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Abstract

This paper reviews empirical work on cognitive and social
learning contributions to the etiology and treatment of
illness behavior associated with functional abdominal
pain and inflammatory bowel disease. A particular
emphasis is placed on randomized controlled trials,
the majority of which are multi-modal in orientation,
incorporating elements of cognitive behavioral therapy,
social learning, and relaxation. Based on this review,
we offer methodological and clinical suggestions: (1)
Research investigations should include adequate sample
sizes, long-term follow-up assessments, and a credible,
active control group. (2) Standard gastrointestinal practice
should include, when appropriate, learning opportunities
for patients and family members, for example, instruction
regarding the encouragement of wellness behavior.
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SOCIAL LEARNING CONCEPTUALIZATION
OF ILLNESS BEHAVIOR

How people react to health conditions, both acute

and chronic, has sometimes been described as "illness
behavior"™. Inappropriate illness behavior has several
forms. In one extreme, an individual may fail to notice
sensations indicative of a serious condition requiring
attention or refuse to let even serious symptoms interrupt
his or her normal routine. The other extreme may involve
misinterpreting normal somatic sensations as symptoms
of disease and secking unnecessary medical treatment
for minor complaints. Both ends of the continuum are
of concern to health care providers: Denial may lead
individuals to postpone diagnostic investigations, or not
engage in activities, which would improve well-being.
Preoccupation with illness, on the other hand, creates
a costly burden on the individual and the health care
systemm. In the case of children, inappropriate parental
reactions to children's expressions of discomfort may
also contribute to a worsening of the disease experience
and possibly even worsening of the disease itself”. Our
research focuses on increasing appropriate and decreasing
inappropriate illness behaviors in response to somatic
sensations.

Social learning theory provides a strong conceptual
framework for understanding much of the development
and maintenance of illness behavior. In brief, behavior
and thoughts exist in a particular form because of an
individual's learning history. Thus, if we could know
someone's complete learning history, including every
experience (which of course, given the complexity of
human experience, is impossible), an individual's thoughts
and behavior would be recognized to be totally rational.
While the theory can get quite complex, a core principle is
the following: We internalize rules, or beliefs, which guide
us to seek rewards and avoid negative consequences. Some
patients may not have had the opportunity to learn beliefs
which would be most beneficial to them. Other patients
may operate under rules, which may have had some
rational basis in the past, but have now changed.

From this perspective, illness behaviors such as
effective coping strategies or somatic complaints may
be learned and maintained in large part because they
produce social rewards™. According to this model, a
patient's illness behaviors may result in increased positive
consequences for the patient, such as expressions of
support, caring, or concern, or decreased negative
events such as fewer demands for participation in taxing
household activities or chores. This model does not imply
that either direction of response indicates the symptoms
of illness are not present or "real", nor does it imply a
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conscious attempt to manipulate such contingencies.
Much of the empirical research examining this model
has been conducted with patients suffering from chronic
pain, where solicitous responses have been shown to be
related to increased pain, activity, and disability®'?. While
direct causal relationships are difficult to establish in such
research, this theoretical model may account in part for the
perpetuation of dysfunction and the excess disability seen
in many patients with chronic pain, and possibly other
chronic conditions, where the level of dysfunction appears
to exceed that expected from observed pathophysiology.

CHILDHOOD SOCIAL LEARNING EFFECTS
ON ADULT ILLNESS BEHAVIOR

Miller™ and Whitehead*"” suggested that such learning
might occur during childhood if parents rewarded somatic
complaints and/or modeled illness behavior. Moreover,
the learning model predicts a relationship between the
specific somatic symptoms, which were tewarded during
childhood, and the symptoms reported as an adult.
Turkat""” found evidence for the effect of modeling in
diabetic patients, patients with chronic headaches"” and in
a small group of healthy subjects'".

Several studies have interviewed adults about their
experiences as children, and found higher reported rates
of reinforcement and modeling for illness behavior during
childhood among adults with Irritable Bowel Syndrome
(IBS, a condition characterized by abdominal pain or
discomfort and altered bowel habits occurring in the
absence of underlying disease pathology) compared to

asymptomatic control groups' ",

CHILDHOOD SOCIAL LEARNING EFFECTS
ON CHILDHOOD ILLNESS BEHAVIOR

Our research provides evidence to support the effects of
social learning on childhood illness behavior in general,
and gastrointestinal symptoms in particular. Utilizing
a health maintenance organization (HMO) automated
database, we found that the children of adult IBS patients
made 25% more health care visits per year than the
children of control parents. Visits for gastrointestinal
complaints occurred more often in the children of IBS
parents, but Gl-related visits made up only 22% of the
excess health care visits™,

In a subsequent prospective study™ we also tested
whether children whose mothers sought medical care for
IBS during the two years prior to enrollment would show
more illness behavior than control children. We compated
the case children (i.e., children of women with IBS) to
the control children (i.e., children of mothers without
current symptoms or history of IBS), with respect to the
number and types of GI symptoms reported by the child.
We interviewed 296 case children from 208 families, and
335 control children. Measures of illness behavior were
numbers of symptoms (teported by children) and school
absences and medical clinic visits in the previous 3 mo
reported by their mothers. We found that case children
reported more bothersome gastrointestinal symptoms

www.wjgnet.com

than control children, more frequent stomachaches, more
school absences for GI symptoms, and more physician
visits for gastrointestinal symptoms. These differences
remained significant after adjusting for potential mediators.

To test the hypothesis that the findings in these studies
could be explained by a genetic predisposition to illness,
we examined data from a twin registry containing 6060
twin pairs. Regression analysis showed that the presence of
IBS in the respondent's parents made a larger contribution
to the risk of having IBS than did the presence of IBS
in one's twin'!, and a study with a United Kingdom twin
database provided confirmation of the influence of social
learning over heredity in the development of TBS™.

Further support for social learning comes from our
research into the relationship between specific parental
responses and children's behavior. We found that higher
levels of parental solicitousness in response to their
children's illness behaviors wete trelated to key outcomes,
specifically, higher levels of children's symptoms and
disability as measured by school days missed””. Predictors
of maternal solicitousness, in turn, included several
maternal characteristics: non-Caucasian race, lower
educational status, not being married or partnered, and
perceiving the child's condition as more severe™

Other researchers have also explored the relationship
between children's pain and parental influences” ",
Parents of children seen in a pediatric rheumatology clinic
reported high levels of pain®. Furthermore, children's
levels of pain were related to parents’ seeking treatment for
pain and parents’ pain-related interference with activities.
Mote recently, a study of parent-child interactions during
exercise tasks in children with fibromyalgia or with juvenile
rheumatoid arthritis as well as healthy controls, showed
that parental discouragement of coping in response to
child pain or task-related complaints was associated with
less time on task for all children®”

The effects of the social environment on illness have
been heavily researched in some gastrointestinal disorders
in children. Stone and Barbero”" and Oster™ noted
that children with recurrent abdominal pain where no
physiological basis can be found are significantly more
likely than children without this condition to have parents
who complain of abdominal pain. Hill and Blendis"’
reported that these children also come from large families
in which somatic complaints are more likely to have been
rewarded by attention. Our data support this"™,

Walker and her colleagues provide further support
for the importance of social learning processes in the
development of illness behavior. In studies of patients
referred to a pediatric gastroenterology clinic for eva-
luation of abdominal pain, Walket's group found that
these families were characterized by a higher frequency
of non-specific somatic symptoms®™, gastrointestinal
disorders, and other health problems™ than was observed
in the families of well patients. Furthermore, there was a
significant positive association between severity of somatic
symptoms in recurrent abdominal pain patients and similar
symptoms in their parents””. This significant association
between child and parent symptoms held for both
maternal and paternal symptoms, suggesting that modeling
by either parent may play a role in the development of
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Authors Design

Sample size Outcome

Corney et al'*” (1991)
Greene et al'™ (1994)
Payne et al'*”! (1995)
Drossman et al'* (2003)
Boyce et al®” (2003)
Blanchard et al'* (2007)
Kennedy et al™ (2006)

CBT vs SMT. FU at 4 & 9 mo
CBT vs SMT. FU at 3 mo

+ mebeverine vs mebeverine alone.

CBT vs Self-help support group vs SMT. FU at 3 mo 34
CBT vs education, and desipramine vs placebo (parallel studies). No FU 431
CBT vs relaxation training vs SMT. FU at 12 mo
Group CBT vs Self-help support group vs SMT. FU at 3 mo 210
Multicenter primary care intervention by nurses. Open label. CBT 149

42 CBT = SMT

20 CBT > SMT

CBT > Self-help > SMT

CBT > education; desipramine: placebo
105 CBT = Relaxation training = SMT

CBT = Support group > SMT

CBT + mebeverine >

Mebeverine alone at 3 & 6 mo FU

SMT: standard medical care with symptom self-monitoring; FU = follow up; Mebeverine: anticholinergic for inhibition of smooth muscle contractions.

the functional complaints characteristic of children with
chronic abdominal pain. Additional support for the effects
of modeling came in a subsequent study”™ in which higher
levels of paternal somatic symptoms were associated with
continuation of the children's somatic symptoms one year
following a clinic evaluation for recurrent abdominal pain.
Maternal somatic complaints also predicted symptom
continuation, but only for boys in families with high levels
of negative life events. Finally, in a laboratory study, Walker
recently found higher levels of pain complaints in children
whose parents were trained to give attention to symptom
talk, and the effect of this attention was more pronounced
in pain patients than well children™.

COGNITIVE-BEHAVIORAL INTERVENTIONS
FOR CHRONIC SOMATIC PAIN IN ADULTS

Cognitive-behavioral interventions for chronic pain have
used a multimodal approach, which addresses symptom-
related cognitions, physiological arousal, and activity
restructuring, Compas e# al*” reviewed the empirical support
for these treatments for chronic pain. They concluded that,
based on studies meeting criteria for randomized controlled
treatment trials, operant-behavioral therapy and cognitive
behavioral therapy qualified as efficacious treatments in
decreasing disability, physical and psychological dysfunction,
and level of pain. When compared with wait-list, no-
treatment, or standard medical care control groups, operant
behavioral interventions produced improvements in
function™ ™, decreases in pain reports™**’, and decreases
in medication use'™. In controlled studies of patients with
chronic pain syndrome and low back pain, CBT resulted in
improved activity levels and psychological functioningm’%’m
and decreased pain reports'>*,

More recent reviews of the literature provide additional
evidence that CBT reduces pain, distress, and improves
function in patients with chronic pajnm’w], and that intensive
multidisciplinary biopsychosocial rehabilitation improves
function and reduces pain in patients with chronic pzainl51J
In a review of treatments for abdominal pain, Blanchard™
concluded that the empirical literature also supports the
positive effects of CBT in patients with IBS. More time-
limited applications of CBT have also proven efficacious.
In a randomized controlled trial®™ a four session CBT
intervention resulted in significantly improved pain and
functioning in patients with chronic temporomandibular
joint disorder pain compared to controls, and these gains

were maintained at 6 and 12 mo follow-up. Evidence is
also accumulating that cognitive-behavioral interventions
result in improved outcomes in children and adolescents
with chronic pain[54’55], including pain due to specific medical
conditions such as sickle cell disease™
A common feature of these treatment programs has
been to incorporate the concepts of social learning theory
into the interventions by training the spouse, significant
other, or family member to increase positive responses
for coping strategies, activity and well behaviors, and to
reduce maladaptive solicitous responses to pain behaviors.
Involvement of the partner in behavioral treatments for
pain has long been recommended” and is frequently
incorporated into multidisciplinary pain treatment
programs” . Several controlled studies have documented
that partner involvement in cognitive-behavioral treatment
resulted in significant improvement in psychological and
hysical functioning in patients with chronic arthritic

pain[”’6 ]

COGNITIVE-BEHAVIORAL STUDIES ON
THE TREATMENT OF FUNCTIONAL
GASTROINTESTINAL DISEASES

Table 1 summarizes controlled trials of CBT in adults
with IBS. The majority of studies which have compared
CBT to standard medical care (SMT)"*) or SMT plus
symptom self-monitoring while waiting to receive CBT
treatment*™* have found CBT to be superior, although
the trials by Corney ez 2/*” and Boyce ¢ al" are exceptions.
However, caution should be exercised in interpreting this
as strong evidence for the efficacy of CBT, since there
is reason to believe that randomizing patients to receive
SMT who have previously failed to respond to SMT, or
assigning them to monitor symptoms while waiting to
recelve treatment, creates a negative expectation for benefit
and tends to exaggerate differences between groups!®”
Three adult studies compared CBT to an active
control group: The Drossman studylosj showed CBT to be
superior to an educational control when outcomes were
evaluated at the end of treatment; however, no follow-up
data have been reported. Two studies™, both from the
same group, compared CBT to a self-help support group,
which has a high degree of credibility for IBS patients.
One of these studies showed CBT to be superior to the
support group[()‘r’], but the total sample size was relatively
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Authors Sample Intervention

Design

# sessions Comparison sample Outcome for intervention group relative
to comparison

Finney et al”” 16 children 1-5 components, tailored to each child: self- Case
(1989) with RAP

(age 6-13)  behavior, relaxation training, prescribed
dietary fiber, required school attendance

Robins et al”™ 69 children CBT family including pain management, RCT

(2005) with RAP  relaxation, distraction, parental

(age 6-16)  encouragement of wellness behavior
Sanders et 16 children CBT including self-monitoring, social RCT
al® with RAP  learning, relaxation wait-list
(1989) (age 6-12) control

Sanders et 44 children CBT including contingency management RCT

al”™ with RAP  and self-management

(1994) (age 7-14)
Scharff & 10 children Random assignment to social learning or
Blanchard ~ with RAP  stress management/relaxation

(1996)™ cited (age 8-13)
in Blanchard
(2001)"

monitoring, limited reinforcement of illness control

crossover 4 -

M=25 16 untreated
visits plus children with RAP symptoms (parent-report)

-improvement or resolution of pain

1-6 phone matched for gender -decreased school absences
calls (age 4-18) -decreased health care utilization®

5 Standard care -decreased pain (child- and parent-report)
(29 of the total 69) -fewer school absences
8 Wait-list control ~ -decreased pain (child-report and maternal
(8 of the total 16)  observation)
-more pain-free days (child-report)
-fewer pain behaviors (teacher observation)
-fewer behavioral problems (parent-report)
6 Standard care -more pain-free days (child-report)

(4-6 sessions) -fewer pain behaviors (parental
observation)

-less pain-related interference (child- and
parent-report)

-decreased pain intensity (child-report)

-decreased pain frequency (parent-report)

'In this study, the comparison group was used only as a reference for health care utilization, not the other outcome variables.

small (# = 10 to 12 per group). A larger study[(’()] failed to
show any difference between CBT and the support group,
although this might have been explained by the different
modes of delivering CBT (group »s individual sessions).
Taken together, these 7 studies provide suggestive but
not compelling evidence for the efficacy of CBT. Other
published studies evaluated multimodal psychological
treatments for IBS, but the outcomes for these trials have
been mixed.

There has also been limited intervention literature
using CBT to treat children with recurrent abdominal pain
(Table 2). While overall results have been quite positive, the
research is characterized by methodological weaknesses,
including low sample size!™ ", inadequate standard medical
care control groups which do not control for intervention
time and attention>”, ot both.

The pediatric studies reviewed in Table 2 suggest that
a cognitive behavioral approach, which includes a social
learning component for treatment of the FGIDs, may be
efficacious. Additionally, Sanders ¢z a/™ note that research
is needed which evaluates the effects of a briefer, more
cost-effective program which could easily be incorporated
into routine practice. Finally, Sanders ¢z o/ conclude with
a recommendation for research which investigates the role
of other potential predictors of outcome, such as child
and family characteristics.

COGNITIVE-BEHAVIORAL INTERVENTIONS
FOR INFLAMMATORY BOWEL DISEASE

The research on cognitive behavioral interventions for IBD
has focused primarily on teaching patients coping strategies
and stress management skills. Much of the research has
also been limited by small sample sizes and inadequate

www.wjgnet.com

control groups. In an early randomized trial, Milne,
Joachim, and Niedhardt™ assigned 80 IBD patients to a
relaxation training or control group. There was no control
for therapist attention. Self-reports of stress and disease
activity dropped for the treatment group, but not the
control group. Garcia-Vega and Fernandez-Rodriguez!”
assigned a total of 45 patients to one of two stress
management groups (therapist or self-directed) or usual
medical care. Patients in both self-management groups
showed reductions in some gastrointestinal symptoms and
tiredness, while the conventional medical group did not.
Schwarz and Blanchard” compared a multi-component
CBT intervention (consisting of IBD education, relaxation,
biofeedback, and cognitive coping) to a symptom
monitoring control group. The number of subjects in each
group was small (10 and 11 respectively), and findings were
mixed, not clearly showing a superior effect for the CBT
group. In an uncontrolled study, Mussell ¢ a/”” tested a
12-session cognitive behavioral group therapy intervention
on 28 patients which included education about IBD,
training in cognitive coping strategies, and progressive
muscle relaxation. A significant decrease in worries and
concerns related to disease was found for ulcerative colitis,
but not Crohn's patients. Depressive coping also decreased
in women, but not men. Education, often a component
of CBT programs, was not effective by itself in reducing
anxiety or improving quality of life in a group-based
patient education program for IBD patientsPSJ. In 2001,
Maunder and Esplenm stated that there was no consensus
about the most appropriate psychosocial interventions
for people with IBD. Similarly, in a comprehensive review,
Levenstein™ also concluded that, to date, research on the
psychological and behavioral approaches to IBD treatment
were disappointing. Small sample sizes, uncontrolled
studies, and variation in treatment modalities likely provide
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a basis for these conclusions and demonstrate the need
for further research in this area. This suggests the need for
well-designed, randomized, controlled studies to address
whether such interventions may be effective in improving
function and adjustment in patients where there also is an
organic etiology for symptoms.

TREATMENT AND RESEARCH
RECOMMENDATIONS

Based on this review, it seems appropriate to recommend
integrating a cognitive behavioral approach into gastro-
enterology practice with adults. This would include both
cognitive and relaxation components. The cognitive com-
ponent would begin with an assessment of the patient's
ideas about his/her illness. It would then be appropriate
to work with the patient to reduce the negative effects of
symptoms, by challenging and changing beliefs and ways
of viewing the world which have an adverse effect on
these symptoms. This is done by first having the patient
understand interactions between thoughts and feelings and
recognize the role that illness beliefs and behavior play in
the experience of symptoms. Relaxation training should
also be incorporated, with the goal of teaching patients to
reduce the physical effects of stress and anxiety.

Studies with children have been less extensive, but the
preliminary results with children indicate that a reasonable
current recommendation for children would be similar.
However, with children, of course, parents should be
involved in any intervention strategies. Their cognitions
about and response to their children's symptoms should be
assessed and addressed. They could also be considered to
assist with relaxation strategies.

Future research on the effectiveness of CBT with
children and adults should meet the following minimum
standards: (1) Include an adequate sample size to insure
that the study is both generalizable and that there is
sufficient power to detect a clinically meaningful effect.
The sample size should be chosen prior to study initiation.
(2) Assess maintenance of treatment effects by including
a follow-up assessment at least 6 mo after the conclusion
of treatment. (3) Include a credible control group (not
SMT or wait list control) and assess whether subjects
find the active and control groups equally credible™. (4)
Include IBS symptom reduction as one of the outcome
measures. The primary outcome may be a global rating
of satisfaction with treatment or adequate relief of
symptoms, but this should be confirmed by showing that
treatment is also associated with a clinically meaningful
reduction in gastrointestinal symptoms.
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Since the identification of hepatitis C virus (HCV) genome
in 1989"! a lot of progresses have been done about
the understanding of HCV biology, natural history and
therapeutic options. HCV is a member of the Flaviviridae
viral family. Its genome is a positive simple strand RNA
molecule which shows significant genetic variability. The
HCV nomenclature has been recently re-examined by an
international group of scientific experts in the field of
HCV genetic variability or involved in HCV data base”.
HCV sequence variability and HCV classification has
considerably evolved since the consensus paper in 1994
proposing the classification of HCV by phylogenetic
methods into 6 genotypes. Each genetic group contains
a variable number of closely related but distinct subtypes
at the nucleotide level. Genotypes differ from each other
by 31% to 33%, and subtypes by 20% to 25%. Since this
time, several molecular epidemiology studies have revealed
a much higher diversity especially in certain region of
the world demonstrating that HCV was present a long
time ago in human populations, and that recent routes
of spread, like transfusions, nosocomial transmission,
or Intra Venous Drug use have allowed a rapid spread
of HCV subtypes. Recombination between genotypes“’s]
were also described making the classification of certain
strains more difficult. Because genotype identification
is clinically important in terms of response to current

www.wjgnet.com

HCV treatments (Pegylated Interferon and Ribavirin),
experts have examined the must reliable methods for
HCV classification especially for phylogenetic analysis
of the core, E1, NS5B genes and complete genome
sequencesm. These combined methods support the
primary division of HCV into the 6 genetic groups termed
genotypes. Variants of HCV above 6 are being renamed
according to the genotype group. The new proposal of
the scientists and experts now serve as a framework for
access to the 3 Databases (which follows the current
revised nomenclature and the revised criteria for HCV
classification). Particularly due to the vatiability of HCV
strains, HCV infection is characterized by an extremely
high rate (60%-80%) of chronic carrier state development
associated with viral multiplication. The understanding
and modelisation of natural history is still debated but the
chronic carrier state is associated with the development
of liver fibrosis and the risk of hepatocellular carcinoma
(HCC). Histopathological and clinical studies have
individualized by assimilation with HIV infection low and
rapid progressors. However, risk factors for liver fibrosis
progression seem to be linked to many individual or
environmental factors (age, sex, age at infection, route of
transmission, alcohol consumption, e#.). One of the most
recent progress in the assessment of liver fibrosis is the
development of blood scores (Hepascore”, Fibrometer”,
Fibrotest”, ...) ot physical methods like elastometry
(Fibroscan®) which are modifying the management
of patients with HCV infection and may probably
facilitate the follow up of fibrosis progression”™. The
understanding of the HCV biology has also considerably
benefit from new in vitro and in vivo systems of viral
replication like the replicon system and transgenic mice
models. These new culture and animal models together
with the growing knowledge of molecular biology of
HCV have reinforced the importance of HCV variability
and its potential role in the natural history of infection but
also in the mechanisms of resistance to antiviral agents. In
this issue of World Journal of Gastroenterology, experts
have examined the main aspects of HCV infection trying
to focus on these new findings or understanding about
biological, clinical and therapeutic progresses.
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Abstract

Hepatitis C virus (HCV) encodes a single polyprotein,
which is processed by cellular and viral proteases
to generate 10 polypeptides. The HCV genome also
contains an overlapping +1 reading frame that may lead
to the synthesis of an additional protein. Until recently,
studies of HCV have been hampered by the lack of a
productive cell culture system. Since the identification
of HCV genome approximately 17 years ago, structural,
biochemical and biological information on HCV proteins
has mainly been obtained with proteins produced by
heterologous expression systems. In addition, some
functional studies have also been confirmed with
replicon systems or with retroviral particles pseudotyped
with HCV envelope glycoproteins. The data that have
accumulated on HCV proteins begin to provide a
framework for understanding the molecular mechanisms
involved in the major steps of HCV life cycle. Moreover,
the knowledge accumulated on HCV proteins is also
leading to the development of antiviral drugs among
which some are showing promising results in early-
phase clinical trials. This review summarizes the current
knowledge on the functions and biochemical features of
HCV proteins.
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INTRODUCTION

As for the other members of the Flaviviridae family
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the genome of Hepatitis C virus (HCV) encodes a
single polyprotein. This 3010 amino acid polyprotein is
processed by cellular and viral proteases to generate 10
polypeptides" (Figure 1). The nonstructural proteins
are released from the polyprotein after cleavage by HCV
proteases NS2-3 and NS3-4A, whereas the structural
proteins are released by host endoplasmic reticulum (ER)
signal peptidase(s)m. Further processing mediated by a
signal peptide peptidase also occurs at the C-terminus
of the capsid protein. In addition to the large open
reading frame encoding the polyprotein, the HCV genome
contains an overlapping +1 reading frame that may lead
to the synthesis of an additional protein'”, Despite the
difficulties in propagating the virus in cell culture, a large
body of data has accumulated on HCV proteins since the
identification of HCV genome 17 years ago. A detailed
knowledge of the functions of HCV proteins is important
for the development of new antiviral drugs. This review
summarizes the current knowledge of the functions and
biochemical features of HCV proteins. A brief summary
of the functions of HCV proteins is presented in Table 1.

CORE PROTEIN

The core protein is an RNA-binding protein that is
supposed to form the viral nucleocapsid. It is removed
from the polyprotein by a host signal peptidase cleavage
at the C-terminus, yielding the immature form of the
protein™, and the signal peptide present at the C-terminus
of the core is processed further by a host signal peptide
peptidase, yielding the mature form of the protein®
(Figure 1). It has been shown that the mature form of
core is a dimeric alpha-helical protein, which behaves as
a membrane proteinm, This protein can be separated into
two domains: an N-terminal two-thirds hydrophilic domain
(D1) and a C-terminal one-third hydrophobic domain
(D2)". The D1 domain includes numerous positively
charged amino acids and has similar characteristics to the
capsid proteins of related pestiviruses and flaviviruses'®”.
The D2 domain is required for proper folding of domain
D1 and is critical for the membrane characteristics of the
core™. It is worth noting that this domain is absent in the
pestiviruses and flaviviruses but is found in GB virus B,

Little is known about the mechanisms of HCV nucleo-
capsid assembly. Iz vitro nucleocapsid reconstitution ex-
periments with core segments have thus far yielded
irregular particles larger than those isolated from infected
subjects“ol. Full-length core protein has also been shown
to assemble into nucleocapsid-like particles upon de novo
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Figure 1 HCV genome organization (top) and polyprotein processing (bottom).
HCV encodes a single polyprotein with the structural proteins (S) and the
nonstructural proteins (NS) present in the N-terminal one-third and the C-terminal
two-third of the polyprotein, respectively. The polyprotein processing and the
location of the 10 proteins relative to the endoplasmic reticulum membrane are
schematically represented. Scissors indicate cleavages by a host signal peptidase.
Arrows indicate NS2-3 and NS3-4A cleavages. The intramembrane arrow indicates
cleavage by a host signal peptide peptidase (SPP). The transmembrane domains
of E1 and E2 are shown after signal-peptidase cleavage and reorientation of their
C-terminus. In addition, the precleavage topology of the transmembrane domains
of E1 and E2 is shown in light grey.

synthesis in cell-free systems made of rabbit reticulocyte
lysate or wheat germ extracts' . Tt has also been suggested
that the attachment of a core protein to a phospholipid
layer is required as a template for proper assembly of the
nucleocapsidm. Although, little is known on the assembly
of the nucleocapsid, developing small molecules that block
the signal peptide peptidase cleavage might be a way of
inhibiting HCV assembly.

When expressed in the context of heterologous
expression systems or HCV replicons, core is found both
attached to the ER and at the surface of lipid dropletsmzj.
In some conditions, a minor proportion of the core
protein has also been found to be located in the nucleus”.
More recently, the core protein has also been found to
colocalize with mitochondrial markers in Huh-7 cells
containing a full-length HCV repliconm]. However, in the
context of an infectious virus, the core protein was only
found in association with lipid dropletsm. It has been
reported that the traffic between rough ER membranes,
the site of capsid protein synthesis, and lipid droplets
is regulated by signal peptide peptidase cleavage in the
C-terminal region of the core protein”. Tt is therefore
likely that in the context of HCV-infected cells, transport
of the C protein to the site of lipid droplet assembly is
rapid due to rapid cleavage by the signal peptide peptidase.

The core protein has been reported to interact with
a variety of cellular proteins and to influence numerous
host cell functions™*"”, Tt has indeed been proposed to be
involved in cell signaling, apoptosis, carcinogenesis and lipid
metabolism. However, in most cases, it is unclear if these
interactions occur in the course of a normal infection or are
artifacts of ectopic expression or protein over-expression.
Further studies with the recently developed cell culture
system for HCV"?" should help clarify whether all the
functions identified for HCV core protein can be observed
in the context of infected cells.

E1 AND E2 GLYCOPROTEINS
HCV glycoproteins, E1 and E2, are released from the

Protein  Molecular Mass'  Function

Core 21 kDa RNA binding; nucleocapsid

E1l 31-35 kDa Envelope glycoprotein; associate with E2

E2 70 kDa Envelope glycoprotein; receptor binding;
associate with E1

p7 7 kDa Ion channel

NS2 21 kDa Component of NS2-3 proteinase

NS3 69 kDa N-terminal proteinase domain;
C-terminal NTPase/helicase domain

NS4A 6 kDa NS3-4A proteinase cofactor

NS4B 27 kDa
NS5A 56-58 kDa
NS5B 68 kDa

Induces membrane alterations
Phosphoprotein
RNA-dependent RNA polymerase

'Estimated by SDS-PAGE.

polyprotein by a host signal peptidase cleavagem] (Figure 1).
They are type-I transmembrane proteins with a large
N-terminal ectodomain and a C-terminal transmembrane
domain, and they assemble as noncovalent heterodimers®"
The ectodomains of HCV envelope glycoproteins E1 and
E2 are highly modified by N-linked glycans. Indeed, E1
and E2 possess up to 6 and 11 potential glycosylation sites,
respectively, and most of them are well conserved ™. Tt
is worth noting that some glycans have been shown to play
a role in HCV glycoprotein folding or in virus entry™.
Because they are essential for virus entry, HCV envelope
glycoproteins are a good target for the development of
antiviral molecules that block HCV entry™.

Hypervariable regions (HVR) have been identified
in the E2 envelope glycoprotein sequencem. The first
27 amino acids of the E2 ectodomain form HVRI. The
apparent variability of this region seems to be driven
by antibody selection of immune-escape variants. An
HCV clone lacking HVR1 was found to be infectious
but strongly attenuated in chimpanzees”, supporting a
functional role of this domain, likely in virus entryf[zg’zgl.
Despite the sequence variability of HVR1, the physico-
chemical properties of the residues at each position and
the conformation of HVRI are highly conserved among
the various genotypesm. In addition, HVR1 is a global-
ly basic region and basic residues of HVR1 have been
shown to play a role in modulating virus entry™. Another
hypetvariable region, HVR2, has also been described in
E2P and this region has been proposed to modulate E2
receptor binding”".

Although HCV glycoproteins can be detected at the
plasma membrane when they are over-expressed” ", the
E1E2 heterodimer is mainly retained in the ER"™, The
determinants for ER retention of HCV envelope glyco-
proteins have been mapped in the transmembrane domains
of E1 and E2"*" In addition to a membrane-proximal
heptad repeat sequence in E2" these domains have also
been shown to be essential for heterodimerization™. The
transmembrane domains of HCV envelope glycoproteins
are not canonical transmembrane domains™’, and dynamic
changes have been shown to occur in these domains after
cleavage by the signal peptidase. Indeed, before cleavage
by a host signal peptidase, the transmembrane domains of
E1 and E2 adopt a hairpin structure, and after cleavage,
the signal-like sequence is reoriented toward the cytosol,
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Figure 2 Schematic representation of the major steps of HCV life cycle. The virus
binds to a receptor at the cell surface, which leads to endocytosis of the particle.
Fusion between the viral envelope and an endosomal membrane leads to the
release of HCV genome into the cytosol. HCV genome is a positive strand RNA,
which is directly translated and all the viral proteins are simultaneously produced.
Expression of HCV proteins induces intracellular membrane alterations (the
membranous web), which is the site of RNA replication. The nonstructural proteins
NS3 to NS5B assemble in association with cellular factors to form a replication
complex, which is responsible for RNA replication. Accumulation of HCV genomic
RNA and the structural proteins leads to the assembly of a nucleocapsid, which
acquires its envelope within an intracellular compartment. The viral particle is then
secreted by following the classical secretory spathway.

leading to a single transmembrane passage.

The two envelope glycoproteins, E1 and E2, play major
roles at different steps of the HCV life cycle (Figure 2).
They are essential for virus entry™* and they partici-
pate in the assembly of infectious particlesm]. The E1 E2
heterodimer is the viral component present at the sur-
face of HCV particles and it is therefore the obvious
candidate ligand for cellular receptors. As a first approach
to identify potential HCV receptor(s), a soluble form
of HCV glycoprotein E2 has been used. This led to the
identification of a series of putative receptors for HCV:
CD81 tetraspaninm], scavenger receptor class B type I (SR-
BD™, heparan sulfate™ and the mannose binding lectins
DC-SIGN and L-SIGN"™, An approach using virus-
like particles produced in insect cells has also led to the
identification of the asialoglycoprotein receptor as another
candidate receptor for HCV™. In addition, because of the
physical association of HCV with low- or very-low-density
lipoproteins (LDL or VLDL) in serum, the LDL receptor
has also been proposed as another candidate receptor for
HCVPH, Among these molecules, only CD81 and SR-BI
have been shown to play a role in HCV entry™. However,
co-expression of CD81 and SR-BI in non-hepatic cell
lines does not lead to virus entry, indicating that other
molecule(s) expressed only in hepatic cells, are necessary
for HCV entry.

Interactions between viral envelope glycoproteins and
potential receptors can have other consequences than a
direct effect on virus entry. For instance, L-SIGN and
DC-SIGN are not expressed on hepatocytes, and HCV
interactions with these molecules may contribute to es-
tablishment or persistence of infection both by the cap-
ture and delivery of virus to the liver and by modulating
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dendritic cell functions as recently suggested”™. Tt
has also been shown that intracellular interaction bet-
ween HCV envelope glycoproteins and CD81 can lead
to sectetion of exosomes containing E1 and E2 glyco-
proteins™. A soluble form of E2 is also able to bind
CD81 at the surface of natural killer cells, and this in-
teraction inhibits cytotoxicity and cytokine production
by these cells®™". Binding of a soluble form of E2 to
CDS81 can also provide a co-stimulatory signal for T
cells®™™ activate B lymphocytes™ and up-regulate matrix
metalloproteinase-2 in human hepatic stellate cells'®’.
It remains however to be determined whether HCV
glycoprotein expressed in the context of native particles
will also have the same effects on cell functions.

Because they are exposed at the surface of the virion,
the envelope proteins are targets of neutralizing antibodies.
The recent development of retroviral particles pseudotyped
by unmodified HCV E1 and E2 envelope glycoproteins
(HCVpp) B2 has allowed to initiate studies on neutralizing
antibodies. As determined with HCVpp, it seems that
the majority of chronically infected patients have cross-
reactive neutralizing antibodies”**”. In contrast, neutralizing
antibodies have not been detected in several cases of acute
resolving infection® and the detection of neutralizing
antibodies in acutely infected individuals did not seem to be
associated with viral clearance’®”. However, another study
has shown in some patients a progressive emergence of a
relatively strong neutralizing response in correlation with
a decrease in viremia®. Further investigations on a large
number of acutely infected patients will be necessary to
determine the role of neutralizing antibodies in controlling
HCV infections. Importantly, the majority of neutralizing
anti-HCV monoclonal antibodies that have been described
recognize E2P*"** Tn addition, some of the epitopes
recognized by these antibodies have been mapped in the
CD81 binding region of E2 and in the C-terminus of
HVR1". Studies with these neutralizing monoclonal anti-
bodies will be essential to understand the mechanisms
leading to HCV neutralization.

p7
The p7 polypeptide is located within the HCV polyprotein

at the junction between the structural and nonstructural
proteins”™, Tt is released from the polyprotein by a host
signal peptidase cleavage“z] (Figure 1). The p7 polypeptide
is a small polytopic membrane protein composed of two
transmembrane domains with both its N- and C-termini
otiented toward the lumen of the ER™. The C-terminus
of p7 contains a sequence for reinitiation of translocation,
and when fused to a reporter protein, this sequence func-
tions as a signal peptide[(’g’m]. The double membrane span-
ning topology of p7 with few residues accessible at one
or the other side of the membrane suggests that p7 like-
ly exerts its function(s) on membrane structures. When
expressed by heterologous expression systems, p7 can be
found in association with ER and/or mitochondrial mem-
branes™™"™, In addition, a small proportion of p7 can also
be detected at the plasma membrane™. However, further
investigations in the context of an infectious virus will be
necessary to confirm these subcellular localizations. The
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p7 polypeptide is not required for RNA replication, and it
is uncertain whether it is a virion component. Interestingly,
the p7 polypeptide has been shown to have an ion channel
activity in artificial lipid membranes™". In addition, it
has been shown to be essential for infectivity of HCV in
chimpanzees”. These observations suggest that screening
for small molecules that block the ion channel activity of p7
might be an approach to develop new anti-HCV molecules.

NS2

NS2 is an integral membrane protein that is not essential
for the formation of the replication complex'”"™. The
function of NS2 in its mature form is unknown; however,
before cleavage from the polyprotein, NS2 participates in
a protease activity responsible for the cleavage at the NS2/
NS3 junction™ (Figure 1). The first 180 residues of NS3
are also required for this cleavage. In addition, the NS2-3
enzyme has been described as a cysteine proteinase!™.
The structure of NS2 reveals a dimeric cysteine protease
with two composite active sites”. Surprisingly, for each
active site, the catalytic histidine and glutamate residues
are contributed by one monomer, and the nucleophilic
cysteine by the other. The host-cell chaperone Hsp90
seems to be required to activate the NS2-3 proteinase™
Cleavage of the NS2 N-terminus from p7 is mediated by a
signal peptidase within the ER™". When expressed alone,
NS2 is found located in association with ER membranes'™,
NS2 contains several stretches of hydrophobic amino acids
and is predicted to be a polytopic membrane protein®**,
The membrane topology of NS2 is unclear, but the
presence of two internal signal-like sequences points
to the existence of four transmembrane segments'™,
However, since the processing at the NS2/NS3 junction
has to take place in the cytosolic space, the presence of
the C-terminus of NS2 in the ER lumen suggests that
a reorientation of this region would have to occur after
cleavage between NS2 and NS3. Interestingly, crossover
sites for natural or infectious artificial inter-genotypic
HCV chimeras have been mapped in NS2"****"! These
data suggest that in addition to its role in the processing at
the NS2/NS3 cleavage site, NS2 is also involved in virus
assembly and release. It remains however to be determined
by which mechanism NS2 contributes to the latter process.
Due to its involvement in NS2-3 protease activity, NS2
is an interesting target for the development of anti-HCV
molecules.

