicated below, it may have important 
immunomodulatory activities. 

Early studies of ribavirin monotherapy in patients with chronic hepati­
tis C were prompted by its known activity against other RNA virus infec­
tions. For the most part, these studies were disappointing. Although slow 
improvement was noted in serum ALT values, there was very little sup­
pression ofHCV viremia even after prolonged therapy. This indicates that 
the antiviral effect of ribavirin against HCV, if any, is extremely limited 
[66-69]. 

Despite the early results with ribavirin monotherapy, recent clinical 
trials indicate that the addition of ribavirin to standard courses of inter­
feron results in significant increases in the response to therapy. This is 
marked by increases both in the proportion of patients with end-of­
treatment responses, as well as in the proportion of patients with sus­
tained responses. For example, in a prospective randomized trial, Lai 
et al. [70] treated interferon-naYve patients with the combination of 
ribavirin (l200mg four times daily) and interferon-a 2a (3 million units 
thrice weekly) for 24 weeks. This combination treatment regimen resulted 
in a complete response (normalization of ALT and elimination of detect­
able HCV RNA) in 76% of patients by the end of therapy, and a sustained 
response at 96 weeks after therapy in 43% (Fig. 3). In contrast, compa­
rable response rates in patients receiving a similar course of interferon 
without ribavirin were 32% and 6%, respectively. 

Similar findings were reported recently by Reichard et al. [71] in a 
larger prospective study examining the combination of ribavirin and 
interferon-a 2b (3 million units thrice weekly), given for a total of 24 
weeks. Altogether, 42% of the patients had a sustained virologic response 
after 1 year of follow-up, compared to only 20% of patients receiving 
interferon alone. Importantly, a retrospective analysis of the patients 
included in this study indicated that the combination was beneficial only 
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Fig. 3. Summary of results from a prospective, randomized, controlled clinical trial of 
ribavirin-interferon combination therapy vs interferon monotherapy, as reported by 
Lai et al. [70] 

in patients with high levels of serum HCV RNA (>3 X 106 genome equiva­
lents/mI). The combination offered no advantage over interferon alone in 
those patients with lower levels of HCV viremia, who overall have a 
greater chance of a favorable response to interferon mono therapy. 

Although the response to interferon-ribavirin combination therapy 
has not been as impressive in those patients who have previously failed 
interferon monotherapy, Bellobuono et al. [72] reported both greater 
end-of-treatment and sustained ALT responses in patients undergoing 
retreatment with combination therapy, compared with interferon alone. 
In all studies, the addition of ribavirin to interferon regimens has been 
relatively well tolerated, with few patients forced to withdraw from 
therapy due to adverse reactions. However, low-grade hemolysis has been 
a frequent side effect, and may lead to both anemia and increased 
intrahepatic iron stores [73]. The latter is a worrisome finding, inasmuch 
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as it could be detrimental to liver function if allowed to reach a significant 
level. 

Although the overall sustained virologic response rates that have been 
reported with the combination of ribavirin and interferon are still less 
than satisfactory, the marked benefit that has been noted with the addi­
tion of ribavirin to previous interferon therapeutic regimens highlights 
the potential for combination therapy against this disease. It is particu­
larly noteworthy that the mechanism of action of ribavirin in this setting 
may not be related to direct suppression of viral replication, but rather to 
a favorable modulation of the host immune response to the infection. 
This is suggested by the failure of ribavirin to suppress HeV viremia 
when administered as monotherapy [66,67], as well as a series of observa­
tions concerning the effects of ribavirin on various aspects of the host 
immune response. It is interesting that the combination of ribavirin and 
interferon also shows synergy in the treatment of experimental subacute 
sclerosing panencephalitis (SSPE) virus infections in hamsters [74]. These 
observations are consistent with a broad effect of ribavirin on the ability 
of the host immune system to control chronic viral infections. 

In animal studies, the course of disease in mice experiencing fulminant 
hepatitis due to the coronavirus murine hepatitis virus (strain 3) can 
be attenuated by treatment with ribavirin [75]. This has been shown to be 
associated with inhibition of macrophage production of TNF and the 
procoagulant fgl2 prothrombinase. Ribavirin inhibited Th2 cytokine 
responses, but preserved Thl cytokine production. Interleukin-6 pro­
duction has also been shown to modulated by ribavirin in human pulmo­
nary epithelial cells infected with respiratory syncytial virus [76]. The 
significance of these findings is unclear, however, as is their relationship 
to the mechanism of action of ribavirin in the setting of combination 
therapy of hepatitis e. Ribavirin is known to inhibit cellular IMP 
dehydrogenase [77], and this may influence the ability of cells either to 
support viral replication or to respond to appropriate immunologic 
stimuli. 

Whatever the mechanism of action of ribavirin when used in combina­
tion with interferon for therapy of hepatitis e, the success of this strategy 
has increased the urgency of the search for additional, specific inhibitors 
of HeV replication. Although this search is hampered by the absence of 
tractable cell culture systems that would allow the development of broad­
based screens for novel antiviral compounds, significant progress is being 
made through the use of more sophisticated biochemical screens. 
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Major Molecular Targets for Antiviral Drug Development­
Current Status 

NS3 Proteinase 

The amino terminal third of the NS3 molecule contains a serine protein­
ase activity that is active both in cis and in trans [78,79]. This activity is 
responsible for the majority of cleavage events occurring within the Hev 
polyprotein. Thus, inhibition of this activity would have a direct effect on 
replication of the virus. The complete expression ofNS3 proteinase activ­
ity is dependent upon the noncovalent assembly of NS3 and NS4a mol­
ecules, with the small NS4a component forming an integral part of the 
proteinase structure. Several pharmaceutical companies have indepen­
dently solved the crystallographic structure of the proteinase domain of 
NS3, or the NS3-NS4a proteinase complex [23,80]. Thus, efforts at ratio­
nal, structure-based drug design are ongoing, along with more conven­
tional screening of compound libraries using biochemical assays of the 
NS3 proteinase activities. Thus far, however, no highly active inhibitors of 
this proteinase have yet been described in the literature. 

NS3 Helicase 

The carboxy terminal two-thirds of the NS3 molecule contains an RNA 
helicase activity [24,81]. This is almost certainly essential for replication 
of the viral RNA, although its precise role in the replication cycle is not 
known. The NS3 helicase domain can be expressed as an active enzyme, 
permitting the development of in vitro screening assays for compounds 
with specific inhibitory activities. Like the proteinase domain, the crystal­
lographic structure of the helicase has been solved [25,82]. This will 
permit the application of structure-based, rational drug design strategies 
to the refinement of any lead compounds that may be identified in 
helicase screens. 

NS5B RNA Polymerase 

The NS5B molecule is the RNA-dependent RNA polymerase that is pri­
marily responsible for the transcription of both the positive and negative 
strands of viral RNA during virus replication. Several research groups 
have expressed it in an active form from recombinant cDNA [83,84]. 
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However, activity has been limited to nonspecific, primer-dependent 
transcription of a variety of RNA transcripts, or to primer-independent 
terminal transferase activity. No research group has yet reported the 
reconstruction of an active replicase complex that is capable of specific 
recognition and initiation of transcription of the 3' end of either the 
positive- or negative-strand RNA. The reason for this is not clear, al­
though it seems likely that a complex of several viral proteins (and possi­
bly certain cellular proteins as well) might be required for such activity 
[27]. Thus, while it is possible to screen compound libraries for inhibitors 
of NS5b primer extension or terminal transferase activities, it is not pos­
sible to screen for specific HCV RNA transcription inhibitors. No specific 
inhibitors have yet been described for the former activities, although 
there are intense efforts to develop such compounds ongoing within both 
the pharmaceutical and academic communities. 

Internal Ribosome Entry Site 

The IRES represents an interesting and completely novel target for antivi­
ral drug development. This segment of the viral genome is essential 
for the initiation of translation of the polyprotein, and thus inhibition of 
IRES activity would be expected to have a profound effect on replication 
of the virus [14]. Recent work suggests that the primary step in the 
initiation of cap-independent translation of the polyprotein by the 
IRES is the specific recognition of the 40S ribosome subunit by the IRES 
[85]. The ability to directly form a binary complex with the 40S subunit in 
the absence of any canonical or noncanonical translation initiation factor 
is unique among all eukaryotic RNAs. Similar activities are found only in 
related IRES segments from other Flaviviridae. This activity should be 
amenable to inhibition by small molecules which have a high affinity for 
the RNA structures responsible for this 40S subunit binding activity. 
A number of pharmaceutical companies are actively pursuing this 
possibility, but no specific inhibitors of the HCV IRES have yet been 
described. 

Conclusions 

Cirrhosis and hepatocellular carcinoma result from longstanding hepatic 
inflammation related to the persistence ofHCV within the liver. Thus, this 
pathologic process reflects the presence of an active immune response to 



20 S.M. Lemon 

the infection, yet one which is ineffectual in elimination of the virus. The 
reasons underlying the ability of this virus to persist in humans despite 
this immune response are not well understood, but are likely to involve a 
specific mechanism to "disarm" the immune system. Because of the ex­
treme technical difficulties inherent in HCV vaccine development, 
present efforts are largely directed at the development of better therapies 
for chronic hepatitis C. Recent experience with the combination of 
ribavirin and interferon-a suggest that combination therapies will offer 
particular advantages in the treatment of this disease. This concept is well 
supported by earlier experience in the treatment of several other chronic 
infectious diseases. Thus, the search is on for novel, small molecule in­
hibitors ofHCV replication. This search is complicated by the absence of 
tractable cell culture systems for propagation of the virus, but a number 
of biochemical assays have been developed which are now being used as 
screens for active compounds. It is highly likely that this intense research 
activity will result in a variety of novel therapeutic agents, and that this 
will open the door to a new era in the prevention of HCV-related liver 
disease. 

Acknowledgments. This work was supported in part by a grant from the 
National Institute of Allergy and Infectious Diseases, U19-4003S. 

References 

1. Choo Q-L, Kuo G, Weiner AJ, Overby LR, Bradley DW, Houghton M (1989) 
Isolation of a cDNA clone derived from a blood-borne non-A, non-B viral hepa­
titis genome. Science 244:359-362 

2. Kuo G, Choo Q-L, Alter HJ, Gitnick GL, Redeker AG, Purcell RH, Miyamura T, 
Dienstag JL, Alter MJ, Stevens CE, Tegtmeier GE, Bonino F, Colombo M, Lee 
W-S, Kuo C, Berger K, Shuster JR, Overby LR, Bradley DW, Houghton M (1989) 
An assay for circulating antibodies to a major etiologic virus of human non-A, 
non-B hepatitis. Science 244:362-364 

3. Alter MJ, Margolis HS, Krawczynski K, Judson FN, Mares A, Alexander WJ, Hu 
PY, Miller JK, Gerber MA, Sampliner RE, Meeks EL, Beach MJ (1992) The natural 
history of community-acquired hepatitis C in the United States. N Engl J Med 
327:1899-1905 

4. Jeffers LJ, Hasan F, de MedinaM, ReddyR, ParkerT, SilvaM, MendezL, SchiffER, 
Manns M, Houghton M, Choo Q-L, Kuo G (1992) Prevalence of antibodies to 
hepatitis C virus among patients with cryptogenic chronic hepatitis and cirrhosis. 
Hepatology 15: 187 -190 

5. Saito I, Miyamura T, Ohbayashi A, Harada H, Katayama T, Kikuchi S, Watanabe 
Y, Koi S, Onji M, Ohta Y, Choo Q-L, Houghton M, Kuo G (1991) Hepatitis C virus 



Current Status of Antiviral Therapy for Hepatitis C 21 

infection is associated with the development of hepatocellular carcinoma. Proc 
Natl Acad Sci USA 87:6547-6549 

6. Lemon SM, Chisari FV, Lai MMC, Mishiro S, Nishioka K, Johnson L 
(1998) Meeting report: the 19th Joint U.S.-Japan Hepatitis Panel Meeting. In 
press 

7. Alter MJ (1997) Epidemiology of hepatitis C. Hepatology 26 Suppl1:62S-65S 
8. Consensus Development Panel (1997) National Institutes of Health Consensus 

Development Conference Panel statement: Management of hepatitis C. 
Hepatology 26 Suppl1:2S-lOS 

9. Hsu S-L, Lin Y-F, Chou C-K (1993) Retinoic acid biphasically regulates the gene 
expression of hepatitis B virus surface antigen in human hepatoma Hep3B cells. 
J BioI Chern 268:23093-23097 

10. Kurosaki M, Enomoto N, Sakamoto N, Tanaka Y, Tang L, Hoshino Y, Izumi Y, 
Marumo F, Sato C (1995) Detection and analysis of replicating hepatitis C virus 
RNA in hepatocellular carcinoma tissues. J HepatoI22:527-535 

11. Nishioka K, Mishiro S, Yoshizawa H (1996) Hepatitis C virus infection in 
the general population of Japan: past and future. Viral Hepatitis Rev 2:199-
203 

12. Houghton M, Weiner A, Han J, Kuo G, Choo Q-L (1991) Molecular biology of the 
hepatitis C viruses: implications for diagnosis, development and control of viral 
disease. Hepatology 14:381-388 

13. Major ME, Feinstone SM (1997) The molecular virology of hepatitis C. Hepatology 
25:1527-1538 

14. Lemon SM, Honda H (1998) Internal ribosome entry sites within the RNA 
genomes of hepatitis C virus and other fiaviviruses. Semin ViroI8:274-288 

15. Kolykhalov AA, Feinstone SM, Rice CM (1996) Identification of a highly con­
served sequence element at the 3' terminus of hepatitis C virus genome RNA. 
J Virol 70:3363-3371 

16. Tanaka T, Kato N, Cho M-J, Shimotohno K (1995) A novel sequence found at the 
3' terminus of the hepatitis C virus genome. Biochem Biophys Res Commun 
215:744-749 

17. Hijikata M, Kato N, Ootsuyama Y, Nakagawa M, Shimotohno K (1991) Gene 
mapping of the putative structural region of the hepatitis C virus genome by in 
vitro processing analysis. Proc Natl Acad Sci USA 88:5547-5551 

18. Hijikata M, Mizushima H, Akagi T, Mori S, Kakiuchi N, Kato N, Tanaka T, Kimura 
K, Shimotohno K (1993) Two distinct proteinase activities required for the pro­
cessing of a putative nonstructural precursor protein of hepatitis C virus. J Virol 
67:4665-4675 

19. Reed KE, Grakoui A, Rice CM (1995) Hepatitis C virus-encoded NS2-3 protease: 
Cleavage-site mutagenesis and requirements for bimolecular cleavage. J Virol 
69:4127-4136 

20. Dubuisson J, Hsu HH, Cheung RC, Greenberg HB, Russell DG, Rice CM (1994) 
Formation and intracellular localization of hepatitis C virus envelope glycopro­
tein complexes expressed by recombinant vaccinia and Sindbis viruses. J Virol 
68:6147-6160 

21. Dubuisson J, Rice CM (1996) Hepatitis C virus glycoprotein folding: disulfide 
bond formation and association with calnexin. J Virol 70:778-786 



22 S.M. Lemon 

22. Failla C, Tomei L, De Francesco R (1994) Both NS3 and NS4A are required for 
proteolytic processing of hepatitis C virus nonstructural proteins. J ViroI68:3753-
3760 

23. Kim JL, Morgenstern KA, Lin C, Fox T, Dwyer MD, Landro JA, Chambers SP, 
Markland W, Lepre CA, O'Malley ET, Harbeson SL, Rice CM, Murcko MA, 
Caron PR, Thomson JA (1996) Crystal structure of the hepatitis C virus NS3 
protease domain complexed with a synthetic NS4A cofactor peptide. Cell 87:343-
355 

24. Preugschat F, Averett DR, Clarke BE, Porter DJT (1996) A steady-state and pre­
steady-state kinetic analysis of the NTPase activity associated with the hepatitis C 
virus NS3 helicase domain. J BioI Chern 271:24449-24457 

25. Yao NH, Hesson T, Cable M, Hong Z, Kwong AD, Le HV, Weber PC (1997) 
Structure of the hepatitis C virus RNA helicase domain. Nature Struct BioI 4:463-
467 

26. Asabe SI, Tanji Y, Satoh S, Kaneko T, Kimura K, Shimotohno K (1997) The 
N-terminal region of hepatitis C virus-encoded NS5A is important for NS4A­
dependent phosphorylation. J Virol 71:790-796 

27. Ishido S, Fujita T, Hotta H (1998) Complex formation ofNS5B with NS3 and NS4A 
proteins of hepatitis C virus. Biochem Biophys Res Commun 244:35-40 

28. Lanford RE, Chavez D, Chisari FV, Sureau C (1995) Lack of detection of negative­
strand hepatitis C virus RNA in peripheral blood mononuclear cells and other 
extrahepatic tissues by the highly strand-specific rTth reverse transcriptase PCR. 
J Virol 69:8079-8083 

29. Anderson DA, Ross BC, Locarnini SA (1988) Restricted replication of hepatitis A 
virus in cell culture: encapsidation of viral RNA depletes the pool of RNA avail­
able for replication. J ViroI62:4201-4206 

30. Mizutani T, Kato N, Saito S, Ikeda M, Sugiyama K, Shimotohno S (1996) Char­
acterization of hepatitis C virus replication in cloned cells obtained from a 
human T-cell leukemia virus type I-infected cell line, MT-2. J Virol 70:7219-
7223 

31. Shimizu YK, Iwamoto A, HijikataM, Purcell RH, YoshikuraH (1992) Evidence for 
in vitro replication of hepatitis C virus genome in a human T-cell line. Proc Natl 
Acad Sci USA 89:5477-5481 

32. Shimizu YK, Yoshikura H (1994) Multicycle infection of hepatitis C virus in cell 
culture and inhibition by alpha and beta interferons. J Virol 68:8406-8408 

33. Binn LN, Lemon SM, Marchwicki RH, Redfield RR, Gates NL, Bancroft WH (1984) 
Primary isolation and serial passage of hepatitis A virus strains in primate cell 
cultures. J Clin MicrobioI20:28-33 

34. Bukh J, Miller RH, Purcell RH (1995) Genetic heterogeneity of hepatitis C virus: 
quasispecies and genotypes. Semin Liv Dis 15:41-63 

35. Honda M, Brown EA, Lemon SM (1996) Stability of a stem-loop involving the 
initiator AUG controls the efficiency of internal initiation of translation on hepa­
titis C virus RNA. RNA 2:955-968 

36. Reynolds JE, Kaminski A, Carroll AR, Clarke BE, Rowlands DJ, Jackson RJ (1996) 
Internal initiation of translation of hepatitis C virus RNA: the ribosome entry site 
is at the authentic initiation codon. RNA 2:867-878 



Current Status of Antiviral Therapy for Hepatitis C 23 

37. Rijnbrand RCA, Abbink TEM, Haasnoot Pq, Spaan WJM, Bredenbeek PJ (1996) 
The influence of AUG codons in the hepatitis C virus 5' nontranslated region on 
translation and mapping of the translation initiation window. Virology 226:47-
56 

38. Kato N, Sekiya H, Ootsuyama Y, Nakazawa T, Hijikata M, Ohkoshi S, Shimotohno 
K (1993) Humoral immune response to hypervariable region 1 of the putative 
envelope glycoprotein (gp70) of hepatitis C virus. J Virol 67:3923-3930 

39. Shimizu YK, Hijikata M, Iwamoto A, Alter HJ, Purcell RH, Yoshikura H (1994) 
Neutralizing antibodies against hepatitis C virus and the emergence of neutraliza­
tion escape mutant viruses. J ViroI68:1494-1500 

40. Weiner A, Erickson AL, Kansopon J, Crawford K, Muchmore E, Hughes AL, 
Houghton M, Walker CM (1995) Persistent hepatitis C virus infection in a chim­
panzee is associated with emergence of a cytotoxic T lymphocyte escape variant. 
Proc Natl Acad Sci USA 92:2755-2759 

41. Lesniewski R, Okasinski G, Carrick R, Van Sant C, Desai S, Johnson R, Scheffel J, 
Moore B, Mushahwar I (1995) Antibody to hepatitis C virus second envelope 
(HCV-E2) glycoprotein: a new marker of HCV infection closely associated with 
viremia. J Med ViroI45:415-422 

42. Alberti A, Morsica G, Chemello L, Cavalletto D, Noventa F, Pontisso P, Ruol A 
(1992) Hepatitis C viraemia and liver disease in symptom-free individuals with 
anti-HCV. Lancet 340:697-698 

43. Lesniewski RR, Boardway KM, Casey JM, Desai SM, Devare SG, Leung TK, 
Mushahwar IK (1993) Hypervariable 5'-terminus of hepatitis C virus E2/NSI 
encodes antigenically distinct variants. J Med ViroI40:150-156 