NS2 has been shown to be a short-lived protein
whose degradation by the proteasome is regulated in a
phosphorylation-dependent manner through the protein
kinase CK2"™. In addition, it has been shown to interact
with the liver-specific pro-apoptotic CIDE-B protein and
to be an inhibitor of CIDE-B-induced apoptosis™’. NS2
might also potentially affect cellular gene transcription™
However, all these properties need to be further investi-
gated in the context of the newly developed cell culture
system for HCV!"™?",

NS3 AND NS4A

NS3 is a multifunctional protein with an N-terminal
serine-type protease domain and a C-terminal RNA

helicase/NTPase domain. The NS3 protease domain
has a typical chymotrypsin-like fold and is composed of
two beta-barrel domains”’". The protease activity of
NS3 is enhanced by the NS4A cofactor. Indeed, NS4A
contributes one beta-strand to the N-terminal protease
domain and thereby allows its complete folding™. In
addition, it induces a conformational change that leads to
a repositioning of the catalytic triad. NS3 by itself has no
transmembrane domain, but it associates non-covalently
with the central domain of NS4A, which is a membrane
protein. When co-expressed with NS4A, NS3 is found in
association with ER or ER-like membranes whereas it is
diffusely distributed in the cytoplasm and nucleus when
expressed alone”™. Deletion analyses have revealed that the
hydrophobic N-terminal domain of NS4A is required for
ER targeting of NS3. Interestingly, NS4A also stabilizes
the protease against proteolytic degradation. The NS3-4A
protease has an unusually shallow substrate-binding pocket
and therefore requires rather long interaction surfaces
with the substrate (reviewed in'"""). This made the design
of efficient inhibitors of this protease challenging".
The NS3-4A protease is responsible for the polyprotein
cleavage in the region downstream of NS3 (Figure 1), and
this activity is essential for the generation of components
of the viral RNA replication complex” (Figure 2). It is
therefore not surprising that this protease has been the first
target for the development of new anti-HCV molecules”

In addition to its role in the processing of the poly-
protein, the NS3-4A protease activity is also involved in
blocking the ability of the host cell to mount an innate
antiviral response”™. The NS3-4A has indeed been shown
to interfere with double-stranded RNA signaling pathways.
It disrupts the cellular RNA helicase retinoic acid-
inducible gene I (RIG- 1) pathway through proteolysis of
a newly discovered essential adaptor protein of interferon
regulatory factor-3 (IRF-3) activation””. Due to its recent
simultaneous discovery by four different groups, this
adaptor protein has received four different names: IPS-1,
Cardif, VISA and MAVS™. NS3-4A cleavage of MAVS/
IPS-1/VISA/Cardif results in its dissociation from the
mitochondrial membrane and disruption of signaling to
the antiviral immune response””. NS3-4A also cleaves the
TRIF (also called TICAM-1) adaptor protein to ablate
Toll-like receptor-3 (TLR-3) signaling of IRF-3 activation
by extracellular double-stranded RNA"". However, this
pathway has a minimal role in triggering the interferon
antiviral response",

The C terminus of NS3 encodes a DexH/D-box RNA
helicase!"™”. Enzymes of this superfamily are capable of
unwinding RNA-RNA duplexes in an ATP-dependent
manner. The crystal structure of the HCV helicase shows
a Y-shaped molecule composed of 3 nearly equally sized
subdomains""'". Although monomeric NS3 can bind
RNA with high affinity, RNA unwinding requires an
NS3 dimer"™. Kinetic analyses indicate that this enzyme
undetgoes highly coordinated cycles of fast double-stranded
RNA unwinding"”""”. More recently, it has been reported
that the cyclic movement of NS3 helicase is coordinated
by ATP in discrete steps of 11 base paits, and that actual
unwinding occurs in rapid smaller sub-steps of 2 to 5
base pairs, also triggered by ATP binding, indicating that
NS3 might move like an inchworm"™. The NS3 helicase
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activity can be modulated by interactions between the serine
protease and helicase domains. Indeed the kinetics of duplex
RNA unwinding is slower for the isolated helicase domain as
compared with the full-length NS3 protein"””. In addition,
the presence of NS4A enhances productive RNA binding
of a full-length NS3-4A complex"". The function of the
NS3 helicase in the HCV life cycle is not known. It may
be involved in initiation of RINA replication by unwinding
stable stem-loop structures at the termini of positive and/or
negative strand of HCV RNA. It may also contribute to the
process of the replicase complex by removing stable RNA
secondaty structures and/or by displacing bound proteins
that might interfere with RNA synthesis. Finally, it may
also be required for dissociation of the replicative form.
Due to its enzymatic activity, the helicase domain of NS3 is
another potential target for the development of anti-HCV
molecules.

The NS3 protein has been reported to interact with
several cellular proteins!"”, and it has been proposed to be
involved in carcinogenesis''”. However, the relevance of
these interactions needs to be confirmed in the context of
the recently developed cell culture system for HCV!'"* ",

NS4B

The NS4B protein is a highly hydrophobic nonstructural
protein, which is predicted to contain four transmembrane
domains'"""?, Tt has recently been shown that NS4B is
palmitoylated in the C-terminal region of the protein' ",
The N- and C-termini of NS4B are localized in the
cytosol; however, a fraction of the N-terminus can also be
found in the ER lumen"'?. A putative amphipathic helix
in the N-terminus of NS4B has been proposed to mediate
membrane association ¥, The NS4B protein is detected
in association with ER membranes'"'"'"*"". In addition,
NS4B also induces intracellular membrane alterations,
suggesting that one of its functions is to induce the
formation of membranous structures supporting RNA
replication''”. However, the structure of NS4B-induced
membranes appears to be slightly distinct from the
membranous web observed when all the HCV proteins are
expressed, suggesting that other component(s) contribute
to these membrane alterations. A nucleotide binding
motif has been found in NS4B"". This structural motif
binds and hydrolyzes GTP. Interestingly, mutation of this
nucleotide binding motif affects HCV RNA replication”,
The potential presence of NS4B domains on both sides of
the ER membrane suggests that this protein plays a role in
crosstalk between the ER lumen and the cytosol. Although
a function can be attributed to this protein, it remains
challenging to develop a high-throughput screening for
small molecules targeting NS4B.

NS5A

NS5A is a membrane-associated protein containing a
unique amphipathic alpha-helix at its N-terminus, which
serves as an in-plane membrane anchor "™ (Figure 1).
Like most HCV proteins, NS5A is detected in association
with ER or ER-derived membranes!"'™. Besides its
membrane anchor sequence, NS5A contains three distinct
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domains that are separated by low complexity sequences
(LCs) I and II ", Recently, the x-ray crystal structure
of domain I was solved"”'!. Tt is composed of a basic
N-terminal subdomain IA and a predominantly acidic
C-terminal subdomain IB. In subdomain IA a zinc ion
is coordinated by a unique motif of 4 fully conserved
cysteine residues, which are absolutely essential for RNA
replication”*!, Tn subdomain 1B an unusual disulfide
bond linking 2 cysteine residues near the C-terminal
subdomain border was found. However, this disulfide
bond does not seem to be essential for HCV RNA repli-
cation. Domain I forms homodimers via contacts near
the N-terminal end of the molecules. This dimerization
results in the formation of a basic groove facing the
cytosol at the surface of the membrane. This 'claw like'
structure is believed to provide an RNA binding site that
might be involved in regulated genome targeting within
the replication complex'”. In line with this observation,
NS5A has been shown to bind to HCV RNA and more
specifically to the 3’-ends of HCV plus and minus strand
RNAs, with a preference for the polypyrimidine tract in
the 3’ non-translated region of positive strand RNA!",
Therefore, the structure of domain [ of NS5A provides
a framework for the rational design of small antiviral
molecules. The other two domains of NS5A are less
characterized. Domain I has been proposed to be
involved in inhibition of the intetferon-induced double
stranded RNA activated protein kinase PKR"* and
domain III is a less conserved region, which can tolerate
insertions or partial deletions!**'*".,

NS5A is a protein which is essential for genome re-
plication”***" Indeed, mutations that enhance RNA
replication in cell culture map to the NS5A-coding sequence.
In addition, NS5A has been shown to interact with NS5B,
and this interaction is essential for maintenance of sub-
genomic replicons in Huh-7 cells™'*, NS5A is expressed
as a basally phosphorylated and a hyperphosphorylated
forms"™. The functional relevance of the different pho-
sphorylated forms is unknown. However, mutations that
reduce NS5A hyperphosphorylation can lead to a dra-
matic enhancement of HCV genomic replication**"*"),
Furthermore, treatment of cells carrying non-adapted repli-
cons with an inhibitor of the cellular kinase(s) responsible
for NS5A hyperphosphorylation leads to an increase in
HCV genomic replication". In addition to its role in
HCV genomic replication, NS5A has initially attracted
considerable interest because of its potential role in modu-
lating the interferon response!””. NS5A has also been
shown to interact with components of numerous cellular
signaling pathways!"**"*. Among the potential cellular
partners identified for NS5A, human vesicle-associated
membrane protein-associated protein A (hVAP-A) is of
particular interest because it is regulated by NS5A phos
phorylation'"", Indeed, NS5A hyperphosphorylation
disrupts interaction with hVAP-A and negatively regulates
viral RNA replication. VAP-A is a protein found on ER
and Golgi membranes, which is involved in intracellular
vesicle trafficking. It remains however to be determined
why NS5A hijacks hVAP-A at some step of its life cycle.
Another potentially important host cell factor interacting
with NS5A is the geranylgeranylated protein FBL-2!"". In
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line with this observation, it has been shown that inhibition
of geranylgeranylation in cells abolishes HCV RNA
replication”’

NS5B

NS5B is a membrane-associated protein containing a
C-terminal transmembrane domain'™, which is essential
for RNA replication in cell culture!™ (Figure 1). Like most
HCV proteins, NS5B is detected in association with ER or
ER-derived membranes*”. NS5B is an RNA-dependent
RNA polymerase, which is the catalytic component of the
HCV RNA replication machinery. This enzyme synthesizes
RNA using an RNA template. NS5B can initiate RNA
synthesis de novo, at least # vitro, and it is assumed that
de novo initiation is also operating iz vivs””. The crystal
structure of the NS5B catalytic domain shows a structural
fold comparable with other polymerases with palm, finger,
and thumb subdomains"*""*?, The palm domain contains
the active site of the enzyme, whereas the fingers and the
thumb modulate the interaction with the RNA chain. One
structural peculiatity of the enzyme is the fully encircled
active site, which is due to multiple interactions between
the finger and thumb subdomains creating a tunnel in
which a single-stranded RNA molecule is directly guided
to the active site. NTPs enter the active site »iz another
positively charged tunnel. Binding of the RNA template
and initiation of RNA synthesis are supposed to be regu-
lated by a highly flexible beta-hairpin loop located in the
thumb domain and pointing toward the active site!™, As
observed for other viral polymerases, NS5B is an inter-
esting and promising target for the development of new
antiviral molecules targeting HCV"™",

The RNA-dependent RNA polymerase activity appears
to be modulated by interaction with some other viral proteins
(NS3 and NS5A)™. Tt has been shown that cyclophilin
B, a peptidyl-prolyl cis-trans-isomerase, interacts with the
C-terminal region of NS5B and appears to stimulate its RNA
binding activity[lw. In addition, cyclosporin A, an inhibitor
of cyclophilin B, inhibits HCV replication in cell culture!,
However, how cyclophilin B activates replication remains
to be determined. Furthermore, cyclophilin B does not
seem to stimulate the RNA binding activity of NS5B in all
genotypes' . NS5B has also been shown to interact with

. [146-148]
other cellular proteins*™*,

ALTERNATIVE READING FRAME PROTEIN

In addition to the large open reading frame encoding
the polyprotein, HCV genome contains an overlapping
+1 reading frame that overlaps the sequence of the core
proteinw. This alternative reading frame (ARF) lacks an
in-frame AUG start codon, suggesting that its expression
involves unusual translation-level events. Iz vitro studies
indicate that ribosomal frameshifting may the process
leading to translation of the ARF. Frameshifting yields
chimeric proteins that have segments encoded in the core
sequence covalently attached to amino acids encoded in the
ARF. Based on experiments with reporter gene constructs,
the frameshift efficiency is in the range of 1% to 2%. The
development of an immune response against the ARF

protein in HCV infected patients indicates that this protein
is expressed during natural HCV infections and stimulates
specific immune responses' . The role of ARF protein in
the HCV life cycle and/or pathogenesis is not yet known.
However, the ARF protein is not required for HCV RNA
replication. One cannot exclude that the ARF protein may
be responsible for some of the effects attributed to the
core protein. Indeed, most studies seeking to define the
function of the core protein have used sequences likely
to contain a combination of the core protein and ARF
protein. Due to the lack of knowledge of its function, the
ARF protein is not currently considered as a target for the
development of new antiviral molecules.
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Abstract

The hepatitis C Virus (HCV) presents a high degree of
genetic variability which is explained by the combination
of a lack of proof reading by the RNA dependant RNA
polymerase and a high level of viral replication. The re-
sulting genetic polymorphism defines a classification in
clades, genotypes, subtypes, isolates and quasispecies.
This diversity is known to reflect the range of responses
to Interferon therapy. The genotype is one of the pre-
dictive parameters currently used to define the antiviral
treatment strategy and the chance of therapeutic suc-
cess. Studies have also reported the potential impact of
the viral genetic polymorphism in the outcome of antivi-
ral therapy in patients infected by the same HCV geno-
type. Both structural and non structural genomic regions
of HCV have been suggested to be involved in the Inter-
feron pathway and the resistance to antiviral therapy. In
this review, we first detail the viral basis of HCV diversity.
Then, the HCV genetic regions that may be implicated in
resistance to therapy are described, with a focus on the
structural region encoded by the E2 gene and the non-
structural genes NS3, NS5A and NS5B. Both mechanisms
of the Interferon resistance and of the new antiviral
drugs are described in this review.

© 2007 The WIG Press. All rights reserved.
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INTRODUCTION

The role of genetic variability in the natural history by
hepatitis C Virus (HCV) infection and in the primary re-
sistance to treatment remains unclear. In particular, the
mechanisms undetlying the resistance of HCV to Inter-
feron treatment are very different from those by which the
human immunodeficiency virus (HIV) becomes resistant
to antiretroviral drugs. In this review, we will describe the
impact of HCV genetic polymorphism in the treatment
response.

HCV VARIABILITY: ORIGIN AND

CLASSIFICATION

HCV has a single-strand positive RNA genome and
displays a high genetic diversity. This diversity results
from defects in the repair activity of the RNA-dependent
RNA polymerase (resulting in nucleotide substitutions)
and from the absence of 5' to 3' exonuclease activity (lack
of error correction)'. The mean frequency of nucleotide
mutations varies from 1.4 X 10’ to 1.9 X 10 substitutions
per nucleotide and per year. This estimate is based on
comparisons of the major sequences of complete genomes
obtained after eight years of evolution in a chimpanzee
and 13 years in a human'’,

Some of the mutations accumulating during replica-
tion are silent or synonymous. These mutations have no
impact on the amino-acid sequence of the viral protein,
but may affect the secondary structure of the genomic
RNA. Other so-called non-synonymous mutations lead to
changes in protein sequence and the emergence of vari-
ants. Other mutations lead to the production of defective
viral particles and are therefore lethal. The regions of the
genome corresponding to essential viral functions (domains
involved in translation or replication), or displaying major
structural constraints (non-coding 5' and 3' ends) ate the
best conserved; indeed, the non coding 5' region is the
most highly conserved region of the genome, with more
than 90% identity between the sequences of distantly re-
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lated strains. The region encoding the capsid is also well
conserved, with 81% to 88% sequence identity between
isolates”. The most variable region of the genome is that
encoding the envelope glycoproteins, E1 and E2. The se-
quences of hypervariable regions (HVR1 and HVR2) of
E2 in strains isolated from different patients may differ
by more than 50%. The polypeptides encoded by these
hypervariable regions are therefore very tolerant to amino-
acid substitutions'™”.

The classification of HCV, redefined and simplified in
1998, is based on the topology of the trees obtained by
phylogenetic relationships between viral variants. HCV
variants can be classified into six clades, and then into
subtypes corresponding to subgroups of the most closely
related viruses within a clade”. The virus genotype is indi-
cated by an Arabic number (from 1 to 0), associated with a
lowet-case letter to indicate the subtype. This new nomen-
clature has led to the reclassification of virus genotypes 7,
8, 9 and 11 as genotype 6 viruses, and the reclassification
of genotype 10 viruses as genotype 3 viruses. Recently,
the status of HCV-genotype nomenclature has been re-
examined in an attempt to resolve conflicting subtype and
genotype designations. A complete list of currently recog-
nized genotypes and subtypes was published”. The euH-
CVDB (http:/ /hepatitis.ibcp.fr), DDJB (http://www.ddbj.
nig.ac.jp) and Los Alamos (http://hcvlanl.gov) databases
currently include a large number of HCV sequences, mak-
ing it possible to compare an isolate with a large number
of reference sequences'”. Although currently restricted to
specialist laboratories, the gold standard method for HCV
genotyping is sequencing of the NS5B region followed by
phylogenetic analysis including comparison to reference
sequences[“‘u]

A chimeric virus generated by an intergenotypic ho-
mologous recombination event (genotype 2k/genotype 1b)
in the NS2 gene was first described in the St Petersburg
area: this demonstrated the occurrence of recombination
phenomena in HCV'"Y, Another recombinant form (geno-
type 2i/genotype 6p) was recently described in Vietnam,
with a point of recombination between NS2 and NS3""".
Such recombination events have already been described
for GBV-C and Dengue virus'™'". In HCV, homologous
recombination may be favoured by the nature of HCV
risk behaviour in which there may be frequent exposures,
for example among Intra Venous Drug Users. In practice,
genotyping is based solely on polymorphism in a single
genomic region (5' NC or NS5B), so it is cutrently impos-
sible to estimate the frequency of recombination events.

Studies of the global distribution of HCV genotypes
and analyses of their phylogenetic relationships have pro-
vided insight into their emergence and diversification over
the centuries. The worldwide distribution of genotype 2
began some 90 to 150 years ago; that of subtype 1b began
60 to 70 years ago and that of genotype 3 began about 40
years ago' | Genotypes 4 and 6 emerged much earlier: 350
and 700 years ago, respectively®. The simultaneous pres-
ence of a large number of subtypes of a viral genotype in
a limited geographic region is indicative of the long-stand-
ing endemic presence of the virus in the population stud-
ied. Genotype 2 is frequent in West Africa (59% to 100%,

depending on the region studied), and many subtypes have
been identified (2¢ to 2I)". The same is true of genotype
4 in Central Africa (4b, 4c, 4e and 4m)[20]. Conversely, the
limited number of subtypes in Europe (where genotype 1,
2, 3 are the more frequently found), North America and
Japan is consistent with the more recent introduction of
HCV into these populations. Another level of complexity
is found within a given infected patient termed as the qua-
sispecies population. Quasispecies are populations of dif-
ferent but closely related genomes and data have suggested
that Interferon alpha exerts a selective pressure on HCV
quasispecies”. Thus, these molecular polymorphisms
are clinically relevant and are one of the major factors in
determining the outcome of the Interferon therapy.

Since 1986, before the discovery of HCV, the efficacy
of Interferon alpha has been demonstrated in the treat-
ment of chronic non A non B hepatitis™*. Interferon
alpha is a member of the cytokine family produced by cells
in response to viral infections or other stimuli by binding
to their specific receptors on the surface of target cells,
Interferons stimulate a cascade of intracellular signalling
pathways that result in the suppression of numerous
Interferon-Stimulated Genes (ISGs) whose products
(proteins) can mediate the effects of Interferon. Among
these, are the INF induced, double stranded (ds) RNA
dependant protein kinase (PKR), the 2' 5' oligoadenylate
synthetase and the Mx proteins, of which the antiviral
activities have been well demonstrated™. Interferon also
acts as a stimulus of immunity and modulates cell growth,
differentiation and apoptosis®™”

In an effort to understand the role of different factors
on the outcome of Interferon therapy, numerous studies
have been petformed to define predictors of response and
both viral and host factors have been studied.

Among the viral factors examined, viral genotype seems
to be the most important predicting factor; it appears to be
a predictive parameter of the SVR as strong as well-estab-
lished predictive parameters such as the pre-treatment viral
load, the stage of fibrosis on liver, and the age and the sex
of the patient. Trials cleatly reported a high SVR rate of
76% to 84% in patients infected with HCV genotypes 2 or
3 whereas a weaker SVR of 42% to 52% was obtained in
HCV genotype 1-infected patients” . The SVR is likely
to be higher for genotype 2 than for genotype 3 where a
shortened treatment period was experienced, but ongo-
ing studies will determine the role of the initial viral load
and a rapid virologic response™". Therapeutic outcomes
are well known for these three genotypes because of their
geographic distribution; genotype 1 represents more than
70% of the HCV infections in the Western world, geno-
types 2 and 3 infect 10% to 20% of the other patients.
Studies focused on the outcome of the antiviral therapy
conducted in patients infected by HCV genotype 4 are
mainly provided by Egyptian cohorts and results showed
an intermediate SVR rate comprised between 55% to
69%*", Genotypes 5 and 6 are less studied because of
their minor distribution, patients infected by these geno-
types may achieve a SVR at a level between the SVRs of
genotype 1 and genotypes 2-3"7,

Differences in the SVR rate observed among differ-
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Figure 1 Mechanisms involved in HCV
resistance to antiviral therapies.
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ent HCV genotypes have highlighted a presumptive role
of the viral genetic determinants and have suggested that
some virus-encoded functions are involved in the response
to Interferon. Although a very efficient in vitro ot in vive or
animal models of HCV infection is not available, several
studies have been undertaken to identify which viral gene
may interfere with antiviral molecules. Both i# vivo and
in vitro studies demonstrated that the structural proteins E1
and E2, the non-structural proteins NS3, NS5A and NS5B
may contribute to the resistance of the combined Interfer-
on alpha and ribavirin therapy. Moreover, all these proteins
share a genetic polymorphism involved in the resistance
mechanisms as shown in Figure 1.

GENOMIC DOMAINS CONTRIBUTING TO
RESISTANCE

As previously described by Pawlotsky in this issue of the

www.wjgnet.com

journal, HCV presents a high genetic diversity. The intra-
genotype analysis of this diversity along the viral genome
shows different degrees of variation; regions such as
the 5'UTR and the core ate highly conserved, the non-
structural regions 2, 3, 5b and the 3'UTR are relatively
variable whereas the envelope regions E1 and E2 and the
NS4 and the NS5A genes exhibit the highest sequence
diversity.

Polymorphism and significance of amino acid substitu-
tions within E2 regions in Interferon alpha resistance

E2 glycoprotein is a type | transmembrane protein of 70
kDa, with an N-terminal ectodomain and a C-terminal
hydrophobic anchor. It assembles with E1 to form a het-
erodimer. It has been shown to interact with two potential
HCV receptors, the human tetraspanin CD81 and the hu-
man scavenger receptor SR-BI, in experiments based on
soluble E2 (sE2) binding (Figure 2). The role of E2 in the
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Figure 3 Sequence homology between HCV E2-PePHD domain and PKR.
PePHD domains from various HCV genotypes (1a, 1b, 2a, 2b, 3a) are aligned and
compared with the PKR sequence. Identical and similar amino acids to PKR are
shown by (.) and (+), respectively. PKR auto-phosphorylation sites are underlined.

cell entry of HCV is extensively reviewed in this issue by
Dubuisson e/ 4.

One of the major ways by which cellular Interferon al-
pha inhibits viral replication involves the Interferon-alpha-
inducible double-stranded RNA-activated Protein Kinase
R (PKR). Indeed the Interferon alpha binds to the PKR
and leads to its autophosphorylation which in turn initi-
ates the phosphorylation of eukaryotic initiation factor 2
alpha (eIlF2a) by the PKR. This phosphorylation inhibits
the RNA transcription. Indeed, eIF2a is necessary to initi-
ate the translation by forming a complex with GTP and
met-tRNA and then allowing binding to the 40S ribosomal
subunit. The E2 glycoprotein, or more precisely, a 12-ami-
no acid domain of this protein located between residues
659 and 670 and known as PePHD (PKR-elF20a phospho-
rylation homology domain), is involved in PKR inhibition.
Taylor e al™ showed that PePHD was the main domain of
E2 able to bind PKR i# vitro. The PePHD motif sequence
is very similar to that of the auto-phosphorylation sites
of PKR and its target, elF2q, and this similarity is more
marked for genotype 1 viruses than for genotype 2 and 3
viruses (Figure 3). E2 glycoproteins of genotype 1 viruses
(HCV-1 E2) behave #n vitro as pseudosubstrates, inhibiting
the kinase activity of PKR. In mammalian cells, the stimu-
lation of translation by HCV-1 E2 is consistent with the
hypothesis of PKR inhibition. This inhibitory activity has
also been observed in a yeast model (Saccharomyces cerevisiae
expressing HCV1 E2). The replacement of HCV-1 E2
by proteins identical to those of genotype 2 and 3 viruses
abolishes this inhibitory effect. An interaction between
genotype 1 strains and PKR, »ia PePHD, has therefore
been proposed to account for the intrinsic resistance of
the strains of this genotype to Interferon alpha[35].

The clinical relationship between aminoacid sequence
of PePHD and the outcome of Interferon therapy has
been a matter of controversy. A few studies have add-
ressed polymorphism of the PePHD region in patients
carrying strains of genotypes 1, 2 and 3. Abid e# a/ studied
a small number of patients infected with genotype
1b HCV. They initially showed that in some patients
responding to treatment, the virus had a PePHD sequence
identical to that of the HCV-] strain (RSELSPLLLSTT),
calling Taylot's hypothesis into questionm. For HCV
2a/b isolates, conflicting results about the association
of PePHD mutations and treatment response have been
published”™. A number of studies focusing exclusively
on the diversity of PePHD sequences in genotype 1b HCV

before treatment have since shown strong conservation
of this motif, regardless of the response subsequently
obtained™"".

The genetic heterogeneity of the E2-HVRI region
can also be used to describe the composition of qua-
sispecies precisely, provided a large number of clones
are analysed. The preliminary studies in this area were
based on analysis of single-strand polymorphisms or of a
restricted number of clones (less than 10). A correlation
between high levels of quasispecies complexity before
Interferon alpha monotherapy and a lack of response to
treatment was reported” ", This led to the suggestion
that genetic variability ensured a reservoir of potentially
resistant strains. However, more recent studies with larger
numbers of sequenced clones or based on SSCP enhanced
sensitivity protocols have not confirmed the link between
the genetic complexity of HCV and virological responsel43J
These conflicting results illustrate the problems of
methodological standardisation associated with studies of
quasispecies.

Polymorphism of the HCV non-structural regions and
impact on the treatment response.

The NS2, NS3 and NS4A/B proteins may not be im-
plicated in the antiviral treatment resistance with the
current combination pegylated Interferon alpha plus
ribavirin. However, new therapies are in development
targeting the protease encoded by NS3 and the polymerase
encoded the NS5B. As already observed in the anti-HIV
HAART treatment, the genetic polymorphism of NS3 and
NS5B will be analysed in relation to therapy. HCV presents
a high mutation rate and the antiviral pressure may favour
the emergence of resistant strains. Mutation points have
been already observed in vitro (replicon system).

Polymorphism of NS5A and Interferon resistance

The NS5A protein is the non structural HCV protein
which is the protein most reported to be implicated in the
Interferon resistance Many interactions between NS5A
and different molecules from several intracellular pathways
have been also demonstrated in cellular 7 vitro systems. An
overview of the key roles of the genetic heterogeneity of
this protein will be detailed in this paragraph.

Structure of the NS5A protein: NS5A is a phospho-
protein found in a basally phosphorylated form of 56kDa
and a hyperphosphorylated form of 58 kDa. It varies in
length, from 445 amino acids in genotype 4a, 447 amino
acids in genotype 1b, 448 in genotypes 1a and 1c, 450 in
genotype 5a, 451 in genotype 6a, 452 in genotype 3 to
452 amino acids in genotype 2a and b. The amino acid
sequence varies depending on the genotype. The NS5A
protein is a plefotropic protein involved both in the viral
replication and in many interactions with cellular signalling
pathways. Although its function remains unclear, many
domains of interest have been described in this protein
(Figure 2).

Many interactions between NS5A and cellular signall-
ing pathways have been reported and the interacting
sequence has been identified for some of them. Although
studies have been conducted in vitro, results strongly
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suggest a potential involvement of the NS5A protein
in the establishment of a chronic hepatitis and in the
carcinogenesis and outcome of a liver tumour (for review,
see!™). In this review, we will focus only on the protein
interaction of NS5A with the Interferon pathway.
Interaction with the cellular Interferon pathway: Pho-
sphorylation of PKR triggered a global translastional
repression comprising the viral replication. Gale ez a/*
identified in the C-terminal NS5A a Protein Kinase R
binding domain. They demonstrated 7# vitro that the
NS5A protein is able to bind and inhibit the Interferon-
alpha-inducible double-stranded RNA-activated PKR, the
interaction occuring vz the NS5A PKR binding domain.
In that way, the NS5A protein has been suggested to
balance the Interferon cellular antiviral pathway and to be
involved in the resistance to the Interferon based-therapy.
The NS5A protein is also able to interact with the
Interferon pathway in a PKR-independent manner. It
has been demonstrated 7z vitro that NS5A induces the
expression of the pro-inflammatory chemokine interleukin
8 (IL-8) at both the mRNA and protein levels. This
chemokine is known to inhibit directly the Interferon
alpha activity. The clinical relevance of these 7 vitro studies
has been reported and it appears that the IL-8 serum levels
were higher in infected patients than in healthy controls.
A second study showed an increase of the pre-treatment
I1.-8 level in the non-responder than in the SVR***'.
Mutations in the NS5A protein and relationship with
the Interferon resistance: The 40 first amino acids of
the PKR binding domain present a high level of variability.
It was termed the Interferon sensitivity determining
region (ISDR) reported to play a key role in the Interferon
therapy response™*’. Molecular analysis of this 40 amino
acid region showed the potential role of mutations in
the resistance to Interferon therapy. They demonstrated
a correlation between the success of Interferon therapy
and the variability of the ISDR domain in Japanese
patients with HCV genotype 1b or 2 infection. Patients
infected with viral strains whose ISDR harbours more
than four mutations different from the HCV-] sequence
(the Japanese prototype strain defined as the wild-type)
were responders to Interferon therapy whereas patients
infected with a wild-type or strain harbouring less than
four mutations in ISDR were non-responders. Numerous
studies investigating the correlation between the mutations
in ISDR in genotype 1b HCV and the outcome of the
Interferon-based therapy have been undertaken. Japanese
results were concordant with the initial study whereas
European and north-American groups did not describe
such a correlation and debate remains controversial. A
recent meta-analysis has been conducted on 1230 ISDR
sequences from HCV 1b-infected patients by Pascu ef a/™".
Sequences wete provided from Japanese and European
studies. Analyses were realised by logistic regression and
clearly demonstrated an association between number
of ISDR mutations and response to the treatment both
in Japanese and European patients, irrespective from
a geographical distribution. First, controversial results
may be explained in part by the HCV European strains,
most of the European HCV 1b strains present less than
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3 mutations and it was difficult to identify a statistical
difference between the Interferon therapy response among
European infected patients. It is also important to note
that treatment schedules were not the same in Europe
and in Japan. A correlation between the variability in the
ISDR region and a SVR has been demonstrated in the
genotype 2a-infected patients. Conversely, investigations
in the patients infected by genotypes 2b or 3a did not find
any relation between the successful therapy and genetic
variability of the NS5A gene®”. Additionally, iz vitro
studies did not report any interaction between NS5A
genotype 3a and PKR in viral resistant strains to the
Interferon therapy'™”.

The major implication of the variability in the re-
sistance to antiviral agents has been recently pointed
out, but few studies focused on the entire NS5A protein
at the quasispecies level and its kinetics under therapy.
Inshauspe ¢ a/™ identified another domain localised in
the C-terminal region of NS5A and termed it the V3
domain. It is 27 amino acids in length and it harbours
a high variability level. Duverlie ez a/” demonstrated a
relationship between the mutation level in V3 and the
response to Interferon therapy. Resistant strains were
highly conserved whereas sensitive strains were variable.
Our group and others confirmed this correlation™. We
followed HCV quasispecies diversity at baseline and under
Interferon alpha-ribavirin combined treatment in the
entite NS5A gene and in each region of interest (PKR-bd,
ISDR and V3). As reported by Puig-Basoiti ¢ a/", the V3
domain showed a higher quasispecies diversity in responder
patients than in non-responders in pre-treatment samples
and these data confirmed the potential role of the genetic
diversity in the success of the Interferon-based therapy.

NS3 protease as a target for specific antiviral therapy
Previous studies on the full-length genome sequence have
led to the HCV NS3 domain as being classified as one of
the less variable regions of the genomeﬁg’sgl. Nevertheless,
it appears important to consider the diversity of HCV
protease, because it is an attractive target for specific anti-
HCV therapy.

Catalytic functions and the three-dimensional struc-
ture of HCV NS3 protease have been reviewed in this
issue by Dubuisson e7 a/. Some of the structural and
functional constraints affecting the NS3 protease have
been demonstrated by the definition of major domains,
including the catalytic triad, the substrate binding pocket,
the NS4A binding domain and the residues binding to the
zinc ion™.

Natural polymorphism of NS3 protease: The diversity
of the HCV NS3 protease gene in clinical samples has
been studied”"*. Although the protease NS3 is considered
to be one of the less variable genes in the HCV genome,
variability of both nucleotide and amino acid sequences
exists. The proportion of synonymous substitutions
affecting the region is significantly higher than the
proportion of non synonymous ones suggesting that
the NS3 protease mutations ate the products of random
genetic drift rather than of positive selection. NS3 protease
structural and chemical integrity is required for it to process
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the HCV polyprotein. The perpetuation of substitutions
depends in large part on the extent to which the viral
protease can tolerate them while remaining functional. The
NS3 protease appears to be tolerant, particularly in its loop
regions between helices and sheets (Figure 4). Sporadic
mutations affecting the catalytic residues have already been
observed from different patients. These catalytic-triad amino
acid mutations probably lead to a loss of function, and
therefore may be lethal. In that sense, they are not crucial
for resistance to NS3 protease inhibitors'®".

The NS3 region is known to contain a large number of

T-cell epitopes. T-cells directed against the NS3 domain
seem to be of particular importance both during the
acute and chronic phase of the disease as the CD4+ and
CD8+ T-cell response to the NS3 protease correlates with
clearance and control of the infection, As reviewed by
Dubuisson ez /" in this issue, the NS3 setine protease
influences the Interferon-dependent innate cellular host
defence by inhibition of RIG-1 and TLR3 signalling. As
use of Interferon alpha is the standard of care for HCV,
the potential of protease inhibition to enhance Interferon
therapy has attracted much interest.
NS3 Polymorphism and impact on response to
antiviral specific treatment: The NS3 protease three-
dimensional structure description has provided the
necessary detailed insight to permit rational inhibitor
design. Therapies based on such inhibitors are still at the
development and testing stage[“’m. The generation of
such therapies based on the inhibition of site-specific
proteolysis has been clearly illustrated in the development
of effective inhibitors of human immunodeficiency virus
type 1 (HIV-1)!*".

Figure 4 Three-dimensional structure of
NS3 protease (PDB accession code 1NS3).
Polymorphism and main residues implicated in
resistance are shown. The protease is shown
based on its secondary structure in light grey.
Main polymorphic residues are shown in dark
grey. The side chains of the residues forming the
catalytic triad (H57, D81, and S139) are displayed
in dark grey ball-and-stick representation. The
NS4A cofactor is shown in dark grey and Zinc
ion as a white ball. Zn2+ ligands (C97, C99
and C149) and H145 residue are modeled in
light grey spheres. Stars correspond to the side
chains of the residues forming the S1 to S6
substrate binding pockets (grey dots cloud) of
the enzyme. Residues implicated in resistance to
protease NS3 inhibitors are shown with circles.
This figure was prepared using the RasTop
programme version 2.0.3-VF.

In vitro and in vivo phase I and II studies have shown that
evaluated NS3 protease inhibitors (BILN 2061, VX-950
and SCH 503034) developed drug resistant mutations™"".
These new drugs meet the same problems of viral
resistance that exist in the specific anti-viral treatment
of HIV and HBYV infected individuals. In untreated
patients, less than five percent of protease variants present
resistant mutations to inhibitors SCH6, SCH 503034 and
VX-950°"""" The reduced fitness of the most resistant
variant may explain that such variants are rarely found in
naive patients[69’7ﬂ’73]. The replicative fitness of resistant
viruses is a critical parameter of viral resistance and is
an important factor to consider in achieving sustained
virological response. It is underestimated due to low
replicative resistant strains not being detected.

Both HCV protease inhibitors evaluated in humans,
VX-950 and SCH-503034, have demonstrated a very strong
correlation between their antiviral effect, their serum
trough levels, and the development of resistance”"".
Changing in viral quasispecies with a selection of clones
resistant to VX-950 has been observed in patients who
experienced viral load breakthrough to VX-950 mono-
therapym. Resistant variants may have poorer replicative
fitness than wild-type viruses. However, VX-950-resistant
clones isolated from patient plasma from the initial phase
1b study were thought to be associated with the lower
doses of monotherapy, and selection for these clones was
based on inadequate suppression of virus”". Four residues
in the NS3 protease, when substituted, are known to be
associated with resistance/reduced sensitivity to VX-950.
R155K/T/S/M and A156T/V, located close to the
VX-950 binding groove, a domain of NS3 protease, confer
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Thumb
subdomain

Figure 5 Three-dimensional structure of
Fingers NS5B RNA-dependent RNA polymerase (PDB
subdomain accession code 1QUV). The three subdomains
of the polymerase are shown (Fingers, Thumb
and Palm) as well as the main residues
targeted by each class of polymerase inhibitors
(NNI 1: Non nucleoside class 1, NNI 2: Non
nucleoside class 2, NNI 3: Non nucleoside
class 3, NI: Nucleoside Inhibitor). This figure
was prepared using the RasTop programme
version 2.0.3-VF.

Palm
subdomain

moderate to high level resistance to VX-950; V36A/M and
T54A located further from the binding groove confer low-
level of resistance to VX-950 (Figure 4).

Three mutations, T54A, V170A and A156S muta-
tions conferred low to moderate levels of resistance to
SCH-503034 in a replicon model. Mutants with A156T
substitution are highly resistant to this compound'™.
Combinations of VX-950 and SCH-503034 may be limited
by the selection of cross-resistance mutations.

The polymorphic outside residues central to NS3
protease activity and substrate binding sites, may prove to
be accessory substitutions of resistance mutations con-
tributing to clinical resistance to HCV protease inhibitor
therapy. This has been supposed for 3 sepatate second site
mutations P8IL, Q86R and G16R i vitro with the protease
SCHG6 inhibitor™. Moreover, resistance to future NS3
protease inhibitors could occur through mutations arising
cither in the protease gene itself or, as has been shown for
HIV-1, in cleavage sites of the protein®

Resistance to specific HCV inhibitors will probably
emerge in case of insufficient antiviral pressure. Viral load
monitoring and checking for emergence of NS3 protease
resistance mutations could contribute to surveillance of
sustained viral response.

NS5B polymorphism and impact of the anti-polymerase
therapy

Structure of the protein: The last gene of the HCV is
the NS5B which encodes the HCV polymerase, which is an
RNA-dependent RNA polymerase (RARP). This 68 kDa
protein plays a central role in HCV replication and in viral
diversity because of the lack of a proof-reading activity.
The NS5B protein belongs to the tail-anchored proteins
as previously detailed by Dubuisson ef a/. The crystal
structure of this enzyme has been fully determined. The

www.wjgnet.com

three dimensional structure is similar to other polymerases;
it shows a typical right-hand arrangement with fingers,
palm and thumb domains. This organisation forms a cavity
called a NTP tunnel in which the traffic of the nucleotides
to the active site occurs’®” (Figure 5).

Genetic polymorphism and enzymatic activity:
As all enzymatic proteins, the nucleic acid sequence is
a fundamental determinant of the three-dimensional
structure and it determines good enzymatic activity. It
has been shown that the active site does not tolerate any
mutations. Its amino acid sequence is highly conserved
among all HCV genotypes and any mutation may inhibit
viral replication. Several consensus sequence motifs have
also been described along the NS5B polymerase; five of
them are in the palm sub-domains (motifs A, B, C, D and
E) and one is in the finger domain (motif F)"™". Most
of the single amino-acid substitutions introduced into
the conserved motifs by directed mutagenesis resulted
in decreased or abolished viral replication and enzymatic
activity™",

NS5B and viral genotype: Although the NS5B protein
remains a relatively well conserved protein because of its
enzymatic function, the NS5B domain, along with other
domains of the HCV, supports a slight variability which
provides a basis for distinguishing viral type and subtype.
Indeed, the nucleic acid sequence is less conserved than
the 5'NC but sufficient to define type and viral subtype.
The relation between the structure of the NS5B and the
response to the Interferon therapy has rarely been studied
and most studies were focused on genotype 1b. Results were
contradictory. Vuillermoz ¢ @™ did not find any mutation
differences (point and rate mutations) between responders
and non-responders to the HCV NS5B strain; conversely
Kumagai ¢z a/*” reported two polymorphisms in NS5B
associated with an eatly viral clearance in the treatment of
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HCV genotype 1b-infected patients.

New antiviral treatments targeting the HCV poly-
merase: The HCV polymerase represents an important
target for the new inhibitors of HCV replication and
numerous assays are currently in development using
the in vitro subgenomic HCV replicon system. Thanks
to the knowledge of the three dimensional structure
of NS5B, screening of many chemical molecules
has been undertaken. Three classes of inhibitors are
now reported and include nucleoside analogues, non
nucleoside analogues and pyrophosphate mimics. Drugs
belonging to the nucleoside inhibitors are in competition
with the substrate of the RARP and inhibit polymerase
clongation. The binding site is localised in the fingers sub-
domain of the polymerase. Molecules of this class have
a 2'methylribose structure and some of them are now
well characterised®™. 2'-C-Methyl-Cytidine, 2'-C-Methyl-
Adenosine and 2'-C-Methyl-Guanosine have been shown
to be effective against genotype la and 1b in Conl
subgenomic replicons. A single mutation, S282T, confers
a cross resistance to all the 2'-C-Methyl-Nucleoside, and
to their prodrug as such the NM283 (prodrug of the 2'-
C-Methyl-Cytidine known as the Valopicitabine)™". The
R1479 (4'-Azido-Cytidine), which is another nucleoside
inhibitor, is under development1881 and a recent study
reported the mutation resistance points as S96T and S96T/
N142T. This work showed no cross resistance between
R1479 and the 2'C methyl nucleosides™. The NS5B genes
of non genotype 1 (2a, 2b, 3, 4 and 6) have been studied in
a genotype 1 replicon background; most of them reported
a weak replication that enabled drug sensitivity assays. It is
important to note that prototype sequences of genotype
4a and 6a encoded T282 and 1495 which are implicated
respectively in the 7z vitro resistance to the 2'-C-Methyl
nucleoside inhibitors and to the benzimidazole non-
nucleoside inhibitors®”. NM283 (Idenix®) has demonstrated
an anti-HCV activity in the trials of phases [ and II a, it
is now in the phase II b clinical development. Results of
the phase I trial of R1626 (Roche®), another nucleoside
inhibitor, were also encouraging. The first phase II develop-
ment study is now starting[gm.

Compounds belonging to the non-nucleoside inhibitors
(NNI) act as allosteric inhibitors that may affect the initiation
step of the polymerisation (inhibition of the conforma-
tional transition prior to the formation of an efficient pre-
elongation complex, inhibition of RNA binding to NS5B
or non-competitive inhibitors of N'TP incorporation).
Different molecules belong to this class and have distinct
targets. Indeed, three binding pockets have been localised
and are used to define each class of NNI (1 to 3). Two of
them are located in the thumb domain. The benzothiazidines
group (NNI 1) binds to one pocket located at the interface
between the thumb and palm domains and centralised
around Met414. In vitro studies have been cartied out mainly
with the genotype 1b subgenomic replicon and substitu-
tions have been shown to decrease susceptibility (M414T,
C451R, G558R, HI5R)"" or to confer resistance (H95Q,
N411S, M414L/T, Y448H)™ to benzothiazine drugs from
different pharmaceutical companies. The second pocket,
located at the base of the thumb domain, binds to the large

group of molecules comprising thiophene 2-carboxylic
acids, phenylalanine derivatives and substituted pyranones
(NNI 2) and the binding central amino acid is Met423.
In vitro assays teported differences in the inhibitory activity
between the different genotypes tested. For example, Howe
et al™ showed that the susceptibility level to the HCV-371
(NNI 2) was equal among the genotype 1b isolates but
varied with genotypes 1a, 3a and 4 (5 to 59 fold less
susceptible than genotype 1b). The last pocket is located
at the top of the thumb around Pro495 and is targeted by
the benzimidazole 5-carboxamide inhibitors (NNT 3)"*,
As with the other nucleoside inhibitors, sensitivity has
been studied 7z wvitro in the subgenomic replicon; Tomei ef
al” have recently reported that HCV strains resistant to
benzimidazole molecules harbored a substitution in Pro495.
Interestingly, it has been shown that a chimaeric 1b:2b HCV
replicon, harbouring a genotype 2b NS5B, was sensitive to
the 2'-C-Methyl-Adenosine but completely insensitive to the
NNI 1 (benzimidazole) and NNI 3 (thiophene)”. These
results underlined that a genotype specificity may exist for
each anti-polymerase inhibitor.

All of these results showed the importance of genetic
diversity in the HCV therapeutic strategy. Preliminary
results, both 7n vitro and in vivo trials, strongly suggest a
relationship between genetic polymorphism and sensitivity
to drug, Identification of the mutations set corresponding
to each antiviral drug will be very helpful. It will represent
a chance to anticipate treatment regimes at baseline
based on the viral genotype, an approach currently only
done for HIV therapy, many years after the beginning of
HAART".

Finally, the genetic diversity of the HCV largely im-
pacts in the global approach of this viral disease as in the
treatment management as well as in the development of
new HCV antiviral therapies.
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Abstract

Hepatitis C virus (HCV) is a major cause of chronic liver
disease, cirrhosis and hepatocellular carcinoma (HCC).
In man, the pathobiological changes associated with
HCV infection have been attributed to both the immune
system and direct viral cytopathic effects. Until now, the
lack of simple culture systems to infect and propagate
the virus has hampered progress in understanding
the viral life cycle and pathogenesis of HCV infection,
including the molecular mechanisms implicated in HCV-
induced HCC. This clearly demonstrates the need to
develop small animal models for the study of HCV-
associated pathogenesis. This review describes and
discusses the development of new HCV animal models to
study viral infection and investigate the direct effects of
viral protein expression on liver disease.

© 2007 The WIG Press. All rights reserved.
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INTRODUCTION

Despite the fact that infectious diseases account for at least
one-third of all deaths worldwide, our capacity to study
both their pathophysiology and host immune responses
in man is often limited by the lack of simple laboratory
models of infection. During the past decade, laboratory

animals have been used as models of human diseases.
In particular, transgenic mice models have been helpful
to the understanding of the molecular basis of human
diseases. The story of hepatitis C virus (HCV) started in
the 1970s with the emergence of patients suffering from
hepatitis syndrome which was not associated to hepatitis
A or B infection (HAV or HBV). This new agent was
named NANBH, for non-A non-B hepatitis'". In 1978,
Alter ef al” demonstrated that the inoculation of NANBH
human sera in chimpanzees induced liver disease, and in
1989 Choo et al” identified a third viral agent for hepatitis
by cloning a non-simian cDNA from the serum of a
NANBH-infected chimpanzee. HCV infection leads to
liver cirrhosis in up to 35% of cases and hepatocellular
carcinoma develops in 2%-7% of cirrhotic patients per
year. It is now accepted that the pathobiological changes
induced by HCV infection are due to both the immune
response and the direct viral cytopathic effects of the
virus. As described by other authors in this issue, there
is no prophylactic vaccine against HCV at present, and
the therapeutic options are mainly limited by a lack of
effective long-term treatment. Like other human hepatitis
viruses, HCV needs fully functional human hepatocytes
for its development. The discovery of anti-infectious
agents and immune defense mechanisms has to date been
severely restricted by the ethical and practical constraints
of access to receptive cells. Due to the nearly strict human
tropism of HCV, only man and higher primates such as
chimpanzees have until recently been receptive to HCV
infection and development. The purpose of this review is
to focus on new HCV animal models independent of the
chimpanzee, which will enable the study of viral infection
and the direct effects of viral protein expression on liver
disease.

NEW ANIMAL MODELS FOR HCV
INFECTION

As summarized in Table 1, except for the chimpanzee, the
only non-human primate permissive to HCV infection
1s the marmoset. Tupaia, a member of the Tree shrew
genus is equally infected by HCV. The capacity for
GBV-B, a hepatotrope virus of the flaviviridae family, to
infect tamarins and marmosets has been used as a tool
to better characterize HCV virus replication and to test
HCV antiviral drugs[m. However, none of these models is
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Virus Animal tested Infection Orriginal reference
HCV Non human primates Chimpanzee Yes Alter et al® 1978
Marmoset Yes Feinstone et al”" 1981
Cottontop tamarin No Garson et al” 1997
Cynomoglus monkey No
Rhesus monkey No
Green monkey No
Japanese monkey No Abe et al”™ 1993
Doguera baboon No
Chacma baboon No Sithebe et al”™ 2002
Scandentia Tupaia Yes Xie et al”™ 1998
Rodents uPA/SCID mice Yes Mercer et al® 2001
Trimera mice Yes Galun et al™ 1995
Rat Yes Wu et al® 2005
Woodchuck No Abe et al™ 1993
Rodent models  Humanization Viremia Duration of viral infection = Comments Publications

uPA/SCID mice

Trimera mice

Human hepatocyte
transplantation

Xenograft of human
liver tissue

1x10"to 8 x 107
copies/mL

Around 7 x 10*
copies/mL

Up to 9 mo with
maximum viremia as

from one month

Around one month with
peak viremia at 18 d

High viremia

Variability of primary
human hepatocytes
Immunosuppressed mice

Low viremia
Variability of human

Mercer et al® 2001
Meuleman et al® 2005
Kneteman et al™ 2006

Ian et al™ 2002

Rat Immunotolerization 1-2 x 10* copies/mL
and transplantation of

a human hepatoma cell line

Minimum 4 mo with
peak viremia at 3 mo

liver tissues

Immunosuppressed mice Eren et al"" 2006

Low viremia
Transplantation of a Wu et al® 2005
hepatoma cell line

Immunocompetent rat

petfect, particularly because of their inability to produce
numerous animals in a short time (long gestation periods)
and their high breeding costs. Rodents are certainly
the most appropriate model for all biological studies.
Their short gestation period (around 20 d for mice and
rats), their small size and their low cost are particularly
advantageous. Three interesting models for HCV infection:
the immunotoletized rat model, the Trimera mouse model
and the uPA/SCID model, are being developed (Table 2,
Figure 1).

The rat model

Interestingly, Wu ¢ a/ took account of the fact that the
rat immune system does not develop until 15-17 d of
gestation. They immunotolerized rat embryos to allow the
transplantation and maintenance of a human hepatoma
cell line (Huh7)"” which could be infected with HCV"
(Table 2, Figure 1C). Briefly, fetal rats are tolerized by
an intraperitoneal injection of Huh7 cells into pregnant
females at the 17" d of gestation. Twenty-four hours after
birth, the rats are intrasplenically transplanted with the
same hepatoma cell line which will represent around 6% of
total hepatocytes after 14 d of development. Neatly 30%
of the transplanted human hepatocytes are positive for
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HCV core protein after inoculation with HCV (genotype 1)
positive human serum (Figure 1C). This new animal model
is promising but validation remains necessary, for example
by using this model to confirm the antiviral effects of
drugs used for anti-HCV therapy in humans.

The Trimera mouse model

The Trimera mouse model involves the development of
a chimeric mouse with a different source of tissue”'”.
BNX (beige/nude/X-linked immunodeficient) mice are
preconditioned by total body irradiation and reconstituted
with SCID mouse bone marrow. These mice tolerate
the transplantation of HCV-infected liver fragments
from patients with HCV RNA-positive sera, as well
as the transplantation of an ex vivo HCV-infected liver
fragment[m’m. The liver fragment is transplanted into
the ear pinna or under the kidney capsule. In this way,
the transplant can be maintained for several weeks and
HCV messengers were detected in the serum for up to
one month (Table 2, Figure 1B)"**?, The model has been
validated as a tool for the testing of antiviral components.
During a first set of experiments, an inhibitor of the
internal ribosomal entry site and an anti-HCV monoclonal
antibody were demonstrated to act as potential HCV
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. Intrasplenic transplantation Figure 1 Transplantation protocols of three
A: UPA/SCID L 3 @: rodents model of HCV infection. A: uPA/SCID

S

O T

Isolated human hepatocytes 6 to 14 d old mice

[n vivo infection

model: isolation of human hepatocyte, intrasplenic
cell transplantation into homozygous mice
and in vivo infection by a HCV positive human

Around 50 d old mice serum; B: Trimera model: irradiation and bone

B: Trimera

® ¢
——————————> HCV infected
liver tissue

Isolation human
liver tissue

Pre-irradiated and
SCID bone marrow
reconstituted mice

Around 65 d old

surenal

>
Ex vivo infection

Transplantation of a human m

liver fragment into the ear
B —

penna or under the capsule (

marrow reconstitution of mice, transplantation of
intrinsically HCV infected human liver fragment or
transplantation of an ex vivo pre-infected human
liver fragment; C: Rat model: immunotolerisation
of foetal rats by in utero injection of Huh7 cells,
transplantation in new born rats with the same
hepatoma cells and in vivo infection of young

Around 70 d old mice chimeric rats by a HCV positive human serum.

C: Rat

in utero Huh7 injection

Huh? tolerized young

Pregnant female rat rats (1 d old)

inhibitors""”. Recently, the same team produced and
characterized two monoclonal antibodies directed against
HCV envelope protein E2. Following in vitro validation
of the ability of these antibodies to immunoprecipitate
HCV particles, they confirmed an inhibitory effect on
HCV infection"". Indeed, in the HCV-Trimera model,
both monoclonal E2 antibodies were shown to be capable
of inhibiting the ex »ivo HCV infection of human liver
fragments (reduction of resultant viremia from 3 X 10°
to 3 X 10° copies/mL). A reduction in viremia (3.1 X
10" to 5 X 10° copies/ml) was also demonstrated when
these antibodies were used to treat HCV-trimera mice'".
In conclusion, this mouse model appears to be well-
suited to evaluating the inhibitory capacity of drugs, as
had previously been shown with monoclonal antibodies
directed against HBV!"™'Y. Nevertheless, we should not
forget that this approach involves the use of heterotopic
and xenogenic grafts, so that we can never be entirely sure
of the physiological relevance of observations.

The urokinase plasminogen activator protein (uPA)
immunodeficient mouse model

Historically, urokinase plasminogen uPA transgenic mice
were described in 1990 by Heckel ¢ a/”. The same team
then demonstrated the ability of a small number of
“normal” hepatocytes to repopulate ad-integrum the liver
of transgenic uPA mice'”. Indeed, the overexpression of
uPA protein in hepatocytes is cytotoxic, giving rise to a
continuous liver regeneration process. Under these condi-
tions, hepatocytes which lose the transgene by somatic
reversion, as well as healthy transplanted hepatocytes,
have a strong survival advantage over resident cells" ™",
Based on this advantage, uPA transgenic mice were back-
crossed on an immunodeficient background (SCID or
Rag2 mice) to obtain a mouse model which tolerated the
xenotransplantation of human, woodchuck and tupaia
hepatocytes' ™. Optimum liver repopulation requires

Immunotolerisation by %)%%) Huh? intrasplenic #=
h L

transplantatlon

In vivo infection of young
chimeric (8 d old)

the intrasplenic transplantation, within one or two weeks
of birth, of high quality hepatocytes into mice which are
homozygous for both the SCID trait and uPA transgene
(Table 2, Figure 1A). The morphological and biochemical
characterization of chimeric mice revealed satisfactory
hepatic architecture and fusion of the mouse and human
structures, indicating a physiological integration of trans-
planted cells™?, The functionality of transplanted hepa-
tocytes was attested by their susceptibility to infection
with human hepatotropic pathogens such as Plasmodinm
Jalciparum™ | hepatitis B virus”****! and hepatitis C
irus™* . Tt was subsequently shown that this HCV-in-
fected humanized mouse could be used to demonstrate
the antiviral activity of two compounds which had already
been shown to be effective during clinical trials: the ad-
ministration in mice of IFNa2b and an anti protease
agent (BILN-2061) significantly reduced HCV viremia™,
Furthermore, it was shown that the antiviral effect was
dependent on the viral genotype but appeared to be in-
dependent of the provenance of human hepatocytes.
Interestingly, another team confirmed the antiviral effect
of BILN-2061, but they also encountered cardiotoxic
adverse effects with this compound (unpublished data,
ISVHLD 2006 congtress, Vanwolleghem e# al). The uPA/
SCID model is therefore appropriate for testing new anti-
viral molecules by evaluating their efficacy and toxicity.

It is clear that the immune response to viral infection
plays a major role in the outcome of liver disease. By taking
advantage of the absence of adaptive immune response in
the chimeric uPA/SCID mouse model, Walters ¢z o/ were
able to investigate the role of the innate antiviral immune
response to HCV infection. The purpose of their study
was to distinguish virus-induced gene expression changes
from adaptive HCV-specific immune-mediated effects.
Globally, in the uPA/SCID mouse model, HCV infection
activates the transcription of interferon-stimulated genes
which are in particular implicated in establishing the
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innate immune response, and thus active in the inhibition
of HCV replication. As previously shown in HCV-
infected patients and HCV transgenic mice, these authors
confirmed in the uPA/SCID mouse model the relationship
between a severe HCV infection and lipid metabolism
perturbation, suggesting that liver disease may not be
mediated exclusively by an HCV-specific adaptive immune
response. Thus, the innate immune response may play a
fundamental role in limiting the viral HCV RNA copy
number and can thus slow the progression of infection.

In summary, the recent development of small animal
models for experimental HCV infection has opened
new perspectives for the evaluation of novel therapeutic
and/ot prophylactic compounds against HCV. Indeed,
these three rodent models are really promising, although
relatively complicated to use, but they present the un-
questionable advantage of being much less expensive
and easier to maintain and breed than primates. The
rat model may be the most accessible, notably because
of the immunocompetent nature of the animals and
the larger number of reproducible infected animals
that could be obtained in theory using hepatocyte cell
line transplantation. The two mice models are more
physiologically relevant, in that they are based on the
transplantation of human tissue or primary hepatocytes.
The model most closely related physiologically to humans
is certainly the uPA/SCID mouse. Indeed, even if
this model is developed in an immunotolerant setting,
humanized liver may contain around 75% of human
hepatocytes as compared to just 6% of hepatoma cells in
the rat (Table 2). Furthermore, viremia clearly lasts longer
and at higher levels in uPA/SCID mice than in other
models (Table 2). Under these conditions, the uPA/SCID
mouse model appears to be the most relevant to building a
bridge between in vitro research and clinical trials.

HCV TRANSGENIC MOUSE MODELS

An increasing body of evidence suggests a direct in-
volvement of HCV in cellular metabolic disturbances.
As described in this report, conditional expression of the
HCV genome in transgenic mice has enabled study of the
direct effect of HCV on hepatocytes, and investigation
of the molecular pathways of HCV associated with liver
injury. This has generated data crucial to our understanding
of several aspects of HCV pathogenesis. As reported
in Table 3, and despite some contradictory results, the
development of HCV transgenic mouse models has
enabled evaluation of the different, direct cytopathic
effects of HCV protein and their correlation with the
pathogenesis of chronic hepatitis C.

Hepatic steatosis and the derangement of lipid metabolism
are characteristic of HCV protein expression

Recently, a correlation between HCV infection and both
diabetes and insulin resistance was suggested, indicating
that they might be metabolic diseases associated with
[31’32]; this could be a critical factor in the
pathogenesis of chronic hepatitis C. Transgenic mouse
models have demonstrated a link between HCV core

viral infection

www.wjgnet.com

protein expression and elevated serum insulin levels,
associated with a minor elevation of plasmatic glucose but
without the development of diabetes™ ", Furthermore,
the administration of insulin resulted in higher glycemia
when compared to values in non-transgenic mice,
indicating the presence of an insulin resistance phenotype
in core transgenic mice™!. This insulin resistance may
be due to down-regulation in the expression of insulin
receptor substrates 1 and 2 (IRS1 and 2), probably »iz an
up-regulation of the suppressor of cytokine signaling 3
(SOCS3)™. One possible mechanism is that HCV core-
induced SOCS3 promotes the proteosomal degradation
of TRS1 and IRS2 through ubiquitination. These results
therefore provide direct experimental evidence for a
role of HCV core protein in the development of insulin
resistance mechanisms in HCV-infected patients.

Hepatic steatosis, which involves an accumulation of
intracytoplasmic lipid droplets, is a common histological
feature which is observed in more than 50% of chronic
hepatitis C carriers™. Both host and viral factors have been
demonstrated to play an important role in its development.
By accelerating the development of fibrosis, steatosis
may contribute to the progression of liver disease and the
development of HCC. Consistent with the implication
of viral protein in steatosis, it has been reported that
the core protein of HCV targets microsomal triglyce-
ride transfer protein activity, modifies hepatic VLDL
assembly and secretion and increases the concentration
of monosaturated fatty acids”"™*". Furthermore, alcohol
consumption in core transgenic mice has been shown
to increase hepatic lipid peroxidation and hepatic TNF
alpha and TGF beta expression"”. This may participate
in activating fibrogenesis and hence the development of
HCC observed in HCV patients who abuse alcohol.

HCV and development of hepatocellular carcinoma
Epidemiological evidence favors a direct role for
HCV in the development of hepatocellular carcinoma
(HCC). Despite some contradictory results, transgenic
mouse models have demonstrated the implication
of core protein expression in HCC development.
Moriya ef a/*** showed that core protein expression
in mice led to steatosis, oxidative stress and
ultimately HCC in aging mice. RXR alpha is activated
by cellular retinol binding protein II (CRBPII)
in the liver of core-expressing transgenic mice' ; sug-
gesting that the modulation of RXR alpha-controlled
gene expression vza its interaction with core protein could
contribute to liver pathogenesis. Alterations to other
signaling pathways »iz activation of signal transducer and
activator of transctription 3 (STAT3), activator protein-1
(AP-1), MAPK and the supptession of SOCS-1 expression
may equally contribute to tumorigenesis in HCV core-
expressing transgenic mice™ " In another core transgenic
line, the development of malignant lymphoma and
hepatocellular adenoma has been observed™. In other
reports, neither steatosis nor hepatic tumors were detected
in core transgenic mice™”. However, HCC was more
frequently observed after diethylnitrosamine treatment or
the repeated administration of carbon tetrachloride!,
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Viral protein Orriginal reference Mouse Promoter Comments References
of the transgenic strain
mouse
Core Moriya et al*? 1997 C57BL/6 HBV Steatosis Moriya et al*" 1998
HCC Moriya et al*? 1997
Oxidative stress Moriya et al'*"! 2001
Increased concentration of Moriya et al'””! 2001
monounsaturated fatty acids
Inhibition of microsomal triglyceride transfer Perlemuter et al®™ 2002
protein activity and VLDL secretion.
Alcohol and core protein increase lipid Perlemuter et al™ 2003
peroxidation
Alteration of intrahepatic cytokine expression  Tsutsumi et al*” 2002
and AP-1 activation
Interaction with retinoid X receptor alpha Tsutsumi et al'*”! 2002
Cooperation with ethanol activation of MAPK  Tsutsumi et al 2003
Insulin resistance Shintani et al*! 2004
Koike et al™ 2006
Modulation of interferon pathway Miyoshi et al*”) 2005
(Inhibition of SOCS-1 expression)
ER stress, apoptosis Benali-Furet et al”™ 2005
Core Honda et al®™ 2000 C57BL/6 HBV Modulated sensitivity to Fas-mediated Honda et al®™ 2000
apoptosis
Insulin resistance via down-regulation Kawaguchi et al™ 2004
hepatic IRS1 and 2
Constitutive activation of STAT3, Yoshida et al*! 2002
implication in HCC
Core Pasquinelli et al™ 1997  C57BL/6 Major urinary ~ No liver disease Pasquinelli et al™ 1997
protein
Core (Korean wt Wang et al” 2004 C57BL/ 6] HBV Cell dysplasia for S99Q core mutant Wang et al™ 2004
and mutants)
Core (in T cell) Soguero et al™ 2002 C57BL/6 CD2 Increased Fas-mediated apoptosis and Soguero et al™ 2002
liver infiltration of peripheral T cells
Double Tg core  Cruise et al™ 2005 C57BL/6 x Increased Fas ligand expression of CD4+ Cruise et al® 2005
XTCR DO11.10 (H-2d) T cells associated with liver inflammation
Role of CXCR3 ligands via Fas induction, Cruise et al™ 2006
during the inflammatory response
Core Ishikawa et al* 2003 C57BL/6N serum Malignant lymphoma and Hepatocellular Ishikawa et al* 2003
amyloid adenoma in old mice
Core Kato et al* 2003 C57BL/6 serum Adenoma and HCC development Kato et al*” 2003
amyloid P in transgenic mice following repeated
CCls administrations.
Core Kamegaya et al®! 2005 ~ FVB x C57BL/6  Albumin After DEN treatment, core-E1-E2 mice Kamegaya et al"™"! 2005
Core-E1-E2 develop tumors with a larger size than
core mice (diminution of apoptotic index)
Core-E1-E2-p7  Lerat et al'*” 2002 C57BL/6 Albumin Steatosis Lerat et al'™ 2002
HCC (rare)
Sensitivity to oxidative stress Okuda et al™ 2002
Core-E1-E2-p7 Korenaga et al'™ 2005 C57BL/ 6] Albumin Increase in ROS production by mitochondrial ~ Korenaga et al®" 2005
electron transport complex [
Core-E1-E2 Kawamura et al® 1997  FVB Albumin or No liver disease Kawamura et al'* 1997
major urinary
protein
Core-E1-E2 Honda et al® 1999 C57BL/6 H2-Kd Sensitivity to anti-fas administration Honda et al® 1999
Core-E1-E2 Naas et al'™” 2005 C57BL/6 CMV Steatosis. Naas et al™” 2005
Acceleration of liver and lymphoid
tumor development
Core-E1-E2-NS2  Wakita et al® 1998 Balb/C Cre/Lox Hepatitis injury associated with HCV-specific ~ Wakita et al® 1998
system (CAG  CTL response Wakita et al™ 2000
promoter)
Suppression of Fas-mediated cell death Machida et al™ 2001
HCV-specific CD8+ CTLs specifically induce Takaku et al'*”! 2003
liver injury
E1-E2 Koike et al™ 1995 CD1 HBV No liver disease Koike ef al™ 1995
Expression in salivary glands
Exocrinopathy resembling Sjogren syndrome Koike et al™ 1997
E2 Pasquinelli et al™ 1997 C57BL/6 Albumin No liver disease Pasquinelli et al'® 1997
NS3-NS4A Frelin et al'** 2006 C57BL/6 Major urinary ~ No liver disease. Frelin et al' 2006

protein

Alteration of hepatic immune cell subsets.

Reduced sensitivity to TNF alpha mediated liver

disease.
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NS5 Majumder et al® 2002 FVB ApoE

Full polyprotein Alonzi et al®” 2004 C57BL/6 Alphal
Blindenbacher et al'”’ 2003 antitrypsin
Full polyprotein Lerat et al'*” 2002 C57BL/6 Albumin

Majumder et al'*”! 2002
Majumder et al'*! 2003

No liver disease

Protection against TNF alpha mediated liver
disease (inhibition of NF-kappaB activation)
Steatosis

T cell infiltrate

Inhibition of IFN alpha-induced signaling Blindenbacher et al'”! 2003
Increased expression of protein phosphatase 2A Duong et al® 2004
Hepatic steatosis, HCC Lerat et al'® 2002
Impairment of intrahepatic immune response  Disson et al'® 2004

Alonzi et al'*” 2004

(absence of elimination of adenovirus-infected
hepatocytes)

Down-regulation of pro-apoptotic CIDE-B
protein in adenovirus-infected transgenic mice
Iron overload induces increase the risk of HCC ~ Furutani et al'™ 2006

Erdtmann et al®® 2003

(mitochondrial injury)

HCV-core protein in liver cells may affect the persistence
of Fas-mediated liver cell injury[szl. Liver inflammation
induced by HCV core-expression in CD4+ T cells is
associated with high expression levels of the Fas ligand
and CXCR3 chemokine induction™ . In this context,
liver inflammation is abolished by anti-Fas antibody
treatment” . Similarly, transgenic mice expressing Core-
E1-E2 present with hepatocyte necrosis associated with
increased Fas-mediated injury”™’. Furthermore, the
expression of core-E1-E2-NS2 viral proteins, as well
as of the entire HCV polyprotein, may induce steatosis
with lymphocyte cell infiltrate, mito-chondrial injury and
sensitivity to oxidative stress and HCC in aging animals®™**?,
By contrast, E1-E2, E2, NS3-NS4A or NS5A transgenic
animals have not been shown to exhibit any major

histological changes to the liver™*%,

HCYV and interferon pathway modulation.

In vivo experiments in transgenic mice have confirmed
that the expression of full HCV polyproteins and core
protein inhibits interferon alpha signaling. The HCV core
protein has been shown to induce an aberrant expression
of SOCS1, which can suppress Jak-STAT signaling
activation””), Similarly, STAT signaling was found to be
strongly inhibited in the liver of HCV transgenic mice!”.
In this model, STAT phosphorylation by Jak was not
reduced, but the binding of STAT transcription factors
to the promoters of interferon-stimulated genes was
inhibited”. HCV expression in the liver is associated
with the inhibition of STAT function by concomitant
induction of the expression of the protein inhibitor of
activated STAT (PTAS)™. This may be mediated viz an
up-regulation of protein phosphatase 2A and by STAT
demethylation®”. In addition, NS5 protein activates
STAT3 through interaction with Jak1™.

In summary, and despite some discordant data,
studies involving transgenic mice expressing one or a
combination of HCV viral proteins have been essential
to a clearer understanding of the mechanisms involved
in HCV-induced pathogenesis. However, to be rigorous
the interpretation of any data must take account of
variations in the genetic background of mice, constitutive
transgene expression and the absence of any immune
response. Nevertheless, even if we consider the variability
of morphological observations and the diversity of
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biochemical data, most reports strongly support a direct
role for core protein in liver pathogenesis. Core protein
may predispose subjects to HCC development through
its contribution to the onset of steatosis, fibrosis and
oxidative stress, particularly by acting on the expression of
cell growth-related genes, the interferon pathway and lipid
metabolism.

CONCLUSION

This review undetlines the usefulness of rodent models in
the field of HCV infection studies. Indeed, as pointed out,
exponential information has been obtained using small
animal models which ate susceptible to HCV infection ot
allow HCV protein expression. The principal advance in
this area is the establishment of small animal models which
can support the entire life cycle of the virus. However, the
contribution of different viral proteins to HCV-related
pathogenesis is far from being clarified. Indeed, if we are
to reach definite conclusions regarding the mechanisms
linked to HCV pathogenesis, the next step must be to
develop a rodent model which can harbor both a human
immune system and human liver cells susceptible to HCV
infection. This rodent model will constitute a2 new tool to
allow the efficient screening of HCV vaccine candidates.
Finally, without forgetting the indispensable role of the
chimpanzee (which remains the optimum model to study
the efficacy of future vaccines), new animal models such
as transgenic mice and HCV infection-permissive rodents
constitute extremely promising and complementary tools
which will enable us to better understand and fight against
HCV infection.
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Globally, hepatitis C virus (HCV) has infected an
estimated 130 million people, most of whom are
chronically infected. HCV-infected people serve as a
reservoir for transmission to others and are at risk for
developing chronic liver disease, cirrhosis, and primary
hepatocellular carcinoma (HCC). It has been estimated
that HCV accounts for 27% of cirrhosis and 25% of
HCC worldwide. HCV infection has likely been endemic
in many populations for centuries. However, the wave
of increased HCV-related morbidity and mortality that
we are now facing is the result of an unprecedented
increase in the spread of HCV during the 20" century.
Two 20™ century events appear to be responsible for
this increase; the widespread availability of injectable
therapies and the illicit use of injectable drugs.
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PREVALENCE AND INCIDENCE

The estimated global prevalence of HCV infection is 2.2%,
corresponding to about 130000000 HCV-positive persons
wortldwide (Figure 1)"". Because many countries lack data,
this estimate is based on weighted averages for regions
rather than individual countries. Region-specific estimates
range from < 1.0% in Northern Europe to > 2.9% in
Northern Africa. The lowest prevalence (0.01%-0.1%) has
been reported from countries in the United Kingdom and
Scandinavia; the highest prevalence (15%-20%) has been
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reported from Egypt™”. An estimated 27% of cirrhosis
and 25% of HCC wotrldwide occur in HCV-infected
people’.

There are both geographic and temporal differences
in the patterns of HCV infection. For example, vastly
different countties, including the United States, Australia,
Turkey, Spain, Italy, and Japan, belong to regions of the
wortld with similar overall average prevalences of HCV
infection (1.0%-1.9%), but have different patterns of
age-specific prevalence (Figure 2A). In the United States,
prevalence is highest among persons 30-49 years old,
who account for two-thirds of all infections, and lower
than average among persons less than 20 and greater than
50 years old™”. This pattern indicates that most HCV
transmission occurred in the last 20-40 years, and primarily
among young adults, a pattern similar to that observed
in Australia®. In the United States™'", Australia", and
countries in western and northern Europe with similar
HCV epidemiology!*"’
prevalence occur among persons with different risk factors
for infection.

In contrast, the age-specific prevalences of HCV
infection increase steadily with age in Turkey, Spain, Italy,
Japan, and China, (Figure 2A)"*", In these countries,
persons > 50 years old account for most infections,
which suggests a cohort effect in which the risk for HCV
infection was higher in the distant past, i.e., 40-60 years
previously. In many countries with this pattern, the greatest
variations in HCV prevalence occur geographically. In Italy,
Japan and China, for example, there are hyperendemic
areas of the country in which older persons have an HCV
prevalence 20-fold greater than the average overall and
1.5-2-fold greater than the prevalence among oldet persons
in other areas of the country”*,

The highest HCV prevalence in the world occurs in
Egypt, where the prevalence of infection increases steadily
with age, and high rates of infection are observed among
persons in all age groups (Figure 2B)** This pattern
indicates an increased risk in the distant past followed
by an ongoing high risk for acquiring HCV infection,
although there are regional differences in average overall
prevalence“’w.

Determining the incidence of HCV infection (i.e., the
rate of newly acquired infections) is difficult because most
acute infections are asymptomatic, available assays do not
distinguish acute from chronic or resolved infection, and
most countries do not systematically collect data on cases
of acute disease. Even in countries with well-established
surveillance systems, acute disease reporting systems

, the greatest variations in
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Figure 1 Estimated HCV prevalence by region”.
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Figure 2 Age-Specific prevalence of antibody to hepatitis C virus by selected
countries. 'Numbers in parentheses indicate average regional prevalence in which
country resides (see Figure 1).

underestimate the incidence of HCV infection™ . For
several countries, mathematical models have been used to
infer trends in incidence, which rely on the assumption
that current age-specific prevalence reflects the cumulative
risk of acquiring infection.

In the United States, trends in HCV incidence were
modeled using age-specific incidence from reported cases
of acute disease”™ and age-specific prevalence from a
cross-sectional national survey'”. This model showed a
large increase in the incidence of newly acquired HCV
infections from the late 1960s to the early 1980s””. The
estimated annual incidence was low (18 per 100 000) before
1965, increased steadily through 1980, and remained
high (130 per 100000) through 1989, corresponding to
an average of 240000 infections per year in the 1980s.
Since 1989, the incidence of reported cases of hepatitis
C has declined by more than 80%"", consistent with
the finding that the national seroprevalence of infection

< 1.0%
M 1.0%-1.9%
B 2.0%-2.9%
B 2.0%-2.9%

] Notincluded in a WHO region

remained unchanged between 1988 and 2002, The rate
of new HCV infections also declined in Italy in the 1990s
according to reported cases of acute disease™. In both
the United States and Italy, most newly acquired infections
are in young adults (30-35 years old)™™". A model of
HCV burden in France, which employed death rates from
hepatocellular carcinoma in addition to cross-sectional
seroprevalence studies to estimate past incidence, showed
a trend similar to that of the United States with increasing
incidence through the 1980s”?, whereas an alternative
approach to modeling disease burden in Australia showed
a steady increase in new HCV infections in that country
from 1961-2001".

Several other countries have measured HCV infection
incidence by determining the rate of seroconversions in
HCV-negative cohorts followed over time. Cohort studies
conducted in hyperendemic areas in Taiwan and Japan
found incidence rates of HCV infection of 110/10000
and 28-36/10000 persons, respectively ™. The mean
age of persons with newly acquired HCV infection
was 50 years in the Taiwan cohort and 40 and 60 years,
respectively, in the two Japan cohorts. Cohort studies in
Egypt found incidence rates of 0.8/1000 person-years in
an area of Upper Egypt where the background prevalence
was 9% and 6.8/1000 in the Nile Delta where the
background prevalence was 24%"". Sixty-seven percent of
the incident infections were in persons < 20 years old.

Because chronic liver disease may develop many years
after infection, the past incidence is a major determinant
of the future burden of HCV-associated complications™.,
In the United States and other countries where the emer-
gence of HCV infection is a more recent event, the full
magnitude of the burden of HCV-related chronic liver
disease has yet to be realized as the duration of infection
among most infected persons has not reached the point at
which complications from chronic liver disease typically
occur®. In countries where the emergence of HCV
infection occurred in the distant past (such as Japan and
Italy), the burden of HCV-related chronic disease already
might have reached its highest magnitude, but changes
in disease transmission patterns that result in younger
persons acquiring infection could result in future increases
in chronic disease as this cohort ages™. In Egypt, where
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The extent exposure contributes to
HCV transmission by level of HCV prevalence

Exposure Low Moderate High
Injecting drug use Siataish i F
Transfusions (unscreened) +++ et el
Unsafe therapeutic injections + +H++ 4
Occupational + + +
Perinatal + + +
High-risk sex ++ + +/-

there has been an ongoing high risk for decades, the high
magnitude of the current burden of HCV-related chronic

disease is predicted to continue into the future”

MODES OF TRANSMISSION

The most efficient transmission of HCV is through large
or repeated direct percutaneous exposures to blood (e.g,,
transfusion or transplantation from infectious donors,
injecting drug use)'"’. HCV is less efficiently transmitted by
single small dose percutaneous exposures (e.g., accidental
needlesticks)""** or by mucosal exposures to blood or
serum-derived fluids (e.g., birth to an infected mother, sex
with an infected partner) (1039401

There is also evidence that the environment can serve
as a reservoir for infectious virus. HCV transmission by
inapparent percutaneous exposures has been caused by
cross-contamination from reused needles and syringes,
multiple-use medication vials, infusion bags, and injecting-
drug use paraphernalial4l’4zj. These epidemiologic data
implicating transmission from environmental sources
of HCV are supported by an experimental study that
demonstrated the infectivity of HCV in blood after
exposure to drying and storage at room temperature[m.
Similar results have been reported for hepatitis B virus
(HBV)". However, the risk for transmission of HBV
from such inapparent exposures appears to be greater,
probably because of differences in characteristics between
the two viruses, including the longer environmental
survival of HBV™ and concentrations in the blood of
infected persons two- to four-logs higherm].

However, in the recent cohort study in Egypt, the
strongest predictor of incident HCV infection was having
an anti-HCV—positive family member". Among those that
did, incidence was 5.8/1000 PY compared with 1.0/1000
PY (P < 0.01) among those with no positive family
members. The highest incidence rate (14.1/1000 PY) was
in children younger than 10 who were living in households
with an anti-HCV—positive parent. The study did not
determine the factors responsible for this association.

RISK FACTORS

Risk factors associated with acquiring infection as
determined from cohort (prospective) and case control
(retrospective) studies of persons with acute disease (or
infection) have included transfusion of blood and blood
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products and transplantation of solid organs from infected
donors, injecting drug use, unsafe therapeutic injections,
occupational exposure to blood (primarily contaminated
needle sticks), birth to an infected mother, sex with an
infected partner, and sex with multiple partners”™'”. Among
these, transfusion from unscreened donors, injecting drug
use, and unsafe therapeutic injections have been the most
important, however, there are temporal and geographical
differences in the extent to which these risk factors have
contributed to HCV transmission (Table 1).