44. Matsumoto M, Hsieh TY, Zhu NL, VanArsdale N, Hwang SB, Jeng KS, Gorbalenya 
AW, Lo SY, Ou JH, Ware CF, Lai MHC (1997) Hepatitis C virus core protein 
interacts with the cytoplasmic tail oflymphotoxin-receptor. J Virol71:1301-1309 

45. Chen CM, You LR, Hwang LH, Lee YH (1997) Direct interaction of hepatitis C 
virus core protein with the cellular lymphotoxin-beta receptor modulates the 
signal pathway of the lymphotoxin-beta receptor. J Virol 71:9417-9426 

46. Ray RB, Meyer K, Steele R, Shrivastava A, Aggarwal BB, Ray R (1998) Inhibition of 
tumor necrosis factor (TNF-alpha)-mediated apoptosis by hepatitis C virus core 
protein. J BioI Chern 273:2256-2259 

47. Ruggieri A, Harada T, Matsuura Y, Miyamura T (1997) Sensitization to Fas­
mediated apoptosis by hepatitis C virus core protein. Virology 229:68-76 

48. Lerat H, Berby F, Trabaud MA, Vidalin 0, Major M, Trepo C, Inchauspe G (1996) 
Specific detection of hepatitis C virus minus strand RNA in hematopoietic cells. 
J Clin Invest 97:845-851 

49. Enomoto N, Sakuma I, Asahina Y, Kurosaki M, Murakami T, Yamamoto C, Ogura 
Y, Izumi N, Marumo F, Sato C (1996) Mutations in the nonstructural protein 5A 
gene and response to interferon in patients with chronic hepatitis C virus Ib 
infection. N Engl J Med 334:77-81 

50. Kurosaki M, Enomoto N, Murakami T, Sakuma I, Asahina Y, Yamamoto C, Ikeda 
T, Tozuka S, Izumi N, Marumo F, Sato C (1997) Analysis of genotypes and amino 
acid residues 2209 to 2248 of the NS5A region of hepatitis C virus in relation to the 
response to interferon-therapy. Hepatology 25:750-753 



24 S.M. Lemon 

51. Gale MJ Jr, Korth MJ, Tang NM, Tan SL, Hopkins DA, Dever TE, Polyak SJ, Gretch 
DR, Katze MG (1997) Evidence that hepatitis C virus resistance to interferon is 
mediated through repression of the PKR protein kinase by the nonstructural 5A 
protein. Virology 230:217-227 

52. Choo Q-L, Kuo G, Ralston R, Weiner A, Chien D, Van Nest G, Han J, Berger K, 
Thudium K, Kuo C, Kansopon J, McFarland J, Tabrizi A, Ching K, Moss B, 
Cummins LB, Houghton M, Muchmore E (1994) Vaccination of chimpanzees 
against infection by the hepatitis C virus. Proc Natl Acad Sci USA 91:1294-
1298 

53. Klavinskis LS, Whitton JL, Oldstone MBA (1989) Molecularly engineered vaccine 
which expresses an immunodominant T-cell epitope induces cytotoxic T lym­
phocytes that confer protection from lethal virus infection. I Virol 63:4311-
4316 

54. Gonzalez A, Esteban II, Madoz P, Viladomiu L, Genesca J, Munoz E, Enriquez I, 
Torras X, Hernandez 1M, Quer I, Vidal X, Alter HI, Shih JW, Esteban R, Guardia 
I (1995) Efficacy of screening donors for antibodies to the hepatitis C virus to 
prevent transfusion-associated hepatitis: Final report of a prospective trial. 
Hepatology 22:439-445 

55. Nishioka K (1996) Transfusion-transmitted HBV and HCV. Vox Sang 70:4-8 
56. Davis GL, Balart LA, SchiffER, Lindsay K, Bodenheimer HC. Ir, Perillo RP, Carey 

W, Jacobson 1M, Payne I, Dienstag IL, VanThiel DH, Tamburro C, Lefkowitch I, 
Albrecht I, Meschievitz C, Ortego TJ, Gibas A, Hepatitis Interventional Therapy 
Group (1989) Treatment of chronic hepatitis C with recombinant interferon alfa: 
A multicenter randomized, controlled trial. N Engl J Med 321:1501-1506 

57. Di Bisceglie AM, Martin P, Kassianides C, Lisker-Melman M, Murray L, Waggoner 
J, Goodman Z, Banks SM, Hoofnagle IH (1989) Recombinant interferon alfa 
therapy for chronic hepatitis C: a randomized, double-blind, placebo-controlled 
trial. N Engl I Med 321:1506-1510 

58. Sanchez-Royuela F, Porres IC, Moreno A, Castillo I, Martinez G, Galiana F, 
Carreno V (1991) High doses of recombinant-interferon or gamma-interferon for 
chronic hepatitis C: A randomized, controlled trial. Hepatology 13:327-331 

59. Nishiguchi S, Kuroki T, Nakatani S, Morimoto H, Takeda T, Nakajima S, Shiomi 
S, Seki S, Kobayashi K, Otani S (1995) Randomised trial of effects of interferon-u 
on incidence of hepatocellular carcinoma in chronic active hepatitis C with cir­
rhosis. Lancet 346:1051-1055 

60. Kiyosawa K, Furuta S (1994) Hepatitis C virus and hepatocellular carcinoma. In 
Reesink HW (Ed) Hepatitis C Virus. Karger, Basel, pp 98-120 

61. Mazzella G, Accogli E, Sottili S, Festi D, Orsini M, Salzetta A, Novelli V, Cipolla A, 
Fabbri C, Pezzoli A, Roda E (1996) Alpha interferon treatment may prevent 
hepatocellular carcinoma in HCV-related liver cirrhosis. J HepatoI24:141-147 

62. McCormick IB, King II, Webb PA, Scribner CL, Craven RB, Iohnson KM, Elliott 
LH, Belmont-Williams R (1986) Lassa fever. Effective therapy with ribavirin. 
N Engl I Med 314:20-26 

63. Smith DW, Frankel LR, Mathers LH, Tang AT, Ariagno RL, Prober CG (1991) A 
controlled trial of aerosolized ribavirin in infants receiving mechanical ventila­
tion for severe respiratory syncytial virus infection. N Engl I Med 325:24-29 



Current Status of Antiviral Therapy for Hepatitis C 25 

64. Toltzis P, Huang AS (1986) Effect of ribavirin on macromolecular synthesis in 
vesicular stomatitis virus-infected cells. Antimicrob. Agents Chemother 29:1010-
1016 

65. Rankin JT Jr, Eppes SB, Antczak JB, Joklik WK (1989) Studies on the mechanism 
of the antiviral activity ofribavirin against reovirus. Virology 168:147-158 

66. Bodenheimer HC Jr, Lindsay KL, Davis GL, Lewis GH, Thung SN, SeeffLB (1997) 
Tolerance and efficacy of oral ribavirin treatment of chronic hepatitis C: a 
multicenter trial. Hepatology 26:473-477 

67. Di Bisceglie AM, Conjeevaram HS, Fried MW, Sallie R, Park Y, Yurdaydin C, 
Swain M, Kleiner DE, Mahaney K, Hoofnagle JH, Wright D (1995) Ribavirin as 
therapy for chronic hepatitis C-a randomized, double-blind, placebo-controlled 
trial. Ann Intern Med 123:897-903 

68. Di Bisceglie AM, Shindo M, Fong T-L, Fried MW, Swain MG, Bergasa NV, Axiotis 
CA, Waggoner JG, Park Y, Hoofnagle JH (1992) A pilot study of ribavirin therapy 
for chronic hepatitis C. Hepatology 16:649-654 

69. Dusheiko G, Main J, Thomas H, Reichard 0, Lee C, Dhillon A, Rassam S, Fryden 
A, Reesink H, Bassendine M, Norkrans G, Cuypers T, Lelie N, Telfer P, Watson J, 
Weegink C, Sillikens P, Weiland 0 (1996) Ribavirin treatment for patients with 
chronic hepatitis C: results of a placebo-controlled study. J HepatoI25:591-598 

70. Lai MY, Kao JH, Yang PM, Wang JT, Chen PJ, Chan KW, Chu JS, Chen DS (1996) 
Long-term efficacy of ribavirin plus interferon alfa in the treatment of chronic 
hepatitis C. Gastroenterology 111:1307-1312 

71. Reichard 0, Norkrans G, Fryden A, Braconier JH, Sonnerborg A, Weiland 0 
(1998) Randomised, double-blind, placebo-controlled trial of interferon alpha-2b 
with and without ribavirin for chronic hepatitis C. The Swedish Study Group (see 
comments). Lancet 351:83-87 

72. Bellobuono A, Mondazzi L, Tempini S, Silini E, Vicari F, Ideo G (1997) Ribavirin 
and interferon-alpha combination therapy vs interferon-alpha alone in the 
retreatment of chronic hepatitis C: a randomized clinical trial. J Viral Hepatal 
4:185-191 

73. Di Bisceglie AM, Bacon BR, Kleiner DE, Hoofnagle JH (1994) Increase in hepatic 
iron stores following prolonged therapy with ribavirin in patients with chronic 
hepatitis C. J HepatoI21:1109-1112 

74. Takahashi T, Hosoya M, Kimura K, Ohno K, Mori S, Takahashi K, Shigeta S (1998) 
The cooperative effect of interferon-alpha and ribavirin on subacute sclerosing 
panencephalitis (SSPE) virus infections, in vitro and in vivo (In Process Citation). 
Antiviral Res 37:29-35 

75. Ning Q, Brown D, Parodo J, Cattral M, Gorczynski R, Cole E, Fung L, Ding JW, Liu 
MF, Rotstein 0, Phillips MJ, Levy G (1998) Ribavirin inhibits viral-induced mac­
rophage production of TNF, IL-l, the procoagulant fgl2 prothrombinase and 
preserves Thl cytokine production but inhibits Th2 cytokine response [In Process 
Citation]. J ImmunoI160:3487-3493 

76. Jiang Z, Kunimoto M, Patel JA (1998) Autocrine regulation and experimental 
modulation of interleukin-6 expression by human pulmonary epithelial cells 
infected with respiratory syncytial virus (In Process Citation). J Virol 72:2496-
2499 



26 S.M. Lemon 

77. Yamada Y, Natsumeda Y, Weber G (1988) Action of the active metabolites of 
tiazofurin and ribavirin on purified IMP dehydrogenase. Biochemistry 27:2193-
2196 

78. Grakoui A, McCourt DW, Wychowski C, Feinstone SM, Rice CM (1993) Charac­
terization of the hepatitis C virus-encoded serine proteinase: Determination of 
proteinase-dependent polyprotein cleavage sites. J ViroI67:2832-2843 

79. Tanji Y, Hijikata M, Hirowatari Y, Shimotohno K (1994) Hepatitis C virus 
polyprotein processing: kinetics and mutagenic analysis of serine proteinase­
dependent cleavage. J ViroI68:8418-8422 

80. Love RA, Parge HE, Wickersham JA, Hostomsky Z, Habuka N, Moomraw EW, 
Adachi T, Hostomska Z (1996) The crystal structure of hepatitis C virus NS3 
proteinase reveals a trypsin-like fold and a structural zinc binding site. Cell 
87:331-342 

81. Tai CL, Chi WK, Chen DS, Hwang LH (1996) The helicase activity associated with 
hepatitis C virus nonstructural protein 3 (NS3). J Virol 70:8477-8484 

82. Kim JL, Morgenstern KA, Griffith JP, Dwyer MD, Thomson JA, Murcko MA, Lin 
C, Caron PR (1998) Hepatitis C virus NS3 RNA helicase domain with a bound 
oligonucleotide: the crystal structure provides insights into the mode of unwind­
ing. Structure 6:89-100 

83. Behrens SE, Tomei L, De Francesco R (1996) Identification and properties of the 
RNA-dependent RNA polymerase of hepatitis C virus. EMBO J 15:12-22 

84. Lohmann V, Korner F, Herian U, Bartenschlager R (1997) Biochemical properties 
of hepatitis C virus NSSB RNA-dependent RNA polymerase and identification of 
amino acid sequence motifs essential for enzymatic activity. J ViroI71:8416-8428 

85. Pestova TV, Shatsky IN, Fletcher SP, Jackson RJ, Hellen CU (1998) A prokaryotic­
like mode of cytoplasmic eukaryotic ribosome binding to the initiation codon 
during internal translation initiation of hepatitis C and classical swine fever virus 
RNAs. Genes Dev 12:67-83 



Different Quasispecies of Hepatitis C Virus in 
Human Serum, Peripheral Blood Mononuclear 
Cells, and Liver 

KEISUKE HINO, MICHIARI OKUDA, MASAAKI KORENAGA, 
YUHKI YAMAGUCHI, YOSHIHARU KATOH, and KIWAMU OKITA 

Introduction 

Several lines of evidence suggest that hepatitis C virus (HCV) can infect 
peripheral blood mononuclear cells (PBMCs) in persistently infected 
individuals on the basis of specific detection of negative-strand hepatitis 
C virus (HCV) RNA in PBMCs by reverse transcription-polymerase 
chain reaction (RT-PCR) and in situ hybridization [1-5]. However, direct 
information on the pathogenic implication of HCV infection of PBMCs 
is limited. 

HCV comprises a heterogeneous mixture of genetically different but 
closely related variants known as "quasispecies" [6]. The most heteroge­
neous domains of the HCV genome are present within the putative enve­
lope 2 (E2) region and are referred to as hypervariable regions (HVR 1 
and HVR 2) [7,8]. Although this quasispecies nature ofHCV is generated 
by the limited fidelity of RNA replication, host immunity, especially the 
humoral immune response, is thought to be one of the important driving 
forces in the sequence variations of the HVR of H CV [9-11]. We therefore 
compared the complexity of HVR 1 quasispecies of the HCV genome in 
serum, PBMCs, and liver, to assess the pathogenic implication of HCV 
infection in PBMCs. 

Patients and Methods 

Eight Japanese patients with type C chronic liver disease (5 men and 3 
women, aged 27-58 years, with a mean age of 44) who had HCV type Ib 
RNA were included in this study (Table O. None received any antiviral 
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Table 1. Clinical characteristics of patients 

Histology" HCVRNA 
Patient Age Sex ALT Grading Staging Genotype Level (log Eq/ml)b 

1 58 M 173 Severe 3 1b 6.5 
2 47 F 50 Minimal 1b 7.0 
3 51 F 73 Severe 4 1b 6.4 
4 27 M 50 Minimal 1b 7.0 
5 34 F 21 Minimal 1b 5.8 
6 45 M 35 Mild 1 1b <5.5 
7 35 M 83 Moderate 2 1b 6.2 
8 45 M 151 Minimal 1b 6.6 

ALT, alanine aminotransferase; HCV, hepatitis C virus. 
a Histologic diagnoses were made according to recently devised criteria for grading 
inflammatory activity (minimal, mild, moderate, and severe) and for staging fibrosis 
(F1, F2, F3, and F4). 
b HCV RNA level was measured by branched DNA probe assay. 

therapy prior to the study. Liver biopsy was performed on all patients for 
diagnostic purposes. 

Serum and PBMC samples were obtained on the same day as liver 
biopsy. Biopsy specimens were divided into two portions: one was for 
light microscopy and the other was used for detection of HCV RNA. The 
PBMCs were separated from 10ml of heparinized blood by density gradi­
ent centrifugation with Leuco PREP, washed three times with RPMI 1640 
culture medium, and stored at -80aC until use, as were serum and liver 
specimens. 

Genotyping of HCV RNA 

HCV genotypes were determined by a modification of the method of 
Okamoto et al. [12]. 

Measurement of HCV RNA in Serum 

The HCV RNA level in all serum samples was measured by signal ampli­
fication with a branched DNA probe assay. 
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Cross-mixing Test and Treatment of PBMCs with Trypsin-EDT A 
and RNase A 

To eliminate false positives in PBMCs samples due to contamination by 
serum HCV RNA, the following experiments were carried out. PBMCs 
obtained from five healthy controls were incubated with serum including 
a high titer ofHCV RNA at room temperature for 30 min. After centrifu­
gation, PBMCs were treated with trypsin and EDTA, and incubated at 
37°C for 20 min. Subsequently, 50f,-tl of RNase A was added and the cell 
suspension was incubated at 37°C for ISmin. Thus, PBMCs from healthy 
controls that had been preincubated with HCV RNA-positive serum were 
subjected to RT-PCR with or without treatment by trypsin-EDTA and 
RNase A. PBMCs from patients were also treated with trypsin-EDTA and 
RNase A, then the HVR 1 was amplified by RT-PCR as described below. 

Detection of Negative-strand HCV RNA 

Negative strands were detected by synthesis of cDNA with the outer sense 
primer deduced from the S'-noncoding region. RNA extracted from 
serum and PBMCs was heated at 70°C for 5 min and subsequently kept on 
ice. cDNA was synthesized using the same parameters and conditions as 
for detection of the positive strand, followed by heating in boiling water 
for 60 min for inactivation of reverse transcriptase. Subsequently, all 
samples were treated with RNase A to digest total RNA for prevention of 
possible reverse transcription and subsequent amplification of positive­
strand HCV RNA by Taq polymerase. 

Amplification of HVR 1 by RT-PCR 

RNA extracted from serum, PBMCs (106-107 cells), or homogenized liver 
tissue was reverse transcribed, and DNA fragments containing the HVR 1 
were amplified, as described previously [13]. 

Cloning and Sequencing 

The PCR products were sub cloned into pGEM-T vector, as described 
previously [14]. Insertions of DNA fragments were confirmed by PCR, 
using universal primers. After purification of these PCR products, 8 to 11 
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sub clones per specimen (serum, PBMCs, or liver tissue) were sequenced 
in both directions with an ABI 373S sequencer. 

Results 

PBMCs from healthy controls were all negative for HCV RNA after incu­
bation with HCV RNA-positive serum and treatment with trypsin-EDTA 
and RNase A treatment, but those from one healthy control were positive 
for HCV RNA without treatment. In contrast, PBMCs from all patients 
were positive for HCV RNA irrespective of treatment with trypsin-EDTA 
and RNase A. Negative-strand HCV RNA was detected in PBMCs in 6 
patients (patients 1-4, 7, and 8) but was not detected in serum in any 
patient. 

Differences in the complexity of HVR 1 quasispecies were found 
between serum, PBMCs, and liver in all patients, and the predominant 
clones from each source were mutually different in patient 8 (Fig. 1). The 
percentage difference in amino acid sequences between the predominant 
clone and another minor clone ranged from 3.7% to 59.3% {Fig. O. 
Amino acid sequences common to serum and PBMCs were found in 4 
patients (patients 2, 3, 7, and 8); those common to serum and liver in 3 
patients (patients 1,3, and 4); and those common to PBMCs and liver in 
3 patients (patients 2, 4, and 5). Amino acid sequences unique to serum 
existed in all patients; those unique to PBMCs, or liver in 6 patients 
(patients 1,3,4,5,7, and 8) and in 7 patients (patients 1-4,6,7, and 8), 
respectively. The complexity of HVR 1 quasispecies, defined as the num­
ber of distinct amino acid sequences, was 5.4 ± 1.8 in serum (P = 0.0082, 
vs PBMCs), 2.9 ± 1.0 in PBMCs, and 3.4 ± 1.0 in liver. 

Discussion 

A cross-mixing test of PBMCs from healthy controls with HCV RNA­
positive serum showed false detection of HCV RNA in PBMCs due to the 
adsorption of HCV from serum in a control, and also demonstrated that 
this contamination could be eliminated by treatment with trypsin-EDTA 
and subsequently with RNase A. In addition, negative-strand HCV RNA 
was found in PBMCs, but not in serum. These findings suggested that 
HCV replication might take place in PBMCs. 

Our study demonstrated differences in the complexity and specific 
sequences ofHVR 1 quasispecies among serum, PBMCs, and liver, which 
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Fig. 1. Hypervariable region (HVR) 1 amino acid sequence of hepatitis C virus (HCV) 
and numbers of clones obtained from serum, peripheral blood mononuclear cells 
(PBMCs), and liver in all patients. Eight to 11 subclones were obtained from each 
tissue. Identical clones are represented by combination of a number and a letter such 
as 1 a, 1 b, or 1 c. The percent amino acid difference of each clone was calculated on the 
basis of the amino acid sequence of the predominant clone (amino acid sequence in 
the uppermost line). Amino acid residues are represented by a single-letter code and 
numbered according to the sequence of HCV-J4 [15]. Horizontal bars indicate amino 
acids identical to those of the predominant clone 

is also indicative of infection of PBMCs by HCV. These findings are 
compatible with the observations that different quasispecies of HVR 1 
existed in serum, PBMCs, and liver in chimpanzees that had been inocu­
lated with HCV strain H77 [16] and in patients with chronic hepatitis C 
[17]. As HVR 1 is the most heterogeneous domain in the HCV genome, 
the possibility should be taken into consideration that artificial 
quasispecies may be generated during RT-PCR [18]. We previously dem­
onstrated high homology as well as considerable differences in HVR 1 
quasispecies between immune and nonimmune complexes, using exactly 
the same methods as in the present study [14]. In addition, another five 
sub clones from each tissue were examined for the HVR 1 quasispecies in 



32 K. Hino et al. 

patient 8, who showed the most heterogeneous quasispecies, but the 
results were almost the same. These results indicated that the different 
complexity of HVR 1 quasispecies found in each tissue in all patient was 
unlikely to be the result of artificial substitution of the virus sequence. 