BLOOD TRANSFUSION AND IATROGENIC
EXPOSURES

Transfusion-associated HCV infection was a worldwide
risk before HCV testing became available. It has been
virtually eliminated in those countries that implemented
routine HCV testing of donors™ but in others, receipt
of blood transfusions remains an important source for
infection. Some countries continue to use commercial
donors to supplement their blood supplies, have not
considered blood safety a priority, and lack the resources
to implement donor screening[47].

Of even greater importance in the spread of HCV,
are unsafe therapeutic injections performed by both
professionals and non-professionals. It has been estimated
that approximately 2 million HCV infections are acquired
annually from contaminated health care injections, and may
account for up to 40% of all HCV infections worldwide”,
In many developing countries, supplies of sterile syringes
may be inadequate or nonexistent, non-professionals often
administer injections outside the medical setting, and
injections are often given to deliver medications that could
otherwise be delivered by the oral route. Reuse of glass
syringes during the eatly campaign to treat schistosomiasis
in Egypt appeared to be responsible for the largest
outbreak of iatrogenic transmission of a bloodborne
pathogen ever recorded”. In addition to unsafe injection
practices, lack of attention to appropriate cleaning and
disinfection of equipment used in hospital and dental
settings also may be a soutce for HCV transmission.

ILLEGAL INJECTING DRUG USE

Injecting drug use has been the predominant mode of
transmission during the past 40 years in the United States
and Australia, and now accounts for most newly acquired
infections in many other countries, including those in
Western, Northern, and Southern Europe. Although
cumulative infection rates among young injection drug
users during the first 2-3 years of injecting have slowed
in recent years, declining from 80% during the late
1980s to 30% during the late 1990s, incidence among
new injectors remains high, ranging from 15% to >
30% annually™. Fewer sharing partners are necessary to
sustain HCV transmission than are necessary for other
bloodborne viruses®™, and indirect drug sharing and
preparation practices, such as backloading and sharing
cotton, cooker, and rinse water, have been associated with

HCV transmission”". These results indicate that harm
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reduction messages and access to drug treatment need to
be expanded to prevent new HCV infections, particulatly
among young injectors.

OTHER EXPOSURES

In contrast, the contributions of occupational, perinatal,
and high-risk sexual exposures have been relatively
constant over time and with substantially less geographic
variation (Table 1), The relatively low efficiency of these
routes for transmission compared to those involving large
or repeated percutaneous exposures may explain these
differences.

Occupational transmission of HCV infection is largely
confined to health care workers who have sustained
contaminated needlestick injuries; average incidence of
anti-HCV seroconversion from an HCV-positive source is
1.8%; transmission has been associated with hollow-bore
needles and deep injuriesm. Transmission rarely occurs
from mucous membrane or non-intact skin exposures to
blood™ and no transmission to health care workers has
been documented from intact skin exposures to blood.
Furthermore, the prevalence of HCV infection among
health care workers, including orthopedic, general, and
oral surgeons, is no greater than the general population,
averaging 1%-2%, and is 10 times lower than that for
HBYV infection. Even more rarely, HCV-infected health-
care workers have transmitted to patients, and the risk
was extremely low-averaging about 0.5%, even for those
episodes involving surgeons.

The rate of perinatal transmission of HCV is 4% to
7% per pregnancy and occurs only when HCV RNA is
detectable in maternal serum at delivery. Transmission
may be related to higher levels (above 10° copies per mlL),
although data on the effect of virus concentration have
been inconsistent”™. Prolonged labor after membrane
rupture and internal fetal monitoring have been associated
with perinatal infection””. There has been no association
with vaginal delivery, caesarian section or breastfeeding.
Co-infection with human immunodeficiency virus (HIV)
increases the rate of transmission 4- to 5-fold.

The extent to which HCV is transmitted by sexual
activity and under what circumstances is one of the most
controversial aspects of the epidemiology of hepatitis
C. The results of different types of studies have been
inconsistent. The strongest evidence for heterosexual
activity as a risk factor for HCV infection came from
case-control studies of persons with acute non-A, non-B
hepatitis (now known as hepatitis C) in the United States
during the 1970s and 1980s, which identified sex with an
infected partner or with multiple partners as independently
associated with acquiring disease™". Since then, 15%-20%
of cases of acute hepatitis C have reported no other risk
factor except one of these sexual exposures. In contrast,
no association was found with male homosexual activity,
and cross-sectional studies conducted since 1990 of men
who have sex with men (MSM) and heterosexual persons
in long term monogamous relationships with a partner
with chronic HCV have found little evidence for sexual
transmission of HCV""*". One possible explanation
for these apparent inconsistencies is that HCV is more

likely to be transmitted by sexual intercourse when the
infected partner is in the eatly phase of acute infection;
virus concentration is high and there is no antibody to
complex with antigen. The early case-control studies of
acute disease were performed when the incidence of
HCV infection was at its peak. During that time a high
proportion of the general adult population had a history
of multiple sex partners'”, which may have increased
their probability of having sex with an infectious partner.
A higher rate of sexual transmission of HCV during
the acute phase of infection in combination with a high
proportion of persons having unsafe sex with multiple
partners could explain the disproportionate amount of
the HCV-related disease burden accounted for by sexual
activity relative to the low efficiency by which the virus is
transmitted by this mode, as well as the rare episodes of
infection among partners of persons with chronic HCV. A
similar association with acute hepatitis C and multiple sex
partners has been reported from Italy™, and since 2000,
there have been reports from several European countries
of episodes of acute hepatitis C among HIV-infected
MSM[59-(12].

Because of the wide variety of human activities that
involve the potential for petcutaneous exposure to blood
or blood-derived body fluids, there are numerous other
biologically-plausible modes of transmission besides those
with cleatly-demonstrated epidemiologic associations with
infection. These include cosmetic procedures (tattooing,
body-piercing), intranasal drug use, and religious ot
cultural practices such as ritual scarification, circumecision,
acupuncture, and cupping, In most regions of the world,
there are insufficient data to determine whether these
risk factors make any measurable contribution to overall
HCV transmission. In those countries where adequate
studies have been done, none of these activities have been
consistently associated with HCV transmission”*”,

SUMMARY

Thus, most of the HCV-related disease burden in deve-
loped countries has resulted from injection drug use,
receipt of transfusions before donor screening, and
high-risk sexual activity. In contrast, most of the disease
burden in developing countries is related to receipt of
unsafe therapeutic injections and contaminated blood.
Characterizing the epidemiology of HCV infection
in individual countries is crucial to developing and
implementing effective preventive measures. In some,
ensuring safe blood supplies and health-care related
procedures are the highest priorities. In others, priorities
need to focus on preventing injecting drug use, improving
access to drug treatment, harm reduction counseling,
and testing to identify HCV-infected persons for medical
evaluation and management.
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Abstract

Since the discovery of HCV in 1989, the lack of a cell
culture system has hampered research progress on this
important human pathogen. No robust system has been
obtained by empiric approaches, and HCV cell culture
remained hypothetical until 2005. The construction of
functional molecular clones has served as a starting
point to reconstitute a consensus infectious cDNA that
was able to transcribe infectious HCV RNAs as shown by
intrahepatic inoculation in a chimpanzee. Other consen-
sus clones have been selected and established in a hu-
man hepatoma cell line as replicons, i.e. self-replicating
subgenomic or genomic viral RNAs. However, these repli-
cons did not support production of infectious virus. Inter-
estingly, some full-length replicons could be established
without adaptive mutations and one of them was able to
replicate at very high levels and to release virus particles
that are infectious in cell culture and /7 vivo. This new
cell culture system represents a major breakthrough in
the HCV field and should enable a broad range of basic
and applied studies to be achieved.
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INTRODUCTION

Since the discovery of the hepatitis C virus (HCV) »ia
molecular cloning in 19891 its propagation in cell culture

www.wjgnet.com

has been a major goal for virologists wotldwide. All human
hepatitis viruses are very difficult to grow in cell culture,
and indeed no such system is currently available for the
hepatitis B virus (HBV). This problem is also linked to the
nature of the host cell, since highly differentiated human
hepatocytes are very difficult to maintain in cell culture.
However, it has been demonstrated that blood or serum
from chronically infected HCV patients is infectious 7 vivo
and does contain infectious virions suitable for the 7 vitro
infection of cultured hepatocytes.

IN VITRO INFECTION BY HCV STRAINS
FROM PATIENTS

In 1992, Shimizu ez a/” were the first to report successful
HCV infection of the human T-lymphocyte MOLT-
4Ma and HPB-Ma lines which had been pre-infected
with murine retroviruses. In 1995, Kato ez o/’ reported
similar results with the MT-2 cell line pre-infected with
HTLV-I1. Use of clone 10-2 of the HPB-Ma cell line
enabled a one-year follow-up of the infection, with
neutralization by antibodies, inhibition of replication by
interferon, visualisation of 50 nm particles by immuno-
electronmicroscopy and analysis of the virion density™.
However, in these and other cell lines (Daudi, PBMC,
etc.), viral replication could be only intermittently
detected by RT-PCR. The human hepatoma cell lines
Huh-7 and Hep-G2 could support HCV replication,
as did other hepatocytic cell lines immortalized by the
SV-40 T antigen®. Tto ¢z a/* have cultured primary
hepatocytes from chronically infected HCV patients
and have obtained relatively high viral titers in both the
cells and the supernatant medium. Primary chimpanzee
and human hepatocytes are permissive to HCV for the
very limited time during which these cells are usable! .
These data indicate that HCV replication (at least) was
possible in hepatocyte and lymphocyte cell lines. However,
these systems were not reliable and could not be used
as models for studying the viral cycle in detail or for
screening antiviral drugs. These goals should be achieved
by using viral and cellular clones under stable infection
conditions'"”. Reverse genetics studies are also very helpful,
and it is noteworthy that viral genomes are generally small
enough to be engineered by today's oligonucleotide ligation
techniques, marking the passage from macromolecular
chemistry to "life""".

FULL-LENGTH, INFECTIOUS HCV CDNA

HCV is a member of the Flaviviridae and harbours an
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envelope with two glycoproteins and a nucleocapsid
containing a positive single-strand RNA genome of about
9600 nucleotides. The positive viral RNA (vRNA) has
the same polarity as mRNA and can be directly translated
in order to express the full set of viral proteins and
initiate the viral life cycle. The vRNAs are generated by
transcription of cloned, complementary DNA (cDNA)
obtained by reverse transcription. The first cloned HCV
genomes were incomplete, and a novel sequence at the 3'
terminus of the hepatitis C virus was only discovered in
1995 by use of oligonucleotide ligation or synthesis at the
3'end of the HCV genome!™*",

The first "infectious" ¢cDNA from HCV genotype
1 was successfully obtained by two different groups in
1997"" The HCV genome (called "H77") was cloned
from the serum of an infected patient with a high viral
titer. The sequences of many different clones were aligned,
a master consensus sequence was established and a full-
length HCV consensus sequence was then generated.
It was supposed that the viral quasispecies contained
a majority of functional genomes with a minority of
defective ones, as observed for other viruses'”. Thus,
the establishment of a master consensus sequence is one
approach to detecting deleterious mutations in defective
vitions or mutations introduced by amplification and/or
molecular cloning. The identification of an infectious
cDNA was successfully achieved, since the transcribed
RNAs were able to infect the chimpanzee when inoculated
intrahepatically. Other full-length genomic HCV c¢cDNAs
have since been established but none of these clones have
been adapted to cell culture, as only very low levels of
replication were reported ™",

HCV SUBGENOMIC REPLICONS

New strategies based on the subgenomic selectable HCV
replicon were developed in order to enable the selection
of cell clones containing autonomously replicating HCV
RNAs. In 1999, Lohmann ez a/'” established the first
HCV genotype 1b replicon in the Huh-7 hepatoma cell
line. Replicons are subgenomic constructs expressing the
viral replicase complex and capable of autonomous viral
replication. As with other positive RINA viral genomes, the
authors constructed bicistronic vectors-allowing the exact
transcription of the HCV 5' and 3' non-translated regions
(NTRs)-and then used (1) the HCV internal ribosomal
entry site (IRES) to ensure translation of the neomycin
phosphotransferase gene (neo) and (2) the EMCV IRES
to ensure translation of the HCV replicase complex (at
least from NS3 to NS5B). Thus, neomycin-resistant cell
clones containing replicating HCV RNAs were then
selected. This successful approach enabled the selection
of highly permissive cell clones (such as Huh-7.5 and
Huh-7-Lunet™") and adaptive viral mutations (involving
principally the NS3, NS4B and NS5A regions™). Several
of these mutations alter the phosphorylation state of
NS5A, the hyperphosphorylated form of which appears
to be deleterious for efficient HCV replication[23’24]. These
replicons have been very valuable tools for studying HCV
replication and for testing antiviral drugs against HCV's

major target enzymes, i.e. NS3 helicase, NS3/4A protease
and NS5B polymerase. Full-length genomic replicons
using the consensus approach (such as the wild type
Con-1) failed to produce infectious particles when tested,
since very low numbers of viral particles were obtained"™”.
Indeed, the different markers enabled the selection of
replicative genomic sequences but wetre not appropriate for
selecting for viral particle secretion”. Selective pressure
acts on the replicase complex (involving most of HCV's
non-structural proteins) but not on structural proteins.
Furthermore, at least some adaptive mutations seemed
to optimize viral replication and impair viral particle
production. Interestingly, some replicons were reported as
being free of adaptive mutations and were able to replicate

at a very high rate’”’,

VIRAL PRODUCTION IN CELL CULTURE

Eventually, one of the above-mentioned full-length
replicons was found to release viral particles[zsl. The
replicon was a HCV genotype 2a clone called JFH-1,
constructed by Takaji Wakita's group and isolated from
a Japanese patient with fulminant hepatitis™. Tt is the
first authentic HCV clone considered by the scientific
community as capable of growing in cell culture.
Transfection of the full-length JFH-1 genome into Huh-7
cells leads to the production of HCV particles that are
infectious for naive cells and for chimpanzees. Given that
full-length genomic RNA derived from other clones of the
same genotype or different HCV genotypes was again not
infectious in a cell culture system, chimeric viruses were
constructed successfully. Hence, the sequences coding
for the HCV JFH-1 structural proteins were replaced
by the corresponding sequences from different HCV
genotypes” . The HCV chimera's junction was situated in
the NS2 protein, just after the first transmembrane domain
in a junction region which has also been identified in the
rare, naturally-occurring recombinant forms of HCV
(generally found in isolates from intravenous drug users”™.
However, the viral titer obtained for most constructs was
low, with the exception of the FL-J6-JFH1 chimeric 2a-2a
recombinant virus. This homologous, chimeric form
was shown to be infectious in the chimpanzee, and the
virus recovered from the infected animal was infectious
in cell culture. Comparison of the viral titers obtained by
Dr. Wakita's group with those observed by other groups
indicates that cell culture conditions may influence viral
production. Continuous passages of infected cells or
successive infections of naive cells with the supernatant
of infected cells leads to an increase in viral production.
This finding suggests that certain mutations are probably
selected during the infection. Determinants present in the
structural proteins may be important for viral release and
infection in cell culture. Thus, a detailed study of the key
features enabling operation of the complete HCV cell
cycle should enable researchers to cultivate other isolates.
Very recently, a genotype 1a (H77) virus production system
producing low viral titers has been described™.

Another improvement concerns the cell line used
for HCV culturing, Certain clones of the Huh-7 cell line
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HCV2a JFH1

HepG2 HepG2-CD81

Huh-7

Figure 1 Infection of different hepatoma cell lines by JFH1 virus. HepG2 not expressing the CD81 receptor, HepG2 expressing the CD81 receptor and Huh-7 cell- lines
were used for the infection. Cells seeded at between 3 and 5. 10° cells per well in 24-well plates were incubated for 2 h at 37°C with 200 mL of culture medium containing
infectious JFH1 virus (obtained after successive re-infection of naive Huh-7 cells). Cells were processed and immunostained for the detection of capsid, as previously
described (Rouillé et al., 2006, J Virol, 80). The Figure shows the detection of HCV capsid protein in HepG2-CD81 and Huh-7 cells but not in HepG2 cells. Re-infection of
naive HepG2-CD81 and Huh-7 cells is effective with the resulting supernatant from each infection.

were found to far better than others for growing HCV.
"HCV-cured clones" produced by antiviral agents and
Huh-7 subclones (such as Huh-7.5 and now Huh-7.5.1""
or Huh-7-Lunet) support more efficient viral replication
and production. Detailed studies have shown that some
important features (such as high levels of CD81 receptor
expression or perhaps SR-B1 or claudin-1 very recently
identified by the Rice's group) could increase viral pro-
duction and spreading. Indeed, as shown in Figure 1,
HepG2 cells which are not usually susceptible to HCV
can be infected by the JFH1 virus when they express
CD81". Furthermore, defects in innate immunity (such
as deficiencies in interferon induction or production)
could increase the cell line's permissivity”*". Identification
of new cell lines of hepatic (or perhaps lymphocyte)
origin could improve our understanding of certain phy-
siopathological aspects of hepatitis C. Equally, HCV pro-
duction in cell lines from other species (such as murine
cell lines) could help to establish a small animal model of
HCV infection.

CONCLUSION

The new cell culture system represents a major breakthrough
in the HCV field and should enable a broad range of
fundamental and applied studies to be achieved, including
the production of classic HCV vaccines for efficacy testing;
Detailed cellular, molecular and reverse genetics studies are
also needed to complete our knowledge of all aspects of
HCV's biology.

The identity of the infectious form of HCV in "real
life" remains open to debate because HCV in sera is
strongly associated with lipoproteins; certain features
(such as the infectious form's density) appear to differ
from those seen in the HCV particles produced in cell
culture systems (HCVcc). New information concerning
the receptor(s) involved and other important determinants
of permissivity will be valuable for improving the culture
system. These new insights could enable researchers to
grow clinical HCV isolates and study their particular
features.
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Abstract

The innate immune response is triggered by a variety of
pathogens, including viruses, and requires rapid induction
of type I interferons (IFN), such as IFNB and IFNa. IFN
induction occurs when specific pathogen motifs bind to
specific cellular receptors. In non-professional immune,
virally-infected cells, IFN induction is essentially initiated
after the binding of dsRNA structures to TLR3 receptors
or to intracytosolic RNA helicases, such as RIG-I /MDAD5.
This leads to the recruitment of specific adaptors, such
as TRIF for TLR3 and the mitochondrial-associated
IPS-1/VISA/MAVS/CARDIF adapter protein for the RNA
helicases, and the ultimate recruitment of kinases, such
as MAPKs, the canonical IKK complex and the TBK1/IKKe
kinases, which activate the transcription factors ATF-2/
c-jun, NF-xB and IRF3, respectively. The coordinated
action of these transcription factors leads to induction
of IFN and of pro-inflammatory cytokines and to the
establishment of the innate immune response. HCV can
cleave both the adapters TRIF and IPS-1/VISA/MAVS/
CARDIF through the action of its NS3/4A protease. This
provokes abrogation of the induction of the IFN and
cytokine pathways and favours viral propagation and
presumably HCV chronic infection.

© 2007 The WIG Press. All rights reserved.
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INTRODUCTION

The innate immune response is triggered in response to
a variety of pathogens, such as bacteria and viruses, and
is essential for a rapid limitation in the spread or action
of these pathogens. The typel interferons, represented
by IFNf and by different subtypes of IFNa., play an
important role in this process as they can mount an
immediate antiviral response and stimulate adaptative
immunity" Typel interferons are secreted proteins that
exert their function after binding to specific IFNAR
receptors and after activation of the JAK/STAT signalling
pathway'”. They are potent and can induce over 300
genes, collectively referred to as interferon stimulated
genes (ISGs)". Because of their antiviral, antiproliferative
and immunomodulatory activities, IFNs are used for the
treatment of different tumors and viral infections, such as
HBV and HCV. Under normal physiological and health
conditions, however, IFNs are expressed at a minimum
level and their induction in response to a pathogen involves
a complex and well orchestrated cellular machinery.

Microbial agents are recognized through some of
their motifs or pathogen-associated molecular patterns
(PAMPS) by specific cellular receptors, referred to as PRRs
(pathogen-recognition receptors). The PAMPs responsible
for IFN induction can be bacterial external compounds,
such as lipopolysacharides (LPS), viral envelopes and
nucleic acids including dsRNA, ssRNA and DNA. The
PRRs are members of the toll-like receptors (TLRs) family,
located either at cellular (TLR4 for LPS and viral envelops)
ot endosomal membranes (TLR3 for dsRNA, TLR7/8
for ssRNA and TLR9 for DNA)*", In addition to this,
another route of induction takes place in the cytosol
through activation of specific RNA helicases, such as
RIG-I and MDA5"™". The cellular type plays an important
role in the specificity of induction, since IFN is induced
in the immune plasmacytoid cells through TLR7/8
(ssRNA) and TLR9 (DNA), while its induction in the non-
professional immune cells, including dendritic cells (DCs),
requires the endosomal TLR3 or the intracytoplasmic
RNA helicase™.

At the transcriptional level, IFN induction requires
the conjugated action of the three transcription factors:
ATF2/c-jun, NF«xB and IRF3. ATF2/c-jun and NF-«xB
are activated in response to various stimuli, such as growth
factors and pro-inflammatory molecules, by phosphorylation
through the MAPK cascade and the canonical IKK a/B/y
complex, respectively. IRF3 phosphorylation is triggered by
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a viral infection, after incubation of cells with dsRNA or
after introduction of dsRNA by transfection . The kinases
responsible for IRF3 phosphorylation, which wete referred
to as VAK for virus-activated kinases for some years'"", were
identified in 2003 as the two non-canonical IkB kinases:
TBKI1 (Tank binding kinase 1, also known as NAK for NF-
KB activating kinase) and TKKg!"*"7,

THE
After binding to their respective PAMPs, the TLRs recruit
adaptor proteins through homotypic interactions with
their cyoplasmic TIR (Toll/IL-1 receptor) domain. All
TLRs, except TLR3, recruit MyD88, which links them to
the NF-kB and MAPK pathways through activation of
the IRAKs (IL-1 receptor associated kinases) and TRAF6
(TNF receptor associated factor 6). In contrast, TLR3,
upon dsRNA binding, recruits a different adapter, named
TRIF (TIR domain-containing adapter inducing IFN-f3) or
TICAM (TTR-containing adaptor molecule-1)!"*"". TLR4
can also induce IFN through TRIF, but, in that case, it
recruits TRIF indirectly through interaction with another
adaptor called TRAM (TRIF related adaptor molecule) or
TICAM-2", TRIF interacts with a number of signaling
molecules, such as TRAFG6, which in turn activate the
NF-kB and MAPK pathways""'*, In addition, it can
also activate NF-kB through interaction with the kinase
RIP-1 (receptor interacting protein-1)!"". Importantly,
TRIF is involved in IRF3 activation by recruiting TBK1
and, presumably, also IKKg, although this remains
controversial''". TRIF can also recruit TRAF6, which
activates the NF-xB and the MAPK pathways' ¥, NAP-1
(NAK associated protein-1) and TRAF3, which are both
involved in IFN induction, although their exact role still
needs to be clarified”*?. Through all these different
interactions, TRIF triggers induction of IFN and pro-
inflammatory cytokines (Figure 1).

In accord with a role for TLR3 in IFN induction in
response to dsRNA, TLR3 deficient mice present a strong
reduction in their ability to induce IFN and proinflammatory
cytokines when injected with synthetic or viral dsRNA.
These mice are also more susceptible to infection by
MCMVP. TLR3 is expressed in endosomal compartments
and is abundant in conventional dendritic cells, therefore
allowing immediate activation of the immune response.
TLR3 has also been shown to be important in crosspriming,
therefore allowing CD8+ T-cell response at the site of
virally-infected tissue cells™. However, the role of TLR3
in the antiviral response is probably more complex. For
instance, infection of TLR3-deficient mice with West Nile
virus (WNV) resulted in a better survival of these mice to
the infection than the TLR3-wt mice, in which the infection
provoked a TLR3-dependent inflammatory response,
associated with brain penetration of the virus and neuronal
injury™. Similarly, TLR3-deficient mice had an unexpected
survival advantage to Influenza A virus (IAV), which is
a highly contagious acute respiratory disease, despite a
higher viral production in the lungs, because these animals
displayed significantly reduced inflammatory mediators than
the wt animals in the bronchoalveolar airspace®”

Like TLR3, the TLR 7, 8 and 9 are expressed in en-

dosomal compartments but their expression is restricted
to a subtype of dendritic cells, which are the plasmacytoid
dendritic cells (pDCs). These latter cells represent less
than 1% of the circulating PBMCs but can release massive
amounts of IFN-q in the blood. They were previously also
named NIPC for Natural Interferon Producing Cells'",
Induction of IFN by these TLRs, in response to ssRINA
(TLR7.8) or DNA (TLRY) is exclusively MyD88-dependent
and does not require TRIE In this situation, the signaling
events leading to IFN induction involve recruitment of
TRAFG6, IRAK4 and the transcription factor IRF7. This
provokes IRF-7 phosphorylation and direct induction of
IFNa. This signaling process is possible because of the
constitutive presence of IRF7 in the pDCs[ZG’zsl.

THE RNA HELICASE PATHWAY

TLR3- and TRIF-deficient mice are impaired in their
ability to induce IFN in response to dsRNA and they may
become sensitive to viral infections™”. However, their
response to dsRNA is not totally abolished and they are
still resistant to some viral infections, such as VSV (vesicular
stomatitis virus) or SeV (Sendai virus)”". This suggested
the existence of novel IFN-inducing pathways, which
were independent of the TLR3/TRIF axis. A role for the
dsRNA-dependent protein kinase PKR was unlikely since
carlier studies showed that this kinase was not required
for IRF3 or IRF7 phosphorylationm. Furthermore, the
induction of T cell stimulatory molecules was normal and
induction of IFN-f was only slightly suppressed in DC
from PKR-deficient mice™.

Human K562 cells lack the entire IFN-encoding locus
and do not activate IRF3 after virus infection, unless
they are treated with IFNB. An expression cDNA library
generated from IFNB-treated K562 cells was therefore
generated and screened for stimulation of the transcription
of an IRF-dependent reporter in the presence of the
synthetic dsRNA poly(I)-poly(C), after transfection in
mutrine 1929 cells. This led to the isolation of one clone
encoding for the caspase activation recruitment domain
(CARD)-containing the N terminal domain of the DexD/
H box helicase RIG-I ¥, The presence of CARD allows
recruitment of proteins through homotypic interactions.
RIG-I was initially described as being induced by Retinoic
Acid (RIG = retinoic acid inducible gene)™. Tt was also
shown to be induced by IFNy™, TNF-¢ and IFNg™.
RIG-I belongs to a family of RNA helicases that also
contains MDA-5 (melanoma differentiation associated
gene-5)"" and LGP2P", MDA-5 is highly homologous
to RIG-I (23% identity in the CARD and 35% identity
in the helicase domain). Both proteins bind dsRNA and
transmit signaling through their RNA helicase/ATPase
domain, probably by a conformational change, which
enables their N-terminal CARD domain to initiate the
downstream signaling events leading to ATF2/C-jun, NF-
kB and IRF3 activation. In contrast, LGP2, which shows
31% and 41% identity with the RNA helicase domains
of RIG-I and MDAS5, respectively, lacks the CARD
domain and thus probably has a negative regulatory role
on the RIG-I /MDA5 pathway"™. Tt is interesting to note
that all three RNA helicases, i.e., RIG-I , MDA5 and
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LGP2, are IFN-inducible proteins. Yet, they are directly
involved in the very first step of IFN induction, at least
for RIG-I and MD-5. This indicates that the eatly steps
of IFN induction already require significant cytosolic
expression of these RNA helicases. Accordingly, RIG-I
can be independently induced in response to different
stimuli, such as TNF-o”"\. It is therefore possible that
virally-induced inflammatory processes are important to
generate the required amounts of RIG-I necessary for
triggering IFN induction. Although RIG-I and MDA5
present strong similarities, they apparently do not have
similar functions in cells. For instance, deletion of the
RIG-I gene is lethal with most of the embryos dying
between 12 and 14 d and with mice born alive dying
after 3 wk. The developmental defect of the RIG- I -/-
embryos was linked to massive liver degeneratlon . In
contrast, MDA-5 deficient mice are healthy™. Most cell
types derived from the RIG-I deficient embryo are unable
to produce type I IFN and inflammatory cytokines, such
as IL-6, upon SeV infection'". Interestingly, systematic
comparison of RIGI and MDA5 deficient MEFs showed
that the two RNA helicases differ in their specificity for
IFN induction. RIG-I was required for IFN induction by
in vitro transcribed RNAs and by the following viruses:
SeV, NDV, influenza virus, VSV or JEV, while MDAS5 was
required for IFN induction by poly(I)-poly(C) and the
picornaviruses EMCV, Theiler and Mengo"*". The reason
for this discrepancy was recently solved independently
by two groups who showed that the ligand for RIG-I is
an uncapped 5' triphosphate RNA, which is a situation
found in viruses of the Flaviviridae family, including HCV,
and non segmented viruses, such as Paramyxoviruses
and rhabdoviruses. In contrast, MDAS5 recognize viruses
with protected 5' RNA ends, such as in the case of

. . 41,42
picornaviruses'"*”,

THE IPS-1/VISA/MAVS/Cardif ADAPTER
In 2005, four groups independently reported the
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Figure 1 Schematic representation of the dsRNA-
activated TLR3 and RNA helicase IFN inducing pathways.
dsRNA: double-stranded RNA; TLR3: Toll-like receptor 3;
RIP-1 Receptor interacting protein -1; TRIF: TIR (Toll/IL-
1-like receptor) domain-containing adapter inducing
IFN-B; TRAF2, TRAF3 and TRAF6: TNFR-associated
factor; NAP-1: NAK ( NF-kB activating kinase) Associated
Protein-1; TBK1: TANK (TRAF family member-associated
NF«B activator) Binding Kinase 1 (also known as NAK);
IKKe: kB kinase epsilon; TAB: TAK binding protein; TAK:
TGFB-associated kinase; IKKy: also known as NEMO
(NF-xB Essential Modulator), associates with the IKKau
and IKKB kinases; IKKo. kB Kinase a; IKKB IkB Kinase
B; MAPK: Mitogen activated protein kinase; IkB: Inhibitor
NF-xB; P65: NF-kB subunit; P50: NF-iB subunit; AP1:
ATF2/c-jun transcription factor; IRF3: Interferon regulatory
factor 3; RIG-I: Retinoic inducible gene-1; MDA5: Melanoma
differentiation associated gene 5; CARD: Caspase
association recognition domain; IPS-1: Interferon-f
promoter stimulator 1; MAVS: Mitochondrial antiviral
signaling; VISA: Virus-induced signaling adaptor; CARDIF:
CARD adapter inducing IFNB; PRO: Proline rich domain;
FADD: FAS associated protein via death domain. IL-1, IL-6
and IL-12: Interleukines, TNF-o.: Tumor necrosis factor a;

identification of an adapter protein that links the RNA
helicase to the downstream MAPK, NF-xB and IRF3
signaling pathways. This protein is referred to as IPS-1
(Interferon-B Promoter Stimulator 1[43]), VISA (Virus-
Induced Signaling Adaptor™), MAVS (Mitochondrial
AntiViral Signaling") and CARDIF (CARD adapter
inducing IFNB"™. This protein was previously identified in
a cDNA library screen as a NF-xB activating molecule”
In the absence of a consensus name for this protein, it will
be referred to here as CARDIE, in acknowledgment of the
group that first presented the sensitivity of this protein to
cleavage by the HCV NS3/4A protease (46; see below).
The particularity of this adapter protein is localization
to the mitochondrial membrane through a specific
transmembrane domain located at its C terminus'™. The
540 residue CARDIF protein associates with the tandem
CARD domain of RIG-I through its own N-terminal
1-77 CARD-like domain. Coprecipitation assays showed
that CARDIF associates strongly with RIG-I and weakly
with MDA5", Another important feature of CARDIF
is a proline rich region (103-173 residues) near the N
terminus, through which it interacts with several signaling
components including TRAF6, TRAF2, RTP1, FADD"™
and more recently, TRAF3" (Figure 1). It is still unclear
how TBK1 and IKKg associate with CARDIFE. In one
report, TBK1 was found to associate with CARDIF and
IKKg was not examined™. In another study, neither of
these kinases was found to associate with CARDIF but the
data were presented only for TBK1™. In contrast, a strong
association of CARDIF with IKKg and no interaction
with TBK1 was presented™. In accord with the latter,
recent confocal microscopy analysis demonstrated a tight
colocalization for IKKg with the mitochondrial protein
CARDIF, whereas TBK1 was associated with other
vesicles™. Using coprecipitation techniques, our group also
recently confirmed association of CARDIF with IKKg but
not with TBKI (Vitour e# a/, unpublished observations).
The CARDIF deficient mice are viable and fertile. Upon
viral infection, such as VSV, they can produce IFNq and
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IFNP in their sera, as measured by ELISA, presumably
through TLR activation, for instance in pDCs. However,
they failed to produce IFNa, IFNf and IL-6 after poly(I)-
poly(C) injection, which is reminiscent of the defect in
MDAS5 deficient mice to respond to poly(I)-poly(C)*”.
Infection of the CARDIF -/- and -/+ mice with different
concentrations of VSV showed a VSV-induced mortality
that was both dependent on the CARDIF gene dosage and
viral titer. Since VSV was shown to induce IFN through
RIG-I, these #n vivo experiments firmly demonstrate that
CARDIF is involved in both the IFN inducing pathways
mediated by RIG-I and MDA5"",

THE TBK1 AND IKKe KINASES

The TBK1 and IKKe kinases play an essential role
in the induction of IFN and inflammatory cytokines
through their ability to phosphorylate serine residues at
the C terminus of both IRF3 and IRF7. This provokes
a change in the conformation of these transcription
factors, promoting their dimerization and then their
binding to their DN'A consensus binding sites!*'*"!,
The two kinases are enzymatically similar with strong
sequence identity. Accordingly, they behave similarly in
their ability to activate IRF3 and IRF7 and in their ability
to phosphorylate the IkBa inhibitor of NF-xB at its Ser
36 residue, whereas the two structurally related IKKo and
IKKp kinases phosphorylate IxkBo at residues Ser32 and
Ser36. Although very similar, TBK1 and IKKg present
some differences that may be of importance. For instance,
deletion of the TBK1 gene leads to embryonic lethality at
d 15”7 wheras IKKg deficient mice are viable™. Another
difference is the fact that IKKg is more closely associated
with CARDIF than TBK1"**!. Finally, both IKKg and
TBK1 were shown to sustain the NF-kB transcriptional
activity through the phosphorylation of specific serine
residues at the C terminal transactivation domain of the
cRel”™ or RelA p65 subunit”™", Interestingly, however,
IKKe was found to play a more critical role than TBK1 in
controlling the basal/constitutive p65 phosphorylationm
This new finding coupled to the fact that IKKg can sustain
its own expression »ia NF-xkB and ¢/EBP§ transcription
factors™ ) whereas expression of TBKI1 is constitutive,
provides a link to suspect a role for IKKg in controlling
the proliferation of certain cancer cells. In contrast, TBK1
could play a major role in IFNf induction. Indeed, studies
with TBK1 and IKKg murine deficient cells pointed
out a more important role for TBK1 than for IKKg in
IFN induction in response to LPS, dsRNA (delivered
intracytoplasmically) and to virus infection. However,
use of the IKKeg/TBK1 doubly deficient cells revealed a
complete abolition of IFNf3 induction™.

THE HCV NS3/4A PROTEASE AND THE

iFN INDUCING PATHWAYS

The current treatment against HCV, a combination of
pegylated IFN and ribavirin, leads to viral clearance in
50% to 80% of cases. The efficacy of treatment depends
on several factors, such as age and sex of the patients, viral

parameters, such as genotypes and viral load, and host
immune parameters™’. HCV can interfere with the cellular
response to IFN through some of its proteins, which can
target the JAK/STAT signaling pathway that is activated
in response to the binding of IFN to its receptorlél’ml,
or through other interactions leading to inhibition of
the induction or the function of some I1SGs". In 2003,
the HCV NS3/4A protease was shown to interfere with
IFN induction by preventing IRF3 phosphorylation'®,
This important finding was achieved at the same time
as the identification of the two kinases leading to IRF3-
phosphorylating kinases, TBK1 and IKKg"™",

The HCV 70 Kda NS3 protein presents a serine
proteinase domain at its N terminus (aa 1-180) and an
RNA helicase domain at its C-terminus (aa 181-631)
(reviewed in*"). Tts helicase activity is coordinated by ATP
and allows NS3 to move along the RNA like an inchworm
to catalyse RNA unwinding"®”. This activity is important
for HCV replication. The protease activity catalyses the
following cleavages of the viral polyprotein: NS3-INS4A,
NS4A-NS4B, NS4B-NS5A and NS5A-NS5B with the
following efficiency: NS5A /5B > NS4A/4B > NS4B/5A.
Cleavage between NS3 and NS4A is an intramolecular
reaction and the rest of the cleavages are mediated 7
51 NS4A is a small protein of 54 aa that acts as a
cofactor to enhance the NS3 protease activity. For this
reason, and also because the NS3 requires a noncatalytic
structural zinc ion for its protease activity, this enzyme
is unique among the other members of the trypsin
superfamily to which it belongs™. The catalytic domain of
NS3 is formed by a triad of three important residues, S139,
H57 and D81. After cleavage of the NS3/4A junction,
the C-terminus of NS3 forms a B-strand that occupies
the proteinase active site and thus protects it. In contrast
with other proteinases, the substrate binding site of NS3 is
shallow and solvent-exposed and its selective recognition
of substrates requires extended contact surface. The
active site of NS3 is well conserved among the different
genotypes and the HCV sequences that are cleaved by
NS3/4A have the consensus sequence D/E-XXXX-C/T
1S/A-XX-L/W/Y (Table 1). The cleavage sequence and
protease specificity of NS3/4A protease have been well
characterized since 1993 and it was conceivable that,
due to its ability to cleave in trans, the NS3/4A protease
may be able to cleave cellular proteins in addition to the
processing of the viral proteins.