The heterogeneity of HVR 1 quasispecies observed in one patient 
(12.5%), who also showed differences in the predominant clone in each 
tissue, might result in or result from different neutralization with anti­
bodies to HVR I, because antibodies to HVR 1 have been shown to have 
neutralizing activity and are found in persistently infected patients 
[9,19,20]. Although such an event does not appear to occur so frequently, 
it is possible that neutralization escape mutants, which have already dis­
appeared from the liver, persist in PBMCs. The tendency of the complex­
ity of HVR 1 quasispecies to be greater in serum than in PBMCs or liver, 
and the presence of HCV variants common to serum and PBMCs, sug­
gests that the quasispecies of circulating HCV are derived from HCV in 
both PBMCs and liver. This also implies the potential release of virions 
from PBMCs, even though there is no evidence as yet of the active release 
of virions from PBMCs. On the other hand, it was uncertain why certain 
variants were present in serum, but not in PBMCs or liver, in all patients. 
These results were consistent with those of Maggi et al. [17] in that 
variants unique to serum were found in 7 of 10 patients. This does not 
necessarily imply that serum-specific sequences are derived from yet 
another site, i.e., not liver or PBMCs. This could occur if such variants 
represent a very small proportion of the quasispecies in PBMCs or liver, 
but are actively released. 
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High Prevalence of HCV Infection 
in Patients with Oral Cancer 
and Oral Precancerous Lesion 

MICHIO SATA\ YUMIKO NAGA02, TADAMITSU KAMEYAMA2, 

and KYUICHI TANIKAWA1 

Introduction 

Hepatitis C virus (HCV) leads to serious consequences such as liver 
cirrhosis and hepatocellular carcinoma. Other than liver disease, 
HCV infection is associated with various extrahepatic manifestations 
and immunological disorders which include membranoproliferative 
glomerulonephritis, cryoglobulinemia, autoimmune thyroiditis, Sjogren 
syndrome, malignant lymphoma, and lichen planus [1-3]. Many authors 
have reported a relationship between pathogenesis of lichen planus and 
HCV infection [4-6]. We reported evidence of the high prevalence 
ofHCV infection in patients with oral cancer or oral lichen planus (OLP) 
[7-18]. 

OLP, which is associated with oral malignancy, is an inflammatory 
and intractable disease with a long course associated witp chronic 
hyperkeratosis. OLP affects skin and mucosa of squamous cell origin. The 
prevalence of OLP varies from 0.7% to 2.2% in the general population. 
The disease seems to be predominantly present in women and in those 
of middle age or older. The most common and typical pattern is one of 
well-defined white striae affecting the buccal mucosa symmetrically. 
Erosive or bullous types of OLP generally cause intensive contact pains. 
The histopathologic appearance of the main characteristics is a band­
like lymphocytic infiltrate directly adjacent to and invading into the 
epithelium. 

1 Second Department of Medicine and 2 Department of Oral Surgery, Kurume Univer­
sity School of Medicine, 67 Asahi-machi, Kurume, Fukuoka 830-0011, Japan 
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Subjects and Methods 

We analyzed the relationship between oral cancer, precancerous lesions, 
and HCV infection [7,8,15-17]. 

Our first subject group consisted of 100 oral cancer and 45 OLP patients 
(Group 1). The oral cancer patients had been admitted to the Department 
of Oral Surgery of the Kurume University School of Medicine from Janu­
ary 1989 to October 1993 for the surgical resection of newly diagnosed 
oral cancer; the OLP patients visited the Department of Oral Surgery from 
November 1993 to April 1994. Serum hepatitis B virus surface antigen 
(HBsAg) was assayed by an enzyme immunoassay (EIA) using Quik Test 
(Mizuho Medy, Tosu, Japan) according to the manufacturer's instruc­
tions. Antibodies to HCV (anti-HCV) were assayed with the second 
generation of anti-HCV assay passive hemagglutination (PHA) kit 
(Dainabbott, Tokyo, Japan) according to the manufacturer's instructions. 
HCV RNA in sera was determined by HCV-specific oligonucleotides 
and reverse transcription-nested polymerase chain reaction (RT-nested 
PCR). 

We next investigated the prevalence of HCV infection in patients 
with head and neck squamous cell carcinoma (SCC) in Japan. This 
study design was based on a prospective cohort at the national level. 
The subject group included sera from 305 patients with head and 
neck SCC and 276 patients with nonmalignant disease (the control group) 
from five geographically distinct institutions (Group 2). The five ins­
titutions involved in this study were the Hokkaido University School 
of Dentistry at Sapporo, the Nihon University School of Dentistry, 
Kanagawa Cancer Center, the Kurume University School of Medi­
cine, and the Kumamoto University School of Medicine. All sera 
were examined for antibodies to HCV (anti-HCV) and serum HCV 
RNA. 

The incidence of oral precancerous lesions among the inhabitants in an 
HCV hyperendemic area were investigated. Two oral surgeons examined 
the oral lesions of 685 adult inhabitants in H town [19], a hyperendemic 
area ofHCVinfection (Group 3). All sera were examined for antibodies to 
HCV (anti-HCV) and serum HCV RNA. 

Finally, we investigated the existence of HCV RNA in 17 oral cancer 
tissues and 19 OLP tissues from subjects with and without antibody to 
HCV (Group 4). 
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Results and Discussion 

Incidence of HCV Infection in Patients with OLP and Oral Cancer 
in Kurume University Hospital 

Anti-HCV was detected in sera from 24 of the 100 (24%) patients with oral 
cancer, in 28 of 45 (62%) OLP patients, and in 11 of 104 (10.6%) control 
patients (Fig. 1). Disease of the control group was nonmalignant disease 
while receiving dental treatment at the Department of Oral Surgery. All of 
the oral cancer patients were HBsAg-negative; on the other hand, HBsAg 
was positive in only 4 of 45 OLP patients (8.9%). 

Liver disease was observed in 35 (78%) of 45 OLP patients, including 
chronic hepatitis C (22 cases, 49%), chronic hepatitis Band C (1), chronic 
hepatitis B (3), HCV-related liver cirrhosis (2), HCV-related hepatocellu­
lar carcinoma (2), alcoholic liver disease (3), and constitutional jaundice 
(1) (Table 1). One patient was an asymptomatic HCV carrier. Both anti­
HCV and HCV RNA were detected in the majority of patients with HCV­
related liver disease. The remaining 10 (22%) patients were free from liver 
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Table 1. Liver disease of 45 patients with oral lichen planus (OLP) 

Diagnosis No. of patients (%) 

Liver disease 35 (77.8) 
Chronic hepatitis C 22 (48.9) 
Chronic hepatitis Band C 1 (2.2) 
HCV -related liver cirrhosis 2 (4.4) 
HCV-related hepatocellular carcinoma 2 (4.4) 
Chronic hepatitis B 3 (6.7) 
Asymptomatic HCV carrier 1 (2.2) 
Alcoholic liver disease 3 (6.7) 

alcoholic liver disease 
liver cirrhosis 
fatty liver 

Constitutional jaundice 

No evidence of liver disease 

1 
1 
1 
1 (2.2) 

10 (22.2) 

disease, and negative for HBsAg, anti-HCVand HCV RNA. However, our 
results showed that OLP was observed not only in patients with severe 
liver dysfunction but also in patients without it. 

High Prevalence of Anti-HCV and RNA in Patients with 
Head and Neck SCC 

Anti-HCV or HCV RNA were detected in sera from 51 (16.7%) or 35 
(11.5%) of305 patients with head and neck SCC (P < 0.01 or P < 0.001 vs 
patients with nonmalignant disease) and sera from 18 (6.5%) or 10 (3.6%) 
of 276 of patients with nonmalignant disease, respectively (Fig. 2). These 
results demonstrate a higher prevalence ofHCV infection in patients with 
head and neck SCC than in patients with nonmalignant disease of the 
same area. 

High Incidence of Oral Precancerous Lesions in a 
Hyperendemic Area of HCV Infection 

To clarify the rate of oral cancer and precancerous lesions in patients with 
HCV infection, we analyzed the relationship between these diseases 
and HCV infection, involving the mass screening of inhabitants of a 
specific geographic area. A total of 685 adult inhabitants in H town, 
a hyperendemic area of HCV infection, participated in the study. 
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OLP, leukoedema, or leukoplakia were observed in 10 (1.5%),82 (12%), 
or 47 (6.9%) subjects, respectively (Table 2). The incidences of OLP, 
leukoedema, and leukoplakia in the subjects with Hev infection were 
significantly higher than in those without Hev. Although no one had oral 
cancer, these results indicated that Hev may play an important role in 
oral cancer and related precancerous lesions. 

While there is no doubt that a small percentage of leukoplakia cases 
are premalignant and some may be invasive carcinoma at presentation, 
leukoedema is an abnormality of the buccal mucosa which clinically 
resembles early leukoplakia, but appears to differ from it in certain 
respects. 
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Table 2. Subject characteristics of oral precancerous lesions in a hyperendemic area 
of hepatitis C virus (H CV) infection 
Clinical features Total OLP Leukoedema Leukoplakia 

Subjects (%) 685 10 (1.5) 82 (12.0) 47 (6.9) 
Age (years) 56.1 ± 16.1 60.8 ± 11.6 62.0 ± 15.7 58.1 ± 16.5 

(mean ± SO) 
Sex (male/female) 295/390 812 58/24 31116 
Anti-HCV (+) (%) 84 (12.3) ''''('')] 18/84 (21.') j 18/84 (21A)] 
HCV RNA (+) (%) 61 (8.9) 4/61 (6.6)j 14/61 (23.0)J 15/61 (24.6)3 d 

Anti-HCV (-) and 
HCV RNA (-) (%) 591 (86.3) 6/591 (1.0) 60/591 (10.2) 26/591 (4.4) 

SO, standard deviation; (+), positive; ( - ), negative. 
a P < 0.01; b P < 0.001; , P < 0.01; d P < 0.000001; , P < 0.0000001, chi-squared test. 

Moreover, our study also emphasized the need for periodic examina­
tion of the oral cavity in patients with HCV. 

HCV RNA Detection in Oral Cancer and OLP Tissue 

We investigated the existence ofHCV RNA in 17 oral cancer and 19 OLP 
tissues from subjects with and without antibody to HCV (Table 3). A 
sensitive RT-nested PCR detected HCV RNA in all tissues from antibody­
positive patients. In oral cancer tissues, positive and negative HCV RNA 
strands were observed in 7 (717,100%) and 5 (517, 71.4%) tissues, respec­
tively. Neither positive nor negative strands were present in oral cancer 
and nonmalignant tissue from those who were HCV antibody-negative. 

In OLP tissues, a sensitive RT-PCR detected HCV RNA in 13 of 14 
tissues from antibody-positive patients. Positive and negative HCV RNA 
strands were observed in 13 (92.9%) and 3 (21.4%) OLP tissues, respec­
tively. On the other hand, neither positive nor negative strands were 
present in OLP tissue from those who were HCV antibody-negative. 
These results indicate that HCV persists and replicates in oral cancer and 
OLP lesions, suggesting a pathological role of HCV in these diseases. 

Immunohistological Staining in OLP Tissues 

The expression of HCV envelope protein was determined by immuno­
histochemistory using a monoclonal antibody to HCV envelope protein. 
Envelope antigen was expressed on the cytoplasm of mucoepidermis 
cells. 
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Conclusion 

(1) We have reported extrahepatic manifestations which include OLP 
and oral cancer. We found new evidence for the high prevalence of anti­
body and RNA of HCV in oral cancer and OLP patients in the Northern 
Kyusyu district of Japan, where the prevalence of anti-HCV is the highest 
in the country. The results in this study would call attention to physicians 
and dentists to investigate liver disease and HCV infection in patients 
with oral cancer and OLP. 

(2) We have investigated a prevalence of HCV infection in pa­
tients with head and neck SCC in Japan. The results demonstrate, at the 
national level, a higher prevalence ofHCV infection in patients with head 
and neck SCC than in patients with nonmalignant disease of the same 
area. 

(3) We have investigated the incidence of oral precancerous lesions 
among the inhabitants in an HCV hyperendemic area. The incidences of 
OLP, leukoedema, and leukoplakia in subjects with HCV infection were 
significantly higher than in those without HCV. These results indicate 
that HCV persists and replicates in oral cancer and OLP lesions, suggest­
ing a pathological role of HCV in these diseases, although the mecha­
nisms are unclear. 

(4) Taken together, our results indicated that HCV may play an im­
portant role in oral cancer and related precancerous lesions. Moreover, 
our study also emphasized the need for periodic examination of the oral 
cavity in patients with HCV. 
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Hepatitis C Virus Nonstructural Region SA 
Protein: A Potent Transcriptional Activator 

NAOYA KATO, KENG-HSIN LAN, SUZANE KIOKO ONo-NITA, 
HIDEO YOSHIDA, YASUSHI SHIRATORI, and MASAO OMATA 

Introduction 

Hepatitis C virus (HCY) is a positive-stranded RNA virus of genomic size 
of approximately 10 kilobases which is distantly related to the fiaviviruses 
and the pestiviruses of the fiavivirus family [1,2]. HCY RNA is detected in 
the serum of patients with non-A, non-B hepatitis using the assay method 
of reverse transcription followed by the polymerase chain reaction (RT­
PCR). RT-PCR analysis of HCY RNA shows that the majority of anti­
HCY-positive patients with chronic liver disease are HCY carriers [3]. 
The HCY genome contains a large open reading frame encoding a 
polyprotein precursor of 3010-3033 amino acids and an untranslated 
region (UTR) at the 5' and 3' ends of the genome. The putative organiza­
tion of the HCY genome includes the 5' UTR, 3 structural proteins, 7 
nonstructural (NS) proteins, and the 3' UTR, in order from the 5' end [4]. 
One of the NS proteins, NS5A protein, is a serine phosphoprotein with 
two isoforms, p56 and p58 (the hyperphosphorylated form of p56) [5]. 
Clinically, a close association was demonstrated between mutations in the 
NS5A gene of HCY-1b and the response to interferon-a in patients with 
chronic active hepatitis [6,7]. Recently, the NS5A protein was shown 
to bind interferon-induced antiviral protein, PKR (double-stranded 
RNA-dependent protein kinase), and inhibit its kinase activity [8]. How­
ever, the function of the NS5A protein is still not fully understood. The 
NS5A protein was found to possess a nuclear localization-like signal 
sequence and to be localized in the nuclear periplasmic membrane frac­
tion, so it seems that it may have some function related to transcription or 
translation [9]. 

Second Department of Internal Medicine, Faculty of Medicine, University of Tokyo, 
7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8655, Japan 
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In this study we show that amino-terminal (N-terminal) deleted-HCV 
NSSA protein fused with DNA-binding domain (DNA-BD) of GAL4, a 
yeast transcriptional activator, strongly activates transcription in yeast 
and mammalian cells (Huh7 human hepatoma cells) [10]. In addition, the 
transcriptional activation domain of the NSSA protein was analyzed using 
deletion mutants. 

Materials and Methods 

Construction of pGBT9-NSSA Plasmids 

HCV RNA was extracted from the sera of patients with chronic hepatitis 
C type lb using SepaGene-RV (Sankyo Junyaku, Tokyo, Japan). HCV 
genotyping was performed using PCR with type-specific primers [11]. 
The nucleotide sequences ofthe synthetic primers used in the RT -nested 
PCR are listed in Table 1. Part of the HCV NSSA region was amplified by 

Table 1. PCR oligonucleotide primers used to construct the pGBT9-NS5A and pM­
NS5A plasmids 

Primer Sequence" Positionb 

Sense primer 
FK 5'-CTCTCCAGCCTTACCATCAC-3' 6171-6190 
F5 5'-cgcggaTCCGCTCCGGCTCGTGGCTAAAGGA-3' 6246-6265 
FlO 5'-TGGATGGAGTGCGGTTGCACAGGTA-3' 6703-6727 
Fll 5' -cgcggatcCCGGCGTGCAGACCTCTCCT -3' 6732-6751 
F14 5' -cgcggatccACAAGGTGGTGGTCCTAGACT -3' 7072-7092 
F15 5' -cgcggatccGGACGGTTGTCCTGACAGAGTC-3' 7321-7342 
F16 5' -cgcggatccCTTCAGCTAGCCAGTTGTCTG-3' 6931-6951 
F18 5' -cgcggatcCGGGTGGGGGATTTCCACT A-3' 6612-6631 
F19 5'-cgcggatcCATGTCAAAAACGGTTCCATGA-3' 6441-6462 
F20 5' -cgcggatCCCCGAATTCTTCACGGAAT -3' 6683-6702 

Antisense primer 
RK 5' -TCCTTGAGCACTGCCCGGTA-3' 7795-7776 
R5 5' -cgcggatccGCAGCAGACGATGTCGTCGC-3' 7586-7567 
R9 5' -cgcggatccCCTCTTTCTCCGTGGAGGTGG-3' 7322-7302 
R13 5' -cgcggatccATTCTCTGACTCCACACGGGTGA-3' 7073-7051 
R17 5'-cgcggatccAGAGTGGCCAAGGAGGGGG-3' 6932-6913 

"Nucleotides complementary to the HCV genome are in upper case. BamHI sites are 
underlined. 
bThe position is relative to the position in the prototype HCV type 1b, HCV-J [37]. 
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RT-seminested PCR using primers FlO and R9 in the first PCR, and 
primers Fll and R9 in the second PCR. RT-PCR was performed as previ­
ously described [12]. Amplified products were digested with BamHI and 
then cloned into the BamHI site of pGBT9 (Clontech Laboratories, Palo 
Alto, CA, USA), a yeast expression vector, to generate a fused protein 
of NSSA and GAL4 DNA-BD. Cloned plasmids were purified using the 
Qiagen plasmid kit (Qiagen, Hilden, Germany). Nucleotide sequencing 
of the cloned plasmids, pGBT9-NSSA/UKI and pGBT9-NSSA/UK2, from 
different patients with chronic hepatitis C type Ib, was performed using 
an autosequencer (PE Applied Biosystems, Foster City, CA, USA) and the 
dye-termination method, as described previously [13]. The amino acid 
sequences of the NSSA/UKI and NSSA/UK2 segments were then com­
pared using the computer software package Genetyx-Mac (Software 
Development, Tokyo, Japan). 

Transformation of Yeast with pGBT9-NSSA and ~-Galactosidase Assay 

Experiments with yeast and mammalian cells were performed using the 
TransAct assay kit (Clontech). The yeast reporter strain used was Y187 
(genotype: MATa, ura3-S2, his3-200, ade2-1Ol, trpl-90l, leu2-3, 112, 
gal4L'l, met-, ga180L'l, URA3::GALluAs-GALlTATA-lacZ) containing an inte­
grated lacZ reporter construct which was regulated by the wild-type GALl 
promoter (Clontech). Yeast cells were made competent for transforma­
tion by treatment with lithium acetate as described previously 
[14]. pCLl (Clontech), a yeast expression plasmid encoding the full­
length wild-type GAL4, was used as a positive control, and pGBT9-HA 
(Clontech), a yeast expression plasmid encoding a DNA-BD/hemaggluti­
nin epitope fusion protein, was used as a weak-positive control. Com­
petent cells were transformed with pGBT9, pCLl, pGBT9-HA, 
pGBT9-NSSAIUKl, or pGBT9-NSSA/UK2. ~-Galactosidase activity was 
determined using o-nitrophenyl ~-D-galactopyranoside as the substrate 
as previously described [IS]. Assays were performed in triplicate. 

Construction of pM -NSSA Plasm ids 

HCV RNA was extracted from the serum of a 53-year-old male patient 
with HCV type Ib chronic active hepatitis as above. The full-length NSSA 
region was amplified by the long RT -nested PCR method using the LA 
RT-PCR kit (Takara Shuzo, Kyoto, Japan), with primers FK and RK for 
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the first PCR and primers F5 and R5 for the second PCR. The amplified 
product was digested with BamHI and then cloned into the BamHI site of 
pM (Clontech), a mammalian expression vector, to generate a DNA-BD/ 
NS5A hybrid protein under the control of an SV40 promoter. Subsequent 
PCRs using pM-NS5A/F5-R5 (full-length NS5A-cloned pM) as the tem­
plate were performed using primers of various NS5A regions to prepare 
various deletion mutants (Table 1). PCR products were digested with 
BamHI and then cloned into the BamHI site of pM. Nucleotide sequences 
of these plasmids were determined using an auto sequencer. 

Transfection of pM-NS5A into Huh7 Cells 

Huh7 cells (Human Science Research Resource Bank, Osaka, Japan) were 
grown in RPM I 1640 supplemented with 0.5% fetal bovine serum (FBS) 
and 10% lactoalbumin at 37°C in 5% CO2 atmosphere [16]. Approxi­
mately 1 X 106 Huh7 cells were plated onto 6-cm tissue culture plates 
(Iwaki Glass, Chiba, Japan) 24h before transfection. Transfection of 
plasmids into Huh7 cells was performed using Lipofectamine (Life Tech­
nologies, Rockville, MD, USA). The efficiency of transfection was checked 
by cotransfection of the ~-galactosidase expression plasmid pCMV~ 
(Clontech) with a series ofpM-NS5A plasmids and pG5CAT (Clontech), 
a chloramphenicol acetyltransferase (CAT) reporter plasmid possessing 
five GAL4 binding sites and an adenovirus Elb minimum promoter up­
stream from the CAT gene. Briefly, transfection was carried out by adding 
to each tissue culture plate 3 ml Opti-MEM I reduced serum medium (Life 
Technologies) containing 2.5 Ilg pM-NS5A, 2.5 Ilg pG5CAT, 1 Ilg pCMV~, 
and 24 III Lipofectamine. pM3-VP16 (Clontech), a mammalian expression 
plasmid encoding the herpes virus protein VP16 fused with GAL4 DNA­
BD, was used for positive control. After 16h, 3ml RPM I 1640 supple­
mented with 1 % FBS and 20% lactoalbumin was added to each dish. After 
24 h, the medium was changed to regular medium. 

CAT Assay 

Cells were harvested 48 h after transfection. CAT assays were carried 
out as described previously except that I-deoxy[ dichloroacetyl-l-
14C]chloramphenicol (Amersham International, Buckinghamshire, UK) 
was used as the substrate [15]. Assays were performed in triplicate. Auto­
radiography was performed and CAT activity was quantified using a 
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BAS2000 image analyzer (Fuji Photo Film, Tokyo, Japan) and normalized 
for transfection efficiency based on ~-galactosidase activity. 

Results 

~-Galactosidase Assay of pGBT9-NSSA 

pGBT9-NSSAlUKI and pGBT9-NSSA/UK2 transformants exhibited 
marked ~-galactosidase activity when assayed in liquid culture. ~­

Galactosidase units were calculated as described previously [17]. Data are 
shown in Table 2. The activities ofpGBT9-NSSAlUKI and pGBT9-NSSAI 
UK2 transformants were 90- and 2S-times higher, respectively, than the 
activity of the pGBT9-HA transformant, the weak-positive control. 
Amino acid sequence analysis showed that the homology between the 
NSSA/UKI segment and the NSSA/UK2 segment was 8S% (168 amino 
acid residues were identical out of 197 amino acids) (Fig. 1). 

CAT Assay of pM -NSSA 

The N-terminal (146 amino acids (aa» deletion mutants of the HCV 
NSSA protein fused with GAL4 DNA-BD (pM-NSSA/F20-RS) showed 
strong transcriptional activation, but the plasmid expressing the full­
length HCV NSSA protein (pM-NSSA/FS-RS) showed no transcriptional 
activation (Fig. 2). 

Of the N-terminal deletion mutants, pM-NSSA/FI9-RS (aa 2038-2419) 
and F18-R5 (aa 2095-2419) showed weak or no transcriptional activation, 
but the longer deletion mutants, F20-RS (aa 2119-2419) and F11-RS (aa 

Table 2. ~-Galactosidase activities of the pGBT9 
plasmids 

~-Galactosidase activity 
(units) 

Plasmids Mean SD 

pGBT9 0.1 0.05 
pGBT9-HA 0.2 0.03 
pCL 338 59 
pGBT9-NS5A1UKl 18 3 
pGBT9-NS5A1UK2 5 
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2135 
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Fig. 1. Amino acid sequences of the NS5A1UKl segment and NS5A1UK2 segment. 
Numbers represent the amino acid position of the prototype hepatitis C virus (HCV) 
type lb, HCY-J [37]. Two acidic regions are underlined; a proline-rich region is 
double-underlined 
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Fig. 2a,b. Identification of the HCY NS5A segment responsible for transcriptional 
activation. a Bars represent the segments of the HCY NS5A protein which are present. 
Solid bars, hatched bars, and open bars indicate the HCY NS5A protein mutants that 
activate transcription strongly, poorly, or not at all, respectively. Numbers indicate the 
amino acid position in the prototype HCY type lb, HCY -J [37]. ARl, acidic region 1; 
AR2, acidic region 2; PRR, proline-rich region; ISDR, interferon sensitivity determin­
ing region. b Chloramphenicol acetyltransferase (CA n activity was normalized by 
taking the highest activity (pM-NS5A/Fll-R9) as 100. Results are expressed as the 
mean of three experiments, shown by solid bars 



Hev NS5A Protein: A Potent Transcriptional Activator 51 

2135-2419), showed strong transcriptional activation, and the even 
longer deletion mutants, FI6-RS (aa 2202-2419), FI4-RS (aa 2249-2419), 
and FIS-RS (aa 2332-2419), showed weak or no transcriptional activa­
tion. The carboxy-terminal (C-terminal) (88 amino acids) deletion mu­
tants showed a similar pattern as the N-terminal deletion mutants. That 
is, of these C-terminal deletion mutants, pM-NSSA/FS-R9 (aa 1973-2331), 
F19-R9 (aa 2038-2331) and F18-R9 (aa 2095-2331) showed little or no 
activity, but F20-R9 (aa 2119-2331) and F11-R9 (aa 2135-2331) activated 
transcription strongly, and F16-R9 (aa 2202-2331) and F14-R9 (aa 2249-
2331) showed weak or no transcriptional activation. The longer deletion 
mutants, pM-NSSA/F11-R13 (aa 2135-2248) still showed distinct tran­
scriptional activation, while F11-RI7 (aa 2135-2201), the N-terminal part 
ofF11-R13, and FI6-R13 (aa 2202-2248), the C-terminal part ofF11-RI3, 
showed weak or no transcriptional activation. Expression of the fusion 
proteins was examined by Western blot using soluble protein cell extracts 
and monoclonal antibody against GAL4 DNA-BD (Clontech) following 
standard Western blotting procedures (data not shown) [18]. 

Analysis of the NSSA protein deletion mutants revealed that the do­
main of transcriptional activation may exist within the Fll-R9 segment of 
the HCV NSSA protein (aa 2135-2331), because other deletion mutants 
(pM-NSSA/FI6-R9, FI4-R9, F11-R13, FI6-R13, and F11-RI7), which have 
longer deletions, showed weak or no transcriptional activation. A repre­
sentative result of the CAT assay is shown in Fig. 3. The nucleotide 
sequence of the F 11-R9 segment was confirmed bidirectionaUy and then 
deduced into-amino acids (Fig. 4). The net charge of 30 sequential amino 
acids was measured at S-amino-acid intervals (see Fig. 5 for charge dis­
tribution within the NSSA/F11-R9 segment). Analysis of the amino acid 
sequence of the F11-R9 segment revealed that the purported transcrip­
tional activation domain contained two acidic regions (ARI and AR2) 
and one proline-rich region (PRR). The HCV NSSA/Fll-R9 segment 
showed no homology with previously reported amino acid sequences as 
analyzed using the Genetyx-Mac/CD computer software package. 

Discussion 

The NSSA protein is a serine phosphoprotein with two isoforms, pS6 and 
pS8. The pS8 isoform is a hyperphosphorylated form of pS6, and its 
presence depends on the presence ofNS4A protein [5]. The NSSA protein 
possesses a nuclear localization-like signal sequence and is present in the 
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Fig. 3. Representative eAT assay of transcriptional activation by pM-NS5A. pM3-
VP 16 was used as the positive control; VP 16 is a herpes virus protein which is a strong 
transcriptional activator. pM is a wild-type plasmid used as the negative control 
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Fig. 5. Purported functional regions and charge distribution within the Fll-R9 seg­
ment of the HCV NS5A protein. Shown is the net charge of 30 sequential-amino-acids 
measured at 5 amino acid intervals. Numbers indicate the amino acid position in the 
prototype HCV type 1b, HCV-J [37]. ARl, acidic region 1; AR2, acidic region 2; PRR, 
proline-rich region; ISDR, interferon sensitivity determining region 

nuclear periplasmic membrane fraction, which indicates that it may have 
some function related to transcription or translation [9]; however, its 
function is still unknown. We have found that the NS5A protein deleted of 
its 146 N-terminal amino acids exhibited strong transcriptional activa­
tion. Analysis of various NS5A deletion mutants shows that the domain 
oftranscriptional activation should exist within the Fll-R9 segment (197 
amino acids, from 2135 to 2331) of the HCV NS5A protein. This segment 
contains two acidic regions, ARI and AR2, and one proline-rich region, 
PRR. ARI consists of 42 amino acids (from 2143 to 2184 of the HCV NS5A 
region) with 7 acidic residues (Glu or Asp) (170/0), and AR2 consists of 54 
amino acids (from 2220 to 2273) with 16 acidic residues (Glu or Asp) 
(30%). PRR consists of 46 amino acids (from 2282 to 2327) with 16 proline 
residues (35%). These acidic and proline-rich domains in addition to a 
glutamine-rich domain are considered consensus motifs of a transcrip­
tional activation domain [19-21]. As examples, an acidic domain exists in 
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GAL4 and GCN4 of yeast and YP16 of herpes simplex virus [22-24]. A 
proline-rich domain exists in CTF/NF1, Jun, AP2, and Oct2 [25]. Al­
though the actual contribution to transcriptional activation of the AR1, 
AR2, and PRR domains is as yet unknown, their contribution seems to be 
cooperative since mutants with more extensive deletions showed weak or 
no transcriptional activation. ARI and AR2 seem to be essential for tran­
scriptional activation, and although PRR seems not to be essential for 
transcriptional activation it seems to enhance it, since the pM-NS5A/Fll­
R13 mutant, lacking the PRR of the pM-NS5A/Fll-R9 mutant, showed 
distinct transcriptional activation. 

The full-length HCY NS5A protein fused with GAL4 DNA-BD did not 
activate transcription. The 146 N-terminal amino acids may mask the 
function of transcriptional activation. It may be that the 146 N-terminal 
amino acids are a regulatory region. For example, HCY NS4A protein (p4) 
was found to bind to the N-terminal region of the NS5A protein, and the 
NS5A protein is hyperphosphorylated at serine residues in a NS4A­
dependent manner [26]. Therefore, it may be possible that the NS4A 
protein functions as a regulatory factor. A similar phenomenon has been 
demonstrated for hMTF-l, a heavy metal-responsive transcription regu­
lator in humans. Full-length hMTF-l shows only weak transcriptional 
activation in the absence of heavy metals. The N-terminal part ofhMTF-
1 is a regulatory domain for metal induction. Therefore, hMTF-l with the 
N-terminal region deleted shows transcriptional activation when fused to 
GAL4 DNA-BD [27]. 

Although the HCY NS5A protein is shown to be a potent transcrip­
tional activator, its actual function is still not known. HCY is a causative 
agent of hepatocellular carcinoma which occurs allover the world, al­
though the mechanism is still unknown [28-30]. It may be possible that 
the NS5A protein plays a role in hepatocarcinogenesis, since many other 
viral proteins that playa role in carcinogenesis often function as tran­
scriptional activators. Actually, retrovirus oncogenes such as myc, fos, 
jun, myb, ReI, maf, and Ets are all DNA-binding transcriptional activa­
tors. The human T-cell leukemia virus type 1 oncogene Tax (transcrip­
tional activator coded in the X-region) is also a transcriptional activator 
but it has no DNA-binding ability [31]. In fact, DNA virus oncogenes 
such as adenovirus early region lA (EIA), simian virus 40 (SY40) large 
T antigen, and papillomavirus E6/E7 are transcriptional activators that 
have no DNA-binding ability [32-34]. Recently it was shown that NIH 3T3 
mouse fibroblasts could be transformed with HCY NS3 cDNA and were 
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then tumorigenic in nude mice [35]. Transformation of cells with the 
NS5A protein should be investigated with respect to oncogenic activity. 

In a recent study, the amino acid residues 2209 to 2248 (interferon 
sensitivity determining region, ISDR) of the HCV-lb NS5A protein were 
implicated in responsiveness to interferon-a therapy in patients with 
chronic active hepatitis and serum HCV RNA level [6,7]. The NS5A Fll­
R9 segment (aa 2135-2419) contains the ISDR (aa 2209-2248). Thus, it 
may be that the NS5,A protein affects response to interferon and viral 
replication through the function of transcriptional activation by regulat­
ing the transcription of certain cellular factors that have antiviral function 
or playa role in replication. Mutations in this region affected transcrip­
tion in yeast (Table 1 and Fig. 1) as well as in Huh7 cells (unpublished 
data). Sequence analysis of many strains of HCV revealed that there is a 
high degree of interstrain as well as intrastrain nonhomology, which 
suggests that different strains with different capacities for transcriptional 
activation may be a reason for the clinical differences between patients 
infected with different strains of HCV [36]. 

The results of this study clearly show that the HCV NS5A protein is a 
potent transcriptional activator. However, its DNA-binding ability, cellu­
lar target, and the relationship between its activity and state of phospho­
rylation are still not known. Further investigations are necessary to 
elucidate the functions of this protein. 
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Natural Variation in Translational Activities 
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Long Range RNA-RNA Interaction Outside of 
the Internal Ribosomal Entry Segment 

MASAO HONDA\ GEOFF ABELL2, SHUICHI KANEKO\ 
KENICHI KOBAYASHII and STANLEY M. LEMON2 

Introduction 

Hepatitis C virus (HCV) is a positive-stranded, enveloped RNA virus 
which is classified within the hepacivirus genus of the family Flaviviridae 
[1]. There is extensive genetic heterogeneity among different HCV 
strains, with at least six major genotypes and a series of related subtypes 
recognized thus far [2,3]. Among these, genotype 1 is predominant world­
wide and comprised of two major subtypes, genotypes la and Ib [2]. 
Although some clinical studies have found no differences in the clinical 
expression of liver disease that are related to the genotype of the infecting 
virus [4], others have suggested that genotype Ib infections may be 
more resistant to interferon therapy [5,6], and may confer greater 
risk for development of hepatocellular carcinoma than infection with 
nongenotype Ib strains including genotype la viruses [7]. 

We noted previously that the 5' nontranslated RNA (5'NTR) of a geno­
type la virus (Hutchinson strain, or HCV-H) directed translation with 
greater efficiency than that of a genotype Ib virus (HCV-H) when placed 
in the context of nearly genomic-length viral RNA [8]. We found the 
internal ribosomal entry sequence (IRES) of the genotype la virus to be 
about twofold more active than the genotype Ib virus, both in a cell­
free translation system and in transfected Huh-T7 cells in vivo [8]. The 
sequences of the HCV-H and HCV-N 5'NTRs differ at only seven base 
positions, grouped at four locations within the 5'NTR (Fig. 1). 
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Kanazawa 920-8640, Japan 
2Departments of Microbiology and Immunology, The University of Texas Medical 
Branch at Galveston, Galveston, TX, 77555-1019, USA 
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Fig. 1. Proposed secondary and tertiary RNA structures within the 5' nontranslated 
RNA (5'NTR) and the immediately downstream segment of the long open reading 
frame of the genotype Ib hepatitis C virus (HCV)-N virus. The circled nucleotides 
indicate differences between the sequences of HCV-N and the genotype la HCV-H 
virus, which are clustered into four groups: UGA, GA, Ap and A2 
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Here, we report that the difference in the translational activities of 
these two viruses is due to the presence of a AG dinucleotide sequence 
located at nucleotides (nts) 34-35 of the genotype Ib 5'NTR. This dinucle­
otide sequence is GA in the translation ally more active genotype la 
5'NTR. Although the AG dinucleotide sequence is upstream of the mini­
mal essential IRES, it nonetheless exerts an inhibitory effect on IRES 
activity. However, this inhibitory effect is observed only when the 5'NTR 
is fused in its natural context to the HCV open reading frame. These 
results suggest the existence of a previously unrecognized interaction 
between RNA located upstream of the IRES, and a distant downstream 
sequence within the capsid coding region. 

Results 

HCV-H and HCV-N Translation in Rabbit Reticulocyte Lysate 

To better quantify the difference in translational activities of the IRESs of 
HCV-N and HCV-H, we examined the ability of RNAs transcribed from 
pN-C~El and pH-C~E1 to direct translation of HCV proteins in rabbit 
reticulocyte lysate. These transcripts contain the 5'NTR sequences of 
HCV-N and HCV-H, respectively, fused naturally to nts 342-1357 of the 
open reading frame of HCV-N virus (Fig. 2a). The in vitro translation 
reactions (25 ~l each) were programmed with 0.25-2 ~g RNA (l0-80 ~gl 
~l), and supplemented with microsomal membranes to allow signalase 
cleavage at the capsid-El junction. The major products of translation 
included the 21kDa capsid protein, a 30kDa truncated, glycosylated El 
protein (~El), and a 34kDa unprocessed precursor protein (C-~El) (Fig. 
2b). At each RNA concentration, greater quantities of all of these proteins 
were produced by the HCV -H transcripts (Fig. 2b). On average, pH -C~El 
transcripts produced a 2A-fold greater quantity of the capsid protein and 
1.8-fold greater quantity of ~El, compared with pN-C~El transcripts. 

Genetic Basis of the Difference in Translational Activities of 
Genotype la (HCV-H) and Genotype Ib (HCV-N) 5'NTRs 

The 5'NTR sequences of the HCV-H and HCV-N viruses differ at seven 
nucleotide positions. These are grouped at four locations within the 
5'NTR: nts 11-13, 34-35, 204, and 243 (Fig. 1). To determine which of 
these differences in the nucleotide sequences of the 5'NTRs were respon-



62 M. Honda et al. 

BamHl 
1 342 1357 

a T7 15'NTR(N or H) 1 .... __ c_a_p_S_id __ ....L.. ___ E_1_----'1 

b 

kDa 
200-

... 
w 
--:; 
o 
:i: 
a. 

1 

0 .5 119 0 .25 119 
•• II ... ... ... ... ,... .,.... ,... 

w w w w w w w oct 
<: ..., --:; .,.. .... <: z 
0 u u u u c,j u a: 
:Z :i: :Z :i: :Z :i: :Z 0 
a. a. a. a. a. a. a. Z 

-c- El 
- El 

-c 

23456789 

Fig.2. a Schematic depicting the organization of the RNA transcripts which were used 
to program reticulocyte lysate for translation. The solid line depicts non translated 
RNA, while the sequence encoding the HCV proteins expressed by these transcripts is 
represented by the open box. b SDS-PAGE of products of translation from rabbit 
reticulocyte lysate programmed with 2 (lanes 1 and 2), 1 (lanes 3 and 4), 0.5 (lanes 5 
and 6), 0.25 (lanes 6 and 8), or 0 (lane 9) fig RNA derived from pH-C~El (containing 
the 5'NTR ofHCV-H, lanes 1, 3, 5, and 7) or pN-C~El (containing the 5'NTR ofHCV­
N, lanes 2, 4, 6, and 8) per 25 fil reaction 

sible for the difference in translational activity, we constructed a series of 
chimeric 5'NTR constructs in which the four nucleotide substitution 
groups present in the HCV -H sequence (Fig. 1) were systematically intro­
duced into the background of the HCV -N sequence in pN-C~El (Fig. 3a). 
Plasmids pN-UGA, pN-GA, pN-Ap and pN-A2 contain the HCV-H sub­
stitutions at nts 11-13 (GAU ~ UGA), nts 34-35 (AG ~ GA), nt 204 
(C ~ A), and nt 243 (G ~ A), respectively. The amounts of capsid and 
~El proteins produced from pN-GA transcripts (Fig. 3b, lane 4) were 
nearly equivalent to those produced by pH-C~E1 transcripts (lane 2), 
while pN-UGA, pN-Ap and pN-A2 transcripts (lanes 3, 5, and 6) had 
translational activities approximating RNA transcribed from pN-C~El 
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gions are shown as rectangles, while noncoding RNA is shown as a solid line. The map 
positions of the base substitutions are shown at the bottom of the figure. b SDS-PAGE 
of products of translation from reticulocyte lysate programmed with RNAs tran­
scribed from the plasmids depicted in a. The two panels represent results from sepa­
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(lane 1). Thus, these results suggest that the difference in sequence at nts 
34-35 is primarily responsible for the observed variation in the transla­
tional activities of the HCV-H and HCV-N 5'NTRs. 