Analysis of the mechanism(s) by which NS3/4A was
inhibiting the IRF3 phosphorylation allowed determine
that this protease was acting upstream of the two TBK1/
IKKe kinases and was affecting both the TLR3/TRIF
pathway and the RIG-I helicase pathway™". Disruption
of IFN induction through TLR3/TRIF was shown to be
due to the cleavage of the TLR3 adapter TRIF by NS3/
4A™ while disruption of IFN induction through the RIG-
[ pathway was due to the cleavage of the mitochondrial
adapter protein IPS-1/MAVS/VISA/CARDIF"**™,
Cleavage of TRIF occurs between its Cys372 and Ser373
residues, which separates its TIR domain from the TBK1-
interacting N terminus domain. It is interesting to note that

the TRIF cleavage site (PSSTPC|SAHLT) differs from

trans
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Name Genotype (GI) NS3/4A NS4A/4B NS4B/5A NS5A/5B Reference

H77 1a (GI: 2316097 ) MSADLEVVT QEFDEMEEC ISSECTTPC ADTEDVVCC Kolykhalov et al, 1997
STWVLVGG SQHLPYIE SGSWLRDI SSYSWTGA

HCV-N 1b (GI: 23957856) MSADLEVVT REFDEMEEC INEDCSTPC EAGESVVCC Beard et al, 1999
STWVLVGG ASHLPYIE SGSWLRDV SMSYTWTG

JFH1 2a (GI: 13122261) MQADLEVMT EAFDEMEEC ITEDCPIPC EEDDTTVCC Kato et al, 2001
STWVLAGG ASRAALIE SGSWLRDV SMSYSWTG

NZL1 3a (GI: 514395) MSADLEVTT QQYDEMEEC INEDYPSPC SEEQSVVCC Sakamoto et al, 1994
STWVLLGG SQAAPYIE SDDWLRTI SMSYSWTG

ED43 4a (GI: 2252489) MSADLEVVT QQFDEMEEC INEDCSTPC SGSEDVVCC Chamberlain et al, 1997
STWVLVGG SKHLPLVE STPCAESW SMSYSWTG

SA13 5a (GI: 3660725) MSADLEVIT QQFDEMEEC IGEDYSTPC SDEDSVVCC Bukh et al, 1998
STWVLVGG SASLPYMD DGTWLRAI SMSYSWTG

6a33 6a (GI: 57791993) MSADLEVIT QQFDEMEEC VNEDTATPC SDQDDVVCC Zhou et al, 2004
STWVLVGG SRHIPYLAE ATSWLRDV SMSYSWTG

The sequence of the junction between the non structural proteins NS3 and NS4A (NS3/4A) , NS4A and NS4B (NS4A /4B), NS4B and NS5A (NS4B/5A) and NS5A
and NS5B ( NS5A/5B) is given for 6 different HCV genotypes. The gene accession number (GI) for each is given in the Genotype column. For each sequence, the
space indicates the NS3/4A-cleavage site. The consensus cleavage site is given in the text.

the HCV consensus cleavage site by a proline at the P6
position instead of an acidic residue. Strikingly, this proline
is preceded by a stretch of 7 prolines and it is thought that
this particular sequence may enhance the affinity of TRIF
for the NS3 proteasem. This stretch of proline, which can
form a left-handed polyproline II helix may compensate
for the absence of acidic residue at the P6 position, which
normally is contributing to enhance the Km values in the
viral natural substrates. A helix composed of hydrophobic
residues was identified in the NS3 protease domain, not
far from the protease active site and may represent a
possible site to anchor TRIF near the active site of Ns3™L
The CARDIF cleavage site at the 508 residue, EREVPC|
HRPS, presents more similarity with the HCV consensus
cleavage site, except that there is a histidine residue at
position P'1 instead of a serine or alanine”. Because of
this, it is possible to conceive that several cellular substrates
for NS3/4A exist. However, they may be difficult to
depict, based solely on sequence examination, if, similatly
to TRIF and CARDIE, they diverge from the consensus
NS3/4A cleavage sequence. The highly specific product-
based macrocyclic NS3 protease inhibitor BILN 2061
and the less toxic new generation of another class of
NS3 inhibitors, referred to as electrophilic or serine-trap
inhibitors, such as VX-950"" and SCHG6", probably exert
their high inhibitory effect on HCV infection, not only
by preventing HCV expression””! but also by preventing
NS3/4A to interfere with IFN induction.

HCV INFECTION AND THE RIG-I /Cardif/

Vi ITTvava

TBK1/iKKe PATHWAY

The ability of HCV to inhibit the eatly events of IFN
induction emphasizes the importance of the IFN
signalling pathways and may therefore represent one of
the mechanisms by which this virus compromises the host
immune response and favours its propagation. Indeed, the
in vitro propagation of infectious particles of HCV genotype
22" and HCV of genotype 12" is now highly promoted
by infecting a Huh7 cellular clone that was previously

isolated for its high susceptibility to HCV replicons[m].
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The particularity of this clone, known as Huh7.5, is to
contain a mutation in the first CARD domain of RIG-I .
This mutation does not prevent the binding of RIG-I to
dsRNA but abolishes its ability to activate downstream
elements and is likely the one responsible for the inability
of this clone to induce IFNf and early ISGs in response
to a viral or dsSRNA stimulus. Indeed, complementation
of Huh7.5 cells with a plasmid expressing RIG-I restores
ISG56 induction in response to SeV or with in vitro
transcribed HCV dsRNA-containing structures, such as
its NTRs (non translated regions)™. The 5' and 3' HCV
NTRs were proposed as the HCV elements required
for RIG-I activation immediately after internalisation of
the viral genome into the cytosol[gzl. This was confirmed
recently with a study showing the importance of 5'
triphosphate in blunt-end dsRNA to signals to IFN
induction and allowing the cell to discriminate between
self and non self™ and with the identification of 5'
triphosphate RNAs as being the ligand for RIG-I A
The possibility of using the JFH1 recombinant virus
of genotype 2a to infect cell cultures iz vitro now gives
the possibility to analyse the interaction of HCV with
IFN induction pathways in more natural conditions of
infection. Indeed, specific cleavage of CARDIF, but
not of CARDIF C508A in which the NS3/4A cleavage
site has been abolished, could be demonstrated after
transient transfection in JFH1-infected Huh7.5 cells™*’.
In support of cleavage of CARDIF by NS3/4A,
subcellular redistribution of endogenous CARDIF from
the mitochondria to the cytosol could be demonstrated
in COS cells after transient transfection with NS3/4A-
encoding plasmids, in HCV replicon cells™, in JFH1-
infected Huh7 cells and in a liver biopsy from a patient
with chronic HCV infection™. Much work is needed yet
to fully understand the exact relationship between the
RNA helicase/CARDIF/kinases pathway and the ability
of HCV to escape the cellular defense. For instance, the
NS3/4A inhibitor BILN2061 was shown to restore the
IFN induction in response to ectopically added CARDIF
in JFH1-infected cells™ but definite proof that the
NS3/4A inhibitor BILN2061 can restore IFN induction
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in HCV-infected cells remains to be established. JFH1 was
reported to infect Huh7 cells with a viral progeny reaching
similar levels to those obtained from Huh7.5 cells, after a
lag of 7 d. This delay was first explained by the ability of
JFH1 to induce an antiviral response in the Huh7 cells,
but not in the Huh7.5 cells where the RIG-I pathway is
defective and cannot recruit the downstream CARDIF
adapter”. In a follow-up study, however, it was shown
that JFH1 fails to induce IFNf in the Huh7 cells, as well
as eatly ISGs, such as ISG15 or ISG506, from the onset of
infection. Interestingly, these authors could demonstrate
that JFH1 was blocking IFNf induction upstream of
the TBK1/IKKg kinases, presumably through CARDIF
cleavage. However, overexpression of CARDIF in those
infected-cells could not restore dsRNA-induced IFN-f3
promoter activity and RIG-I overexpression could only
partially restore it. A current hypothesis is that, in addition
to cleaving CARDIF through its NS34A protease activity,
HCV infection also provokes RIG-I inactivation through
a process independent of NS34A. This suggests the
existence of a RIG-I dependent signaling pathway that
could by-pass CARDIF to trigger IFNf expression,
and thus represents an additional threat for the virus™,
In support of this, in a recent study, we showed that
expression levels of RIG-I (and of the other RNA
helicases MDA5 and LLGP2) were down-regulated in liver
biopsies from HCV chronically-infected patients. In these
biopsies, the expression levels of IKKg-, but not those of
TBK1, were also down-regulated®. Interestingly, IKKE,
when overexpressed, can provoke inhibition of HCV
expression in a replicon system and we demonstrated
that its antiviral action can occur rapidly, in the absence
of IFN induction, through the action of one or several
genes induced through activation of IRF3, NF-kB and
¢/EBP§""*. RIG-I belongs to the genes induced by
IKKe and it is possible to hypothesize that HCV chronic
infection thrives in an environment with low RIG-I and
IKKe expresssion and/or activity. In line with the down-
regulation of IKKg, decreased expression of the NF-xB
RelA subunit, one of IKKg susbtrates, was found to be
associated with enhanced fibrosis progression in the liver
of patients with chronic hepatitis C"*".

CONCLUSIONS

The recent identification of different partners from the
TLR- and RNA helicase-IFN inducing pathways, coupled
with the possibility of using cell culture systems infected
with recombinant HCV, now allows rapid progress in
the comprehension of the relative importance of these
pathways in cellular defence and in their ability to interfere
with HCV propagation.
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Abstract

Hepatitis C virus (HCV) is a major cause of hepatocellular
carcinoma (HCC) worldwide due to the high prevalence
of HCV infection and the high rate of HCC occurrence in
patients with HCV cirrhosis. A striking increase in HCC
incidence has been observed during the past decades in
most industrialized countries, partly related to the growing
number of patients infected by HCV. HCC is currently
the main cause of death in patients with HCV-related
cirrhosis, a fact that justifies screening as far as curative
treatments apply only in patients with small tumors. As
a whole, treatment options are similar in patients with
cirrhosis whatever the cause. Chemoprevention could be
also helpful in the near future. It is strongly suggested
that antiviral treatment of HCV infection could prevent
HCC occurrence, even in cirrhotic patients, mainly when a
sustained virological response is obtained.

© 2007 The WIG Press. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the fifth most common

cancer in the world, with motre than 600000 new cases
yearly. Most patients with HCC have an underlying chronic
liver disease (often cirrhosis), resulting mainly from
chronic infection by hepatitis B virus (HBV), hepatitis C
virus (HCV), excessive alcohol consumption, and often an
association of these causes. HCC has recently gained more
interest due to its increasing incidence in industrialized
countries.

A link between non-A non-B hepatitis and HCC
occurrence was firstly suspected in Japan more than 20
years ago due to contrast between simultaneous increase
in HCC incidence and decline of HBV infection in this
country'l. This relationship was rapidly confirmed in the
early 1990s when specific serum testing for HCV infection
became available. HCV was subsequently classified as a
human carcinogen in 1994". Almost all cases of HCV-
related HCC occur in patients with cirrhosis, which is a
well-established precancerous state. However a direct
carcinogenetic role of HCV is strongly suspected in
humans and supported by experimental models showing
the oncogenic effect of viral core and NS3 proteins!*”.

In this review, we will discuss different aspects of
HCV-related carcinogenesis and HCC treatment, focusing
on similarities and differences with tumors related to other
causes of chronic liver diseases, particularly HBV and
alcohol.

EPIDEMIOLOGY

HCV is a major cause of HCC worldwide due to high
prevalence of chronic infection affecting about 170 millions
of people. In industrialized countries, HCV infection and
excessive alcohol consumption are the two leading causes
of cirrhosis and HCC is often associated!. However
regional differences have been shown. In Japan, HCV is
currently the main cause of HCC accounting for more
than 70% of cases. A similar rate is observed in Southern
Europe such as Italy or Spain, even if some studies have
teported a higher role of alcohol consumption. By
contrast, in other countries such as France!” or Belgium®,
excessive alcohol intake remains the leading cause of
cirrhosis and HCC (accounting for more than 60% of
cases), HCV being only the second cause (about 25%-30%
of cases).

A striking increase in HCC incidence has been observed
for more than 20 years in most industrialized counttries.
This fact has been cleatly established from epidemiological

www.wjgnet.com
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surveillance databases in Japan®, UK! Ttaly!™l, France!"
and the USA™. In France, the age-standardised mortality
rates per 100000 people (which reflects incidence due
to short life expectancy of patients) due to primary liver
cancer (mostly HCC) has increased from 3.2 to 11.1 in
men and from 1.2 to 2.5 in women between 1979 and
199411, Tt is generally admitted that this increase is related
to the growing number of patients contaminated by HCV
several decades ago who reached the stage of cirrhosis
and consequently developed cancet!™. Epidemiological
models suggest that this trend would likely persist 10-15
years without strong improvement in treatment efficacy!"l.
However additional factors may also contribute to
increase HCC incidence such as improved management
or prevention of other lethal complications of cirrhosis,
oesophageal haemorrhage! and bacterial infections
resulting in longer survival of patients at high risk.
Additionally prevalence of overweight and diabetes type
2 is increasing in developed countries, a factor that favors
HCC occurrencel™,

The situation in industrialized countries is in contrast
with developing areas such as Eastern Asia and sub-
Saharan Africa. In these regions, HBV infection (often
associated with aflatoxin exposure) is still the leading
cause of chronic liver disease and HCC, accounting for
more than 80% of cases!"?. The incidence of HCC is
notably higher than in industrialized countries and seems
to be stable or decreasing, likely due to better control of
aflatoxin exposure or HBV infection®. However, even in
these regions HCV infection has a significant prevalence
and is also an important cause of HCCPL.

As a whole HCV-related HCC is currently a major
public health problem in many countries worldwide,
leading to increased financial burden over time!"®l.

RISK (OR PREDICTIVE) FACTORS

Almost all the patients with HCV-related HCC have
cirrhosis at the time of diagnosis. Therefore cirrhosis,
which is associated with genetic alterations predisposing
to cancer!l] is the main risk factor for HCC occurrence
in these patients. Cases of HCC in patients with chronic
hepatitis without cirrhosis have been reported but remains
very scarcel™™. A similar feature has been found in patients
with alcohol-related liver disease but is markedly different
in patients chronically infected by HBV, where HCC
occurs before cirrhosis in up to 40% of cases!". In cohorts
of patients with HCV-related cirrhosis, the risk of HCC
occurrence over time is high and roughly linear, between
2% and 8% yeatly as a whole™. A higher rate has been
reported in Japan (4%-8%) than in Western countries
(2%-4%) suggesting the influence of yet unknown
epidemiological factors!™”. Moreover this risk seems to be
higher in HCV-related cirrhosis than in alcohol or HBV-
related cirrhosis!.

Obviously the risk of HCC occurrence is not similar
among all patients with HCV cirrhosis. Numerous studies
have been performed to identify risk factors on an
individual basis!"”. Identifying such factors could lead to
important progress in terms of clinical management (see
Screening) and understanding of hepatocatcinogenesis™.

www.wjgnet.com

Numerous predictive factors have been identified ranging
from simple epidemiological parameters such as age or
sex® to most sophisticated ones identified by moleculat
biology?**. However most of the studies have assessed
simultaneously a limited number of factors (sometimes
only one) precluding global interpretation, and have
included patients with different causes of liver diseases
although risk factors might be different from a cause to
another. The more commonly identified predictive factors
(most of them not specific to HCV patients) are age
higher than 50, male sex, advanced cirrhosis (reflected
by low platelet count or oesophageal varices), high basal
alpha-fetoprotein (AFP) serum levelsP*** and more
tecently overweight and diabetes?>*. Factors can be
combined in scores or indexes allowing to split patients
between different categories of HCC risk. In a recent
Japanese study performed in 183 patients with HCV
cirrhosis, the estimated risk of HCC at 5-year ranged
between 9% and 64% according to the value of a score
combining age, sex, serum AFP and platelet count. The
influence of tobacco smoking or HCV genotype remains
controversial"”. Histological lesions such as large cell
dysplasia®! and regenerative and proliferative changes?*
have been also teported to increase the risk of cancer,
but their assessment requires liver biopsy interpreted by
an experienced observer and therefore their practical
relevance is less important. Iron overload does not seem
to influence carcinogenesis in HCV patients conversely
to alcoholics®. The association of other causes of liver
diseases, such as concomitant HBV infection or high
alcohol intake, markedly enhances the risk of HCC in
patients with HCV cirrhosis. A potential role of occult
HBYV infection in HCV-related HCC has also been
suspected’.

NATURAL HISTORY

The characteristics of patients at the time of HCC
diagnosis are influenced by the aetiology and the status of
the underlying liver disease. They may influence prognosis
and the choice of treatments. Patients with HCV-related
HCC are usually older than those with alcoholic or
HBV-related cirrhosis, a difference likely due to the age
at exposition to causative agents (childhood for HBV,
adulthood for HCV) or in the rate of progression to
cirrhosis (faster for alcoholics)!"*'*3. The sex ratio is close
to one, in contrast with the high prevalence of males in
patients with HCC due to alcoholl. Tumors seem to be
mote often unique and small-sized (that is to say slow
growing) in patients with HCV cirrhosis in comparison
with HBV, even if this fact remains controversial®. Liver
function is usually more preserved in patients with viral
cirrhosis than in those with alcoholic cirrhosis”. However
whether those differences are related to the natural history
of the disease or to the management of patients or both
is not determined. As an example compliance to HCC
screening (see below) is markedly lower in patients with
alcoholic cirrhosist.

As a whole survival remains low in patients with HCC
(median < 6-12 mo), reflecting the currently high number
of advanced tumors at diagnosis and the subsequent
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poor efficacy of treatment. However marked differences
ate observed among etiological groups and individual
patients. The characteristics of cancer as well as of the
underlying liver disease influence survival as reflected by
parameters relevant in prognostic classifications?. HCC
is clearly the main cause of death in patients with HCV-
related cirrhosis®*. In a recent Italian prospective study
including 214 patients®, HCC developed in 32%, ascites
in 23%, jaundice in 17%, upper gastrointestinal bleeding
in 6%, and encephalopathy in 1% during a follow-up of
17 years. This outcome differs markedly from patients
with alcohol-related cirrhosis, the complications of liver
failure and portal hypertension being still the leading cause
of deathP%, a difference that could be in part explained
by compliance of patients to clinical management. For
instance, the rates of endoscopic screening of oesophageal
varices and preventive measures for haemorrhage or
bacterial infection is not clearly stated in most published
studies?’.

TREATMENT

In patients with HCC, treatment decision depends on
several factors including size and extension of tumor,
liver function, and general condition of the patient
(such as age, comorbidities and general status)?***l.
There is currently no medically validated therapy, even
if recent characterisation of molecular pathways of
hepatocatcinogenesis raises some hope for the future!.
Intra-arterial chemoembolization has been claimed to
result in survival improvement in selected cases but contra-
indications, mainly due to liver failure, are frequent and
the number of eligible patients who would really benefit
from it is low!***!l, Despite these reservations, patients with
underlying viral disease seem to have a more favourable
outcome and a lesser rate of post-procedure complications
than patients with alcoholic cirrhosis.

Important advances have occurred concerning curative
treatment of small tumors, even if randomized trials are
lacking to definitely establish their benefit™). Milan criteria,
defined as either one nodule less than 5 cm in diameter
or 2 or 3 nodules each less than 3 cm in diameter, help
select patients eligible for transplantation but increasingly
also for other curative options*?. Liver transplantation,
which is the best curative option for the long term as it
is able to remove the tumor and the underlying cirrhosis
(preventing therefore the occurrence of new tumors),
can be performed in only limited number of well-
selected patients*?. Other curative options, resection
and percutaneous ablation mostly by radiofrequency,
are able to cure the tumor mostly when small and well
circumsctibed®). Due to a lesser mortality and morbidity
and a less deleterious influence on liver function,
radiofrequency is to be performed in an increasingly larger
number of patients with cirrhosis as new techniques
allow now to treat tumors more than 3 cm in diameter.
Nevertheless tumor recurrence rate is high (10%-20% per
year) in cases of resection or radiofrequency due to either
intrahepatic metastasis or occurrence of a new HCC, a
case that is particulatly frequent in patients with HCV
infection. This fact justifies post-therapeutic surveillance

of patients and the search for preventive treatments™® (see
Prevention).

The choice of therapy in patients with HCC is largely
independent of the aetiology of the disease. However, as
previously stated, patients with HCV-related HCC have
a better liver function than alcoholic patients. Therefore
they are less prone to develop liver failure after aggressive
procedures. This fact might explain the better results of
arterial chemoembolization in patients with viral disease
compated with patients with alcoholic cirrthosist'l.
This might also partially explain the lesser mortality
and morbidity of patients after hepatectomy in Asian
countries in contrast with Western and their better overall
outcomel*. Conversely it has also been suggested that
hepatic recurrences after surgery or ablative therapy are
more frequent in patients with HCV-related HCC, possibly
due to a higher incidence of new tumors, but this point
needs confirmation!*.

SCREENING

The failure to improve survival in patients with advanced
HCC has led to the development of screening strategies
aiming to detect small tumors treatable by curative
methods. Screening is currently based on regular periodic
ultrasonography (US) in patients with citrhosis®. A focal
lesion discovered by screening indicates tecall procedures,
mainly imaging methods with vascular injection of
contrast media (TDM, MRI, US)*! and (in restricted
cases) liver biopsy. This is especially important in case of
a nodule below 1-2 ¢cm in diameter because as it might
be a non cancerous macronodule (which may remain
stable or even disappeat spontaneously over time) in more
than fifty percent of cases™. Cholangiocarcinomas and
liver lymphomas may also occur in patients with HCV
cirrhosis, even if rarel. A diagnostic algorithm based on
focal lesion size has been proposed by the international
Barcelona conference in 2000P% and recently modified™.
The usefulness of serum AFP or other serum markers for
screening is doubtful® due to high rates of false negatives
(serum AFP is rarely increased in patients with small HCC)
and false positive results, patticularly in HCV cirrhosist*.
The periodicity of screening is not established, an interval
of 6 mo being usually recommended™".

HCC screening is now recommended for every
patient with cirrhosis, whatever the aetiology (and also for
some patients with HBV infection without cirrhosis)™*l.
However, as previously stated, HCC occurrence is strongly
influenced by the cause of liver disease and numerous
individual risk factors!™. It is likely that non selective
screening may lead to unjustified medical burden and costs.
Therefore there is an urgent need to predictive scores
using parametets recordable at bedside® " and to validate
them in prospective studies performed in well-defined
populations, particulatly according to the aetiology of
cirrhosis. If HCV patients with bridging fibrosis at biopsy
(stage F3 in Metavir classification) are candidates; screening
is still debatable, even if sometimes recommended.

Even if a survival benefit has not been established
(randomized trials being ethically questionable), HCC
screening is now largely performed in industrialized
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countries* " leading to a better knowledge of liver

carcinogenesis and an increasing rate of small HCC at

diagnosisP!.

PREVENTION

The goal of primary prevention is to avoid or delay the
occurrence of HCC by using medical treatments?>¥.
Chemoprevention is obviously a complementary method
to screening to improve survival. At present there is a
growing set of data suggesting the preventive role of
antiviral drugs in patients with HCV-related chronic liver
diseaseP>™ alfa interferon being the most extensively
studied drug. In patients with chronic hepatitis and only
mild fibrosis, a virtual eradication of long term risk of
HCC (and other complications) is associated to sustained
virological response. However this effect remains debated
in patients with established cirrhosis, mainly because
most studies were retrospective and non randomized,
and subjected to bias. Only two small randomized trials
have been published with conflicting resultsP**. Two
metaanalysesP™’ have suggested a moderate preventive
effect on HCC occurrence in patients treated by alfa
interferon by comparison to untreated patients. This effect
was largely independent of virological response. However
the studies included in those metaanalyses have been
petrformed using monotherapy by standard alfa interferon
with very low rates of sustained virological response.
Some recent studies including larger cohorts of patients®™
treated by bitherapy™ suggest a higher preventive effect,
particularly in patients with sustained virological response.
Those results are to be confirmed but encourage treating
patients with compensated cirrhosis. The efficacy of
long term low doses of pegylated interferon need to be
established by ongoing randomized trials that could also
identify predictive factors of a favourable result?®**.

Another concern is the extremely high rate of
recurrences following local curative treatment either
by resection or percutaneous ablation of a first HCC.
Secondary prevention should be aimed at decreasing either
local recurrences (corresponding to treatment failure) and/
or distant recurrences (corresponding to metastasis or to
new HCC)P>¥I. Randomized trials performed in patients
with cirrhosis mostly due to HCV infection have suggested
a benefit in recurrence rate and survival using polyprenoic
acid (a non commercialized retinoid derivative), adoptive
immunotherapy, continuous or intermittent interferons
alfa and beta treatments, and intraarterial radioactive
iodine injection mixed with lipiodol®>*. These studies
need confirmation because of their small sample size
and have not lead up to now to important practical
progress. Similarly to primary chemoprevention, post-
procedure antiviral treatment using pegylated interferon
alone or pegylated interferon and ribavirin might reduce
recurrences if sustained viral response is obtained. Well-
designed (randomized) trials involving large numbers of
patients are still needed.

CONCLUSION

Some major questions should be addressed in the near
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future, particularly (but not only) in patients with HCV
cirrhosis. It is still difficult to identify patients with
compensated cirrhosis who requite specific management
including HCC screening and chemoprevention. Many of
them are asymptomatic and undiagnosed. Even in patients
suspected of having cirrhosis, a reliable confirmation
requires liver biopsy, an ill-accepted and costly procedure.
Non invasive methods of assessment of liver fibrosis, such
as elastometry (Fibroscan®, Echosens, Patis, France)*! or
blood tests 3, might facilitate eatly diagnosis of cirrhosis,
particularly in HCV infected patients. Future prospective
studies concerning risk factors of HCC and predictive
scotes should take into account the petiodic evaluation of
those parameters. Thirdly the preventive effect of antiviral
treatment in patients with HCV cirrhosis, including new
molecules in development!®™, should be precisely assessed
in prospective trials.
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Abstract

Hepatitis C virus (HCV) infects approximately 170 million
individuals worldwide. Prevention of HCV infection
complications is based on antiviral therapy with the
combination of pegylated interferon alfa and ribavirin.
The use of serological and virological tests has become
essential in the management of HCV infection in order
to diagnose infection, guide treatment decisions and
assess the virological response to antiviral therapy. Anti-
HCV antibody testing and HCV RNA testing are used to
diagnose acute and chronic hepatitis C. The HCV genotype
should be systematically determined before treatment, as
it determines the indication, the duration of treatment,
the dose of ribavirin and the virological monitoring
procedure. HCV RNA monitoring during therapy is used to
tailor treatment duration in HCV genotype 1 infection, and
molecular assays are used to assess the end-of-treatment
and, most importantly the sustained virological response,
i.e. the endpoint of therapy.
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INTRODUCTION
Hepatitis C virus (HCV) infects approximately 170

million individuals worldwide. Chronic HCV infection
has been estimated to be responsible for approximately
250000 to 350000 deaths per year, essentially related to
decompensation of cirrhosis, end-stage liver disease and
hepatocellular carcinoma. Prevention of HCV infection
complications can be achieved by antiviral therapy based
on the use of a combination of pegylated interferon
(IFN) alfa and ribavirin, that yields a sustained eradication
of infection in 40% to 50% of cases'. The use of
serological and virological tests has become essential in
the management of HCV infection in order to diagnose
infection, and most importantly guide treatment decisions
and assess the virological response to antiviral therapy.

HEPATITIS C VIRUS VIROLOGY

Hepatitis C virus and its genotypes

HCYV is a member of the Flaviviridae family, genus
Hepacivirus”. Six HCV genotypes'™™ and a large number
of subtypes (la, 1b, 1c, efz) have been identified so far®,
HCV only natural host is man. All HCV genotypes have
a common ancestor virus. However, HCV genotypes 1,
2, and 4 emerged and diversified in Central and Western
Africa, genotype 5 in South Africa, and genotypes 3 and
6 in China, South-East Asia and the Indian subcontinent.
In these areas, a large number of subtypes of these
genotypes are found”. The rest of the world, in particular
industrialized areas, harbor a small number of HCV
subtypes that could widely spread because they met an
efficient route of transmission, such as blood transfusion
or the intravenous use of drugs. They include genotypes
1a, 1b, 2a, 2b, 2¢, 3a, 4a and 52"

HCV virion and lifecycle

The HCV virion is made of a single-stranded positive
RNA genome, contained into an icosahedral capsid, itself
enveloped by a lipid bilayer within which two different
glycoproteins are anchored”. The genome contains three
distinct regions: (1) a short 5' non-coding region that
contains two domains, a stem-loop structure involved
in positive-strand priming during HCV replication
and the internal ribosome entry site (IRES), the RNA
structure responsible for attachment of the ribosome and
polyprotein translation; (2) a long, unique open reading
frame (ORF) of more than 9000 nucleotides which is
translated into a precursor polyprotein, secondarily cleaved
to give birth to the structural proteins (the capsid protein
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C and the two envelope glycoproteins E1 and E2) and to
the non-structural proteins (p7, NS2, NS3, NS4A, NS4B,
NS5A, and NS5B). The functions of the non-structural
proteins have been elucidated by a large number of studies
and by analogy to related viruses; only NS4B and NS5A
have no well-defined functions to date; (3) a short 3' non-
coding region principally involved in minus-strand priming
during HCV replication”. The 3' UTR has been divided
into three regions: a variable sequence of approximately
40 bases, a variable length poly-UC rich tract, and a highly
conserved 98 base region.

The HCV lifecycle starts with virion attachment to its
specific receptor”’. Several candidate molecules have been
suggested to play a role in the receptor complex, including
tetraspanin CD81, the scavenger receptor BI (SR-BI), the
adhesion molecules DC-SIGN and L-SIGN and the low-
density lipoprotein (LDL) receptor. The HCV lifecyle is
poortly known because of the lack, until very recently, of
a productive culture system. It is supposed, by analogy
with the Flaviviridae, that the virus linked to its receptor
complex is internalized, and that the nucleocapsid is
released into the cytoplasm. The virus is decapsidated,
and the genomic HCV RNA is used both for polyprotein
translation and replication in the cytoplasm. Replication
and post-translational processing appear to take place in
a membranous web made of the non-structural proteins
and host cell proteins called "replication complex", located
in close contact with perinuclear membranes. Genome
encapsidation appears to take place in the endoplasmic
reticulum and nucleocapsids are enveloped and matured
into the Golgi apparatus before newly produced virions

are released in the pericellular space by exocytosis’ .

VIROLOGICAL TOOLS

Serological assays
Anti-HCV antibody detection: The detection of anti-
HCV antibodies in plasma or serum is based on the use
of third-generation enzyme immunoassays (EIAs), that
detect antibodies directed against various HCV epitopes.
Recombinant antigens are used to capture circulating
anti-HCV antibodies onto the wells of microtiter plates,
microbeads, or specific holders adapted to closed auto-
mated devices. The presence of anti-HCV antibodies is
revealed by anti-antibodies labeled with an enzyme that
catalyzes the transformation of a substrate into a colored
compound. The optical density (OD) ratio of the reaction
(sample OD/internal control OD) is proportional to the
amount of antibodies in the serum or plasma sample',
The specificity of third-generation EIAs for anti-HCV is
greater than 99%"!. Their sensitivity is more difficult to
determine, given the lack of a gold standard method, but
it is excellent in HCV-infected immunocompetent patients.
EIAs can be fully automated and are well adapted to large
volume testing. Immunoblot tests are nowadays clinically
obsolete given the good performance of third-generation
anti-HCV EIAs".

Serological determination of the HCV genotype:
The HCV genotype can be determined by seeking for
antibodies directed to genotype-specific HCV epitopes
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with a competitive EIA. The currently available assay
(Murex HCV serotyping 1-6 HC02, Abbott Laboratories,
North Chicago, Illinois) identifies the type (1 to 6), but
does not discriminate among the subtypes, and provides
interpretable results in approximately 90% of chronically
infected immunocompetent patients”’. Mixed serological
reactivities can be observed that could be related to mixed
infection although cross-reactivity or recovery from one
genotype infection and persistence of viremia with another
genotype cannot be ruled out.

Detection and quantification of HCV RNA

For many years, the HCV RNA quantitative units used
in the various assays did not represent the same amount
of HCV RNA in a clinical sample. The World Health
Organization (WHO) has established an international
standard for universal standardization of HCV RNA
quantification units. An HCV RNA international unit (IU)
has been defined, which is currently used in all of the
commercial HCV RNA quantitative assays and should be
preferred to any other quantitative unit. Indeed, the use
of standardized IUs for HCV RNA quantification allows
deriving recommendations and guidelines from clinical
trials and applying them in clinical practice with any HCV
RNA assay.

Qualitative, non-quantitative HCV RNA detection:
Qualitative detection assays are based on the principle of
target amplification using either "classic" polymerase chain
reaction (PCR), "real-time" PCR or "transcription-mediated
amplification"(TMA)"®, HCV RNA is extracted and
reverse transcribed into a single-stranded complementary
DNA (cDNA), which is subsequently processed into a
cyclic enzymatic reaction leading to the generation of a
large number of detectable copies. Double-stranded DNA
copies of HCV genome are synthesized in PCR-based
assays, whereas single-stranded RINA copies are generated
in TMA. Detection of amplified products is achieved by
hybridizing the produced amplicons onto specific probes
after the reaction in "classic" PCR or TMA techniques'”.
In "real-time" PCR, each round of amplification leads to
the emission of a fluorescent signal and the number of
signals per cycle is proportional to the amount of HCV
RNA in the starting samplels'loj. Qualitative detection
assays must detect 50 HCV RNA IU/mL or less, and
have equal sensitivity for the detection of all HCV
genotypes. The lower limit of detection of the qualitative,
nonquantitative reverse-transcriptase PCR-based assay
Amplicor® HCV v2.0, or of its semi-automated version
Cobas” Arnplicor® HCV v2.0 (Roche Molecular Systems,
Pleasanton, California) is 50 IU/mL, whereas that of the
TMA-based assay Versant” HCV RNA Qualitative Assay
(Siemens, Tarrytown, New York) is 10 IU/mL. Real-
time PCR assays, which are also able to quantifty HCV
RNA, have lower limits of detection of 15 IU/mlL (Cobas
Ampliprep®-Cobas Tagman® (CAP-CTM) HCV Test,
Roche Molecular Systems) and of 12-30 TU/mL according
to the amount of blood tested (Abbott RealTime™ HCV
Assay, Abbott Diagnostic) when they are used as purely
qualitative, nonquantitative assays.

HCV RNA quantification: HCV RNA can be quantified
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by means of target amplification techniques (competitive
PCR or real-time PCR) or signal amplification techniques
[branched DNA (bDNA) assay]"”. Five standardized assays
are commercially available. Two of them are based on
competitive PCR: Amplicor HCV Monitor” v2.0 and its
semi-automated version Cobas” Amplicor HCV Monitor”
v2.0 (Roche Molecular Systems), and LCx" HCV
RNA Quantitative Assay (Abbott Laboratories); one is
based on bDNA technology, Versant” HCV RNA 3.0
Assay (Siemens); and two are based on real-time PCR
amplification, Cobas® TagqMan HCV Test, which can be
coupled with automated extraction in Cobas Ampliprep®
(CAP-CTM, Roche Molecular Systems), and Abbott
RealTime™ HCV assay (Abbott Diagnostics), which
uses the Abbott 72000kt system and can also be coupled
with an automated extraction procedure in 7#2000sp
(72000 Real-Time PCR System). HCV RNA levels falling
above the upper limit of quantification of the assay are
underestimated and the samples must be retested after
1/10 to 1/100 dilution in order to achieve accurate
quantification. The Cobas” TagqMan HCV Test has been
shown to underquantify some HCV genotype 4 and, less
often, HCV genotype 2 samples[“]. In addition, differences
in calibration of the assays relative to the primary WHO
HCV RNA standard lead to slight differences between
the results given in the same samples by different assays in
spite of the use of international units as a quantification
unit"", However, the most promising approach for the
tuture is fully automated real-time PCR assays.

Molecular determination of the HCV genotype (genotyping)
The reference method for HCV genotype determination
is direct sequencing of the NS5B or E1 regions of HCV
genome by means of "in-house" techniques, followed
by sequence alignment with prototype sequences and
phylogenetic analysis™"?, In clinical practice, HCV
genotype can be determined by various commercial Kits,
using direct sequence analysis of the 5' noncoding region
(Trugene® 5'"NC HCV Genotyping Kit, Bayer HealthCare)
or reverse hybridization analysis using genotype-specific
probes located in the 5' noncoding region (commercialized
as INNO-LiPA HCV II, Innogenetics, Ghent, Belgium, or
Versant” HCV Genotyping Assay, Bayer HealthCare)"” ",
Mistyping is rare with these techniques, but mis-subtyping
may occur in 10% to 25% of cases, related to the studied
region (5' noncoding region) rather than the technique
used. These errors have no clinical consequences, because
only the type is used for therapeutic decision-making.
An assay based on direct sequencing of the NS5B region
is currently in development (Trugene® NS5B HCV
Genotyping Kit, Bayer HealthCare).

DIAGNOSIS OF HCV INFECTION

Acute hepatitis C

Patients with a suspicion of acute hepatitis C should be
tested for both anti-HCV antibodies by EIA and HCV
RNA with a sensitive technique, i.e. an HCV RNA assay
with a lower limit of detection of 50 TU/mL or less.
Four marker profiles can be observed according to the

presence or absence of either marker. The presence of
HCV RNA in the absence of anti-HCV antibodies is
strongly indicative of acute HCV infection, which will
be confirmed by seroconversion (i.e. the appearance of
anti-HCV antibodies) a few days to week later. Acutely
infected patients can also have both HCV RNA and anti-
HCV antibodies at the time of diagnosis. It is difficult, in
this case, to distinguish acute hepatitis C from an acute
exacerbation of chronic hepatitis C or an acute hepatitis
of another cause in a patient with chronic hepatitis C.

Acute hepatitis C is very unlikely if both anti-HCV
antibodies and HCV RNA are absent or if anti-HCV
antibodies are present without HCV RNA. The latter
patients should however be retested after a few week
because HCV RNA can be temporarily undetectable, due
to transient, partial control of viral replication before
infection becomes chronic'!. Apart from such cases, the
presence of anti-HCV antibodies in the absence of HCV
RNA is generally seen in patients who have recovered
from a past HCV infection. Nevertheless, this pattern
cannot be differentiated from a false positive EIA result,
the exact prevalence of which is unknown.

Chronic hepatitis C
In patients with clinical or biological signs of chronic liver
disease, chronic hepatitis C is certain when both anti-HCV
antibodies and HCV RNA are present™'”, Detectable
HCYV replication in the absence of anti-HCV antibodies is
exceptional with the current enzyme immunoassays, almost
exclusively observed in profoundly immunodepressed
patients, hemodialysis patients or agammaglobulinemic
subjects'™?",

In patients who have no indication for therapy or have
a contra-indication to the use of antiviral drugs, virological
tests have no prognostic value. Thus, they cannot be used
to predict the natural course of infection or the onset
of extrahepatic manifestations. In untreated patients,
the severity of liver inflammation and fibrosis must be
evaluated every three to five years by means of a liver
biopsy or non-invasive serological or ultrasound-based
testing'".

MANAGEMENT OF ANTIVIRAL THERAPY

The current standard treatment for chronic hepatitis C is
the combination of pegylated interferon (IFN) alfa and
ribavirin', The efficacy endpoint of hepatitis C treatment
is the "sustained virological response" (SVR), defined by
the absence of detectable HCV RNA in serum as assessed
by an HCV RNA assay with a lower limit of detection of
50 TU/mL or less 24 wk after the end of treatment'’. The
advent of new, more sensitive assays with different lower
limits of HCV RNA detection may create some confusion
as to whether patients have "undetectable" HCV RNA
during therapy.

Initiation of therapy

Only patients with detectable HCV RNA should
be considered for pegylated IFN alfa and ribavirin
combination therapy!. The decision to treat patients
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Figure 1 Current algorithms for the use of HCV virological tools in the treatment of chronic hepatitis C, according to the HCV genotype: genotype 1 (A), genotypes 2 and 3 (B),
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and genotypes 4, 5 and 6 (C). Adapted from™, with permission.

with chronic hepatitis C depends on multiple parameters,
including a precise assessment of the severity of liver
disease and of its foreseeable outcome, the presence of
absolute or relative contra-indications to therapy, and the
patient's willingness to be treated.

The HCV genotype should be systematically detet-
mined before treatment, as it determines the indication,
the duration of treatment, the dose of ribavirin and the

. . . 21]
virological monitoring procedure™ .