This was confirmed by the analysis of additional chimeras which 
contained combinations of two nucleotide substitution groups: pN­
UGA·GA, pN-UGA·A j , pN-UGA·A2 , pN-GA·A j , pN-GA·A2, and pN­
Aj ·A2 (Fig. 3a). RNA transcripts derived from pN-UGA·GA, pN-GA·AJ 

and pN-GA·A2 (Fig. 3b, lanes 10, 13, and 14) were translated with an 
efficiency equivalent to pH -C~E1 (lane 9). All of these transcripts contain 
the GA substitution at nts 34-35. In contrast, translation of the remaining 
chimeric transcripts, which all contain AG at this locus (pN-UGA· AI> pN­
UGA· A2 , and pN-AJ • A2, Fig. 3b, lanes 11, 12, and 15) did not exceed 
that of pN-C~E1 RNA (lane 8). These findings were reproducible 
and confirmed by PhosphorImager analysis (data not shown). They 
strongly support the conclusion that the AG ~ GA substitution at nt 34-
35 is responsible for the increased translational activity of the HCV-H 
5'NTR. 

Base Substitutions at nts 34-35 Influence the Efficiency of Internal 
Initiation of Translation Only on RNA Transcripts Containing the 
Complete Capsid Coding Region 

In an effort to develop a sensitive reporter assay allowing measurement of 
IRES activity in vivo, we constructed plasmids in which sequence encod­
ing the reporter protein, firefly luciferase, was fused in-frame at nt 408 
of the HCV sequence in pN-C~E1 and pH-C~E1, thus replacing the 
sequence downstream of nt 66 of the HCV open reading frame (pN-CLuc 
and pH -CLuc, Fig. 4a). We also constructed dicistronic variants of these 
plasmids, in which sequence encoding CAT was placed upstream of the 
HCV 5'NTR (pCAT-N-CLuc and pCAT-H-CLuc, Fig. 4a). Surprisingly, we 
found that the type of 5'NTR sequence (HCV-H or HCV-N) had no 
influence on the translational efficiency of either the monocistronic (Fig. 
4b, lane 1 vs 2) or dicistronic transcripts (lane 3 vs 4). 

In contrast to these results, dicistronic transcripts in which the trun­
cated HCV open reading frame (C~E1) represented the downstream cis­
tron (pCAT-N-C~E1 and pCAT-H-C~E1, Fig. 4a) retained the increased 
translational activity observed with the HCV -H 5'NTR in earlier analyses 
of monocistonic transcripts containing only HCV sequence (Figs. 2 and 
3). The greater translational activity of the HCV-H 5'NTR was evident 
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Fig. 4. a Organization of mono- and dicistronic T7 transcriptional units within the 
indicated plasmids. Protein coding regions are shown as rectangles, while non coding 
RNA is shown as a solid line. The downstream cistrons are under translational control 
of the HCV 5'NTR, and contain the luciferase reporter protein-coding sequence (Luc) 
fused to nt 407 of the HCV sequence (codon 22 of the open reading frame), or the 
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monocistronic (left panel) or dicistronic (right panel) RNAs transcribed from the 
plasm ids depicted in a. In lanes 7, 8, and 10, reactions were supplemented with 
microsomal membranes [MM(+)] while reactions in lanes 1-6 and 9 did not contain 
membranes [MM(- )]. The gel positions of the capsid (e) , AE1, nonprocessed e-LJE1, 
luciferase, and CAT protein products are shown at the right 



66 M. Honda et al. 

whether these reaction mixes were supplemented (Fig. 4b, lane 7 vs 8) or 
not supplemented (lane 5 vs 6) with microsomal membranes. Thus, al­
though the base substitutions at nts 34-35 of the HCV-H 5'NTR are 
primarily responsible for its greater translational activity, the difference 
in translational activity that these substitutions confer is only evident 
when the translated sequence contains native HCV sequence downstream 
ofnt 408. 

To further define the downstream sequence required for the enhanced 
translational activity of the HCV -H 5 'NTR, we compared nearly genomic­
length dicistronic RNA transcripts containing the HCV-H or HCV-N 
5'NTRs fused naturally to the HCV-N sequence extending to nt 9454 of 
the HCV genome (plasmids pCAT/N and pCATIH) (Fig. Sa). While these 
RNAs produced equivalent amounts of CAT in reticulocyte lysate, 
PhosphorImager analyses indicated that 1.8-fold more capsid protein was 
produced from pCATIH than pCAT/N (Fig. 5b). Thus, the inclusion of 
HCV sequence beyond the truncated C~El segment did not influence the 
relative translational activities of the HCV-H and HCV-N 5'NTRs. We 
next examined the translational activities of dicistronic transcripts which 
contained only the capsid coding sequence within the downstream cis­
tron. These RNAs were prepared by runoff transcription of M ulI -digested 
pCAT-N-C~E1 and pCAT-N-C~El, and PhosphorImager analyses indi­
cated that 1.8-fold more capsid protein was produced from pCAT-H-C 
than from pCAT-N-C. 

Expression of the Capsid Protein is Not Required for the 
Enhanced Translational Activity of HCV-H 

The fact that we observed differences in the translational activities of the 
HCV-H and HCV-N 5'NTRs only when they were fused to the native HCV 
capsid sequence could be explained by differences in the interaction of 
these 5'NTRs with the capsid protein. Alternatively, the requirement for 
capsid sequence could reflect an interaction of this RNA with sequences 
within the 5'NTR. To distinguish between these two possibilities, we 
introduced frame shift mutations into the capsid coding sequence of 
pCAT-N-C~El and pCAT-H-C~El. The resulting plasmids, pCAT-N­
C~El(Fs) and pCAT-H-C~El(Fs) each contain two mutations: a -1 
frameshift at nt 409 and a + 1 frameshift at nt 769, the latter of which 
restores the original reading frame and maintains its patency to the end of 
the truncated El sequence (Fig. 6a). Thus, although transcripts produced 
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Fig. 6. a Organization of additional dicistronic T7 transcripts encoding CAT in the 
upstream cistron and HCV sequences in the downstream cistron. In pCAT-N­
CL1El (Ps) and pCAT-H-CL1El (Ps) transcripts, the HCV capsid coding sequences con­
tain -1 and + 1 frame-shift mutations at nts 409 and 769, respectively, resulting in 
the expression of the C(Fs) protein which contains nonsense sequence (solidly 
shaded segment) replacing much of the natural capsid sequence. Nucleotides 32-37 
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b PhosphorImager quantitation of the HCV capsid proteins produced in translation 
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from these plasmids differ by only 2 nts from the RNAs transcribed from 
pCAT-N-CL1E1 and pCAT-H-CL1E1, they encode a markedly altered 
capsid protein, C(Fs), which consists of nonsense sequence between 
residues 23 and 143, or for approximately 63% of its sequence. The signifi­
cantly greater quantities of these proteins were expressed from pCAT -H­
CL1E1(Fs) compared with pCAT-N-CL1E1(Fs) transcripts (Fig. 6b). These 
data strongly suggest that the difference in IRES activity is dependent 
upon the nucleotide sequence of the RNA, and not the amino acid se­
quence of the protein which it encodes. 

The AG Dinucleotide Sequence at nts 34-35 of HCV-N Has an 
Inhibitory Effect on IRES Function 

Since the nature of the sequence at nts 34-35 was found to have such an 
important effect on the translational activity of HCV transcripts, it was of 
interest to further investigate whether the sequence in this region is re­
quired for the internal initiation of translation on these RNAs. We created 
a 6nt deletion mutation (nts 32-37) in pCAT-N-CL1E1, resulting in the 
plasmid pCAT-N-CL1E1 (L132-37) (Fig. 6a). Interestingly, dicistronic 
transcripts derived from this plasmid retained robust IRES activity. The 
amount of capsid protein produced from the pCAT-N-CL1E1 (L132-37) 
transcripts (Fig. 6b) was approximately 2A-fold higher than transcripts 
from pCAT-N-CL1E1, and approximately equivalent to transcripts con­
taining the HCV-H 5'NTR. Thus, the sequence at nts 34-35 is not essential 
for IRES activity, and the presence of an AG dinucleotide at this position 
has an inhibitory effect on the activity of the IRES. 

Discussion 

Several studies suggest that genotype 1b infections may be relatively 
resistant to treatment with recombinant interferon-a [5,6], and perhaps 
are more likely to lead to development of hepatocellular carcinoma [7], 
despite the fact that levels of viremia appear to be equivalent in patients 
infected with either of these types of virus [9]. Preliminary data suggest 
that the proportion of patients infected with non-1 b genotypes is increas­
ing, largely because injection drug users are likely to be infected with 
genotypes 1a or 3a for unknown reasons [10]. Thus, it remains uncertain 
whether differences exist in the efficiency of virus transmission or patho­
genicity among HCV strains of different genotypes. 
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We had noted previously that the S'NTR of HCV-H, genotype 1a virus, 
was about twice as active as that ofHCV-N, genotype 1b virus, in directing 
the internal initiation oftranslation ofHCV RNA [8]. The present results 
indicate that this difference is due to the AG dinucleotide at nts 34-3S of 
the genotype 1b HCV-N virus (Fig. 3), which appears to suppress the 
activity of the downstream IRES when it is fused naturally to the HCV 
capsid coding sequence (Fig. 6). We found that the nucleotide sequence 
required for expression of the difference in translational activities lies 
between nts 408 and 929 of the HCV genome. The critical determinant is 
the RNA sequence, not the amino acid sequence of the protein which it 
encodes (Fig. 6). A further striking observation was that deletion of nts 
32-37, including the AG dinucleotide sequence, from the HCV-N S'NTR 
did not impair, but actually enhanced translation from dicistronic tran­
scripts. The fact that RNA sequences within the coding region as well as 
upstream of the IRES act cooperatively to influence the activity of the 
IRES suggests that these upstream and downstream RNA segments physi­
cally interact with each other in a fashion that may influence the second­
ary or tertiary structure of RNA within the IRES. 

We observed thatthe S'NTR of HCV -H was approximately 2-fold more 
active than the S'NTR ofHCV-N in directing the translation of the capsid 
protein both. Could such a minimal difference in translational activity 
lead to differences in replication capacity and possibly the pathogenicity 
of these viruses? It is not possible to answer this question at present in the 
absence of cell culture systems which are permissive for HCV infection 
and which mimic the replicative environment of the hepatocyte in vivo. 
Other recent work in our laboratory has shown that mutations within the 
S'NTR of hepatitis A virus which confer only a 4- to 6-fold increase in the 
internal initiation of translation by this picornavirus in monkey kidney 
cells result in a marked increase in the size of replication foci and in 
hepatitis A virus yields in these cells [11,12]. Thus, while there is no direct 
evidence that the 2-fold greater translational activity of the genotype 1a 
5'NTR has a significant impact on viral replication or pathogenesis in 
vivo, this possibility cannot be excluded at present. 
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Mutation Pattern of Hepatitis C Virus 
and Its Application to Therapy 

MASASHI MIZOKAMI, T A TSUNORI NAKANO, and ETSURO ORITO 

Introduction 

Chronic hepatitis C is a common disease worldwide and is a major cause 
of chronic liver disease in many countries. However, the current standard 
therapy of chronic hepatitis C with interferon (IFN) is rather unsatisfac­
tory [1-3]. Therefore, the search for additional therapies needs to be 
pursued. Molecular evolutionary analysis has been applied to numerous 
studies of hepatitis C virus (HCV) and has given many informative sug­
gestions. However, it has not yielded helpful information for developing 
effective antiviral drugs against chronic HCV infection. 

On the other hand, human immunodeficiency virus (HIV) infection 
has been one of the controllable diseases, owing to the development 
of combination therapy with a protease inhibitor, 3' -azido-2' ,3' -
dideoxythymidine (AZT) and 2',3'-dideoxy-3'-thiacytidine (3TC) [4]. 
AZT is an analog of thymidine (T), and was reported to inhibit HIV 
replication to serve as a chain terminator of the HIV reverse transcriptase 
(RT) reaction instead of the true substrate [5]. AZT is more effective than 
other nucleoside analogs and is the most appropriate agent among 
nucleoside analogs for combination therapy against HIV infection [4,6,7]. 
However, the reason for the efficacy of AZT in preventing HIV replication 
remains to be determined. Moriyama et al. analyzed the nucleotide sub­
stitution patterns of genomes of HIV, and suggested that the high inci­
dence of guanine (G) to adenine (A) substitution could be one of the 
reasons for the higher efficacy of AZT [8]. 

We analyzed nucleotide substitution patterns of HCV genomes using 
the same method adopted by Moriyama et al. and identified a nature of 
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nucleotide substitution of HCV and furthermore, a unique substitution 
pattern of HCV during IFN therapy. It is expected that combination 
therapy using IFN and other potentially useful drugs will be as effective as 
combination therapy against HIV infection. We suggest new candidates 
of combination therapy with IFN against chronic hepatitis C, based on the 
results of nucleotide substitution patterns acquired from molecular evo­
lutionary analysis of HCV genomes. 

Materials and Methods 

Patients 

Five patients with chronic HCV infection were treated with IFN-a. They 
were seropositive for anti-HCV antibody and for HCV RNA by reverse 
transcription-polymerase chain reaction (RT-PCR). All patients received 
6 million units (MU) of IFN intramuscularly for 2 weeks (six times a 
week), followed by 6 MU three times a week for an additional 22 weeks 
(468MU in total). All the patients were followed up once a month for at 
least 6 months after the cessation of IFN therapy. Serum samples, taken 
just before the commencement and just after the cessation ofIFN therapy, 
were used for the analysis for change of nucleotide substitution patterns 
in the E2 region of HCV during IFN therapy. All cases were infected with 
the genotype Ib strain of HCV. 

RNA Extraction and Synthesis of cDNA 

Two hundred III of serum from each patient was employed for RNA 
extraction, and cDNA was generated from the extracted RNA with ran­
dom priming using Moloney murine leukemia virus reverse tran­
scriptase, at 37°C, for 60 min. 

Detection and Genotyping of HCV RNA 

Detection ofHCV RNA was achieved by RT-PCR, using primers derived 
from the highly conserved 5' untranslated region [9]. HCV genotypes 
were determined by RT-PCR using genotype-specific primers derived 
from the core region, as described previously [10]. 
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Sequencing of the HCV E2 Genomic Region 

The HCV E2 genomic region was amplified under standard nested PCR 
conditions, using primers designed from the flank nucleotides 1105 to 
1251 (nucleotide number according to the coding region of HCV-J; ac­
cession number: D90208) (5' -CAGYTRCTCCGGATCCCACAAGC-3' and 
5'-ACGTCCGTCTCATTYKCVCCCCA-3'; and inner primers, 5'-TCTG­
GATCCTATTCCATGGTGGGGAACTGG-3' (with a BamHI site) and 5'­
TCAGAATTCAGTCCTGTTGATRTGCCARCTGCC-3' (with an EcoRI 
site)). The PCR amplicons, which included hypervariable region 1 (HVR-
1) [11], were digested by their respective restriction enzymes, and puri­
fied by gel electrophoresis, and were cloned into the pGEM-3zf( +) vector. 
Six clones each, from sera collected from each patient just before the 
commencement and just after the cessation of IFN treatment, were se­
quenced using the dideoxynucleotide chain termination method. 

Analysis for Change of Nucleotide Substitution Patterns 
in the HCV E2 Region During IFN Therapy 

Six clones each, from sera collected from each patient just before the 
commencement and just after the cessation of IFN treatment, were 
aligned with an appropriate outer group sequence. To construct the 
phylogenetic trees, the number of nucleotide substitutions per site at 
all nucleotide positions was estimated by the 6-parameter method [12]. 
Based on these estimates, the phylogenetic trees were drawn using the 
neighbor-joining method [13], for each patient at two time points (Fig. I). 
The roots of the trees were arbitrarily determined at the midpoint of the 
trees between six clones each and an outer group sequence. We chose a 
respective outer group sequence so that the genetic distances between all 
six clones of the same time point and the outer group sequence were 
almost equal. We could therefore assume that the node between each of 
the six clones and the outer group sequence was the ancestral nucleotide 
sequence of the six clones (represented by a solid circle in Fig. 1). We 
inferred the ancestral nucleotide sequences of these six clones site by site 
from the topology of the phylogenetic trees. Subsequently, we counted 
the numbers of the 12 kinds of nucleotide substitutions for each of the 
six clones, at all positions of codons. To analyze changes of the nucleotide 
substitution patterns during IFN therapy, the numbers counted from all 



76 M. Mizokami et al. 

A Outer group 
_ A A clone 1 

A G G clone 2 A----..G 

'-- A A clone 3 

--- A C clone 4 A ----.C 
"'-- C 
C Ie 

I 
C cloneS 

G clone 6 C----..G 

G 

Fig. 1. The method for inferring the kind and number of 12 kinds of nucleotide 
substitution. Six clones each, from sera collected from each patient just before the 
commencement and just after the cessation of interferon (IFN) treatment, were 
aligned with an appropriate outer group sequence. To construct the phylogenetic 
trees, the number of nucleotide substitutions per site at all nucleotide positions was 
estimated by the 6-parameter method. Based on these estimates, the phylogenetic 
trees were drawn using the neighbor-joining method, for each patient at each time 
point. The roots of the trees were arbitrarily determined at the midpoint of the trees 
between six clones each and an outer group sequence. We chose a respective outer 
group sequence so that the genetic distances between all six clones of the same time 
point and the outer group sequence were almost equal. We could therefore assume 
that the node between each of the six clones and the outer group sequence was the 
ancestral nucleotide sequence of the six clones (represented by the solid circle). We 
decided the ancestral nucleotide sequences of these six clones site by site from the 
topology of the phylogenetic trees, and inferred the kind and number of 12 kinds of 
nucleotide substitution 

five patients were added up at each time point, just before the commence­
ment and just after the cessation of IFN treatment, respectively. Next, we 
computed the relative substitution frequencies for the 12 kinds of nucle­
otide substitution at each time point using the method by Gojobori 
et al. [14], correcting by the nucleotide composition of clones isolated 
at each time point. This value is more useful than the raw frequency of 
nucleotide change because it is unaffected by bias in the base composition 
in actual sequences. In this study, the nucleotide substitution pattern is 
shown as the set of 12 relative substitution frequencies. The relative sub­
stitution frequencies at the third position of codons were also analyzed in 
these five cases, based on the numbers of 12 kinds of substitution at the 
position. 
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Analysis of Nucleotide Substitution Patterns ofHCV 1b Genomes 
Inferred from the Phylogenies 

To analyze nucleotide substitution patterns ofHCV 1b, 22 HCV 1b strains 
whose genome sequences encoding the full open reading frame were 
registered in DNA databases (DDBJ, EMBL, and GenBank) were collected 
from the HCV database (http://s2as02.genes.nig.ac.jp). These 22 HCV1b 
sequences were aligned with a HCV 1a strain, HCV-1 (accession number: 
M62321) in full coding region (nucleotide position: 1-9030). The phyloge­
netic tree was drawn using the same method described above. To deter­
mine the ancestral nucleotide sequence of these HCV 1b strains, we 
constructed the phylogenetic tree of these 22 HCV 1b strains with HCV-
1 as an outer group sequence, and the root of the tree was arbitrarily 
determined at the midpoint of the tree between 22 HCV 1b strains and 
HCV-I. We considered that the branching point (node) between 22 HCV 
1 b strains and HCV -1 was the ancestral nucleotide sequence of these HCV 
1b strains and continued to inferred ancestral nucleotide sequences of 
these HCV 1b strains site by site from the topology of the phylogenetic 
tree. We then counted the numbers of 12 kinds of nucleotide substitution, 
respectively, at all positions of codons. Next, we computed the relative 
substitution frequencies using the same method described above. The 
relative substitution frequencies for 12 kinds of nucleotide substitution of 
these 22 1b strains in the E2 region (nucleotide position: 1150-2427), at all 
positions of co dons were also analyzed using the method mentioned 
above. The relative substitution frequencies at the third position of 
co dons were also analyzed in full coding or the E2 region, based on the 
numbers of 12 kinds of substitution at the position. 