HCV genotype 1
Given the likelihood of a sustained virological response,
of the order of 40% to 50%, a precise assessment of liver
disease prognosis by means of a liver biopsy or a non-
invasive method based on serological markers of fibrosis
or ultrasound-based testinglzz’m must be performed in
order to help with the treatment decision (Figure 1A). It
is recommended not to treat patients with mild lesions
and to re-assess their liver disease after 3 to 5 years. The
patients with inflammation and/or fibrosis (Metavir score
A = 2and/or F = 2) have an indication for therapy'.
The approved dose of pegylated IFN alfa-2a is 180 pg
per week, independent of body weight, whereas that of
pegylated IFN alfa-2b is weight-adjusted at 1.5 ug/kg pet
week, identical for all HCV genotypes. Patients infected
with HCV genotype 1 should receive a high dose of
ribavirin, i.e. 1000 to 1200 mg daily, based on body weight
less than or greater than 75 kg. The heaviest patients
could benefit from a higher ribavirin dose, up to 1600 mg
daily. Genotype 1-infected patients theoretically require
48 wk of treatment (Figure 1A)". Monitoring of HCV

www.wjgnet.com

RNA load decrease during therapy must be performed
in order to avoid treating patients with no likelihood of
a subsequent SVR™*. For this purpose, HCV RNA
quantification must be performed at baseline and after
12 wk of treatment (Figure 1A) with the same technique
in order to ensure comparability of the results at the two
time points'. Treatment must be continued when there
is a 2-log drop in HCV RNA level, i.e. when baseline
HCV RNA level is divided by 100 or more, or when HCV
RNA is undetectable at wk 12", In these patients, it is
recommended to assess the presence of HCV RNA with
a sensitive technique (lower limit of detection: 50 TU/mL
or less) at wk 24. If HCV RNA is undetectable at wk
24, treatment must be continued until wk 48, with a high
likelihood of an SVR. It was recently suggested that 24
wk of therapy might be sufficient for patients with a low
baseline viral load, a 2-log or more decline at wk 12 and
undetectable HCV RNA at wk 24, Rapid virological
responders, defined as patients with no detectable HCV
RNA at wk 4 of therapy could also benefit from shorter
therapy. Ongoing trials will feed future guidelines.

In contrast, if HCV RNA is still detectable at wk 24,
the likelihood of an SVR is virtually nil and treatment can
be stopped or continued with the only aim to slow liver
disease progression in patients with a severe prognosis,
without any hope to eradicate infection (Figure 1A,
Ongoing trials are studying whether a prolonged antiviral
treatment or maintenance therapy with pegylated IFN alfa
monotherapy could be beneficial in these patients. When
treatment is continued until wk 48, the end-of-treatment
and sustained virological responses should be assessed by
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means of a sensitive HCV RNA assay, with a lower limit
of detection of 50 IU/mL or less. HCV RNA detection
at the end of therapy is highly predictive of a post-
treatment relapse (the more sensitive assays allow earlier
identification of relapser patients), whereas the absence of
HCV RNA at the end of treatment indicates a virological
response. The latter patients must be retested for HCV
RNA with a sensitive method 24 wk later in order to assess
the SVR, i.e. the endpoint of therapy“"ﬂ. HCV infection
appears to be definitively cured in the vast majority of
sustained virological responders.

The lack of a 12-wk virological response (no change
or an HCV RNA decrease of less than 2 logs at wk 12) is
associated with a virtually nil probability of a subsequent
sustained virological responsem’z‘ﬂ. Treatment can thus
be stopped at wk 12 in these patients, or continued to
slow liver disease progression without clearing the virus
(Figure 1A). The benefits of maintenance therapy on the
outcome of HCV-associated liver disease are currently
under investi-gation. This "stopping rule", based on
monitoring of HCV RNA load reduction at wk 12, was
recently shown to also apply to patients co-infected with
HCV and human immunodeficiency virus® .

HCYV genotypes 2 and 3

Patients infected with HCV genotypes 2 or 3 have a
70%-80% likelihood of an SVR with a low dose of
ribavirin and only 24 wk of treatment” . Thus, in the
absence of contra-indications, these patients should be
treated regardless of the severity of their liver disease
(Figure 1B). The recommended dose of pegylated IFN
alfa-2a or alfa-2b is the same as for HCV genotype 1.
The fixed recommended dose of ribavirin is 800 mg
per day (Figure 1B)", Tt is possible that lower doses of
ribavirin and/or shorter duration of treatment could
be sufficient to achieve an SVR in certain subgroups of
patients with genotype 2 or 3 infection, such as those
with a low baseline viral load and no extensive fibrosis or
cirrhosis, as suggested by recent preliminary data”™. One
should be careful in patients who combine several baseline
parameters of non-response, such as extensive fibrosis,
an old age and a male gender, who might need 48 wk of
therapy to clear infection.

No monitoring of HCV RNA level changes during
therapy is recommended in the patients with genotype 2
or 3 infection, because the vast majority of them become
HCV RNA-negative early during treatment. Like in HCV
genotype l-infected patients, the virological response must
be assessed by means of a sensitive HCV RNA assay at
the end of therapy and 24 wk later in order to determine
whether the virological response is sustained (Figure 1B) ),

HCV genotypes 4, 5 and 6

In the absence of any clinical trial including a sufficient
number of patients, the likelihood of an SVR and the
optimal treatment schedule remain unknown for the
patients infected with HCV genotypes 4, 5 or 6. It is thus
recommended to treat them like those infected with HCV
genotype 1, i.e. with pegylated IFN alfa at the usual dose,
combined with a high dose of ribavirin (1000-1200 mg

per day, according to body weight less or greater than
75 kg) (Figure 1C). In the absence of published data, no
stopping rules have been defined and it is recommended
to treat these patients for a total of 48 wk. The virological
response must be assessed by means of a sensitive HCV
RNA assay (lower limit of detection of 50 IU/mL or less)
at the end of therapy and 24 wk later"",

CONCLUSION

Virological tools have nowadays become mandatory at
every step of HCV infection treatment. Algorithms have
been derived that allow the clinician to tailor treatment
schedules to the individual patient and his/her virological
response to therapy, in order to optimize the results of
pegylated IFN-ribavirin therapy. This approach is cost-
effective, because treatment dose and duration are adapted
to the patient's needs and administration can be stopped
when the likelihood of a sustained virological response is
nil.

In the future, mote sensitive HCV RNA assays will be
available. They will better differentiate responder patients
who will subsequently relapse from those who will not.
They will also detect the virological relapse earlier after the
end of therapy. A number of ongoing studies are currently
assessing the capacity of viral load measurements at eatlier
time points to predict the sustained virological response
or non-tesponse. New algorithms will be developed soon,
based on the assessment of viral load reductions at wk 4 of
therapy, or eventually earlier. Too complicated algorithms
applied to a too high number of patient subgroups may
however make therapy more and more difficult on an every
day basis. In addition, eatly predictions based on frequent
viral load measurements may not always be easily feasible
in the clinical setting. Overall, it will be important to keep
treatment algorithms as simple and feasible as possible in
order to offer the best chance of success to the individual
patients.
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Abstract

Hepatitis C virus (HCV) is a global health problem
affecting 3% of the world's population (about 180
million) and a cause of both hepatic and extrahepatic
diseases. B-cell lymphoproliferative disorders, whose
prototype is mixed cryoglobulinemia, represent the most
closely related as well as the most investigated HCV-
related extrahepatic disorder. The association between
extrahepatic (lymphoma) as well as hepatic malignancies
(hepatocellular carcinoma) has justified the inclusion
of HCV among human cancer viruses. HCV-associated
manifestations also include porphyria cutanea tarda,
lichen planus, nephropathies, thyreopathies, sicca
syndrome, idiopathic pulmonary fibrosis, diabetes,
chronic polyarthritis, sexual dysfunctions, cardiopathy/
atherosclerosis, and psychopathological disorders.
A pathogenetic link between HCV virus and some
lymphoproliferative disorders was confirmed by their
responsiveness to antiviral therapy, which is now
considered the first choice treatment. The aim of the
present paper is to provide an overview of extrahepatic
manifestations of HCV infection with particular attention
to B-cell lymphoproliferative disorders. Available
pathogenetic hypotheses and suggestions about the
most appropriate, currently available, therapeutic
approaches will also be discussed.
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INTRODUCTION

Hepatitis C virus (HCV) is associated with several extra-
hepatic disorders (extrahepatic manifestations of HCV
= EHMs-HCV)"?, These latter may be classified into
four main categories including: (1) EHMs-HCV that are
characterized by a very strong association as demonstrated
by both epidemiological and pathogenetic evidence; (2)
disorders for which a significant association with HCV
infection is supported by substantial data; (3) associations
that still require confirmation and/or a more detailed
characterization compared to similar pathologies of
different etiology or idiopathic nature; and (4) anecdotal
observations (Table 1)". B-cell lymphoproliferative
disorders (LPDs) represent the most closely related
as well as the most investigated forms and should be
considered an ideal model for both clinico-therapeutic and
pathogenetic deductions.

HCV-RELATED LYMPHOPROLIFERATIVE
DISORDERS
Mixed Cryoglobulinemia

Mixed cryoglobulinemia (MC) is the most documented
HCV-related extrahepatic disorder'™®. The strong
association between HCV and MC has been confirmed by
serological and molecular investigations™*”, This disorder
is defined by the presence of serum immunoglobulins
(Igs) that become insoluble below 37°C and can dissolve
by warming serum (cryoglobulins, CGs). According to
Brouet ¢ al”', CGs are classified on the basis of their
Ig composition: in type I cryoglobulinemia CGs are
composed of a pure monoclonal component, usually
sustained by an indolent B-cell lymphoma, whereas type
IT and type III MC are characterized by a mixture of
polyclonal IgG and monoclonal IgM or by polyclonal
IgG and IgM, respectively. In MC, IgG and IgM with
rheumatoid factor (RF) activity participate in the com-
position of circulating immunocomplexes (CIC). The IgM

www.wjgnet.com



2468 ISSN 1007-9327

CN 14-1219/R  World J Gastroenterol

May 7, 2007 Volume 13  Number 17

A: Association defined on the basis of high prevalence and pathogenesis
Mixed cryoglobulinemia (complete or incomplete clinical syndrome)
B: Association defined on the basis of higher prevalences than in controls
B-cell non-Hodgkin’s lymphoma
Monoclonal gammopathies
Porphyria cutanea tarda
Lichen planus
C: Associations to be confirmed/characterized
Autoimmune thyroiditis
Thyroid cancer
Sicca syndrome
Alveolitis-Lung fibrosis
Diabetes mellitus
Non-cryoglobulinemic nephropathies
Aortic atherosclerosis
D: Anecdotal observations
Psoriasis
Peripheral/ central neuropathies
Chronic polyarthritis
Rheumatoid arthritis
Polyartheritis nodosa
Bechet’s syndrome
Poly / dermatomyositis
Fibromyalgia
Chronic urticaria
Chronic pruritus
Kaposi’s pseudo-sarcoma
Vitiligo
Cardiomyopathies
Mooren corneal ulcer
Erectile dysfunctions
Necrolytic acral erythema

monoclonal component in type II MC is represented by
RF molecules that most frequently display the WA cross-
reactive idiotype”. Typell (MCII) accounts for 50%-60%
of MC, and type III (MC III) for the remaining 30%0-40%.
Cryoproteins are HCV RNA enriched in comparison
with supernatants in HCV-infected patients. Studies
performed in unselected populations of chronic HCV-
positive subjects showed a high prevalence of serum
CGs, ranging from 19% to > 50% according to different
studies""'"!. However, CGs are generally present at low
levels and symptoms are generally absent or very mild,
whereas clinically evident MC - MC syndrome or MCS
would be evident in 10%-15% to 30% of MC subjects and
in 5%-10% of all HCV infected patients“ofiz].

The most common symptoms of MCS are weakness,
arthralgias, and purpura (Meltzer and Franklin triad).
Raynaud's phenomenon, peripheral neuropathy, sicca
syndrome, renal involvement, lung disorders, fever, and
hematocytopenia may also be observed"”. In a recent study
involving 231 Italian MC patients, peripheral neuropathy
was observed in the majority of cases, representing the
most frequent clinical feature after the triad, followed
by sicca syndrome, Raynaud's phenomenon and renal
involvement!'¥.

In MC patients, peripheral neuropathy includes mixed
neuropathies, which are prevalently sensitive, axonal, and
can manifest themselves as symmetrical distal neuro-
pathies, multiple mononeuritis or mononeuropathies“s"m.
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Involvement of the central nervous system is unusual and
generally presents as transient dysarthria and hemiplegia.
Pathological findings show axonal damage with epineural
vasculitic infiltrates and endoneural microangiopathy.

The association between MC and glomerulonephritis
has been clearly demonstrated"™"”. Nephropathy is
observed in 20% of patients at MCS diagnosis, and in
35%-60% during follow-up"*'”. The presence of renal
involvement is one of the worst prognostic indices in
the natural history of MCS""., MC-related nephropathy
is clinically characterized by hematuria, proteinuria
(sometimes in nephritic range, i.e. > 3 g/24 h), edemas,
and renal failure of variable grade. The histological picture
is similar to that of idiopathic membranoproliferative
glomerulonephritis, but characterized by capillary
thrombi consisting of precipitated cryoglobulins under
light microscopy and widespread deposits of IgM in
capillary loops. Histological analysis shows a thickening
of glomerular basal membrane, cellular proliferation and
infiltration of circulating macrophages. From a clinical
point of view, MC patients frequently present with one
or more subclinical signs of renal involvement, including
asymptomatic hematuria, without nephrotic proteinuria
(< 3 g/24 h), with normal or only fairly reduced renal
function (creatinine < 1.5 mg). In 30% of cases, the
clinical manifestation of MC may be acute nephrotic
syndrome'’. Hypertension may be seen in 80% of MC
patients with renal involvement"™”.

Renal manifestations represent a negative prognostic
factor in MC, even if their course may vary. However, in
the long term, MC-related nephropathy may progress to
terminal chronic renal failure requiring dialysis in up to
15% of patientle]J.

The association between MC and severe liver damage
has been widely discussed*”***, Recent studies have
shown an epidemiological association between MC and
severe liver damage!"*" as well as between MC and liver
steatosis™. In the previously cited study performed on 231
MC patients, survival analysis according to the Kaplan-
Meier method revealed a significantly lower cumulative
10-year survival, calculated from time of diagnosis, in
MC patients when compared with expected death in the
age- and sex-matched general population. Moreover,
significantly lower survival rates were observed in males
and in subjects with renal involvement, the most frequent
causes of death being nephropathy (33%), malignancies
(23%), liver involvement (13%), and diffuse vasculitis
(13%)"

No standardized criteria are presently available
for diagnosis of MC syndrome. However, valuable
classifications have been proposedlm. In the presence
of clear clinical and serological data (i.e., purpura, MC,
reduced C4 values, organ involvement), the diagnosis of
MCS is relatively easy. However, the diagnosis is frequently
only suggested by one or more altered laboratory data (RF-
test + and/or mixed cryoglobulinemia and/or reduced
C4 values) with or without mild symptoms (arthralgias
and/or asthenia). Moteovet, some HCV-positive subjects
may show clinically evident MCS, though incomplete from
a serological point of view, mainly with the temporary
absence of circulating CGs. This paradox may be explained
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by the fact that the rate of CGs responsible for vasculitic
damage in MCS varies over time among different subjects
as well as within the same patient, ranging from 0% to
100%". In addition, the difficulty in correctly determining
the presence of CGs, due to their thermolability, should be
taken into account.

Determination of serum CGs and serum sample
collection must be in accordance with laboratory standards
as follows: withdrawal of 20 mL of whole blood at warm
temperature; centrifugation for 2-3 min at 37°C; rapid
collection of serum (supernatant); incubation of serum
at 4C for one week; evaluation of CGs present at d 7;
isolation and washing of CGs by phosphate buffered
saline at 4°C; characterization of Ig and IgM monoclonality
in the cryoprecipitate. Due to the fact that some mixed
CGs are present in low concentrations, differentiation
between typell and III CGs often requires a more sensitive
method of immunochemical characterization such as
electroimmunofixation or western blot, than conventional
immunoelectrophoresis””

Several data, including the presence of a clonal
expansion of B-lymphocytes (BL) in peripheral blood
and/or liver infiltrates™”") and the histopathological
features of the bone-marrow and liver lymphoid infiltrates
(see below) confirm the lymphoproliferative nature of
MC. Several studies show that a B-cell clonal expansion (in
particular of RF B-cells) underlies MC, that this condition
is associated with Bcl-2/Jn rearrangement (see below), and
that MC-1I can evolve into a frank B-cell non-Hodgkin's
lymphoma (NHL) in approximately 8%-10% of cases after
a long period of time!™.

From a histopathological point of view, the deter-
mination of monoclonal lymphoproliferation of uncertain
significance (MLDUS) in subjects with clinico-laboratory
features of MC-1II is typical™?. MLDUS represents
oligoclonal proliferations of small BL, preferentially
located in the bone marrow and liver. In these organs,
MLDUS is generally present with phenotypical and
histological aspects comparable to indolent B-cell
lymphoma. A deeper, immunomorphological analysis
reveals two different varieties: a first and more frequent
variety, with analogous features to B-cell chronic lymphatic
leukemia (CLL)/small cell lymphoma and a second, less
frequent, lymphoplasmacytic-like form. The incidence of

. . . . . 33,35-40
these histological forms varies in different reports[ 2340

LYMPHOMA

HCV-associated lymphatic malignancies may be observed
during the course of MC or they may be idiopathic forms.
About 8%-10% of MC-II evolve into lymphoma®**",
generally after long-lasting infection, as demonstrated also
by the advanced age of patients who develop HCV-related
lymphoma. In a recent survey, MC patients had a 35 times
higher risk of NHL than the general populationm].

A significant association between B-cell derived
NHL and HCV infection was initially reported in Italian
subjects'™™ and subsequently confirmed by a large
majority of international studies” > However,
discordant data appeared in northern European and

North American surveys™ ", and it is now evident that

a clear south/north gradient of prevalence exists, in
part reflecting different HCV infection prevalence in the
general population, and suggesting the contribution of
environmental and/or genetic factors™

From a histopathological point of view, although all
histological types can virtually be found, B-cell detived
NHL is the most common of the HCV-related lymphatic
ma]jgnancie8[33,45,47,48,(\1-64].

Reports in the literature indicate varied incidences of
different histotypes that may in part be related to different

10,640 However
M 5

diagnostic-classification approaches
the most diffuse varieties appear to be peripheral B-cell-
derived indolent NHL. According to the REAL/WHO
classification”*” the most prevalent forms include
follicular lymphoma, B-cell chronic lymphocytic leukemia/
small lymphocyte lymphoma, lymphoplasmacytic
lymphoma, and marginal zone lymphomamj. Among
the marginal zone lymphomas, a special association with
HCV infection was reported for the mucosa-associated
lymphoid tissue (MALT) lymphoma'®**™ as well as the
splenic forms, as confirmed by some reports indicating
that marginal splenic lymphoma regressed after antiviral
therapy, in spite of previous ineffective chemotherapymm.

Finally, it is of note that a serum monoclonal gammo-
pathy, most frequently type IgM/K, was included among
HCV-associated LPDs"”. In most HCV-positive patients,
MG was classified as MGUS (monoclonal gammopathies
of uncertain significance), which has to be monitored
in order to exclude the possibility (though remote) of
evolution into multiple myeloma. Currently, a few HCV-
positive patients with monoclonal gammopathy are
considered affected by myeloma according to clinico-
pathological characteristics ™",

PATHOGENESIS OF HCV-RELATED

LYMPHOPROLIFERATIVE DISORDERS

The pathogenesis of HCV-related lymphoproliferative
disorders is at present unknown, although knowledge
has accumulated during the last decade which suggests
interesting pathogenetic hypotheses.

First, the individuation of HCV lymphotropism at the
beginning of the 1900s led to the hypothesis of a causal
link between infection of lymphatic cells and autoimmune-
lymphoproliferative disorders™™. In an initial study, it was
observed that both HCV positive strand (genomic) and
negative strand (antigenomic = replicative intermediates)
could be detected in peripheral blood mononuclear
cells (PBMC) taken from patients with chronic HCV
infection; that both B and T lymphocytes and monocytes/
macrophages may score positive and that the mitogen
stimulation of PBMC cultutes increased the determination
of HCV sequences, with particular reference to negative
strand ones. In addition, the notion of better detection
of HCV lymphatic infection in HIV coinfected patients
was introduced””. A lot of information about HCV
lymphotropism, in both iz vivo and 7n vitro systems, has
accumulated during the past decade. These studies were
able to better characterize this viral prerogative by the use
of more specific methods or study models”™*", However,
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it was impossible to obtain a clear scientific confirmation
of a direct link between HCV lymphotropism and LPD
pathogenesis, mostly due to difficulties in the identification
of valuable scientific models, in spite of the demonstration
of a stronger involvement of the lymphatic system in
HCV infection in patients with MC than in HCV patients
without™ and, more recently, the favoring effect of
B-cell infection in promoting lymphatic cell proliferation'™,
By contrast, several interesting data suggest a role only
indirectly played by HCV infection in LPD pathogenesis
through the host's immune response™™, Several studies
focused on the importance played by sustained antigenic
stimulation, partly analogous to mechanisms which
may play a key role in lymphomagenesis due to H pylor.
In this light, the identification of the specific binding
between the HCV E2 protein and the CD81 molecule
- which is ubiquitous but particularly abundant on the
B-cell surface” - led to the hypothesis of a possible
role played by HCV in the promotion of a consistent
polyclonal B-cell response to viral antigens which favor
the development of LPDs. According to this working
hypothesis, the viral infection will favor lymphomagenesis
in a linear, progressive way until the possible malignant
transformation.

Contrasting data, showing that HCV may favor muta-
tions of immunoglobulin genes and oncogenes by a "hit
and run" mechanism, have recently been obtained both in
cell lines and in cultured cells taken from HCV-infected
patients”. This study was justified by previous observations
showing the significant association existing between Bcl-2
rearrangement (14;18 translocation) and chronic HCV
infection, especially in those patients developing typell
MC”" and MALT lyrnphomam. In type II MC patients,
the analysis of synchronous and metachronous blood
samples showed the clonal expansion of B-cells harboring
this chromosomal rearrangement””. In addition, it was
possible to demonstrate the overexpression of the anti-
apoptotic Bcl-2 protein with a higher Bel-2/bax ratio in
t(14;18)-positive B-cell samples”™, as well as a modification
of detectability of t(14;18) B-cell clones following antiviral
treatment’ . Only virologically effective treatments led to
the regression of clones, with consequent lack of t(14;18)
- positive cells in peripheral blood at the end of treatment,
whereas this effect was not observed in non-responder
patients[mm. Regression of B-cell lymphoproliferation after
effective antiviral treatments was also observed in different
studies which utilized different parametersllOlJ and was
interpreted as a consequence of the dependence of such
lymphoproliferation on viral antigenic stimulation.

More recently, the availability of the study model of
MC patients experiencing a sustained virological response
to antiviral treatments and undergoing long term post-
treatment follow-up, has provided new data and, in turn,
opened the way for a series of previously unexpected
issues. This analysis, that was performed by the use of
very sensitive methods for HCV sequence determination,
allowed the identification of subjects which, even if
scoring persistently HCV RNA-negative in both serum and
liver samples, were HCV RNA positive in lymphatic cells
and showed persistence of MCS stigmata (" and Zignego
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¢t al, submitted paper). In contrast, this behavior was not
observed in patients who showed complete viral clearance,
and in whom MCS persistently disappeared. These obset-
vations, after more than a decade, strongly suggested the
possibility of a role played by HCV lymphotropism, as
initially supposed, even if the exact mechanisms involved
are at present unknown.

Overall, on the basis of such data, it is possible to
suggest that HCV infection may lead to the pathogenesis
of LPDs through a complex, multistep pathogenetic
mechanism including - as the initial, favoring event-a strong
and persistent stimulation of the B-cell compartment by
viral epitopes. This would be responsible for sustained
polyclonal expansion - physiological, even if abnormal in
quantitative terms - which in turn would favor mistakes in
immunoglobulin gene rearrangement (VD] rearrangement)
processes such as t(14;18) translocation, thus favoring the
abnormal survival of corresponding B-cells. Apart from
these mechanisms, only indirectly related to HCV, the role
played by the active infection of B cells and the possible
intervention of a direct mutagenic effect of HCV by a "hit
and run" mechanism following their infection should be
taken into account and be the object of future study. In the
presence of a background of predisposing constitutional-
genetic factors, i.e., a low stimulation threshold of RF-B
cells, the existence of factors leading to inhibition of
B-cell apoptosis would favor the transition from polyclonal
activation and expansion of RF B cells producing poly-
clonal IgM RF molecules (type IIIl MC), to the emergence
of a dominant clone producing a monoclonal IgM RF
(typell MC). In other words, the switch from a polyclonal
MC secondary to the infection - an epiphenomenal
effect - to the oligo-monoclonal one, might evolve into
a lymphatic malignancy. In this light, some data exist
suggesting that infected B-cells obtained from MC patients
may correspond to MC-typical RF B-cells""” and that
t(14;18) positive B cells may correspond to RF B-cells
(Giannini e# a/, unpublished results). On the other hand,
it is well known that abnormal B-cell survival would per
se favor the accumulation of genetic mutations, possibly
leading to the final neoplastic transformation (Figure 1).
Analogous to the association between several different
autoimmune and or lymphoproliferative disorders and a
known pathogenetic mechanism, it is very plausible that,
in some cases, an HCV-associated LPD showing similar
clinical features may arise from alternative pathogenetic
soutces not involving Bel-2 ovetexpression and/or, more
specifically, Bcl-2 rearrangementlmj.

THERAPY OF HCV-RELATED
LYMPHOPROLIFERATIVE DISORDERS

Mixed cryoglobulinemia

Most information about treatment of HCV-related
LPDs is derived from studies concerning MCS. This
syndrome, before the identification of its viral etiology,
was interpreted and treated as an "essential" autoimmune/
lymphoproliferative disease by using a combination of
anti-inflammatory, immunosuppressive drugs, as well
as procedures able to reduce the amount of circulating
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HCV HCV-induced mutagenesis
HCV E2-CD81 binding i

B-cell infection

{

t(14,18)/others?
‘ Sustained B-cell activation ‘ Bcl-2 overexpression
l B-cell apoptosis inhibition

Genetic and/or environmental factors +  Prolonged B-cell survival
(peculiar RF B-cell stimulation)

y

Mixed Cryoglobulinemia

Y

Additional genetic aberrations

Malignant NHL /

Figure 1 Hypothetical interpretation of the complex relationship between chronic
HCV infection, and lymphoproliferative disorders.During chronic infection, HCV
is responsible for sustained B-cell proliferation. Factors favoring polyclonal B
lymphoproliferation may include the specific binding of HCV E2 protein to CD 81
(a tetraspannin which, on the B-cell surface, is part of an activating molecular
complex lowering the threshold of B-cell activation by specific epitopes)®™*?, as
well as the specific activation of reactive T-cells by HCV and cytokines. Favoring
factors may also be represented by the persistent infection of B-cells”®*.
Resulting sustained B-cell proliferation would in turn favor the occurrence of
t(14;18) translocation and/or other errors during V(D)J rearrangement processes
in germinal centers located in secondary lymphoid organs which, in case of
HCV infection, would also include the liver™. A more direct role played by
HCV lymphatic infection via viral mutagenic properties cannot be excluded®.
Bcl-2 antiapoptotic protein overexpression in B-cells would result and lead to
abnormally prolonged B-cell life. In predisposed subjects, in presence of unknown
environmental, viral and/or genetic factors, HCV infection could lead to sustained
production of cryoglobulins. These predisposing factors may include the peculiar
susceptibility of IgM RF producing B-cells (RF B-cells) to be activated and/or
the presence of particular viral variants bearing epitopes capable of selectively
activating RF B-cells. It is tempting to hypothesize that the Bcl-2 rearrangement,
by inhibiting B-cell apoptosis, may favor the lack of silencing higher affinity,
potentially pathological RF B-cells™?, possibly leading to the development of
MC syndrome. In turn, abnormal survival of B-cells would favor the acquisition of
additional genetic aberrations which might ultimately lead to transformation to a

frank B-cell malignancy™.

immunocomplexes (cryoglobulins) such as plasma
exchange and low antigen content diet (LAC diet). The
identification of the viral etiology led to the attempt to
eradicate HCV with interferon (IFN)-based treatments.
Interestingly, because of its antiproliferative properties,
IFN was successfully used in the treatment of MCS even
before the identification of HCV!"™'"™. Several studies,
utilizing different therapeutic protocols, have been carried
out (Table 2), and the usefulness of IFN therapy for HCV-
related MC is now firmly established. However, an accurate
meta-analysis of performed studies is still hampered by
the heterogeneity of regimens used so that an optimum
regimen has not yet been determined nor have prognostic
criteria been accurately delineated.

Antiviral treatment essentially followed the evolution
of treatment of HCV-related chronic liver disease, with
some latency. In a first series of studies, the effects of

IFN monotherapy were tested ™" (Table 2). When
compared with HCV-related chronic hepatitis, treatment
of MC was associated with a relatively poorer response
and high relapse rate. The frequent relapse of both
HCV replication and MC syndrome at the end of IFN
treatment suggested the combination with ribavirin (RBV)
(Table 3): this therapeutic option appeared valid in several
studies' """, Tnterestingly, it has been shown that RBV
monotherapy also decreases transaminase levels and MC-
related symptoms, probably due to its immunomodulatory
effects!™ ') Further improvement in the sustained
virological response (SVR) rate was obtained by the
introduction of pegylated TFNs"*"*" (Table 3). However,
additional controlled studies are needed to gain definitive
information.

Interestingly, all available studies show that clinico-
immunological and virologic response are generally strictly
related"">"" 1P 10 recent studies, persistence of
isolated lymphatic infection after therapy was significantly
associated with persistence of MCS stigmata''”’. By
contrast, a long term clinical response was correlated with
persistent HCV negativity of different compartments (',
Zignego et al, submitted paper).

Disappearance of B-lymphocyte (BL) monoclonal
infiltrate from bone marrow as well as BL expansion
in peripheral blood following IFN therapy has been
shown. In particular, the antiviral response was shown
to be significantly related to the lack of detection of
circulating B-cell clones bearing t(14;18) translocation®
1 (see also above). The reappearance of circulating
translocated BL clones after virological relapse at the
end of treatment, as well as the persistent detection of
t(14;18) positive clones in subjects with unmodified viral
load after identical therapy, strongly indicates that clonal
expansion of translocated cells depends on modifications
of viral replication induced by antiviral treatment" """,
More recently, long-term analysis of HCV + MCS
patients showing SVR after therapy (see above) indicated
that occult lymphatic infection and persistence of MCS
stigmata were also associated with persistent determination
of expanded t(14;18) carrying B-cell clones (", and
Zignego et al, submitted paper). Altogether the current
data suggest that IFN treatment, when successful, may also
help in preventing the evolution of HCV-related LPDs.

In conclusion, the available data concerning antiviral
treatment of MCS show that this therapeutic approach
should be the first option because of the antiproliferative
and immunomudulatory effects of IFN, the usefulness of
antiviral therapy as demonstrated in most available studies,
the strict correlation between virological and clinical
response, as well as the positive effect of inhibition of viral
replication on B-cell clonal expansion that is considered
the pathogenetic basis of MC. However, in comparison
with antiviral treatment of HCV chronic liver disease,
antiviral therapy of MCS is more complex for several
reasons including the absence of standardized treatment
protocols, the higher frequency of relapse, and generic
or MCS-specific contraindications to antiviral treatment
(i.e., advanced age, severe liver disease, acute nephritis,
widespread vasculitis). In addition, the interpretation
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Author Year No. patients Treatment

CS Treatment duration (months) EOT response Sustained response

Ferri 1993 15 2MIUIFN/d (1 m) - 2 MIU IEN x 3/w (5 m) Yes 6 80%

Ferri 1993 26 2MIUIFN/d (1 m) - 2 MIU IEN x 3/w (5 m) Yes 6 100% 0

Marcellin -~ 1993 2 3MIU IFN x 3/w 6 50%

Johnson 1993 4 1-10 MIU IFN No 2-12 75%"

Misiani 1994 27 1.5MIUIEN x 3/w (1 w) -3 MIUIEN x 3/w (23 w) No 6 60% 0

Dammacco 1994 15 3MIU IEN x 3/w No 12 53.30% 25%
16 3MIU IFN x 3/w Yes 12 52.90% 33.30%

Johnson 1994 14 Variable IFN No 0'

Mazzaro 1994 18 3MIU IEN x 3/w No 28%

Mazzaro 1995 18 3MIU IEN x 3/w No 6 28% 11%
18 3MIU IEN % 3/w No 12 39% 22%

Casaril 1996 25 6 MIU IFN x 3/w No 6 52%"°

Cohen 1996 20 3 MIU IFN x 3/w 60%° 9%°

Akriviadis 1997 20 3-5 MIU IFN x 3/w No 6-12 65%" 33%*

Casato 1997 31 3MIUIFN/d (3 m) -3 MIUIFN x 3/w (= 9m No = 12 62%

CS: corticosteroids; MIU: millions of international units; d: daily; m: months; w: week; EOT: end of treatment; : Kidney function improvement; 2 Cryoglobulins
disappearance, *: both complete and partial MC syndrome response. From: Zignego A.L. Postgraduate Course of the 41st Annual Meeting of the EASL, 2006,

modified.

Author Year No. patients Treatment Cs Treatment duration (months) EOT response Sustained response

Durand 1998 5NR RBV No 10-36 100% 0%

Calleja 1999 18 3MIUIFN x 3/w No 12 55% 28%
8 NR 3 MIU IFN x 3/w + RBV No 12 63% 38%

Zuckerman 2000 9 NR 3 MIU IFN x 3/w + RBV No 6 78%

Cacoub 2002 14 Variable IFN + RBV variable 6-56 71%

Mazzaro 2003 27 NR or Rel 3 MIU x 3/w + RBV No 12 85%

Alric 2004 18 3 MIU x 3/w or Peg-IFN + RBV No =18 70%

Cacoub 2005 9 Peg-IFN 1.5 ug Kg' w' + RBV =10 88%

Mazzaro 2005 18 Peg-IFN 1 pg Kg” w' + RBV No 12 89% 44%

CS: corticosteroids; MIU: millions of international units; d: day; m: months; w: week; EOT: end of treatment; NR: non responders; Rel: relapser; RBV: ribavirin.
From: Zignego A.L. Postgraduate Course of the 41st Annual Meeting of the EASL, 2006.
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Figure 2 Algorithm for treatment of HCV-positive mixed cryoglobulinemia patients
with antiviral therapy according to the evaluation of both mixed cryoglobulinemia
syndrome and chronic liver damage. Available data suggest that antiviral therapy
should be considered the first choice treatment in mixed cryoglobulinemia, to
be performed even in the absence of different indications, excluding only those
patients without symptoms and other indications or patients with too severe
manifestations such as acute nephritis or widespread vasculitis. (Zignego AL,
Postgraduate Course EASL 2006, Vienna and ¥, modified)

of results following IFN treatment in MCS patients
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seems to be much more complex than in MCS-negative
chronic HCV infection. In fact, biochemical markers of
MC response (cryocrit, RF or complement values) may
be more independent of virological response than ALT
levels. This may confirm the importance of a multiphase,
complex, pathogenetic mechanism in MCS, suggesting the
need for precise monitoring of this category of patients
and the definition of predictive markers which indicate
evolution towards pathogenetic phases of the disease.
A possible candidate marker may be the evaluation of
BL clonal expansion modifications in PBMC samples, as
previously mentioned”™""'""'*; further studies are needed
to better define its clinical value.

Figure 2 shows a suggested algorithm for treatment
of HCV-related MCS with antiviral therapy. At present,
antiviral therapy is suggested as the first choice treatment
of this condition, to be performed even in the absence of
different indications, with the exclusion of patients with
only biochemical stigmata of MC (i.e., CGs). Particular
attention should also be given to the treatment of severe
MCS (i.e., patients with acute nephritis, widespread
vasculitis). In these cases no sufficient data are available
supporting the safety of IFN administration and a cautious
attitude is strongly suggested. It is opportune to use
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alternative, more "traditional" therapeutic approaches in
all patients in whom antiviral treatment is contraindicated
or not tolerated or who are non-responders. Alternatives
include corticosteroids, immunosuppressive drugs, FANS,
plasmapheresis and a hypo-antigenic diet™*"”
should be tailored to the single patient, according to
the severity of clinical symptoms, and considering the
possible additional factors involved (age, co-morbidity
etc.), and limited to the time (weeks or months) required
for symptom remission. Any therapeutic approach
aimed at improving serological parameters in clinically
asymptomatic patients should be avoided.

Corticosteroids are the most commonly used therapy
for MCS before HCV identification due to the fact that,
even at low doses, they can control the majority of MCS
symptoms. On the other hand, corticosteroids may favor
HCV replication, may cause several side effects, and
do not induce significant modifications in the cryocrit
levels or in the natural history of the disease. Cytostatic-
immunosuppressive drugs (i.e., cyclophosphamide,
chlorambucil and azathioprine) have been used mainly
in the absence of response to corticosteroids and/or
during the acute phases of MCS (i.c., acute nephritis
evolving towards renal failure, hyperviscosity syndrome
in association with plasmapheresis). These molecules
generally have some severe side effects, including disease
progression secondary to the relevant immunosupptressive
effect™. A special note must be made of new B-cell
specific immunosuppressive therapy based on the use of
chimeric antibodies against the CD20, a B cell specific
surface antigen (rituximab)”""*, Several studies showed
that rituximab is effective in most patients with MC,
leading to marked improvement or resolution of the

syndrome - with particular reference to skin lesions - and
[131,132

| Treatment

regression of the expanded B-cell clones | However,
in spite of the fact that no immediate treatment-induced
liver damage has been reported, this drug leads to an
increase in HCV replication, explaining interest in its
combination with antiviral molecules”"" ", Overall,
this therapeutic approach appears to be very promising
in the management of MCS patients, however, future
prospective, controlled, and randomized studies ate still
required to establish evidence-based guidelines to treat
HCV-related MCS.

Other therapeutic measures are aimed at reducing CG
concentration. These include plasmapheresis, and a LAC
diet. Plasmapheresis represents the aphaeretic removal of
CGs and circulating immunocomplexes. Because of its
effectiveness and rapid action, it is especially indicated in
the presence of acute manifestations (cryoglobulinemic
nephritis, severe sensorimotor neuropathies, cutaneous
ulcers, hyperviscosity syndrome). The association with
cyclophosphamide has been shown to be effective in
reducing the "rebound effect” at the end of aphaeresis.
The LAC diet has a reduced content of alimentary macro-
molecules with high antigenic properties allowing more
efficient removal of CGs by the reticulo-endothelial
system. This diet can improve minor manifestations of the
disease (purpura, arthralgias, paresthesias), and is generally
prescribed at the initial stage of the disease.

‘ Evaluation of MC syndrome severity

v v

Mild-moderate purpura Moderate-severe MPGN, skin vasculitis
Weakness or
Arthralgias Severe-rapidly progressive MPGN
Mild neuropathy Severe sensomotor neuropathies
Widespread vasculitis

v I )

LAC diet —
Low-medium doses CS PE + CS +/- CF Rituximab
+/-other symptomatics A l i

1 Non
Responses
Severe responses
Antiviral
Moderate therapy ?

Figure 3 Algorithm for treatment of HCV-positive mixed cryoglobulinemia patients
who are non-responders or in whom antiviral treatment is contraindicated or
not tolerated. When antiviral treatment is not indicated this algorithm suggests
other approaches for the management of mixed cryoglobulinemia, including
anti-inflammatory drugs (first corticosteroids, CS), procedures able to lower the
concentration of cryoglobulins such as the low antigen content (LAC) diet or
plasma exchange (PE) as well as immunosuppressive drugs (cyclophosphamide,
CF). In patients with only mild to moderate syndrome, cycles of therapy with anti-
inflammatories, the LAC diet or other symptomatic treatments are suggested.
Therapy should be adapted to the single patient and limited in time. In patients
with more severe syndromes, cycles of plasma exchange plus corticosteroids and/
or immunosuppressive drugs are indicated. The use of rituximab, a selective B-cell
suppressor, may be an alternative treatment in some cases where antiviral therapy
is ini[tai?lly contraindicated. (Zignego AL, Postgraduate Course EASL 2006, Vienna
and *)

Figure 3 is a synthetic algorithm of the management
of MCS, when etiological therapy is not possible or is
ineffective.