Results 

Nucleotide Substitution Patterns of 22 HCV 1b Strains Inferred 
from the Phylogenies 

These 22 HCV1b sequences were easily aligned with HCV-1 in the full 
coding region, and the phylogenetic tree was constructed. From the 
analysis of about 200000 nucleotides of 22 HCV1 b strains, we detected a 
total of 8448 substitutions and computed the relative substitution fre­
quencies in full coding region (Table 1). In the E2 region, these 22 HCV1b 
sequences were easily aligned with HCV-1, and the phylogenetic tree was 
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Table 1. Substitution patterns at all positions of codons in each region of22 HeV Ib 
clones 

Relative substitution frequencies of 12 kinds of substitutions 

No. of A U C G 
Region 

substitution 

~ ~ ~ ~ 
U C G A C G A U G A U C 

E2 1726 3.73 3.92 16.42 1.80 20.53 2.58 4.32 21.38 4.98 13.96 2.40 3.98 

Full ORF 8448 2.66 2.77 19.45 2.14 22.92 1.85 2.55 22.74 2.96 15.70 1.75 2.51 

constructed. From the tree and the alignment, we computed the relative 
substitution frequencies in the region. 

Table 1 shows the relative substitution frequencies at all positions of 
co dons in full coding region or the E2 region of 22 HCVlb strains. The 
frequencies of transitions, including adenine (A) to guanine (G), G to A, 
uridine (U) to cytosine (C), and C to U were high in full coding region and 
also in the E2 region. The same specific substitution patterns were also 
observed at the third position of co dons (data not shown). 

Biochemical and Virological Response to IFN Therapy of the 
Five Patients Analyzed by Nucleotide Substitution Patterns of 
HCV E2 Region 

Figure 2 shows changes of the serum alanine aminotransferase (ALT) 
level (mean ± SD of five patients) in the five chronic hepatitis C patients 
treated with IFN-a. The serum ALT level was elevated just before the 
commencement of IFN therapy (154 ± 69IU/I), and was normalized 
«30 lUll) by 2 months after the commencement ofIFN therapy, followed 
thereafter by an increase in ALT level, in spite of continuation of 
IFN therapy. At the cessation of treatment, the ALT level was elevated 
(70 ± 46IU/I). All cases showed a biochemical response to IFN but be­
longed to biochemical nonresponders for clinical criteria. 

Changes of Nucleotide Substitution Patterns of HCV E2 
Region During IFN Therapy 

To determine the kind and number of nucleotide substitutions in each 
case at each time point, we constructed the phylogenetic trees of six 
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Fig. 2. Biochemical responses to IFN therapy of five patients analyzed by nucleotide 
substitution patterns of the E2 region of hepatitis C virus (HCV). Serum alanine 
aminotransferase (AID levels were followed up monthly from just before the com­
mencement ofIFN treatment to 6 months after the cessation ofIFN. Serum ALT level 
of five patients was decreased during IFN therapy, followed thereafter by an increase 
again of ALT, in spite of continuation ofIFN therapy. All cases exhibited biochemical 
responses to IFN 

clones, with HCV -J as an outer group sequence, just before the com­
mencement and just after the cessation of IFN treatment. We computed 
the relative substitution frequencies of the HCV E2 region in five cases at 
the two time points (Table 2). The frequency ofU to C and C to U was high 
at each time point and did not change between the two time points. The 
same specific substitution pattern was also observed in the analysis of the 
third position of codons at each time point (data not shown). 

Interestingly, the frequency of G to A at all positions increased signifi­
cantly (P < 0.05) and that of A to G decreased significantly (P < 0.05) 
between before the commencement of and after the cessation of the IFN 
therapy (Table 2). Also, the frequency of G to A increased significantly 
(P < 0.05) and that of A to G decreased significantly (P < 0.05) between 
the two time points, in the analysis of the third position of codons (data 
not shown). 
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Table 2. Change of substitution patterns at all positions of codons before and after 
interferon (IFN) therapy in all cases 

Relative substitution frequencies of 12 kinds of substitutions 

A U C G 

~ ~ ~ ~ 
U C G A C G A U G A U C 

IFN therapy 

Before 5.42 5.82 18.46] * 1.53 22.01 2.48 3.20 19.43 6.53 9.49}3.47 2.16 

After 5.47 2.15 7.16 20.89 3.51 3.62 3.97 10.44 2.74 20.74 18.11 1.21 

* P< 0.05 

Discussion 

Generally, nucleotide substitution patterns are represented by spontane­
ous substitution mutations in genes free from any selective forces. In 
functional genes, nucleotide substitution patterns are affected by func­
tional constraints at the amino acid level. However, the nucleotide substi­
tution patterns at the third position of codons can reflect the spontaneous 
substitution mutation patterns in functional genes, since the nucleotide 
changes at the third position among such genes are mostly free from 
functional constraints. The relative substitution frequencies of transi­
tions analyzed at all positions of codons were high in both full coding 
region and the E2 region of the 22 HCVl b strains. Moreover, the frequen­
cies of transitions at the third position of co dons were also high. It was 
suggested that transitional substitutions occurred easily in HCV genotype 
1 b. In the analysis of the HIV genomes, the nucleotide substitution pat­
terns seem to result from the characteristics of the viral RT [8]. If that be 
so, then this specific substitution pattern may reflect the characteristics of 
RNA-dependent RNA polymerase of HCV, as HCV is replicated by RNA­
dependent RNA polymerase. The frequencies of U to C and C to U were 
especially high in the E2 region of HCV isolated from sera of patients 
treated with IFN, and these substitutions were frequently observed in 
both clones isolated before and after IFN therapy. It is suggested that a 
high incidence of U to C and C to U substitutions is not affected by IFN, 
and is a characteristic of RNA-dependent RNA polymerase of HCV. 
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To investigate the influence ofIFN on the substitution pattern ofHCV, 
we chose the E2 region of HCV isolated from sera of patients treated with 
IFN. Since as many nucleotide substitutions as possible were needed to 
obtain a reliable relative substitution frequency, we analyzed this region 
at all positions of codons. This region includes a region encoding the 
envelope protein, since not only nucleotides at the third position but also 
even those at the first and second positions of co dons in this region 
mutate more freely than those of other regions ofHCV genome to escape 
the host immune system, we considered that the nucleotide substitutions 
at all positions of codons in this region reflected the spontaneous substi­
tution pattern of the full coding region of HCV clones isolated before or 
after IFN. Actually, the substitution pattern at all positions was similar to 
the pattern at the third position, both before the commencement of and 
after the cessation ofIFN therapy, and the pattern at all positions of the E2 
region of HCV from patients was also similar to the pattern at all posi­
tions in the full coding region of22 HCVlb strains derived from the DNA 
database (Tables 1 and 2). Moreover, a direct association of IFN therapy 
with the E2 region at the amino acid level has not been reported, although 
changes of quasispecies at this region related to IFN therapy have been 
reported [15]. Therefore, it is possible that the influence ofIFN therapy on 
this region represents that on the full genome of HCV, although the 
mechanism by which IFN could exert influence on a change of the pattern 
is unknown. 

We identified that the frequency of G to A substitution increased sig­
nificantly and that of A to G decreased significantly in the analyzed region 
between before the commencement of and after the cessation of IFN 
therapy. Since we think that the nucleotide substitutions in this region 
reflect spontaneous substitution pattern of the entire coding region of 
HCV, it is supposed that a certain change in the character of RNA­
dependent RNA polymerase ofHCV has occurred during IFN therapy, as 
follows. In normal replication ofHCV, complementary nucleotides corre­
sponding to nucleotides in HCV RNA are incorporated into negative­
strand RNA when HCV RNA is replicated to negative-strand RNA by 
RNA-dependent RNA polymerase of HCV (first step), and complemen­
tary nucleotides corresponding to the nucleotides in the negative strand 
RNA are incorporated into a new virus particle when a new HCV particle 
is propagated from the negative strand RNA by RNA-dependent RNA 
polymerase ofHCV (second step). In G to A mutations, G in HCV RNA is 
replicated to incorrect U instead of correct C at the first step, and the U is 
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Fig. 3a,b. Mutation mechanism by HCV RNA-dependent RNA polymerase. a Nor­
mally, G in HCV RNA is replicated to complementary C in negative-strand RNA by 
RNA-dependent RNA polymerase of HCV (first step), and the C is replicated to 
complementary G in a new virus particle from the negative-strand RNA by RNA­
dependent RNA polymerase ofHCV (second step). In G to A mutations, G in HCV 
RNA are replicated to incorrect U instead of correct C at the first step, and the U is 
replicated to complementary A in a new virus particle at the second step; alternatively, 
G in HCV RNA is replicated to correct C at the first step, and the C is replicated to 
incorrect A instead of G in a new virus particle at the second step. Therefore, increase 
of G to A substitution during IFN therapy implies that incorrect U is more easily 
incorporated at the first step; alternatively, incorrect A is more easily incorporated 
at the second step during IFN therapy. b Decrease of A to G substitutions can be 
explained from the assumption that incorrect U or incorrect A is more easily incorpo­
rated at the first or second step, respectively, during IFN therapy. If U or A is more 
easily incorporated at the first and second step, respectively, A to U at the first step 
and U to A at the second step can easily occur, and can result in a decrease of A to G 
substitutions during IFN therapy 

replicated to complementary A in a new virus particle at the second step; 
alternatively, Gin HCV RNA is replicated to correct C at the first step, and 
the C is replicated to incorrect A instead of correct G in a new virus 
particle at the second step (Fig. 3a). Therefore, an increase of G to A 
substitutions during IFN therapy implies that incorrect U is more easily 
incorporated into negative-strand RNA at the first step; alternatively, 
incorrect A is more easily incorporated into a new virus particle at the 
second step during IFN therapy, by RNA-dependent RNA polymerase of 
HCV. A decrease of A to G substitutions can be explained from the 
assumption that incorrect U or incorrect A is more easily incorporated at 
the first or second step, respectively (Fig. 3b). Therefore, a decrease of 
A to G substitutions also supports the assumption that U or A is more 
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easily incorporated at the first or second step, respectively, during 
IFN therapy. The assumption suggests possibilities of new combination 
therapies against HeV infection. Analogs or prodrugs ofU or A might be 
candidates for combination therapy with IFN. 

We obtained interesting results, which can be applied to clinical medi­
cine, from molecular evolutionary analysis of the E2 region of Hev iso­
lated from the sera of five patients. However, to determine whether our 
results are truly applicable to many other patients administered IFN, 
further studies are needed, with consideration of many factors such as 
genotype of HeV, quantification of Hev RNA, dose or term of IFN 
therapy, and biochemical or virological responses. 
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Randomized Controlled Trial of 
Lymphoblastoid Interferon-a for Chronic 
Hepatitis C; Early Disappearance of HCV RNA 
is Essential for Sustained Response 

SHINIeHI KAKUMU I and IFN Treatment Group of Affiliated Hospitals 
of the Third Department of Internal Medicine at 
Nagoya University School of Medicine 

Introduction 

Interferon (IFN) therapy has been shown to be efficacious in some pa­
tients with chronic hepatitis C [1-4]. In responders, normal alanine ami­
notransferase (ALT) levels and disappearance of hepatitis C virus (HCV) 
from serum continues for several years and probably permanently after 
IFN. Such a response is called sustained response, and has been thought 
to benefit the prognosis of the patients. 

Three million units (MU) or 6MU of IFNa is usually administered 
thrice weekly for 6 months. Increasing the dose of IFN has been reported 
to improve the rate of sustained response [5,6]. There are many retro­
spective studies on the efficacy of IFN focused on dose of the regimen and 
the predictive factors for sustained response for treatment of chronic 
hepatitis C. However, there are only a few prospective reports regarding 
these aspects. Thus, we conducted a randomized controlled trial to com­
pare the efficacy of IFN between 6 MU and 9 MU. We also assessed the 
predictive factors for sustained response. 

Patients and Methods 

Patients 

Eighty-four consecutive patients were enrolled in the study during 
April 1995 and July 1996. All patients had a histological diagnosis of 

1 First Department of Internal Medicine, Aichi Medical University, 21 Karimata 
Yazako, Nagakute-cho, Aichi-gun, Aichi 480-11, Japan 
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chronic hepatitis according to the international criteria [7]. The pa­
tients were positive for both serum anti-HCV antibody by second­
generation enzyme-linked immunosorbent assay (Ortho Diagnostic 
System, Raritan, NJ, USA) and serum HCV RNA by Amplicor test 
(Nippon Roche, Tokyo, Japan). All of them had shown abnormal serum 
ALT levels on more than one occasion during the last 6 months 
before entering the study. The patients were negative for markers of 
vivid hepatitis B disease. Other causes of liver disease have been ex­
cluded in all patients. The study was approved by the local ethical com­
mittee and adhered to the ethical guidelines of the 1975 Declaration of 
Helsinki. 

Treatment Schedule 

The patients were randomly included in one of the two treatment groups 
using sealed envelopes. They were treated with lymphoblastoid IFNa 
(Sumitomo Pharmaceutical, Osaka, Japan) after giving informed consent; 
the doses were 6 MU for group A and 9 MU for group B. IFN was given 
intramuscularly daily for the first 2 weeks and then thrice weekly. IFN was 
continued for an additional 14 weeks, when HCV RNA became negative 
by Amplicor test at the second week of therapy. Otherwise the therapy 
was continued for 22 additional weeks. Sustained response was defined as 
ALT normalization and HCV RNA clearance maintained for more than 6 
months after IFN therapy. 

Genotyping and Quantitation of Hev RNA 

Genotyping was done by HCV grouping assay, which detects genotype­
specific antibodies in patients' sera (Immucheck-HCVGR Assay, Interna­
tional Reagents, Kobe, Japan) [8]. This assay discriminates between 
genotype 1 and 2 in Simmonds' classification [9]. Quantitation of HCV 
RNA was done by branched DNA assay (Quantiplex HCV RNA Assay, 
Chiron Corp., Emeryville, CA, USA) [10]. 

Statistical Evaluation 

Univariate analysis was done by the chi-squared test and Student's t-test. 
Multivariate analysis was done by the logistic regression model. 
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Results and Discussion 

Efficacy of Treatments 

Two patients in group B withdrew from therapy because of adverse effects 
(depression for one and hallucination for the other). Two patients (1 in 
group A and 1 in group B) were lost before completing the follow-up 
period. Pretreatment biochemical and histological features of the 80 pa­
tients evaluated are shown in Table 1. There was no significant difference 
in each feature between the groups. 

Twenty-two patients in group A (56.4%) and 28 in group B (68.3%) 
became negative for HeV RNA at the second week (not significant (NS)), 

Table 1. Comparison of clinical, virological, and histological pretreatment features of 
the patients 

Group A Group B 

No. of cases 39 41 
Age (years)a 51.0 ± 11.6 47.0 ± 11.8 

Male/female 24/15 30111 

Presence of history of blood 
transfusion (+ / - ) 10/29 12/27 

ALT (lUll)' 98.5 ± 64.1 105.5 ± 97.3 

Viral loads 
<1 Meq/ml 21 21 
~IMeq/ml 18 20 

Genotype 1 19 23 
2 18 17 

Undetermined 2 

Histology grading 
Minimal 2 0 
Mild 20 24 
Moderate 17 15 
Severe 0 2 

Staging 
1 
2 24 20 
3 14 20 

ALT, alanine aminotransferase; NS, not significant. 
Statistical analysis was done by the chi- squared test and Student's t-test. 
a Data expressed as mean ± SD. 

P-Value 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 
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who received IFN for an additional 14 weeks, and the rest of the patients 
received IFN for a further 22 weeks. 

At the end of therapy, 26 patients is group A (66.7%) and 28 in group B 
(68.3%) had normal ALT levels (NS), and 27 patients in group A (69.2%) 
and 33 in group B (80.5%) became negative for HCV RNA (NS). 

After IFN therapy, 17 patients in group A (43.6%) and 16 in group B 
(39.0%) sustained normal ALT levels for more than 6 months (NS), and 15 
patients in group A (38.5%) and 16 in group B (39.0%) sustained negative 
results for HCV RNA (NS). The number of sustained responders who 
obtained both ALT normalization and HCV RNA clearance sustained for 
more than 6 months after IFN therapy was 14 in group A (35.9%) and 15 
in group B (36.6%) (NS). 

Predictive Factors for Sustained Response 

Since there were no differences in the rate of sustained response between 
the two groups of patients, the predictive factors for sustained response 
were analyzed by combining the groups. 

The following factors were evaluated: age, gender, presence of history 
of blood transfusion, pretreatment ALT levels, grading and staging of 
liver histology, viral loads, genotype, and negativity of HCV RNA at the 
second week of IFN therapy. 

Univariate analysis showed that male gender, low viral loads 
« l.0 Meq/ml), genotype 2, and negativity of HCV RNA at the second 
week of IFN were predictive for sustained response (Table 2). Twenty­
eight of29 sustained responders (96.6%) became negative for HCV RNA 
at the second week of therapy and the remaining patient became negative 
at the fourth week, while only 22 of 51 nonresponders (43.1%) became 
negative for HCV RNA at the second week (P < 0.0001). 

Multivariate analysis demonstrated negativity of HCV RNA at the sec­
ond week ofIFN (odds ratio (OR), 50.0 and 95% confidence intervals (CI), 
3.4-1000) and low viral loads (OR, 14.5 and 95% CI, 2.5-83.3) as the 
predictors for sustained response (Table 3). 

Increasing the dosages of IFN has been reported to improve its efficacy 
in the treatment of chronic hepatitis C [5,6]. Chemello et al. reported a 12-
month regimen starting with 6MU of IFNa2a three times a week and 
then decreasing the dose was superior to the fixed dose of 3 MU three 
times a week for 12 months; the sustained response rate was 49% for the 
former and 31% for the latter [5]. Shiratori et al. reported that 9MU of 
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Table 2. Univariate analysis for the predictors of sustained response 

Sustained responders N onresponders P-Value 

No. of cases 29 51 

Age (years)" 48.0 ± 13.3 52.0 ± 9.5 NS 

Male/female 25/4 29122 <0.05 

Presence of history of blood 
transfusion ( + /- ) 5/24 17/34 NS 

ALr (lUll)" 98.5 ± 54.7 103.5 ± 87.7 NS 

Viral loads 
<1 Meq/ml 26 16 
~lMeq/ml 3 35 <0.001 

Genotype 1 10 32 
2 17 18 <0.001 

Undetermined 2 

Histology grading 
Minimal 0 2 
Mild 18 26 
Moderate 10 22 NS 
Severe 

Staging 
1 1 1 
2 16 28 
3 12 22 NS 

HCV RNA at the second 
week ofIFN (+/-) 1/28 29/32 <0.0001 

HCV, hepatitis C virus; IFN, interferon; NS, not significant. 
Statistical analysis was done by the chi- squared test and Student's t-test. 
"Data expressed as mean ± SD. 

Table 3. Multivariate analysis for predictors of sustained response 

Factor Odds ratio 95% Confidence interval 

Negative HCV RNA at second week 
Viral load < 1 Meq/ml 
Gender (male) 

50.0 
14.5 
4.8 

3.4-1000 
2.5-83.3 
0.8-28.4 

lymphoblastoid IFNa administered three times a week for 6 months pro­
duced a high virus eradication rate compared with that of 6 MU (36% vs 
25%, P < 0.05) at 12 months after completion of treatment [6]. However, 
there have been few randomized trials to compare the efficacy of an 
increased dose with that of the usual dose for 6 months. Our randomized 
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controlled trial indicated that there was no difference in sustained re­
sponse rate between 6MU and 9MU oflymphoblastoid IFNa for 16-24 
weeks. Therefore, it is still unresolved whether we treat the patients with 
6MU or 9MU ofIFNa. 

Univariate analysis showed that male gender, low viral loads 
«1.0 Meq/ml), genotype 2, and HCV RNA negativity at the second week 
ofIFN were predictive for sustained response. Multivariate analysis dem­
onstrated that negativity ofHCV RNA at the second week ofIFN and low 
viral loads were significant predictors for sustained response. Similar 
prognostic parameters have been reported: low viral loads, mild fibrosis, 
genotype other than genotype 1, and early disappearance ofHCV RNA by 
IFN [11-16]. The present study confirmed these previous findings includ­
ing our retrospective reports. 

All the sustained responders but one became negative for HCV RNA by 
Amplicor test at the second week of therapy, and even the one exception 
became negative at the fourth week, while more than half to the 
nonresponders were positive at the second week. Thus the earlier disap­
pearance of HCV RNA at the second week or at least the fourth week is an 
essential condition for sustained response. When we consider the sus­
tained response as the only goal of IFN therapy for chronic hepatitis C, it 
is possible to identify more than half of the patients who would become 
nonresponders at the second or at least the fourth week, and to stop 
further therapy. This approach would save the enormous expense of IFN 
therapy for nonresponders. 

However, it has been suggested that the transient normalization of ALT 
levels may benefit the clinical course of the patients [17]. Actually, 72.5% 
(37/51) of nonresponders in the present study normalized their ALT 
levels during treatment. In addition, some nonresponders sustain normal 
ALT levels for a considerably long time despite the presence ofHCV RNA 
after IFN therapy [18,19]. Whether temporary or long-lasting normaliza­
tion of ALT levels would benefit patients is yet to be determined. To 
establish an efficient strategy of IFN therapy for chronic hepatitis C, we 
need to know whether the nonresponders would benefit from IFN 
therapy. 

Summary 

To assess the efficacy and predictive factors of two different dosages of 
lymphoblastoid IFNa, a randomized controlled trial was conducted. 
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Eighty-four patients with chronic hepatitis C were enrolled into the 
trial and 80 patients were evaluated. Thirty-nine patients were treated 
with 6MU (group A) and 41 patients with 9MU (group B) daily for the 
first 2 weeks, and then thrice weekly. The therapy was continued for an 
additional 14 weeks, when HCV RNA became negative by Amplicor 
test at the second week of therapy. Otherwise it was continued for an 
additional 22 weeks. Fourteen patients in group A (35.9%) and 15 in 
group B (36.6%) attained sustained response. Multivariate analysis 
demonstrated negativity of HCV RNA at the second week of IFN 
(OR, 50.0) and low viral loads (OR, 14.5) as the predictors for sustained 
response. Twenty-eight of 29 sustained responders became negative 
for HCV RNA at the second week of therapy, while only 22 of 51 
nonresponders became negative (P < 0.0001). The results of the pre­
sent trial indicated that there was no difference in sustained response 
rate between 6 MU and 9 MU doses, and that almost all the sustained 
responders became negative for HCV RNA at the second week of 
therapy. Thus the earlier disappearance of HCV RNA at the second week 
or at least the fourth week is an essential condition for sustained 
response. 
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Use of Interferon-a for Prevention of 
Hepatocellular Carcinoma in Patients with 
Chronic Active Hepatitis C with Cirrhosis 

S. NISHIGUCHI, S. NAKATANI, A. TAMORI, T. TAKEDA, S. SHIOMI, 
S. SEKI, and T. KUROKI 

Introduction 

Hepatitis C virus (HCV) is a more important factor associated with 
hepatocellular carcinoma than hepatitis B virus (HBV) in Japan and cer­
tain Western countries [1-3]. Some patients who contracted chronic non­
A, non-B hepatitis after blood transfusion and hepatocellular carcinoma 
many years later have been studied in detail [4-6]. These studies proved 
that patients with chronic HCV infection often develop hepatocellular 
carcinoma [7]. The cumulative incidence of hepatocellular carcinoma in 
patients who had blood transfusions and were negative for hepatitis 
B surface antigen (HBsAg) was 53% (13126) during 6 years of observation 
[8]. All of these patients had HCV antibodies. The mechanism by 
which hepatocellular carcinoma develops in the presence of HCV is 
unknown. 

After Hoofnagle et al. [9] reported the efficacy of interferon (IFN) in 
non-A, non-B chronic active hepatitis (CAH), several randomized con­
trolled trials have shown that IFN therapy leads to a rapid decrease in 
serum alanine aminotransferase (ALT) activity and to a disappearance of 
serum HCV RNA in about one-third of patients with chronic hepatitis C 
[10,11]. Patients who respond to IFN therapy with long-term remission of 
disease and the sustained loss of HCV RNA are not likely to develop 
cirrhosis of the liver or hepatocellular carcinoma. Most hepatocellular 
carcinoma with underlying HCV is detected at the cirrhotic stage ofhepa­
titis. In Japan, the reported interval from blood transfusion to diagnosis 
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of cirrhosis has been 20 to 25 years; the interval between blood transfu­
sion and diagnosis of hepatocellular carcinoma has been about 30 years 
[12]. We planned this trial of prevention of carcinogenesis by IFN in 
cirrhotic patients with HCV infection because of their high risk of 
hepatocellular carcinoma. 

Subjects and Methods 

Patients 

During the 10 years from January 1988 to December 1997, we studied 90 
patients with CAH and cirrhosis of the liver diagnosed clinically. Histol­
ogical findings were assessed by the histological activity index (HAl) of 
Knodell et al. [13]. Patients fulfilled all of the following criteria: (l) abnor­
mal serum ALT levels for at least 1 year before entry; (2) absence of 
HBsAg and other explanations (such as habitual drinking or autoimmune 
liver disease) of chronic liver disease except for HCV; (3) compensated 
cirrhosis of grade A by the Child-Pugh score [14] (total bilirubin <2 mgl 
dl, serum albumin >2.8g/dl, prothrombin time 1-4s, and no signs of 
ascites or hepatic encephalopathy); (4) absence of severe thrombocy­
topenia (defined as <50000/mm3); (5) absence of antibodies to human 
immunodeficency virus; (6) presence of HCV RNA (this criterion was 
applied retrospectively for patients selected in 1988 and 1989, and serum 
was tested for HCV antibodies as well); (7) absence of hepatocellular 
carcinoma or a suspicious-looking space-occupying region found by 
ultrasonography and computerized tomography. For patients who 
entered in 1988 and 1989, blood was sampled and serum was obtained 
and kept frozen; HCV antibodies and HCV RNA were assayed later. 
All patients had HCV antibodies and HCV RNA. Starting in 1990, 
we assayed HCV antibodies and HCV RNA at the time of entry. 
All patients were enrolled between January 1988 and June 1992. After 
written informed consent was obtained, each patient was randomly 
assigned to treatment with IFN-a or symptomatic treatment [15]. 
All procedures during the trial were in accordance with the Helsinki 
Declaration of 1975 as revised in 1983, and were approved by the 
appropriate committee at Osaka City University Medical School. IFN 
almost invariably causes a high fever. In this study, it was injected intra­
muscularly 36-72 times. If the trial were to be a double-blind one, a 
placebo that caused fever would have to be injected many times. Such a 
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placebo was not acceptable to us; it was rejected for reasons described by 
Hill [16]. 

Treatment 

Ninety patients were allocated by reference to a table of random numbers 
to a group given IFN or a control group. The 45 patients in the IFN 
group received 6 MIU of IFN-a (human lymphoblastoid interferon; 
Sumiferon, Sumitomo Pharmaceuticals, Osaka, Japan) intramuscularly 
three times a week for 12 to 24 weeks. Ten of these patients received the 
lower daily dose (3 MIU) because of side effects, especially severe 
thrombocytopenia. After the first treatment ended, 6 patients chose to 
receive IFN treatment again, and one of these patients received the same 
treatment three times. The 45 control patients received symptomatic 
therapy to treat ascites or the like, and dietary advice, but did not receive 
any antiviral therapy or immunomodulatory therapy, such as with 
corticosteroids. 

Evaluation of Therapeutic Response 

All patients were then seen every 3 months for at least 2 years. At each 
visit, the patients reported the clinical manifestations of their disease. 
Blood and urine samples were obtained for blood counts, biochemical 
tests, and virologic studies. All patients were prospectively monitored 
by measurement of serum levels of a-fetoprotein (AFP) and by 
ultrasonographic scanning every 3 months. Ultrasonography was done by 
specialists not aware of the treatment being given, with a convex-array 
real-time scanner (3.5MHz, model SSD 650, Aloka, Tokyo, Japan; EUB 
340 and 415, Hitachi Medical, Tokyo, Japan; and model SSA 90A, Toshiba 
Systems, Tokyo, Japan). Selective hepatic angiography was performed 
when hepatocellular carcinoma was suspected. The diagnosis of hepato­
cellular carcinoma was checked by histological inspection of a specimen 
obtained by ultrasound-guided biopsy when indicated. 

Serum ALT, serum albumin, serum y-globulin, and total bilirubin 
levels were assayed with an Autoanalyzer 7450 (Hitachi, Tokyo, Japan). 
Peripheral blood cells were counted by a Sysmex NE-8000 apparatus (Toa 
Medical Electronics, Kobe, Japan) and the serum AFP was measured with 
a Pamia-l00 apparatus (Toa). Anti-HeV antibodies were measured with 
a first- or second-generation enzyme-linked immunosorbent assay 



96 S. Nishiguchi et aI. 

(Ortho Diagnostics, Tokyo, Japan). Serum HCV RNA was detected by 
reverse transcription and a nested polymerase chain reaction with 
primers derived from the highly conserved 5' -untranslated region of the 
viral genome, as described previously [17]. Each test was done by two 
investigators and was checked for agreement by a third investigator. Only 
reproducible results obtained in at least two independent experiments 
were considered in this study. For the purpose of this trial, we defined a 
response as the disappearance ofHCV RNA from the serum. We consid­
ered therapy to be effective if HCV RNA disappeared by the end of 
therapy and could not be detected during follow-up. HCV genotypes were 
identified by the method of Okamoto et al. [18]. 

Statistical Methods 

Statistical analysis was done with SAS software (SAS Institute, Cary, NC, 
USA). Fisher's exact test was used to evaluate the significance of the 
differences in the ratios of sex and HCV genotypes in the groups. The 
distribution of the data was checked by normal probability plots. 
Student's t-test was used to analyze the differences in age, platelet counts, 
serum albumin concentrations, and HAl, and the Wilcoxon rank-sum 
test was used to assess the differences in the serum ALT level and AFP 
level. The cumulative incidence of hepatocellular carcinoma was plotted 
by the Kaplan-Meier method, and the statistical significance of differ­
ences in this incidence was found by the Gehan modification of the gen­
eralized Wilcoxon signed rank test. Cox's regression model using 
proportional hazards was used for multivariate analysis. All P-values are 
two-tailed. A P-value below 0.05 was considered to indicate statistical 
significance. 

Results 

Characteristics of the Patients 

The characteristics of the 90 patients who were not excluded and who 
gave consent to participate were evaluated immediately after entry (Table 
0, The patients in the IFN and control groups were similar with respect to 
mean age, sex ratio, levels of serum albumin, ALT, and AFP, platelet 
count, numbers with different HCV genotypes, and total HAl as defined 
by Knodell et al. [19]. 
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Table 1. Baseline characteristics of control patients and patients given interferon 
{IFN}-a 

Characteristic Control group IFN group P-Value 

Age (years)" 57.3 ± 6.9 54.7 ± 5.8 0.065 
Sex {M/F} 23/22 28/170.395 
Albumin (gldl)" 3.7 ± 0.4 3.7 ± 0.3 0.686 
ALT 100 {67-125} 117 {95-134} 0.132 
AFP 6 {5-23} 12 {7-39} 0.095 
Platelets {1O-4/mm3}" 9.7 ± 4.5 10.1 ± 4.3 0.840 
HCV genotypes 
I 0 1 0.685 
II 33 35 
II 8 6 
IV 4 3 
V 0 0 
HAl 11.8 ± 2.7 11.7 ± 2.7 0.829 

The statistical significance of differences was calculated by Student's t-test, Wilcoxon 
rank-sum test, or Fisher's exact test. No statistically significant differences were found 
between the group given IFN and the control group. Alanine aminotransferase {ALT} 
and a-fetoprotein {AFP} levels are expressed as medians {with 25th and 75th percen­
tiles}. The histological activity index {HAl} was assessed by the method of Knodell 
et al. [13]. 
HCV, hepatitis C virus. 
"Means ± SD are given. 

Response to IFN-a 

At the start of the trial, all patients in the two groups had HeV RNA in 
their serum. At the end of the therapy, HeV RNA was not detected in 16 
of the 45 patients who had received IFN-a. However, at the end of the 
follow-up period, only 7 patients remained negative for HeV RNA. Of 
these 7 patients, all had decreased serum ALT activity «40 IU), and the 
level has remained normal to date. Hev RNA disappeared in none ofthe 
control patients (P = 0.018), and the AL T activity did not become normal 
in any of these patients. Late in follow-up, the patients given IFN had a 
mean ALT level lower than their baseline level and lower than in the 
control group (Fig. 1). The AFP level increased gradually in the control 
group 4 years after entry and was higher than in the group given IFN 
(both P < 0.05; data not shown). The group given IFN had a higher serum 
albumin level after treatment than before treatment or than that of the 
control group (both P < 0.01; Fig. 2). 
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Fig. 1. Serum alanine aminotransferase (ALD levels in group given interferon-a 
(lFN-a) and control group during follow-up. The dark line shows the medians of the 
group given IFN-a and the black line shows medians for the control group. Vertical 
bars indicate the 25th and 75th percentiles 
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Fig.2. Serum albumin levels in group given IFN and control group during follow-up. 
The dark line shows the medians of the group given IFN-a and the black line shows 
medians for the control group. Vertical bars indicate SD 
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Development of Hepatocellular Carcinoma 

The mean follow-up period for both groups was more than 7 years. Of the 
45 patients given IFN, 9 were found to have hepatocellular carcinoma. In 
these patients, treatment had been judged to be ineffective because HCV 
RNA did not disappear and serum ALT did not decrease after the start of 
therapy. Twenty-nine of the controls were found to have hepatocellular 
carcinoma during follow-up. IFN significantly decreased the cumulated 
incidence of hepatocellular carcinoma (data not shown). The conditional 
risk ratio was calculated with 7 variables (age, sex, serum albumin level, 
ALT level, AFP level, platelet count, and type of treatment) by multivari­
ate analysis of Cox's regression model using proportional hazards. The 
conditional risk ratio of the group given IFN vs the control group was 
0.196 (P = 0.001). 

Discussion 

The main aim of this study is to elucidate whether interferon reduces the 
incidence of hepatocellular carcinoma. After we published the data of this 
study [19], several studies were reported concerning the incidence of 
hepatocellular carcinoma in relation to interferon. Mazella et al. [20] 
reported that the incidence and the risk of developing hepatocellular 
carcinoma was reduced by IFN-a. However, Fattovich et al. [21] reported 
that their analysis did not detect any significant benefit of"IFN-a on 
estimated probability of the occurrence of hepatocellular carcinoma. 
These two studies are not randomized prospective studies, therefore the 
difference in the backgrounds between the control group and the IFN­
treated group can change the final results. The relatively low number of 
events in these studies may also give the explanation for the different 
results. 

In patients with chronic infection by HCV, especially those with CAH 
with cirrhosis, the virus has been directly linked to the development of 
hepatocellular carcinoma [7]. The mechanism of malignant transforma­
tion is not known, because this is an RNA virus without reverse tran­
scriptase activity, so the integration in host DNA that usually occurs in 
subjects infected with HBV is unlikely with HCV. There are no reports 
that a gene related to HCV causes transactivation of a cellular gene, as 
does an HBX gene [22]. The accumulation of genetic alternations was first 
described by Vogelstein et al. [23] as stepwise carcinogenesis. The 
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frequency of activation of proto oncogenes and inactivation of suppressor 
genes probably increase as hepatocytes replicate. Such replication is more 
vigorous when cells are continuously damaged and therefore replaced by 
regeneration, as in CAH with or without cirrhosis during chronic infec­
tion by HCY [24). In other words, the rate of cell division affects the 
possibility of carcinogenesis, and if chronic infection by HCY is cured, 
carcinogenesis in the liver might be prevented. In patients for whom IFN 
is effective (HCY RNA disappears, and serum ALT level enters and 
remains in the normal range), carcinogenesis is unlikely, because the rate 
of cell division decreased in such patients. If our patients for whom IFN 
was effective even had a small hepatocellular carcinoma or precancerous 
lesion, such as adenomatous hyperplasia, which could not detected by 
ultrasonography before treatment, curing of the chronic infection might 
delay growth of the cancer to detectable size. In this trial, 7 patients with 
CAH with cirrhosis for whom treatment with IFN was effective have not 
developed hepatocellular carcinoma 5, 5, 6, 6, 8, 8, and 9 years, respec­
tively, after treatment. However, in most patients, HCY RNA disappeared 
transiently or did not disappear with IFN treatment, and they could have 
developed hepatocellular carcinoma at any time. Even in the patients for 
whom treatment was ineffective, as judged by HCY RNA levels, the mean 
serum ALT and AFP levels decreased, and the serum albumin level in­
creased significantly after IFN treatment. These results show that the 
inflammation of Glisson's capsule and necrosis of the hepatocytes 
became milder with treatment, and that movement of hepatocytes 
through the cell cycle slowed. Therefore, the incidence of accumulated 
genetic abnormalities occurring during cell division might be lower in the 
patients for whom IFN was ineffective than if the patients had not been 
given IFN. 

Summary 

The role of IFN in reducing the incidence of hepatocellular carcinoma is 
still controversial. In a prospective randomized controlled trial, the ef­
fects ofIFN on carcinogenesis were compared with those of symptomatic 
treatment including dietary advice in 90 patients with compensated CAH 
C with cirrhosis. Patients were randomly allocated to a group given 6 MU 
ofIFN-a three times weekly for 12 to 24 weeks or to a control group given 
symptomatic treatment. Patients were monitored for 2 to 9 years for 
hepatocellular carcinoma by ultrasonography and assays of AFP. Late in 
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follow-up, mean ALT activity in patients given IFN tended to be lower 
than in the controls. The serum albumin level in the group given IFN was 
higher than in the controls (both P < 0.001). Hepatitis C viral RNA 
disappeared and ALT remained normal in 7 of the 45 patients given IFN, 
and in none of the 45 controls (P = 0.001). The incidence ofhepatocellu­
lar carcinoma was 9 patients given IFN and 29 controls (P = 0.001 by 
Kaplan-Meier analysis). The conditional risk ratio of IFN vs controls was 
0.196 (P = 0.0001 by Cox's regression model using proportional hazards). 
IFN -u improved liver function in CAH C with cirrhosis and helped to 
prevent hepatocellular carcinoma. 
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Risk Factors for Hepatocellular Carcinoma 
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Introduction 

In Japan, the incidence of hepatocellular carcinoma (HCC) has been 
increasing over the last 30 years, and epidemiological surveys have shown 
that as a causative agent, hepatitis C virus (HCV) is more common than 
hepatitis B virus (HBV). Chronic hepatitis C has been demonstrated to 
evolve to cirrhosis and HCC [1-3]. The HCC occurrence rate in cirrhotic 
patients with anti-HCV has been reported to increase steadily with a 
yearly incidence of 1.4%-7% [4-6]. Thus, a majority of cases with chronic 
HCV infection progress slowly to liver cirrhosis and HCC. 

More than 200000 Japanese patients with chronic hepatitis C have been 
treated with interferon. Many investigators have reported this therapy 
to be effective for decreasing serum alanine aminotransferase (ALT) [7,8], 
reducing and eliminating HCV RNA levels [9,10], and improving liver 
histology [11,12] in patients with chronic hepatitis C. However, there have 
been no studies on the relationship between the response to interferon 
therapy and the development of HCC after it. Therefore, we decided to 
evaluate the influence of interferon therapy on the development of HCC 
by exploring the risk factors for liver carcinogenesis and examining the 
incidence of HCC in chronic hepatitis C patients treated with interferon. 
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Patients and Methods 

Patient Studies 

From June 1989 to September 1995, a total of 1142 patients, who had had 
elevated ALT (at least double the upper limit of the normal range for at 
least 6 months) and who had been histologically proven to have chronic 
hepatitis with or without Child grade A liver cirrhosis, were treated with 
interferon in six trials using defferent treatment schedules [9-11,13-15]. 
Patients with positive hepatitis B surface antigen, or other forms of liver 
disease (such as alcoholic liver disease and autoimmune liver disease) 
were excluded from the interferon treatment trials. Also excluded from 
the treatment trials were patients with ultrasonic coarse-nodular 
cirrhosis before the start of interferon therapy and those with a history of 
hepatic encephalopathy, bleeding esophageal varices, or ascites. The case 
was excluded from this study if the total amount of interferon was less 
than 200 million units (MU), because of the possibility of insufficient 
interferon treatment (39 cases). Also, patients developing HCC within 
1 year after the completion of interferon therapy were not included, so as 
to exclude as many cases having microscopic HCC prior to interferon 
therapy as was possible (nine cases, all of whom were nonresponders). 
Patients with less than 12 months of follow-up using ultrasonography 
for miscellaneous reasons were also excluded (72 cases). After these 
procedures, 1022 patients were left and followed up in this study, none of 
whom were positive for HIV antibody. 