LYMPHOMA

In light of the above observations about MCS, the
inclusion of antiviral therapy seems to be rational in
therapeutic schemes for HCV-positive NHL. This appears
to be confirmed by recent studies, performed in low-
grade lymphomalm] and, in particular, in marginal zone
lymphomasm’wﬂ. Vallisa e a/ treated 13 patients with HCV-
associated low-grade B-NHL characterized by an indolent
course (i.e., doubling time no less than 1 year, no bulky
disease) with pegylated IFN and ribavirin. Hematologic
responses were observed in the majority of patients
(complete and partial responses, 75%) and were highly
significantly associated with clearance or decrease in serum
HCV viral load following treatment, strongly providing
a role for antiviral treatment in HCV-related, low-grade,
B-cell NHL. Hermine ef @/ showed that most patients with
HCV and splenic lymphoma with villous lymphocytes
(SLVL) entered complete remission upon treatment with
IFN". The inclusion of a control group integrated by
patients with the same LPD but without HCV infection
demonstrated that, in contrast with HCV-infected patients,
HCV-negative subjects did not respond to IFN therapy,
strongly suggesting that the response observed in HCV-
positive patients was not merely due to the antiproliferative
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effect of IFN. Analogously, regression of clonal proli-
feration in response to antiviral treatment was shown
to be clearly associated with virological responsel%’lzsj.
Interestingly, also in HCV patients without evidence of
LPD, a close association between the virological response
and the loss of B-cell monoclonality with persistence of
expanded t(14:18)-positive B-cell clones in non virological
responders was shown, indicating that the more effective
the antiviral therapy is, the more likely is loss of B-cell
clonality™,

Unfortunately, only some lymphomas may be cured
with antiviral therapy. In addition, also in cases of re-
sponsive SLVL, the rearrangement of the monoclonal
immunoglobulin genes observed at diagnosis is still de-
tectable in the blood even after a complete hematological
response has been achieved. These data suggest that
the multi-step lymphomagenetic cascade is complicated
by points of no return, making LPD more and more
independent of HCV infection. Although antiviral therapy
appears to be an attractive therapeutic tool for low-grade
HCV-positive NHL, in intermediate and high-grade NHL,
chemotherapy is expected to be necessary and antiviral
treatment may be suggested as maintenance therapy after
chemotherapy completion””. Further studies are needed
to better standardize the antiviral therapy for HCV-related
NHL patients.

The use of rituximab in HCV-associated NHL, in
monotherapy or in combination with antiviral treatment
and/or chemotherapy, appears very promising, especially
in the setting of low-grade NHL, where rituximab
monotherapy has been proposed as first-line treatment'™,
Interestingly, Hainsworth e/ a/ showed that the use of
rituximab in low-grade NHL with scheduled maintenance
at 6-mo intervals produced high overall and complete
response rates and a longer progression-free survival than
has been reported with a standard 4-wk treatment'™",

Few data are presently available specifically concerning
patients with HCV-associated NHL. For example, Somer
et al observed that after rituximab treatment a patient
with Sjogren's syndrome (SS) and lymphoma showed
improvement of parotidomegaly, ocular tests and salivary
flow rate!””. In addition, Ramos-Casals ¢# a/ reported
two patients with HCV-related SS who developed B-cell
lymphoma and who responded successfully to treatment
with rituximab*’.

In synthesis, in spite of the limited number of described
cases, it appears reasonable to consider rituximab as a
safe and effective therapy for HCV-related indolent B-cell
lymphoma.
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Abstract

AIM: To explore the capability of a monoclonal antibody
(mAb) against murine endoglin to inhibit tumor
angiogenesis and suppression of hepatoma growth in
murine models.

METHODS: A monoclonal antibody against murine
endoglin was purified by affinity chromatography and
passively transfused through tail veins in two murine
hepatoma models. Tumor volume and survival time were
observed at three-day intervals for 48 d. Microvessels in
tumor tissues were detected by immunohistochemistry
against CD31, and angiogenesis /7 vivo was determined
by alginate encapsulated assay. In addition, tumor cell
apoptosis was detected by TUNEL assay.

RESULTS: Passive immunotherapy with anti-endoglin
mAb could effectively suppress tumor growth, and
prolonged the survival time of hepatoma-bearing mice.
Angiogenesis was apparently inhibited within the tumor
tissues, and the vascularization of alginate beads was
also reduced in the mice passively transfused with anti-
endoglin mAb. In addition, increased apoptotic cells
were observed within the tumor tissues from the mice
passively transfused with anti-endoglin mAb.

CONCLUSION: Passive immunotherapy with anti-
endoglin mAb effectively inhibits tumor growth via
inhibiting tumor angiogenesis and increasing tumor
cell apoptosis, which may be highly correlated with the
blockage of endoglin-related signal pathway induced by

anti-endoglin mAb.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION

Liver cancer is the 5% leading cancer type in the world!"?.
Despite aggressive therapeutic approaches made in the
past decades, the prognosis of liver cancer remains poor,
5-year mortality exceeds 95%!'. Tt is thus necessary to
seek other more rational approaches for treatment of liver
cancet.

Endoglin is a homodimeric transmembrane glyco-
protein, which was initially identified as a human leukemia-
associated homodimer cell-membrane antigen!. Studies
performed in different laboratories using various antibodies
to endoglin have revealed endoglin expression and up-
regulation in a wide range of tumor endothelia, but seldom
found in the endothelia of normal tissues, suggesting
that endoglin is highly related to tumor angiogenesis®>.
In addition, another study demonstrated that blockage of
the endoglin pathway in human umbilical vein endothelial
cells resulted in marked a inhibition of iz vitro angiogenesis
in combination with TGF-p, indicating that endoglin is
a pro-angiogenic component in the endothelial cells.
Therefore, therapeutic approach targeting endoglin may
potentially have the capability of avoiding system side-
effects. It is thus conceivable to consider that passive
immunotherapy with anti-endoglin mAb may potentially
have the capability of inhibiting tumor growth and/or
tumor metastasis through interference of the endoglin-
related angiogenesis pathway. In our previous study, we
have established a hybridoma cell line secreted monoclonal
antibody (mAb) against murine endoglin, which has been
demonstrated to have the capability of specifically staining
with recombinant murine endoglin and tumor microvessel
density by Western blot and immunohistochemistry®. In
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the current study, we produced and purified the mAb, and
then passively transfused with the mAb in two murine
hepatoma models to observe the therapeutic effects
against hepatoma.

MATERIALS AND METHODS

Materials

Hybridoma cell line (mEDG) secreted mAb against
mutine endoglin was established by us®. Nude mice were
putrchased from the Animal Center of Central South
University (Hunan, China). Hepal-6 and H22 hepatoma
cell lines were presented by State Key Laboratory of
Biotherapy (Sichuan University, Chengdu, China) and
stored by us. BALB/c and C57BL/6 mice wete purchased
from the Animal Center of Hainan province, China.
EMAM and RPMI-1640 culture media were purchased
from Gibco (USA). CM Affi-Gel blue gel kit was
purchased from Bio-Rad (USA). mAb against CD31 and
labeled streptavidin biotin reagents wete purchased from
Dako (USA). Alginate and FITC—dextran solution were
purchased from Sigma (USA). Iz Situ Cell Death Detection
kit (AP) was purchased from Roche (USA).

Production and purification of antibodies

The production and purification of the mAb against
murine endoglin were cartied out as previously described®.
Briefly, the EMAM hybridoma cell line mEDG was
cultured in complete EMAM medium supplemented
with 100 mL/L fetal calf serum at 37°C in a humidified
atmosphere containing 50 mL/L CO, in air. Hybridoma
cells grown at log-phase wete collected and 5 X 10° cells (in
2 mL suspension) were intraperitoneally injected into nude
mice. About one to two weeks later, the ascetic fluid was
harvested, purified by affinity chromatography (CM Affi-
Gel blue gel kit) following the manufacturet's instructions.
In addition, for control observation, antibodies were also
purified from the sera derived from the normal mice at
12 wk of age by affinity chromatography as previously
petformed by us.

Passive immunotherapy of hepatoma with anti-endoglin
mAb

For the investigation of the therapeutic efficacy of the
anti-endoglin mAb in anti-tumor activity /# vivo, mice
at 6 to 8 wk of age were firstly inoculated with 2 X 10°
live tumor cells into the right flank and left untreated
until palpable tumors of distinct size (about 4-6 mm in
diameter) appeared in the mice. Then, the mice were
randomly divided into three groups of ten mice each.
Group 1 (anti-endoglin mAb therapy, anti-mAb) mice were
administered intravenously with the purified anti-endoglin
mAb (50 mg/kg) via tail vein, and then treated twice per
week for 4 consecutive weeks. Group 2 (control therapy
with the purified antibodies from normal mice at 12 wk of
age, cont-Ab) mice were administered intravenously with
the putified antibodies (50 mg/kg) from normal mice at 12
wk of age via tail vein, and then treated twice per week for
4 consecutive weeks, as did in group 1. Group 3 (untreated
control, cont-NS) mice were injected with equal volume
of normal saline (NS) without containing any antibodies.

www.wjgnet.com

The Hepal-6 hepatoma (Hepal-6) model was established
in C57BL/6 mice, and the H22 hepatoma (H22) model
was in BALB/c mice. All procedures wete petformed in
accordance with protocols approved by the Institutional
Animal Care and Use Committee. The tumor size and
survival rate were monitored at a three-day interval, and
the tumor volume was calculated by the following formula:
Tumor volume = 0.52 X length X width™

Immunohistochemical detection of tumor microvessel
density

To determine microvessel density (MVD), frozen sec-
tions of tumor tissues were prepared, and subjected to
immunohistochemical staining for CD31 as previously
described? 2. Briefly, frozen sections were fixed in acetone,
incubated, and stained with an antibody reactive to CD31.
Sections were then stained with labeled streptavidin biotin
reagents. Any endothelial cell or endothelial cluster positive
for CD31 (purple staining) was considered to be a single
countable microvessel.

Alginate encapsulation assay

Alginate-encapsulated tumor cell assays were performed as
previously described™. Briefly, Hepal-6 or H22 hepatoma
cells were resuspended in a 15 g/L sodium alginate
solution and added dropwise into a switling 37°C solution
of 250 mmol/L calcium chloride. Alginate beads were
formed containing approximately 1 X 10° tumor cells
per bead. Mice were anesthetized, and four beads were
subcutaneously implanted into an incision made on the
dorsal side. Incisions were closed with surgical clamps.
Thereafter, mice were grouped and treated with antibodies
or NS as aforementioned. After 14 d, mice were injected
intravenously with 100 pL of 100 mg/kg FITC-dextran
solution. Beads were surgically removed and FITC-dextran
was quantified against a standard curve of FITC-dextran

as previously described®'?.

Detection of tumor cell apoptosis in situ

To detect in sitn tumor cell apoptosis, sections of tumor
tissues from both Hepal-6 and H22 models were fixed
with 10 g/L paraformaldehyde in PBS, and apoptotic
cells were detected using TUNEL assay according to the
manufacturet's instructions (In Situ Cell Death Detection
kit, Roche, USA). Apoptosis rate was quantified in a blind
fashion by two independent reviewers by determining the
percentage of positively stained cell nuclei in 20 randomly
chosen fields/section at 200 X magnification.

Statistical analysis

For comparison of individual time points, ANOVA and
an unpaired Student's #test were used. Kaplan-Meier
method was used to plot survival curves and the statistical
significance was determined by the log-rank test. P < 0.05
was considered statistically significant. Error bars represent
the SD (standard deviation) unless otherwise indicated.

RESULTS

Inhibition of tumor growth
The tumor volume was monitored at a three-day interval.
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Figure 1 Tumor volumes at different time-points in Hepal-6 (A) and H22 (B)
models. Cont-Ab: mice transfused with control antibodies; Cont-NS: mice
transfused with NS; anti-mAb: mice transfused with anti-endoglin mAb. *P < 0.05,
®P < 0.01. Data are shown as mean + SD, n = 10 in each group.
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Figure 2 The survival rates at different time-points in Hepal-6 (A) and H22 (B)
models. Log-rank test, P < 0.01, n = 10 in each group.

Tumors in both Hepal-6 (Figure 1A) and H22 (Figure
1B) models grew progressively in two control group mice
treated with normal antibodies or NS, but a significant
inhibition of tumor growth was observed in the mice
passively transfused with anti-endoglin mAb (Figure 1).
Compared with the control groups, tumor volume in
the mice passively transfused with anti-endoglin mAb
significantly decreased (P < 0.05) from d 21 or 24 after
tumor cell injection (Figure 1).

Increased survival rate of tumor-bearing mice

The survival rate of the tumor-bearing mice was also
monitored at a three-day interval. Compared with the
control group mice treated with normal antibodies or NS,
the survival rate of the mice passively transfused with
anti-endoglin mAb significantly increased in both Hepal-6
(Figure 2A) and H22 (Figure 2B) models (P < 0.01 by log-
rank test). Thus, significant increase in survival rate and
inhibition of tumor growth in the two hepatoma models
suggested that passive immunotherapy with an anti-
endoglin mAb has significant therapeutic effects against
murine hepatoma.

Inhibition of tumor angiogenesis in tumor tissues

Significantly more microvessels (purple color staining)
were seen in the tumor tissue sections from the control
mice (Figures 3B and C), while almost no such stained
microvessels were seen in the tumor tissue sections from the
mice passively transfused with anti-endoglin mAb (Figure
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Figure 3 Significant decrease in microvessel density (stained as purple color) in
the tumor tissues from the mice transfused with anti-endoglin mAb (A) compared
to the mice transfused with control antibodies (B) and the mice transfused with NS
(C). Quantitative analysis of microvessels in Hepal-6 and H22 models (D), the bars
represent mean + SD, °P < 0.001.

3A). The average number of microvessels per high-power
field in both Hepal-6 and H22 hepatoma models (10.32 £
3.51 and 12.85 £ 4.27, respectively) in the mice passively
transfused with anti-endoglin mAb were significantly lower
than those in the mice transfused with control antibodies
(89.69 £ 15.06 and 80.56 = 15.38, respectively) and the
mice transfused with NS (89.12 £ 16.31 and 94.35 + 17.89,
respectively) (Figure 3D; P < 0.001).

Inhibition of angiogenesis in alginate encapsulation beads
in vivo

Inhibition of angiogenesis was further confirmed by
using alginate encapsulation assay. Alginate implanted
angiogenesis was quantified by measuring the uptake
of FITC-dextran into beads. Compared with the two
control groups (Figures 4B and C), a significant inhibition
of angiogenesis was found on the beads from the mice
passively transfused with anti-endoglin mAb (Figure 4A).
FITC-dextran uptake (ug) was significantly decreased in
both Hepal-6 and H22 hepatoma models (0.42 + 0.07 and
0.51 £ 0.09, respectively) in the mice passively transfused
with anti-endoglin mAb than that in the mice transfused
with control antibodies (4.38 * 0.94 and 4.79 £ 1.28,
respectively) and the mice transfused with NS (4.56 * 1.02
and 4.93 * 1.15) (Figure 4D; P < 0.001).

Increase in tumor cell apoptosis

To further investigate the anti-tumor mechanism induced by
the passive transfusion with anti-endoglin mAb, a TUNEL
assay was performed to observe the tumor cell apoptosis 7
sitn. TUNEL assay revealed a marked increase in apoptosis
in tumor tissues from both Hepal-6 and H22 hepatoma
models (43.68% % 7.32% and 39.54% £ 5.93%, respectively)
in the mice passively transfused with anti-endoglin mAb
than that in the mice transfused with control antibodies
(8.43% £ 2.37% and 7.18% * 1.96%, respectively) and the
mice transfused with NS (9.02% % 3.02% and 6.95% =*
2.39%, respectively) (Figure 5; P < 0.001).
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Figure 4 Significant inhibition of angiogenesis in the tumor cell-encapsulated
beads from the mice transfused with anti-endoglin mAb (A) than that in the
tumor tissues from the mice transfused with control antibodies (B) and the mice
transfused with NS (C). Quantitative determination of FITC-dextran uptake in
Hepal-6 and H22 models (D); the bars represent mean + SD, °P < 0.001.

DISCUSSION

The generation of new blood vessels, or angiogenesis,
is a complex multi-step process. Evidence suggests that
the growth and persistence of solid tumors and their
metastases are angiogenesis-dependent!""". To date, a
number of molecules that stimulate angiogenesis as well as
those that inhibit this process have been elucidated"”"¥. In
this regard, as a strategy for cancer therapy, anti-angiogenic
therapy, which targets genetically stable endothelial cells,
has several advantages over conventional tumor cell
targeting in the therapy of solid tumors: (1) This approach
may have the potential to citcumvent the problem of
acquired drug resistancel'”. The reasonable explanation
is that drug resistant mutants are easily generated from
tumor cells due to the genetic instability of tumor cells.
On the contrary, genetically stable normal cells, such
as vascular endothelial cells, would be far less adept at
generating such mutants; (2) anti-angiogenic therapy may
have the capability of overcoming the problem of tumor
heterogeneity?!l. At present, tumor heterogeneity has
become a major problem with the tumor cell-targeting
therapy; (3) physiological barriers for the high-molecular
weight drugs (such as antibodies and immunoconjugates)
to penetrate into solid tumors will be also circumvented
by targeting a tumot's vasculature rather than tumor cells
themselves®?!. The possible reason is that, unlike tumor
cells in the solid tumors, the vascular endothelial cells are
directly accessible to circulating high-molecular weight
drugs; (4) many thousands of dependent tumor cells will
die of nutrient and/or oxygen deptivation if a capillary or
a sector of the capillary bed fails®?!. Therefore, killing of
only a minority of vascular endothelial cells of tumors may
be sufficient to eradicate most malignant cells in tumor
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Figure 5 Significantly increased apoptosis in the tumor tissues from the mice
transfused with anti-endoglin mAb (A) compared to the mice transfused with
control antibodies (B) and the mice transfused with NS (C). Quantitative analysis
of apoptotic cells in Hepal-6 and H22 models (D), the bars represent mean + SD,
°P<0.001.

tissues; and (5) a single agent developed for anti-angiogenic
therapy could be applied to various types of solid tumors
and other angiogenesis-associated diseases.

A few lines of evidence have demonstrated that
endoglin is one of the marker molecules of tumor
angiogenesis, and is specifically expressed and up-
regulated in tumor-associated angiogenic vasculatures,
specially in tumor mictrovessels!'?. The level of endoglin
in serum and tumor tissues detected by ELISA or
immunohistochemistry correlated well with the prognosis
of solid tumors™*?%. Thus, a specific mAb against endoglin
may be a good tool for diagnosis and treatment of solid
tumors, including hepatoma.

In the current study, we used an anti-endoglin mAb
established by us in our previous study to observe the
anti-tumor activities by passive immunotherapy in two
hepatoma models. We found that passive immunotherapy
with anti-endoglin mAb could effectively suppress tumor
growth, and prolong the survival rate of hepatoma-bearing
mice. Angiogenesis was apparently inhibited within the
tumor tissues, and the vascularization of alginate beads
was also reduced in the mice passively transfused with
anti-endoglin mAb. In addition, there were increased
apoptotic cells within the tumor tissues from the mice
passively transfused with anti-endoglin mAb. Based on
the aforementioned findings, we may thus conclude the
possibility that the therapeutic activities against hepatoma
by passive immunotherapy with anti-endoglin mAb may
result from the inhibition of tumor angiogenesis and
the increase of tumor cell apoptosis, which may highly
correlate with the blockage of endoglin-related signal
pathway induced by anti-endoglin mAb.

The endothelium in normal vasculatures is considered
the most quiescent because the turnover of the endothelial
cells is very low” %, However, the endothelial cells in
the tumor tissues can undergo rapid proliferation which
promote spurts of tumor angiogenesis due to hypoxia and
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secretion of various molecules that stimulate angiogenesis
by the endothelial cells themselves and tumor cells.
Therefore, a proliferation-associated antigen on endothelial
cells may be a good candidate for anti-angiogenic
therapy. Endoglin has been proven to be a proliferation-
associated antigen on endothelial cells”*'*?. Previous
studies demonstrated that anti-endoglin mAbs showed a
highly restricted reactivity to proliferating endothelial cells,
immature acute lymphoblastic leukemia (ALL) cells and
myeloid/monocytic leukemia cellst*****
study, we further found that passive immunotherapy
with anti-endoglin mAb reached effectively anti-
hepatoma activities in murine models. Thus, this study
also demonstrated that passive immunotherapy with anti-
endoglin mAb may be a potential approach for treatment

of hepatoma and other solid tumors.

1. In the current
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Abstract

AIM: To evaluate whether the combination of recom-
binant chicken fibroblast growth factor receptor -1
(FGFR-1) protein vaccine (cFR-1) combined with low-
dose gemcitabine would improve anti-tumor efficacy in a
mouse CT26 colon adenocarcinoma (CT26) model.

METHODS: The CT26 model was established in BABL/c
mice. Seven days after tumor cell injection, mice were
randomly divided into four groups: combination therapy,
cFR-1 alone, gemcitabine alone, and normal saline
groups. Tumor growth, survival rate of tumor-bearing
mice, and systemic toxicity were observed. The presence
of anti-tumor auto-antibodies was detected by Western
blot analysis and enzyme-linked immunospot assay,
microvessel density (MVD) of the tumors and tumor cell
proliferation were detected by Immunohistochemistry
staining, and tumor cell apoptosis was detected by TdT-
mediated biotinylated-dUTP nick end label staining.

RESULTS: The combination therapy results in apparent
decreases in tumor volume, microvessel density and

www.wjgnet.com

tumor cell proliferation, and an increase in apoptosis
without obvious side-effects as compared with either
therapy alone or normal control groups. Also, both auto-
antibodies and the antibody-producing B cells against
mouse FGFR-1 were detected in mice immunized with
cFR-1 vaccine alone or with combination therapy, but not
in non-immunized mice. In addition, the deposition of
auto-antibodies on endothelial cells from mice immunized
with cFR-1 was observed by immunofluorescent stain-
ing, but not on endothelial cells from control groups.
Synergistic indexes of tumor volume, MVD, cell apoptosis
and proliferation in the combination therapy group were
1.71 vs 1.15 vs 1.11 and 1.04, respectively, 31 d after
tumor cell injection.

CONCLUSION: The combination of cFR-1-mediated anti-
angiogenesis and low-dose gemcitabine synergistically
enhances the anti-tumor activity without overt toxicity in
mice.

© 2007 The WIG Press. All rights reserved.
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INTRODUCTION

Colorectal cancer is the third most common malignancy
in the world and the fourth killer among all tumors in
China?. The prognosis of advanced colorectal cancer
remains poor, estimated 5-year survival rates less than
109", Thus, it is essential to seek multidisciplinary
approaches for the treatment of colorectal cancer.

It is generally believed that the growth and metastases
of a tumor are angiogenesis-dependent and thus that
anti-angiogenic therapy, which targets genetically stable
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endothelial cells as a strategy for cancer therapy, is highly
warranted ™. At present, basic fibroblast growth factor
(bFGF) has been shown to be one of the most important
angiogenic growth factors for tumor angiogenesis. bEFGF
serves its biological function through interaction with its
high-affinity receptor, fibroblast growth factor receptor-1
(FGFR-1), which is markedly expressed both in active
endothelial cell and in many different forms of tumor
and plays an important role in tumor angiogenesis and
tumor growth[l“”. Accumulating evidence indicates
that an FGFR-1-mediated anti-angiogenesis target for
tumor immunotherapy could suppress angiogenesis and
further inhibit tumor growth!"™. Our data indicate that
vaccination with the cFR-1 protein can induce auto-
antibodies against FGFR-1 in mice"!

Chemotherapy remains one of the major systemic
therapies for cancer, but acquired drug resistance is one
of the major hindrances to chemotherapy. Recently,
evidence has confirmed that low dosages of conventional
chemotherapeutic drugs can damage or kill the endothelial
cells of tumor neovasculature through various direct
or indirect mechanisms, and delay acquired resistance
to these chemotherapeutic drugsm’m. Other findings
have also demonstrated that anti-angiogenic therapy
combined with various chemotherapy drugs could more
effectively inhibit tumor growth without overt toxicity
relative to either therapy alone" ™. Gemcitabine is 2 new
deoxycytidine analog that inhibits DNA synthesis and
has shown cytotoxicity against a wide range of cancer
cell lines in vitro and applied widely in clinical anti-tumor
therapy[ZO—ZZ
the combination of an anti-angiogenic biotherapy with

I Moreover, studies have also confirmed that

a low-dose gemcitabine strategy can effectively suppress
tumor angiogenesis without increased overt toxicity relative
to either therapy alone™. Thus, in this study, we primarily
evaluated the anti-tumor activities of the recombinant
cFR-1 protein vaccine in combination with low-dose
gemcitabine in a mouse tumor model.

MATERIALS AND METHODS

Vaccine preparation

The lyophilized recombinant proteins of cFR-1 and
mouse FGFR-1 (mFR-1) were dissolved in NS and mixed
with an equal volume of aluminum hydroxide adjuvant at
4 mg/mL for 60 min before use in vaccination'™.

Design of animal experiments

The CT26 tumor model was established in BALB/c mice
to evaluate whether the combination of cFR-1 vaccine
and low-dose gemcitabine would improve the anti-
tumor efficacy. Six to eight-week-old female mice were
transplanted with 1 X 10° live tumor cells. After tumors
had grown for 7 d, the mice were randomly divided into
the following four groups of 10 mice each. Group 1 mice,
treated with a combination of cFR-1 vaccine and low-
dose gemcitabine (C + G), received cFR-1 vaccine plus
low-dose gemcitabine as follows: after d 0 (7 d after tumor
cell injection), cFR-1 vaccine was injected subcutaneously
(s.c.) once a week for 4 wk with a dose of 10 pg per
mouse. At d 7 (14 d after tumor cell injection), 20 mg/kg

of gemcitabine was injected intraperitoneal (i.p.) at an
interval of every 3 d for a total of 4 doses. Group 2 mice,
treated with cFR-1 vaccine alone (cFR), received cFR-1
vaccine in a similar scheme as that in group 1, except that
it lacked gemcitabine. Group 3 mice, treated with low-
dose gemcitabine alone (G), received the same dose of
gemcitabine as group 1, but they did not receive the cFR-1
vaccine. Group 4 mice, the untreated group (NS), received
sterile NS s.c. as the scheme of vaccination or were treated
i.p. as in group 1, respectively. Tumor growth was evaluated
every 3 d and tumor volume was estimated using the
formula for an ellipsoid (0.5 X length X width X height).
At the end of the experiment, the tumor tissues, major
organs and blood samples of the mice were collected for
subsequent histologic and immunologic investigations. All
studies involving mice were approved by the Institute's
Animal Care and Use Committee.

Western blot analysis

Western blot analysis was performed as described pre-
viously'" . Briefly, the recombinant proteins were separated
by 12 % SDS-PAGE. Gels were transblotted with the
Mini Polyacrylamide Gel System (Bio-Rad, USA) onto
a polyvinylidene difluoride membrane. Membrane blots
were blocked at 4C in 5% nonfat dry milk, washed and
probed with mouse sera at a 1:500 dilution. Blots were
then washed and incubated with goat anti-mouse IgG
HRP-labeled secondary antibody and then stained with the
Vectastain ABC kit (Vector, Burlingame, USA).

Enzyme-linked immunospot (ELISPOT) assay

The ELISPOT assay for the enumeration of antibody-
producing B cells (APBCs) has been described"". Briefly,
PVDF-bottomed, 96-well filtration plates (Millipore, Bedford,
USA) were coated with 30 ug/ ml. of recombinant FGFR-1
protein. Mononuclear cells prepared from spleen were
incubated on the plates at 37°C for 4 h. IgG bound to the
membrane was revealed as spots with alkaline phosphatase-
conjugated anti-mouse IgG antibodies.

Immunohistochemistry

For microvessel density (MVD) and cell proliferation
analyses, frozen sections were fixed in acetone, incubated
and stained with antibodies reactive to either CD31 or
proliferating cell nuclear antigen (PCNA) (BD Pharmingen,
USA), respectively. The MVD was determined by counting
the number of microvessels and the proliferation index
was calculated as the ratio of the proliferation cell number
to the total cell number per high-power field in tumor
sections as described”.

To identify the endothelial deposition of auto-antibody
by immunofluorescent staining, frozen sections were fixed
in acetone, washed with PBS, and incubated with FITC-
conjugated antibody against mouse IgG, IgA, or IgM
(Sigma, St. Louis, USA). Moreover, sections of tissue were
fixed with 1% paraformaldehyde in PBS and stained for
apoptosis analysis by using the TdT-mediated biotinylated-
dUTP nick end labeling (TUNEL) assay according to the
manufacturet's instructions (In Situ Cell Death Detection
Kit; Roche, UK). These slides were imaged using a
fluorescence microscope and the apoptosis index was
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Day’ FGFR-1 Gemcitabine Combination therapy Index*
Expected® Observed
Tumor volume index 0.48 0.60 0.29 0.17 1.71
MVD index 0.35 0.66 0.23 0.20 1.15
Apoptosis index 0.48 0.43 0.21 0.19 1.11
Proliferation index ~ 0.49 0.46 0.22 0.21 1.04

'Relative Fraction (RF) = mean tumor volume (or MVD, apoptosis and
proliferation index) experimental/ mean tumor volume (or MVD, apoptosis
and proliferation index) untreated on d 31, respectively. -*Day after tumor
cell transplantation. —’RF of gemcitabine x RF of cFR-1 vaccine. -*Obtained
by dividing the expected RF by the observed RF.
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Figure 1 The combination therapy inhibited tumor growth (A) and improved the
survival of tumor-bearing mice (B) significantly. “Significant difference compared to
untreated group, °P < 0.05.

calculated as the ratio of the apoptotic cell number to the
total cell number in each high-power field.

Calculation of synergistic indexes: Mean values of
tumor volume, MVD, cell apoptosis and proliferation
were used for calculation of the correspondent synergistic
indexes using the methods described before™. Briefly,
the mean tumor volume, MVD, cell apoptosis index or
proliferation index in each treatment group was obtained
by dividing the mean value by that in the untreated control
group. The expected relative ratio of the combination
treatment group was obtained by timing the observed
relative ratio of the xenogeneic FGFR-1 vaccine treatment
group to that of the low-dose gemcitabine treatment
group. Then, the corresponding synergistic index of
tumor volume, MVD or proliferation (compared to the
untreated control group, the resultant value was decreased)
was obtained by dividing the expected relative ratio by the
observed relative ratio, whereas the synergistic index of
apoptosis (compared to the untreated control group, the
resultant value was increased) was obtained by dividing the
observed relative ratio by the expected relative ratio. The
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Figure 2 Induction of auto-antibodies by cFR-1 vaccine alone or combination
therapy as assessed by Western blot analysis.

synergistic indexes of tumor volume, MVD, cell apoptosis
and proliferation are further detailed in Table 1. An index
of greater than 1 indicates a synergistic effect, whereas an
index of less than 1 indicates a less than additive effect.

Statistical analysis

Results were presented as mean * SD. All statistical
analyses were carried out using SPSS 12.0 for Windows
statistical software (SPSS Inc, USA). For comparison of
individual time points, ANOVA and an unpaired Student's
t were used. Survival curves were constructed according
to the Kaplan-Meier method. Statistical significance was
determined by the log-rank test. P < 0.05 was considered
statistically significant.

RESULTS

The effect of the combined therapy on tumor growth and
survival

In the first part, cFR-1 vaccine or low-dose gemcitabine
treatment resulted in the inhibition of tumor growth, to a
certain extent, compared with the untreated control group.
Remarkably, the combination therapy resulted in more
significant anti-tumor activity (Figure 1A). The relative
ratio of tumor volume in the combination group showed
a synergistic relationship about 31 d after tumor cell
transplantation in the tumor model (Table 1). In addition,
the survival of tumor-beating mice had similar results to
that of tumor growth (Figure 1B).

Induction of anti-tumor autoimmunity by the combined
therapy

The possibility that the cFR-1 vaccine alone or the com-
bination treatment induces production of anti-tumor auto-
immunity in the mouse model was examined by using
Western blot analysis, ELISPOT assay and immunofluo-
rescent staining.

In Western blot analysis, sera from these cFR-1-immunized
mice recognized a protein as indicated by the positive
staining of an about 40 kDa band (Figure 2A and C) that
was not stained by sera from the untreated control or low-
dose gemcitabine treatment groups (Figure 2B and D).

The endothelial deposition of auto-antibodies was
found within tumor tissues from cFR-1-immunized mice,
as detected by immunofluorescent staining (Figure 3A
and 3B); however this deposition was not detected in the
non-immunized control groups. In addition, detectable
deposition of auto-antibodies was not found within the
major organs of immunized and non-immunized mice.

The number of APBCs, which were detected by
ELISPOT assay, was significantly elevated in the spleen
of mice immunized with cFR-1 vaccine, both in the
vaccine alone and in the combination treatment groups, as
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by ELISPOT assay (C) in cFR-1 vaccine alone or
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Figure 4 The combination therapy synergistic inhibition of angiogenesis (A) and proliferation (B), and induction apoptosis (C) at d 31 after tumor cell injection. 'Synergistic
relationship in the combination therapy (synergistic index > 1). °P < 0.05 vs untreated group.

compared with those in the non-immunized groups (Figure
3C). Figure 3C shows that the number of APBCs was
not different between the vaccine alone and combination
treatment groups, which suggested that the low-dose
gemcitabine scheme did not inhibit the immune response
to cFR-1 immunization.

Synergistic effects of the combined therapy on microvessel
density, apoptosis and cell proliferation

In this study, the combination treatment resulted in more
significant synergistic suppression of tumor growth
than treatment with the single agents individually. MVD
was determined in tumor tissue sections stained with
antibody reactive to CD31, cell apoptosis was evaluated
by TUNEL, and cell proliferation was assayed by the
presence of PCNA (Figure 4). About 31 d after tumor
cell transplantation, the synergistic indexes of tumor
volume, MVD, cell apoptosis and proliferation in the
combination therapy group were 1.71 »s 1.15 25 1.11 and
1.04, respectively (Table 1).

Tolerability and side effects of the combined therapy

In this study, potential toxicity in gross measures was not
observed in either the combination or single agent groups.
The gross measures include such things as ruffling of fur
behavior, body weight and life span. It should be noted that
there was less feeding in mice treated with gemcitabine,
which was both minor and transient, compared to those that
did not receive chemotherapy. In addition, no pathologic
changes in liver, lung, kidney or heart tissue sections,

which were stained with hematoxylin and eosin (HE),
were observed by microscopic examination (Figure 5).
Furthermore, no detectable toxicity of bone marrow, kidney
ot liver was found by complete blood count and enzyme
analyses (data not shown).

DISCUSSION

Angiogenesis is critical to the growth and metastasis of
a tumor. Due to the genetic stability and accessibility to
systemically delivered therapeutic agents, endothelial cells
that line tumor blood vessels are attractive targets for anti-
tumor therapylsj. Since FGFR-1 is an important molecule
for angiogenesis in solid tumors, as described previously,
it is conceivable that breaking immune tolerance against
FGFR-1-involved angiogenesis in solid tumors may be
used as a useful and new approach for cancer therapy with
active immunity. Some recent data have confirmed that
xenogeneic homologous molecules can induce a cross-
immunity reaction against self-homologous molecules
that is responsible for anti-tumor activity! >, Although
anti-angiogenic therapy has proven to be effective at
stopping tumor growth in many preclinical studies, it
remains uncertain whether it is tumoricidal. Many studies
have also concluded that this therapeutic limitation may
be overcome by using a combination of angiogenic
inhibitors with various chemotherapeutic drugs, such
as cisplatin, gemcitabine, oxaliplatin, et Thus, the
strategy of combining anti-angiogenic biotherapy with
chemotherapeutic drugs shows potential and promise for
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Figure 5 HE staining of heart (A), liver (B), kidney (C) and lung (D) in recipient mice. No organic hemorrhage appeared in the combination therapy group and no differences

were found among of C + G (a), cFR (b), G (c), and NS groups (d).

anti-tumor therapy.

Both acquired drug resistance and considerable systemic
toxicities are major reasons for the limited advances made
in cancer chemotherapy and have resulted in the failure
of treatments. Gemcitabine is a new deoxycytidine analog
that has been widely applied in clinical anti-tumor therapy.
Many studies have also confirmed that the combination of
anti-angiogenic biotherapy with low-dose gemcitabine can
suppress tumor growth more effectively than conventional
chemotherapy or anti-angiogenic biotherapy alone, including
reversal of acquired drug resistance and minimization or
elimination of systemic toxicity . The purpose of our
study was to evaluate the anti-tumor efficacy of cFR-1
protein vaccine combined with low-dose gemcitabine and
the potential toxicity of the treatments in a mice colorectal
cancer model.

Our present studies demonstrate that the combination
strategy resulted in more effective inhibition of tumor
growth, not only by induction of more effective anti-
angiogenesis, but also by promotion of apoptosis and
up-regulation of the suppression of cell proliferation in
tumor tissues as compared with either therapy alone or
with untreated groups, without obvious side-effects. The
mechanism responsible for the interaction between cFR-1
vaccine and low-dose gemcitabine therapy may involve a
synergistic anti-angiogenic effect and synergistic apoptosis
and proliferation of tumor cells. On the one hand, the
immunotherapy with cFR-1 vaccine could induce a
special anti-tumor immunity reaction through induction
of the production of auto-antibodies against FGFR-1,
which could block bFGF/FGFR-1 signal transduction
and further inhibit tumor growth by anti-angiogenesis.
On the other hand, low-dose gemcitabine therapy could
interfere with DNA synthesis and induce DNA breakage,
thus resulting in tumor cell apoptosis™™ .. Without
acquisition of necessary oxygen and nutrients, there would
be an increase in tumor cell apoptosis coupled with less

www.wjgnet.com

proliferation and tumor angiogenesis. Moreover, the low-
dose gemcitabine did not inhibit the host cross-immune
response, but it potentiated anti-tumor effects as was
demonstrated in the synergistic indexes of tumor volume,
MVD, apoptosis and proliferation, and the presence of
both antibodies and APBCs in the cFR-1-immunized
mice which indicate gemcitabine has an anti-tumor effect.
Therefore, the combination therapy strategy showed
effective and synergistic anti-tumor activity.

In conclusion, our findings demonstrated that the
combination therapy strategy of cFR-1 vaccine combined
with low-dose metronomic gemcitabine effectively and
synergistically suppressed tumor growth ziz inhibition of
tumor angiogenesis without systemic toxicity in mice.
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Absiract

AIM: To construct a hepatitis B virus (HBV)-based vector
with a reporter gene and to establish an HBV infection
system to evaluate the availability of the vector.

METHODS: The HBV-based vectors with green
fluorescence protein (GFP) were packaged into the liver
of immunodeficient mice through transfer and helper
plasmid using hydrodynamic technology. Wild type HBV
(wt HBV) was provided by plasmid MC2009. Primary
human hepatocytes (PHH) were isolated and infected
with recombinant HBV (rHBV) or wt HBV. GFP expression
was monitored by confocal and flow cytometry. HBV DNA
and HBV surface antigen (HBSAg) were analyzed by PCR
and ELISA.

RESULTS: 3 x 10’ wt HBV copies/mL and 5 x 10° rHBV
copies/mL were collected from mice serum. In the wt
HBV infected group, HBV progeny was 2 x 10’ copies/mL
and HBSAg was 770 ng/mL. In the rHBV infected group,
GFP fluorescence was detected on d 3 post-infection
and over 85% of the parenchymal cells expressed green
fluorescence on d 12 post-infection. Compared with wt
HBV in the PHH infection system, no rHBV DNA or HBSAg
were detected in PHH culture media.