For the first interferon treatment regimen, one group of 159 patients 
was randomly assigned to receive either 6 or 9 MU of recombinant 
interferon-a2a (Roferon-A, Hoffman-La Roche, Tokyo, Japan, or 
Canferon A, Takeda Pharmaceutical, Osaka, Japan) intramuscularly 
every day for the first 2 weeks and then three times a week for the 
following 22 weeks [13]. Another group of 132 cases was randomly 
assigned to receive either 6 or 10 MU of recombinant interferon-a2b 
(Intron A, Schering-Plough or Yamanouchi Pharmaceutical, Tokyo, 
Japan) intramuscularly every day for the first 2 weeks and then three 
times a week for the following 22 weeks [14]. A third group of 132 patients 
was treated with 6MU of natural interferon-~ (Toray Industries or 
Daiichi Pharmaceutical, Tokyo, Japan) by intravenous injection ranging 
from 252 to 264MU [15]. This total amount ofinterferon-~ is the ordinary 
dosage for treatment of chronic hepatitis C patients in Japan. A fourth 
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group of 56 patients received 28-week or 52-week courses of natural 
interferon-a [11,16]. Five MU of natural interferon-a (Otsuka 
Pharmaceutical, Tokyo, Japan) was administered intramuscularly three 
times a week during the first 28 weeks. In the 52-week course, 5 MU of 
natural interferon-a was further administered twice a week during 
the following 24 weeks. A fifth group of 543 patients received 6 MU of 
natural interferon-a (human lymphoblastoid interferon, Sumitomo 
Pharmaceutical, Osaka, Japan) intramuscularly every day for the first 
2 weeks and then three times a week for 14 or 22 weeks [10]. Retreatment 
with a 24-week course of natural interferon-a was done for 161 cases. 
Interferon treatment was given once for 861 cases, twice for 128 cases, 
three times for 23 cases, four times for eight cases, five times for one case, 
and six times for one case. After written informed consent had been 
obtained, clinical evaluation and laboratory tests including a-fetoprotein 
determination were performed before treatment, weekly during the first 2 
weeks of treatment, biweekly for the remainder of the treatment, and 
monthly after the treatment, in order to classify the ALT response to 
interferon therapy. 

Patients treated with interferon were divided into the following three 
groups, based on the change in serum ALT levels as described previously 
[10,11]. The first was the sustained-response group in which ALT levels 
remained within the normal range for more than 24 weeks after therapy. 
The second was the transient-response group in which ALT levels 
decreased to the normal range during therapy but then increased to 
abnormal levels in the following 24 weeks. The third was the no-response 
group in which AL T levels did not decrease during therapy or fluctuated. 

Ultrasonography was carried out before interferon therapy and every 
3-6 months after it. Before interferon therapy, none of the patients had 
HCC or suspicious space-occupying lesions as judged by ultrasonography 
or computed tomography. All 1022 cases were followed by both 
biochemical examinations including a-fetoprotein and ultrasonography. 
This study protocol was in accord with the Helsinki Declaration of 1975 
(revision of 1983) and approved by the Ethical Committee of Osaka 
University School of Medicine. 

Determination of HCV Genome Subtype 

HCV was classified by either Okamoto's method [17] or Kohara's method 
[18]. In this study, HCV genome subtype 1a or 1b determined by the 
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group-specific polymerase chain reaction [17] or serological genotype 
I determined by the enzyme-linked immunosorbent assay [18] was clas­
sified as subtype 1, while HCV genome subtypes 2a or 2b or serological 
genotype II was classified as subtype 2. 

Determination of HCV RNA Levels 

Serum HCV RNA levels were quantified using branched DNA (bDNA) 
probe assay (version 1; Chiron, Dai-ichi Kagaku, Tokyo) [16,19], 
competitive reverse transcription-polymerase chain reaction (RT-PCR) 
[10], or combined RT-PCR assay (Amplicor-HCV monitor assay) [20]. 
HCV RNA level of 10' copies/ml by the Amplicor-HCV monitor assay was 
already demonstrated to correspond to approximately 106 equivalents/ml 
by the bDNA probe assay [20]. Therefore, when the serum HCV RNA level 
was more than 106 equivalents/ml by bDNA assay, more than 106 copiesl 
ml serum by competitive RT-PCR, or more than 10' copies/ml serum by 
Amplicor-HCV monitor assay, it was designated as a high viral load as 
described previously [10,16,20]. 

Histological Evaluation 

Liver biopsy was carried out before interferon therapy in all 
cases. Specimens were fixed in formaldehyde and embedded in 
paraffin. The sections were stained with hematoxylin-eosin and 
Azan-Mallory, and analyzed by two pathologists without any knowledge 
of the clinical and laboratory data. Histological findings were 
scored according to the histological activity index (HAl) of Knodell et al. 
[21]. Thirty-four patients were histologically proven to have liver 
cirrhosis. 

Diagnosis of Hepatocellular Carcinoma 

Space-occupying lesions detected or suspected at the time of ultrasono­
graphy were further examined with computed tomography, selective 
hepatic angiography and fine-needle aspiration biopsy, unless the 
ultrasonographic findings confirmed that the lesions were unques­
tionably benign (e.g., hemangioma or cysts). A final diagnosis of 
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HCC was based on histological findings from resected hepatic tumors or 
biopsy specimens, or on the radiological findings of selective hepatic 
angiography. 

Statistical Analysis 

Age, histological scores before interferon therapy, total dosage of 
interferon, and period of observation are expressed as mean ± SD. 
The chi-squared test was used for statistical analysis of the comparison 
between group frequencies. When appropriate, the clinical and 
laboratory features of the two groups were compared by Student's t­
test and Welch's test. As for comparison among the three groups, one­
way analysis of variance was used. When data were not normally 
distributed, the Wilcoxon rank-sum test and Kruskal-Wallis test were 
used. 

Independent factors associated with the development of HCC were 
studied with stepwise Cox regression analysis. Possible risk factors for the 
development ofHCC included 13 variables: age; gender; total histological 
score; Knodell's scores for periportal necrosis, intralobular inflammation, 
portal inflammation, and fibrosis; classification of HCV subtype; 
pretreatment level of viremia; total dosage of administered interferon; 
number of times of interferon treatment; period of observation; and 
ALT response to interferon therapy. Each variable was transformed into 
the categorical data consisting of two or three simple ordinal numbers 
for multivariate analysis. All factors found to be at least marginally 
associated with carcinogenesis (P < 0.15) were tested by the multivariate 
Cox proportional hazard model. In addition, the same analysis was 
performed when histological diagnosis (chronic hepatitis or liver 
cirrhosis) was substituted as a variable for Knodell's histological scores 
themselves. The period of observation used in calculating the risk ofHCC 
began at the end of the final interferon treatment and ended on the date 
of HCC diagnosis, the date of final ultrasonography, or the date of death, 
whichever came first. The method of Kaplan and Meier was used to 
estimate the cumulative risk of HCC, and the statistical significance of 
differences in this incidence was found by the generalized Wilcoxon 
signed-rank test. 

Data analysis was performed with the SAS/PC statistical package (SAS 
Institute, Cary, NC, USA). All reported P-values were two-sided and a P­
value of less than 0.05 was considered to be significant. 
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Results 

Clinical Characteristics Before Interferon Therapy 

A sustained response was observed in 313 cases, a transient response in 
304 cases, and no response in 405 cases. There were no significant 
differences in age, gender, scores for intralobular inflammation and 
portal inflammation, and the total amount of administered interferon 
among the three groups. The total score of the histological activity index 
and scores for periportal necrosis and fibrosis were significantly higher in 
nonresponders than in sustained responders and transient responders 
(P < 0.02, P < 0.02, and P < 0.0001, respectively). According to the 
fibrosis score of the histological activity index, 5 (1.6%) of the sustained 
responders, 6 (2.0%) of the transient responders, and 23 (5.7%) of 
the nonresponders were diagnosed as having liver cirrhosis, with the 
frequency being significantly higher in nonresponders (P < 0.01). The 
rate of patients with a low viral load and the prevalence of HCV subtype 
2 were significantly higher in sustained responders than in transient 
responders and nonresponders (P < 0.0001). The average period of 
observation was 38.9 ± 13.8 months (range 13 to 95 months) for sustained 
responders, 36.6 ± 11.3 months (range 13 to 85 months) for transient 
responders, and 36.9 ± 13.3 months (range 13 to 97 months) for 
nonresponders, with no significant difference among the three groups 
(Table 1). 

Development of Hepatocellular Carcinoma 

Forty-eight patients had a suspicious lesion of HCC as judged by 
ultrasonography and computed tomography. All 48 underwent 
angiography. A liver biopsy was done if indicated when the patients did 
not show typical tumor staining in the liver by angiography or were not 
diagnosed as having a particular disease, such as hemangioma. One 
patient was diagnosed as having cavernous hemangioma and another as 
having adenomatous hyperplasia by histological examination. A final 
diagnosis of HCC was made in 46 cases: 5 male sustained responders 
(serum HCV RNA was undetectable in all sustained responders at the 
time of HCC diagnosis), 9 male transient responders, and 32 (25 males 
and 7 females) nonresponders. Only 3 of 34 patients diagnosed as having 
liver cirrhosis before interferon therapy developed HCC, all of whom 
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Table 1. Clinical characteristics before interferon therapy according to alanine 
aminotransferase (ALT) responses to interferon in chronic hepatitis C (HCV) patients 

Sustained Transient No 
response response response 

Characteristic (n = 313) (n = 304) (n = 405) 

Age (years) 52.4 ± 11.0 52.6 ± 9.9 53.5 ± 9.4 
Male/female 211/102 2021102 275/130 
HCV RNA level 

High viral load 55a 133 180 
Low viral load 146a 74 80 
N.T. 112 97 145 

HCV subtype 
Group 1 lIla 208 275 
Group 2 109a 32 39 
Mixed 8 3 0 
Unclassified 3 0 1 
N.T. 82 61 90 

Total HAl score 9.0 ± 3.4 8.9 ± 3.6 9.6 ± 3.6b 

Periportal necrosis 2.3 ± 1.7 2.3 ± 1.7 2.7 ± 1.8b 

Intralobular inflammation 2.1 ± 1.1 2.0 ± 1.2 2.1 ± 1.1 
Portal inflammation 2.6 ± 0.9 2.6 ± 0.9 2.6 ± 0.9 
Fibrosis 1.9 ± 1.1 2.1 ± 1.0 2.3 ± 1.1' 

Total dose of IFN (million units) 489 ± 195 497 ± 195 505 ± 338 
Period of observation (months) 38.9 ± 13.8 36.6 ± 11.3 36.9 ± 13.3 

(13-95) (13-85) (13-97) 

N.T., not tested; HAl, histological activity index; IFN, interferon. 
a P < 0.0001 vs transient response and no response; b P < 0.02 vs sustained response 
and transient response; , P < 0.0001 vs sustained response and transient response. 
(From [22] with permission) 

were nonresponders. The average period from the completion of 
interferon therapy to the detection of HCC was 35 ± 13 months (range 
21 to 54 months) for sustained responders, 28 ± 9 months (range 15 to 
44 months) for transient responders, and 33 ± 13 months (range 14 to 70 
months) for nonresponders, with no significant differences among the 
three groups. 

Cumulative Risk of Hepatocellular Carcinoma 

Figure 1 shows the Kaplan-Meier estimates of the cumulative risk ofHCC, 
according to the ALT responses to interferon therapy. The cumulative 
incidence of HCC in transient responders was almost equal to that in 
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Fig. 1. Cumulative incidence of hepatocellular carcinoma in chronic hepatitis C 
patients according to ALT responses to interferon therapy. Solid line, sustained 
responders; dotted line, transient responders; dashed line, nonresponders (From [22] 
with permission) 

sustained responders, and it was significantly higher in nonresponders 
than in sustained and transient responders (P = 0.0009). Whether 
the HCV classification was subtype 1 or 2, the cumulative incidence 
of HCC in nonresponders gradually rose and was significantly higher 
than in sustained and transient responders (P = 0.02 in HCV subtype 1, 

P = 0.01 in HCV subtype 2). There was no significant difference in the 
cumulative incidence of HCC between patients with HCV subtypes 1 and 
2 (P = 0.14). Patients with advanced liver fibrosis (Knodell's fibrosis score 
~3) showed a significantly higher cumulative incidence of HCC than 
those with mild fibrosis (fibrosis score ~ 1) (P = 0.0008). Males had a 
significantly higher cumulative incidence ofHCC than females (P = 0.02). 
The older the patient was, the higher was the cumulative incidence of 
HCC (P = 0.002). 

From the curves of the estimated cumulative incidence, the third-year 
appearance rates of HCC in sustained responders, transient responders 
and non-responders were predicted to be 1.6%,3.4%, and 6.3%, the fifth­
year rates to be 4.3%, 4.7%, and 21.4%, and the seventh-year rates to be 
4.3%,4.7%, and 26.1 %, respectively. 
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Table 2. Risk factors responsible for the development of hepatocellular carcinoma 
after interferon treatment 
Variable Risk ratio 95% CI P-Value 

Age (years) 
<55 1.0 
;:::55 4.65 1.56-13.84 0.006 

Response to interferon 
Sustained response 1.0 
No response 7.90 1.74-35.93 0.008 
Sustained response 1.0 
Transient response 3.12 0.59-16.60 0.18 

Gender 
Female 1.0 
Male 4.35 1.26-14.96 0.02 

Lobular inflammation 
::51 1.0 
;:::3 0.41 0.17-0.96 0.04 

HCV RNA level 
Low viral load 1.0 
High viral load 2.35 1.02-5.43 0.045 

Fibrosis 
::51 1.0 
;:::3 3.16 0.99-10.06 0.052 

CI, confidence interval. (From [22] with permission) 

Risk Factors for Hepatocellular Carcinoma 

Cox proportional-hazards analysis was performed with the 13 variables 
mentioned above. Age, ALT response to interferon, gender, the degree of 
portal inflammation, and HCV RNA level were extracted as independent 
significant risk factors in the development of HCC and were adjusted 
simultaneously to estimate hazard rate ratios for the development ofHCC 
(Table 2). When the patients were divided into two age groups, <55 and 
~55 years, those over 55 years had a significantly higher risk ratio (risk 
ratio, 4.65; 95% confidence interval (CI), 1.56-13.84) than those under 55 
years (P = 0.006). A positive association was observed between the risk of 
HCC and ALT response to interferon therapy, demonstrating that the risk 
ofHCC was 7.90-fold higher (95% CI, 1.74-35.93) for nonresponders than 
for sustained responders (P = 0.008). However, the risk of HCC was not 
elevated in transient responders, compared to sustained responders (risk 
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ratio, 3.12; 95% CI, 0.59-16.60; P = 0.18). The risk of HCC in men was 
4.35-times higher (95% CI, 1.26-14.96) than in women (P = 0.02). Portal 
inflammation was negatively associated with the appearance ofHCC (risk 
ratio, 0.41; 95% CI, 0.17-0.96; P = 0.04), whereas the degree of fibrosis did 
not influence the appearance ofHCC (risk ratio, 3.16; 95% CI, 0.99-10.06; 
P = 0.052). Patients with a high viral load had a significantly higher risk 
ratio (risk ratio, 2.35; 95% CI, 1.02-5.43; P = 0.045) than those with a low 
viral load. The presence of liver cirrhosis was not an independent risk 
factor for the development of HCC. 

Discussion 

HCY multiplication is sustained throughout the course of infection [23]. 
When hepatocytes are continuously damaged and replicated, as in 
chronic hepatitis C, the frequencies of genetic alterations probably 
increase, leading to the development of HCC. Therefore, adequate 
treatment for HCY eradication at the stage of chronic hepatitis C is 
considered to be important for prevention of HCC, because cirrhosis 
reduces the rate of response to interferon [24,25]. More than 200000 
patients with chronic hepatitis C have been treated with interferon in 
Japan. Several investigators reported its usefulness for virological and 
biochemical long-term outcome. Moreover, this treatment has been 
shown to alleviate liver fibrosis in addition to necrosis and inflammation 
in patients with HCY eradication and/or ALT normalization [11,12]. In 
cirrhotic patients, a significant reduction in the incidence of HCC was 
reported in patients treated with interferon [25,26]. These results suggest 
that the use of interferon in the treatment of patients with chronic hepa­
titis C and compensated cirrhosis may be beneficial in preventing the 
development of HCC, with the benefits greatest for patients who respond 
to interferon by normalizing ALT or clearing HCY. However, there 
have been no studies describing the risk factors for the development of 
HCC and its incidence after interferon therapy in patients with chronic 
hepatitis C. Even if the follow-up after the completion of interferon 
therapy may not be long enough, the risk factors for the development of 
HCC and its incidence should be clarified, to be able to identify patients 
with a high risk of developing HCC after interferon therapy. 

In our present study, as expected, sustained responders showed the 
lowest possibility of HCC development. However, five sustained res­
ponders with HCY eradication did develop HCC, indicating the need for 
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careful follow-up using ultrasonography for at least 5 years after 
interferon therapy (the longest interval from the completion of interferon 
therapy to the detection ofHCC in sustained responders was 54 months). 
Interestingly, patients showing transient response did not have an 
elevated risk of HCC in comparison with sustained responders, and the 
cumulative incidence of HCC in transient responders was almost equal 
to that in sustained responders. Thus, HCC was less likely to develop in 
patients in whom interferon was effective for normalizing ALT during 
the therapy, even when HCV was not eradicated, probably due to the 
alleviation of hepatocyte necrosis and liver fibrosis in such patients, as 
previously described [11,12]. This might reduce the incidence of genetic 
abnormalities accumulating during cell division, resulting in lowering the 
risk of HCC. However, the seventh-year cumulative appearance rates 
of clinically and ultrasonographically evident liver cirrhosis in sustained 
responders, transient responders, and nonresponders were estimated to 
be 16.3%,34.9%, and 64.5%, respectively (not shown), suggesting that the 
evolution of the disease was observed more often in transient responders 
than in sustained responders. Consequently, the cumulative incidence of 
HCC may increase, displaying a hyperbolic curve, in transient responders 
in the near future. On the other hand, patients showing no response had 
a greatly increased risk of HCC, demonstrating that the risk of HCC was 
7.90-fold higher in non-responders compared to sustained responders. 

The presence of liver cirrhosis was reported to be associated with 
higher HCC incidence than chronic hepatitis or poor response to 
interferon [25]. In our present investigation, liver cirrhosis was more 
frequently observed in nonresponders than in sustained responders and 
transient responders. However, the presence of liver cirrhosis itself was 
not found to be a risk factor for HCC development. This result suggests 
that not the presence of liver cirrhosis, but no response to interferon 
therapy, is strongly associated with the appearance ofHCC. Furthermore, 
the degree of fibrosis was not a significant risk factor but a relative risk 
factor for HCC development. 

The third-year cumulative risk of HCC was shown to be 3.8% for 
patients with chronic hepatitis [27]. In patients with chronic hepatitis C, 
the cumulative HCC incidence was reported to gradually increase and 
to be threefold higher than in those with chronic hepatitis B [3]. In the 
retrospective follow-up study of European patients with compensated 
cirrhosis type C, the 5-year risk of HCC was reported to be 7% [5]. In 
Japan, the appearance rate of HCC in cirrhotic patients with anti-HCV 
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was reported to be 5%-7% per year [4,6]. In our present study, non­
responders showed a significantly higher cumulative incidence of HCC 
than transient responders and sustained responders, regardless of HCV 
subtype. The probable appearance rate of HCC at the seventh year 
after interferon therapy was estimated to be 26.1% (approximately 
3.7% per year). This incidence of HCC in nonresponders was almost 
equal to that of the natural course of chronic hepatitis C patients [3]. 
Unfortunately, almost all patients with chronic hepatitis C in Japan 
have been treated with interferon, except for cases with refusal of 
treatment, a history of psychiatric problems, the presence of decom­
pensated liver cirrhosis, or autoimmune disease. Although there was a 
small number of patients with less active or a milder form of chronic 
hepatitis, they were judged to be inappropriate as controls. Therefore, 
we could not compare the risk ratio and the HCC incidence of 
nonresponders with those of chronic hepatitis C patients without inter­
feron treatment. Although our results might be difficult to interpret 
due to the study being a nonrandomized one, we surmise that inter­
feron therapy did not seem to prevent HCC in patients showing no re­
sponse. Whether interferon can prevent liver carcinogenesis, especially 
in nonresponders, needs to be determined with future randomized 
controlled studies. 

We would like to emphasize that the risk of HCC development is sig­
nificantly low in chronic hepatitis C patients, for whom interferon 
is effective for normalizing ALT, even when HCV is not eradicated. 
This suggests that the aim of interferon therapy for chronic hepatitis C 
should be not only HCV eradication but also ALT normalization during 
interferon therapy, even if HCV is not eradicated, in order to reduce the 
incidence of HCC. Finally, we concluded that patients in the high-risk 
group of HCC after interferon therapy were those showing no response, 
who were older, and who were male, and that such patients should be 
carefully followed, using ultrasonography to detect HCC as early as 
possible. 
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