CONCLUSION: An effective HBV based vector was
developed, which proved to be a useful HBV infection
system. This vector and infection system can be applied
to develop a therapeutic vector and study the HBV life
cycle and viral pathogenesis.

© 2007 The WIG Press. All rights reserved.
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INTRODUCTION

The hepatitis B virus (HBV) belongs to the family
Hepadnaviridae and is the smallest DNA virus known'".
The HBV genome consists of a partially double-stranded,
relaxed circular DNA, which has a compact organization.
It employs widely overlapping open reading frames and
regulatory sequences”.

Despite the availability of a safe and efficient HBV
vaccine, HBV is still a major cause of infectious liver
disease throughout the world. While the majority of
acutely infected adults recover from this disease, chronic
HBYV infections remains a major public health problem,
affecting more than 350 million people worldwide.
Systemic administration of interferon has been the best
available therapy for chronic HBV infections for the past
2 decades; however, a sustained response is achieved in
only one-third of affected patientsm. Currently, nucleoside
analogues, such as lamivudine and adefovir, are new
treatment options that result in a rapid decrease in serum
HBV DNA, as well as an improvement of liver histology.
Unfortunately, these agents are associated with a rapid rate
of relapse and selection of resistant viral variants™.

As such, novel therapeutic alternatives are continually
being explored. One of the more attractive therapeutic
approaches involves the development of methods that
permit the selective delivery of genes into parenchymal
cells of the liver. While hydrodynamic injection can
result in a high level of transgene expression in the
liver, the combined effect of a large injection volume
and high injection speed can result in irregular hearty
function”. Further, few of the established viral vectors can
specifically target hepatocytesm. Because HBV is capable
of specifically targeting hepatocytes after inoculation
into the bloodstream and efficiently infects quiescent
hepatocytes, human HBV as liver-directed gene transfer
has been pursued for more than one decade. Recently, the
ability of recombinant HBV (tHBV) and duck HBV to

serve as vectors for a hepatocyte-specific gene transfer has
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been demonstrated”'”.

An appropriate and effective iz vitro infection system
that permits evaluation of antiviral drugs and the study
of the kinetics of the hepadenaviral infection, such as
replication and viral resistance, is very important yet
unavailable to date. This stems from the inability to
grow HBV in culture and the absence of a convenient
and reliable 7n vitro system to efficiently study different
mutations in the various stages of HBV replication and
their influence on viral pathogenesis.

Hepadnaviruses infect only the well-differentiated
primary hepatocytes of their specific hosts in cell
culture""!. Several cell modes based on HBV-related
hepadnaviruses, such as Pekin duck and Tupaia primary
hepatocytes, are presently available to assess antiviral drugs,
and to provide information about factors involved in the
establishment of HBV infection. Duck HBV (DHBV) is a
well characterized model system of hepadnaviral infection,
and cultures of primary duck hepatocytes (PDHs) can
be readily established and efficiently infected"”. There
are, however, significant differences between duck and
human hepatitis viruses. Most importantly perhaps is the
fact that, human HBV envelope polypeptides, the likely
mediators of entry, are N-glycosylated, whereas DHBV
envelope polypeptides are not. Thus, the degree to which
information from DHBYV applies to human HBV infection
may be limited"”.

Primary tupaia hepatocytes are susceptible to infection
with serum-derived HBV. The HBV infection of primary
tupaia hepatocytes develops slowly, and the virus life cycle is
not the same as HBV in human hepatocytes'*"”. Hepatoma
cell lines such as Huh7 and HepG2.2.15, and the HepaRG
cell line are known to be non-susceptible to HBV infection
but permit viral replication after artificial import of the
viral genome (e.g. transfection of cloned HBV DNA)!"',
Drawbacks to these transient transfections, inefficient
transfection and thereby produce low virus yields that
unavoidably vary from expetiment to experiment, since only
a fraction of the cells are transfected. This leaves a high
background of non-producer cells, and virus expression
ceases within a few days'"”. Although they ate difficult to
maintain in culture and become non-permissive for HBV
very quickly after plating, primary human hepatocytes (PHH)
are susceptible to infection with HBV™.

In light of the above-described challenges and
clinical importance of studying HBYV, the purpose of
this study was to establish an effective HBV infection
system including standard virus origin, and to construct
the HBV based vector with a reporter gene capable of
targeting hepatocytes naturally with high expression
without expressing viral DNA and protein. Ultimately,
this study will lay the foundation for the construction of
a therapeutic HBV vector and will permit the intensive
investigation of the HBV life cycle and viral pathogenesis.

MATERIALS AND METHODS

Animals

NOD/SCID mice were purchased from the Animal
center of Sun Yat-Sen University (GuangZhou, China).
All animals were maintained under specific pathogen-free

conditions on alternating 12 h light/dark cycles. Food and
watet were available ad libitum.

Isolation and culture of primary human hepatocytes (PHH)
PHH were isolated from fresh surgical specimens of
patients undergoing partial hepatectomy, with the informed
consent of each patient and the local ethics committee.
In all cases, patients were negative for HBV, hepatitis C
virus serologic markers and specific HBV-DNA sequences
(determined by PCR). Healthy human liver tissue samples
(3 cm X 3 cm X 2 cm) were placed on ice in Dulbecco's
modified Eagle's medium (DMEM) solution with 1%
Gentamycin (Sigma). Immediately after collection, the
liver tissue was treated by a two-step collagenase perfusion
procedure”!. Briefly, perfusion was initiated with the
preperfusion solution of D-Hanks balanced salt solution
(Sigma) containing 0.5 mmol/L ethylene-glycoltetraacetic
acid (EGTA, Sigma) and 50 mmol/L. HEPES heated to
37°C for 15 to 25 min at a flow rate of 20-40 ml./min,
then, continued with perfusion solution of F12 medium-
DMEM (Invitrogen) containing 0.05% collagenase type IV
(Gibco) and 5 mmol/L CaClz for 15-25 min at a flow rate
of 25-50 mL/min. After gentle mechanical dissociation,
the PHH were washed and separated by three successive
centrifugations at 50 X g, for 5 min each. The PHH were
subsequently resuspended in DMEM medium and viability
was assessed by trypan blue exclusion. After isolation,
1.0 X 10’ viable cells/cm” were seeded onto collagen-
coated culture plates (collagen type I, sigma) in medium
containing 8% fetal calf serum (FCS) and maintained at
37°C with 5% COa. Cell culture media were supplemented
with L-glutamine (5 mmol/L), HEPES (23 mmol/L,
pH 7.4), gentamycin (50 mg/mL), penicillin (50 TU/mL,
sigma), streptomycin (50 mg/ml, sigma), hydrocortisone
(4.8 mg/ml, sigma) and insulin (1 mg/mL, sigma). Culture
medium was changed at 3 h, then 12 to 16 h after seeding.
Medium was changed every 24 to 48 h thereafter, but
without the addition of serum®”.

Plasmid constructs

The DNA vector MC2009 contains 2 tandem copies of
the HBV genome by head to tail connection (Figure 1B),
This vector will produce wild-type (wt) HBV virus capable
of infection after injection into mouse liver, or delivered
to cultures of human hepatocytes. This vector can be used
to generate serum with a high titer of HBV to serve as a
standatd for this project.

The DNA vector MC2018, the helper plasmid (Figure
1C), is capable of expressing all HBV proteins, including
the large, middle, and small envelope proteins, the core
protein, and the polymerase. The DNA sequence is the
same as that in MC2009, except that it contains only
one copy of the HBV genome with a deletion of the
encapsidation signal € and direct repeats necessary for
reverse transcription and be derived by an ubiquitin
promoter (UB). Thus, the DNA vector MC2018 can only
provide HBV proteins needed for packaging in trans, but
is not able to generate a complete HBV virus™

DNA vector MC2013, the transfer plasmid (Figure 1D),
was obtained by replacing a DNA fragment containing
the small envelope gene (HBV position 1446 to 2347)

www.wjgnet.com
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Figure 1 Schematic representation of plasmid constructs. A: Plasmid constructs
used for the production of recombinant hepatitis B virus (rHBV)", (pgRNA
HBV = sinusoidal line; € = encapsidation signal; A (n) = poly A tail; CMV =
cytomegalovirus; UB= ubiquitin); B: The vector MC2009 contains 2 tandem
copies of HBV genome; C: The transfer plasmid DNA vector MC2013 obtained
by replacing a DNA fragment containing the small envelope gene (HBV position
1446 to 2347) with a PCR fragment encoding a fluorescence-enhanced green
fluorescence protein (€GFP), meanwhile, a DNA fragment encompassing the HBV
preS2/S promoter was substituted by a PCR fragment encoding UB promoter
which could drive transgene expression. A CMV promoter was introduced to
drive the expression of the UB.eGFP reporter expression cassette with the
HBV encapsidation signal, and premature stop codons were introduced into all
remaining HBV open reading frames; D: The helper plasmid MC2018 contains only
one copy of the HBV genome with a deletion of the encapsidation signal ¢ or direct
repeats necessary for reverse transcription. The UB promoter was introduced to
drive expression of HBV 1.2delEncap.

with a PCR fragment encoding a fluorescence-enhanced
green fluorescence protein (eGFP)". The DNA fragment
encompassing the HBV preS2/S promoter was substituted
by a PCR fragment encoding a ubiquitin promoter to
drive transgene expressionm]. A cytomegalovirus (CMV)
promoter was introduced to drive the expression of
UB, eGFP reporter expression cassette with the HBV
encapsidation signal and premature stop codons were
introduced into all remaining HBV open reading frames'"”.

Generation of HBV virions

Five ug of plasmid MC2009 was dissolved in a volume
of saline equivalent to 8% of the body mass of the target
mouse (i.e. 1.6 mL for a 20 g mouse) to obtain a working
solution. It was then injected into the tail vein of 6- to
9-wk-old NOD/SCID mice within 5-8 s, After 1 d,
blood (and ultimately serum) was collected from the
mice by cutting the mouse tail. The HBV DNA copies in
the mouse serum were determined by quantitative PCR
assay, Mouse serum containing wild-type HBV virus was
maintained at -20°C until use.

Preparation of recombinant HBV virions

Five pg of plasmids MC2013 and MC2018 (each) was
combined and diluted with saline to a volume equivalent
to 8% of the body mass of the mouse. This was then
injected into the tail vein of 6- to 9-wk-old NOD/SCID
mice within 5-8 s The number of recombinant HBV
(tHBV) DNA copes was determined by quantitative PCR.
The rtHBV was then purified from the mouse blood and
measured by a quantitative PCR assay on d 3 to 6 after
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injection, and stored until use.

Infection of PHH with HBV and rHBY

On d 2 post-seeding, PHH cultures were incubated with
wt HBV or tHBV. After infecting cultures overnight, the
PHH cells were washed three times, every third day, and
the culture medium was exchanged and collected for virus
product analysis to test the HBV infection of PHH iz
vitro, To detect the susceptibility of PHH to HBV, PHH
cultures were treated on d 12 post-seeding (using the same
method).

Detection of transgene expression

GFIP expression in PHH incubated with tHBV or wt HBV
were detected by confocal microscopy (Leica, Germany)
using a standard fluorescein isothiocyanate (FITC) filter
set with excitation by blue light (488 nm) on d 3, 6 and 12
post-infection.

Evaluation of the efficiency of transgene expression

To determine the efficiency of transgene delivery, PHH
cultures were analyzed by flow cytometry (BD FACSAria™
US) on d 12 after seeding. Liver parenchymal cells with
transgene expression were identified by GFP, Liver
sinusoidal endothelial cells were identified by acetylated
low-density lipoprotein (Alexa Fluor®594 AcLDL,
Invitrogen), and kupffer cells were identified by Dextran
conjugates (Carboxy-Q-Rhodamine, Invitrogen).

Analysis of viral DNA and proteins

HBV DNA in the culture medium was quantified using a
quantitative PCR assay (HBV-DNA detection kit, Da'an
company, China) according to the manufacturer's in-
structions. HBsAg in the supernatant of wt HBV-infected
or rHBV-infected PHH was determined using an ELISA
kit and the AxSYM system (Abbott Diagnostics, Chicago,
USA) according to the manufacturet's instructions.

RESULTS

Isolation and culture of PHH

PHH were isolated from fresh surgical specimens of liver
tissue. Mean cell yield was 5 X 107 cells/ g liver tissue with
80% mean viability. Morphology of typical PHH cultures
on d 30 post-seeding is shown in Figure 2A. PHH growth
was inhibited following the addition of DMSO, but
continued to grow when the DMSO was withdraw (data
not shown).

Production of Recombinant HBV and Wild type HBV
MC2009 DNA vector was delivered to NOD/SCID mice
using the hydrodynamic technique. On d 1 through 3
post-injection, no HBV DNA could be detected, whereas
after d 3 post-injection, HBV DNA levels were 3 X 10
copies/mlL.

MC2018 and MC2013 wete co-injected into NOD/
SCID mouse liver using hydrodynamic technology. It
was subsequently determined that tHBYV DNA could be
detected only on d 3 to d 6 post-injection. The average
amount of tHBV DNA detected was 5 X 10° copies/mL.
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Figure 2 Transduction of primary human hepatocytes (PHH) by the HBV-based
vector. PHH were infected with rHBV-GFP, a recombinant HBV that carries a GFP
gene under control of the UB promoter (described previously in Figure 1). A: Cell
morphology of PHH on d 30; B: GFP expression on d 3 post-infection; C: GFP
expression on d 6 post-infection; D: on d 12 post-infection; E: Transduction of PHH
demonstrated by an overlay of the fluorescence; F: Phase contrast of the same
field.

Gene transfer in PHH by rHBV vector

Infectivity of the rHBV particles was demonstrated by
incubating primary human hepatocytes with rtHBV at a
multiplicity of infection (moi) of 10 copies/cell for 24 h
on d 2 after plating. GFP fluorescence was clearly detected
on d 3 post-infection (Figure 2B), and cells expressing
GFP reached its maximum on d 12 post-infection (Figure
2D). This finding indicates that the HBV-based vector that
was generated can target liver cells and deliver the genetic
information in a 'natural' way.

The efficiency of transgene expression

In PHH cultures, 75.2% of the cells were GFP positive
(Figure 3B), 2% of the cells were identified as Kupffer
cells (Figure 3C), and 10.4% of the cells were liver
sinusoidal endothelial cells (Figure 3D). In addition,
cultures contained small amounts of red cells and debris.
Thus, nonparenchymal liver cells, which cannot be infected
by HBYV, accounted for only 12.4% of the total number
of cells up to d 12 after seeding. Of the 75.2% GFP-
expressing cells, over 85% of parenchymal liver cells were
infected by the tHBV, and stable GFP expression was
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Figure 3 PHH were detected by FACS. The purity of PHH cultures was analyzed
by identification of nonparenchymal and parenchymal liver cells on d 6 after
seeding. A: Control; B: FACS analysis of parenchymal liver cells with GFP; C:
FACS analysis of kupffer cells with Dextran conjugates; D: FACS analysis of liver
sinusoidal endothelial cells (LSEC) with acetylated low-density lipoprotein. The
population consisted of 10.4% AcLDL positive cells, 2% Carboxy-Q-Rhodamine
positive cells and 75.2% GFP positive cells, meaning that total parenchymal cells
is about 87.6%, approximately 85% of it were infected by HBV based vector with
GFP.

observed for up to 4 wk. These results strongly suggest
that the HBV-based vector has high infectivity to PHH
and a high efficiency of transgene expression.

Analysis the kinetics of HBV or rHBV infection in PHH
PHH cultures were incubated with mouse serum
containing wt HBV or tHBV at a moi of 10 copies/cell on
d 2 after plating. The cell culture media was collected every
3 d post-infection. In the wt HBV infected group, wt HBV
DNA copies were 1 X 10° to 2 X 10" copies/ml. (Figure
4A) and HBV surface antigen (HBSAg) was 175 to 770
ng/mL (Figure 4B). In contrast, tHBV DNA copies were
1 x 10" to 0 (Figure 4A) and HBSAg was undetectable at
all times (Figure 4B). Collectively, these results suggest that
the PHH system can be infected by wt HBV (with a time
constraint), and that the tHBV vector cannot express HBV
products in PHH.

DISCUSSION

Although PHH are difficult to maintain in culture for
HBYV infection, PHH are undoubtedly the ideal tool for
studying HBV infection and hepatotropic vectors. In the
present report, it was demonstrated that: (1) PHH cultures,
maintained under optimized PHH culture conditions, can
serve as a useful infection system for HBV in vitro; (2)
HBV from MC2009 are useful for HBV infection studies;
and (3) the constructed HBV-based vectors described
herein is highly efficient and safe.

The fundamental prerequisites for the viral life-cycle
include the ability to replicate the genome, and to produce
infectious progeny virions. At present, the major limitation
in studying HBV entry is the lack of an in vitro infection

www.wjgnet.com
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Figure 4 The efficiency of PHH infected with wt HBV or rHBV. PHH were infected
at a multiplicity of infection of 10 DNA-containing HBV particles/cell on d 1 post-
seeding, HBV DNA (A), and HBSAg (B) secreted into cell culture medium were
determined every 3 d after infection. The triangles denote PHH cells infected with
wt HBV, and squares denote PHH cells infected with rHBV. In the supernatant
from PHH infected with rHBV, no HBV DNA and HBsAg can be detected, meaning
that all viral gene were knocked out.

system capable of supporting the entire life cycle of
HBYV. Several systems derived from hepatoma cells have
previously been used to study HBV infections 7n vitro"*"",
Unfortunately, none of the described systems have proven
ideal. HPP cultures derived from liver explants have shown
to be susceptible to HBV infection, but infection occurs
in only 10% to 20% of the cells™. Further, infection
of PHH cultures is only for a limited amount of time
following explantation!""”.,

In this study, PHH were isolated from small pieces of
healthy liver tissue from patients and maintained under
optimized culture conditions. The PHH cultures survived
up to 10 wk. wt HBV DNA reached the level of 2 X 10
copies/mL, and HBSAg reached 770 ng/mL in PHH
cultures infected with wt HBV. Over 85% of parenchymal
liver cells were infected by tHBV. In previous PHH
systems and some hepatoma cell systems'**", high dose
DMSO (1.5%-2%) was used to enhance HBV infection
in vitro. In the present study, it was found that growth
of PHH cultures was seriously inhibited with addition
of DMSO, but continued to grow once the DMSO was
withdrawn. In addition, cell survival in the culture was
reduced by the addition of complement inactivated serum.
In our PHH system, cells lost their susceptibility to HBV
on d 12 after seeding. This suggests that the PHH system
has a time constraint and is consistent with prior reports'' ",

In previously described HBV infection systems”*",
HBYV virion was primarily prepared from the serum of
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chronic HBV patients, because this serum always carried
variant virus, HBV proteins and cccDNAP. Since these
products could falsify study results, the serum of chronic
HBYV patients was unsuitable for research on the HBV life
cycle. The construct MC2009 could solve this problem by
providing standard wild type HBV without accessory viral
products.

The goal of this study was to generate hepatocyte-
specific viral vectors, which only expressed the transgene
at a high level of expression. In addition, we wished to
completely eliminate HBV viral gene expression, and to
insert foreign promoter and functional transgenes of
at least 800 base pairs. In the transfer plasmid MC2013,
all viral genes were knocked out and endogenous HBV
preS2/S promotet was substituted by a UB promoter to
drive reporter gene eGFP expression. The expression of
UB. eGFP reporter expression cassette with the HBV
encapsidation signal was driven by a CMV promoter.
This helper plasmid can provide HBV proteins needed
for packaging in trans so that the mRNA is packed into a
recombinant HBV virion.

In PHH incubated with this tHBV virion, nearly
85% of parenchyma cells expressed GFP on d 12 post-
infection. The data from this study demonstrated that the
HBYV based vector can specifically infect liver cells, and
provides direct evidence that gene transfer into PHH by a
HBYV vector is possible. The data presented here go much
beyond earlier studies reporting the efficacy of transgene
expression: the use of the UB promoter leads to higher
GFP expression than the original preS2/S-and CMV-
promotersw’m]. In the vector created in this study, a greater
than 800 bp eGFP gene was inserted, This gene can
potentially be replaced with useful effector genes coding,
for example, specific antisense-RNAs or RNAI, or a large
number of immunomodulatory cytokines. This may result
in novel means of treating HBV infections in the future.
Given the high expression efficacy and larger inserts, this
study lays the foundation for construction of a therapeutic
HBYV vector.

If tHBV is to be used as a gene transfer vector, the
presence of wt HBV by homologous recombination is
a major safety issue. In the HBV system created here,
safety did not appear to be of concern: no HBSAg was
detected, only 1 x 10" HBV DNA were detected on d 3
post-infection, and no HBV DNA was detected on or
after d 6 post-infection. The identification of 1 X 10"
HBV DNA on d 3 post-infection might simply be residual
from the sample that was added. In the HBV system,
homologous recombination was possible either between
transfer and helper plasmids or in between the redundant
HBYV sequences of the helper plasmid”o’m. To avoid this,
all viral ORFs were knocked out in the transfer, and the
terminal redundant sequences were deleted to minimize
the possibility of transfer-helper recombination and to
abolish helper-helper recombination.

Despite the fact that the early steps of HBV infection
determine the virus-related pathogenesis, the molecular
basis of the steps remains pootly understood. Infection
begins with cell attachment, followed by entry and delivery
of the viral genetic information to the host cell's nucleus'.
In the absence of ideal cell and/or animal models for
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studying HBV infection, data concerning the eatly, post-
attachment steps in hepadnaviral entry are largely based
on studies performed with DHBV in primary duck liver
hepatocytes[zgj. In the infection system developed by this
research group, PHH can be infected naturally by HBV,
and the HBV-based vector with reporter gene GFP can
also easily enter the cell. As a result, this infection system
may provide a novel means of elucidating the molecular
basis of hepadnavirus infection.

In conclusion, we have established an HBV infection
system using PHH cultures, and constructed a HBV-
based vector with reporter gene. This HBV-based vector
and HBV infection system may lay the foundation for
developing a therapeutic vector and an effective tool for
studying HBV life cycle and viral pathogenesis.
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Abstract

AIM: To study the relationship between quantitative
structure and pharmacokinetics (QSPkR) of fluoroquinolone
antibacterials.

METHODS: The pharmacokinetic (PK) parameters of
oral fluoroquinolones were collected from the litera-
ture. These pharmacokinetic data were averaged, 19
compounds were used as the training set, and 3 served
as the test set. Genetic function approximation (GFA)
module of Cerius” software was used in QSPkR analysis.

RESULTS: A small volume and large polarizability and
surface area of substituents at C-7 contribute to a large
area under the curve (AUC) for fluoroquinolones. Large
polarizability and small volume of substituents at N-1
contribute to a long half life elimination.

CONCLUSION: QSPkR models can contribute to
some fluoroquinolones antibacterials with excellent
pharmacokinetic properties.

© 2007 The WIG Press. All rights reserved.
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INTRODUCTION

H pylori is generally considered to be the most important
cause of peptic ulcer diseases, gastric adenocarcinoma and
mucosa-associated lymphoid tissue (MALT) lymphoma
of the stomach!. The widespread use of antibacterial
therapy is suggested to be the cause for the decline in the
prevalence of H pylori infection?. Among the different types
of antibacterial agents, the effects of fluoroquinolones are
better and have attracted much attention. Unfortunately,
complete eradication of H pylori is still in the initial stage,
especially in South East Asia and Southern Europe, where
tesistance to antibiotics has become more prevalent”. It is
therefore important to search for better antibacterial agents
against resistant H pylor strainstl.

Successful drugs must have suitable properties in
toxicity, bioavailability and pharmacokinetic parameters.
Screening of a large number of compounds with excellent
absorption, distribution, metabolism, and excretion
(ADME) properties is time-consuming and expensive'”.
So the extension of the idea of quantitative structure-
activity relationship to the pharmacokinetics has led to the
emergence of a new tool called the quantitative structure
pharmacokinetic relationship (QSPkR) studies. QSPkR
studies can be utilized at early stages of drug design.
Both one- and two-dimensional topological indices have
been used extensively to numerically relate molecular
structure with activity'”. These descriptors rely only on the
molecular graph for their calculation. In contrast, three-
dimensional descriptors require the absolute conformation
of a molecule, and have been successfully used to develop
QSPkR analysis'”,

The QSPkR models integrated properties of che-
mical structures (e.g. LogP) and their pharmacokinetic
parameters (total clearance, distribution volume, e#.) of
fluoroquinolones have been reportedm. But these existing
models cannot demonstrate the influence of the substituents
to pharmacokinetic parameters. That is to say, these models
can only predict pharmacokinetic parameters of the existing
chemicals.

After examining the structures of all marketed fluoro-
quinolones, we found that their diversities in structures
were mainly within R1 and R7 (Figure 1). Considering the
connections between the groups (R1 and R7) and matrix
were single bonds, the conjugations between groups
and matrix were limited, and the groups had relatively
independent properties. To simplify the design for high
efficiency in practice, the properties of fragments were
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applied as the descriptors of calculation. In this study,
a two-step process was used to develop QSPkR models
clinically using fluoroquinolone antibacterials. The first
step was to calculate properties related to chemical
structures and their conformation, especially constituent
structures. These properties include 2D descriptors
representing physical properties (logP), 3D descriptors
(volume), and quantum chemical parameters (polarizability).
After calculating these properties, the QSPkR models
were developed by multivariate linear regression based on
genetic algorithms.

Using these QSPkR models, we can illustrate how the
changes at N-1 and C-7 of the fluoroquinolones affect
their pharmacokinetic parameters. Hopefully, these QSPkR
models can contribute to some fluoroquinolones with
excellent pharmacokinetic properties.

MATERIALS AND METHODS

Molecules

All 22 compounds used in this study are analogues of
the fluoroquinolone antibacterials which are widely
used clinically except DW116 (No.5). The matrix of
the compounds is shown in Figure 1, and their detailed
substituents are listed in Figure 2.

Pharmacokinetic data

The PK parameters of these fluoroquinolones were
collected from literature® %, Data were taken from the
studies of oral fluoroquinolones. These pharmacokinetic
data were averaged after AUC and Cmax data were
normalized by 100 mg of drugs (Table 1). #, in this paper
is elimination half life, it is also known as #,,g. Nineteen
compounds were used as the training set, and the others
served as test set.

Molecular descriptors

The 3D structure of each compound was constructed
by HyperChem 7.0 (Hypercube Inc., USA) and then
optimized with MM+ force field. All molecules were
aligned by minimizing the rms distance of their matrix
by SYBYL 7.0 (Tripos Inc., 2004). The alignment of
molecules is displayed in Figure 3. The descriptors were
calculated for substituents R1 and R7 by HyperChem 7.0.
The definitions of all descriptors are shown in Table 2.

QSPkR calculation

The logarithmic values of the PK parameters were used as
the dependent variables. All the descriptors were scaled by
the mean values of data from the training set .

The models related to three dependent variables [In(AUC),
In(a/2) and In(Cmas)] and 14 independent variables were built
respectively according to the data of the training set. To
obtain a high quality of QSPkR models, genetic algorithms
(GA) and partial least squares analysis (PLS) were used in
calculation. The calculation was conducted with the QSAR
module of Cerius® (Accelrys Software Inc.) molecular
modeling software.

We selected three and four independent variables to
search their best models. QSPkR analysis based on GA
began with a population of random models. These models

Figure 1 The matrix of all fluoroquinolone antibacterials.

were generated by randomly selecting three or four features
from the data file. Product of multiple linear regression
coefficient and leave-one-out cross-validation coefficient
was used as a fitness function to generate the fitness scores
of these models. For this data set 200 populations were
used, and the number of elite populations was 100. The
genetic operator was applied until the total fitness score of
the elite populations could not be improved over a period
of 30 crossover operations. The convergence criteria
was met after 430 operations for four features and 280
operations for three features.

The parameters like correlation coefficient (R), variance
ratio (F), lack of fit (LOF) scores and leave-one-out cross-
validation coefficient (S) were also computed for the
suitability of fitness.

The data of the left test set were then predicted by these
models.

RESULTS

Calculation of descriptors

The descriptors were calculated for substituents R1 and
R7 by HyperChem 7.0. And their values are displayed in
Tables 3 and 4.

Fitted models
The GA calculation gave 100 models for each
pharmacokinetic parameter. The models with the best
fitness are listed in Table 5. Results showed that GA was
a powetful tool to find the best models. Maximum R? of
models based on In(Cmax) was only 0.327. Therefore,
these models might not be significant. That is to say these
14 descriptors were not correlated with Cmax.

All the predicted and observed data of In(AUC) and
In(n/2) from the training set are displayed in Figure 4.

DISCUSSION

We normalized the data of all the descriptors before
model construction, making the coefficient of all the
descriptors comparable in the same model. In the model
based on AUC, coefficient of V7 was the largest and
negative, and that of HE7 was quite small, suggesting that
the substituents at position 7 are very significant to AUC,
and small volume, large polarizability and large surface area
substituents at C-7 are preferred, while hydration energy
has little influence on AUC.

In fact, compounds with relatively small volume and
large polarizability and surface area of substituents at C-7

www.wjgnet.com
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Figure 2 The substituents of fluoroquinolone antibacterials.

(Table 4) all had relatively large AUC (Table 1). Although
compounds 3, 4, 12 and 22 (Table 4) had substituents
at C-7 with very small volume, their AUCs were all
small(Table 1) because of extremely small polarizability
and surface area (Table 4), suggesting that coefficient of
V7 is not the definitive factor to affect AUC. Volume,

www.wjgnet.com

polarizability and surface area of R7 determined AUC, and
small volume, large polarizability and large surface area
of substituents at C-7 were of benefit to large AUC. It
is coincident with the results of coefficients in the AUC-
based model.

In the #1/2-based model, coefficient of V1 was the
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PK parameters
Compounds ; ; ;
AUCo-- (ug-h/mL) t12 (h) Cmax (mg/L) References
No. Name Range Average Range Average Range Average
Training set
1 Amifloxacin 5.5-5.62 5.57 3.58-4.83 414 0.9-1.26 1.14 9,10
2 Balofloxacin 8.55 8.55 7.8 7.8 1.08 1.08 11
3 Ciprofloxacin 2.12-3.53 2.56 3.01-4.7 4.16 0.4-0.69 0.56 12-15
4 Clinafloxacin 4.63-5.93 5.34 5.09-6.13 5.74 0.6-0.84 0.72 16-18
5 DW116 18.54-23.3 21.86 14.53-18.7 15.82 1.1-1.22 117 19
6 Enoxacin 2.9-5.47 4.36 2.35-4.98 3.54 0.62-0.81 0.66 20-22
7 Gatifloxacin 6.5-8.92 7.87 6.52-8.6 7.46 0.84-1.03 0.9 23-26
8 Gemifloxacin 2.79-3.43 3.02 5.87-8.2 6.65 0.46-0.73 0.56 27-29
9 Grepafloxacin 2.83-4.05 3.43 9.2-12.7 11.53 0.24-0.41 0.32 11, 12,30, 31
10 Levofloxacin 8.96-9.5 9.33 6-7.4 6.78 0.16-0.3 0.24 32-34
11 Lomefloxacin 8.05-13.53 9.84 5.5-12.7 7.73 0.95-1.18 1.06 35-37
12 Norfloxacin 1.7-1.85 1.77 3.5-4.02 3.7 0.32-0.36 0.33 38-40
13 Ofloxacin 6.68-11.64 7.67 4.6-6.7 5.32 0.71-1.33 0.87 41-45
14 Pefloxacin 24.4-40.78 29.97 10.9-15.06 14.63 1.03-1.68 1.44 46-48
15 Rufloxacin 35.8-44.03 39.43 28.2-40 34.25 0.68-1.13 0.99 49-52
16 Sitafloxacin 5.62-6.02 5.88 4.6-7 54 0.9-0.93 0.92 53-54
17 Sparfloxacin 8.08-11.96 8.35 16.5-25.56 20.06 0.23-0.4 0.34 55-57
18 Temafloxacin 7.42-10.63 8.45 7.8-10.6 8.55 0.61-0.9 0.74 58-60
19 Trovafloxacin 9.75-14.47 11.91 7.8-10.8 9.66 0.97-1.5 1.23 61-63
Test set
20 Difloxacin 26.6-28.3 27.8 20.6-28.8 257 1.02-1.1 1.04 64
21 Fleroxacin 16.3-20.65 18.13 7.9-13 11.02 1.19-1.58 1.4 32, 65, 66
22 Tosufloxacin 1.49-3.3 2.62 3.6-4.85 4.02 0.21-0.4 0.34 67-69

'AUCo- is area under the plasma concentration-time curve from time zero to infinity; #/2 is elimination half life; Cmax is maximum concentration of the drug in plasma.

Descriptors

Physicochemical meaning

SA7 Surface area (grid) of R7
V7 Volume of R7

HE7 Hydration energy of R7
LP7 Logp of R7

RF7 Refractivity of R7

P7 Polarizability of R7
MW7 Molecular weight of R7
SA1 Surface area (grid) of R1
Vi Volume of R1

HE1 Hydration energy of R1
LP1 Logp of R1

RF1 Refractivity of R1

P1 Polarizability of R1
MW1 Molecular weight of R1

Figure 3 The alignment of fluoroquinolone molecules.

largest and negative, but that of P7 and HE7 was quite
small, suggesting that the substituents at position 1 are
significant to #/2, large polarizability and small volume of
substituents at N-1 are therefore preferred.

In fact, compounds with relatively small volume and
large polarizability of substituents at N-1 (Table 4) all
had relatively large #/2 (Table 1). Compounds 1, 6, 11 and
12 with very small volume of substituents at N-1(Table
4) had small #/2 (Table 1) because of extremely small
polarizability (Table 4), and compounds 18, 19 and 22
with extremely large polarizability of substituents at N-1
(Table 4) had relatively small A/2 (Table 1) because of too

large volumes. Therefore, volume and polarizability of R1
determine A/2 and small volume and large polarizability of
substituents are beneficial to large /2. It is coincident with
the coefficients in the A/2-based model.

Predicted data for test set
The AUC and /2 data of test set (Table 6) were predicted by
models displayed in Table 5.

The In(AUC) values predicted by the model correlated
well with the observed In(AUC) values for the training data
set with correlation coefficient (R2) equal to 0.7369 (Figure
4A). In addition, application of the model to an external
test data set consisting of 3 compounds demonstrated
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Table 3 Descriptors for group R7 of all fluoroquinolones compounds

R7

No.

SA7 V7 HE7 LP7 RF7 P7 MW7
1 271.21 398.4 5.48 -0.36 27.44 11.56 99.16
2 299.04 445.86 5.04 -0.15 31.33 13.39 113.18
3 247.54 347.95 1.46 -0.72 22.15 9.72 85.13
4 248.59 344.96 0.9 -1 21.91 9.72 85.13
5] 266.41 382.26 5168) -0.36 27.44 11.56 99.16
6 251.07 350.09 1.58 -0.72 22.15 9.72 85.13
7 265.94 383.08 35 -0.31 26.57 11.56 99.16
8 300 442.55 -2.21 -0.28 35.48 14.96 142.18
9 261.99 381 3.58 -0.31 26.57 11.56 99.16
10 264.36 391.96 5.45 -0.36 27.44 11.56 99.16
11 260.22 378.35 3.68 -0.31 26.57 11.56 99.16
12 250.06 350.92 1.37 -0.72 22.15 9.72 85.13
13 269.89 397.69 5.39 -0.36 27.44 11.56 99.16
14 258.05 374.48 5.68 -0.36 27.44 11.56 99.16
15 258.5 378.79 5.73 -0.36 27.44 11.56 99.16
16 281.66 422.58 B) -0.4 28.87 12.62 111.17
17 298.38 442.76 5.55 0.11 30.99 13.39 113.18
18 266.8 385.12 3.43 -0.31 26.57 11.56 99.16
19 244 .47 346.87 4.31 -1.24 24.6 10.78 97.14
20 260.91 378.28 5.31 -0.36 27.44 11.56 99.16
21 264 387.29 5.61 -0.36 27.44 11.56 99.16
22 231.53 320.13 2.75 -1 21.91 9.72 85.13

Table 4 Descriptors for group R1 of all fluoroquinolones compounds

R1

No.

SA1 \'A! HE1 LP1 RF1 P1 MW1
1 162.65 191.65 -4.39 -0.41 6.5 3.64 30.05
2 184.12 230.99 2.6 1.13 10.1 5.41 41.07
3 183.13 229.07 2.59 1.13 10.1 5.41 41.07
4 181.83 225.71 2.61 1.13 10.1 5.41 41.07
5] 232.61 320.17 -3.57 1.43 24.71 9.18 96.08
6 171.57 206.82 0.73 1.32 7.29 4.35 29.06
7 192.14 241.82 2.56 1.13 10.1 5.41 41.07
8 180.91 225.56 2.61 1.13 10.1 5.41 41.07
9 185.87 233.6 2.57 1.13 10.1 5.41 41.07
10 209.76 274.58 0.58 24 13.05 6.37 58.08
11 173.79 211.56 0.71 1.32 7.29 4.35 29.06
12 172.99 213.28 0.7 1.32 7.29 4.35 29.06
13 213.93 278.93 0.71 24 13.05 6.37 58.08
14 172.31 210.04 0.72 1.32 7.29 4.35 29.06
15 187.74 241.74 -1.24 0.8 15.93 7.69 60.11
16 194.84 249 .45 2.6 0.82 9.92 5.32 59.06
17 193.09 243.16 2.55 1.13 10.1 541 41.07
18 246.11 343.09 -3.4 214 26.43 9.8 113.09
19 246.34 343.09 -3.4 214 26.43 9.8 113.09
20 239.88 334.78 -2.47 2 26.21 9.89 95.1
21 168.2 205.76 0.8 0.92 7.37 4.26 47.05
22 248.12 343.14 -3.4 214 26.43 9.8 113.09

that the model-predicted AUC values wete approximate
to the observed AUC values (Table 6), indicating that the
constructed model is valid for AUC.

The In(#1/2) values predicted by the model also
correlated well with the observed In(#/2) values for the
training data set with correlation coefficient (R2) equal to
0.7287 (Figure 4B). In addition, the model-predicted #/2
values were approximate to the observed #/2 values (Table
0), indicating that the constructed model is also valid for
hya.

www.wjgnet.com

These models may be used to predict the pharmacokinetic
parameters (AUC and #/2) of untried fluoroquinolones.
But residual values between predicted and observed data
of the test set are slightly larger especially for AUC. It is
mainly due to non-precise pharmacokinetic data. Although
all the pharmacokinetic data obtained from the literature
were averaged, they were not precise enough to get excellent
models. The other reason is that we only considered
diversities within R1 and R7 to simplify the models. These
models however, are very useful as in-silicon prefilters of
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No. Model R’ R F s LOF

AUC In(AUC) = 2.27895 + 1.22614 (HE7) + 9.96141 (P7) - 20.5953 (V7) + 9.13637 (SA7) 0.737 0.858 9.801 0.550 0.472

t/2 In(ti/2) = 1.49842 + 1.80503 (P7) + 0.492241 (HE?) - 5.26324 (V1) + 3.53476 (P1) 0.729 0.854 9.400 0.555 0.280

Cmax In(Cmax) = 2.96161 - 5.92537 (V1) + 2.15698 (MW1) + 0.206369 (P7) + 0.26873 (HE7) 0.327 0.572 1.697 -0.093 0.523

A COMMENTS
37 . " Background
E 2.5¢ N / Successful drugs must have suitable properties in toxicity, bioavailability and
By L ° e o R pharmacokinetic parameters. Screening for a large number of compounds with
&1 s R*=0.7369 excellent absorption, distribution, metabolism, and excretion (ADME) properties
g ' <o o o is time-consuming and expensive. So the extension of the idea of quantitative
%1 r . structure-activity relationship (QSAR) to pharmacokinetic data has led to
= 0.5 emergence of new tool called quantitative structure pharmacokinetic relationship

0 s ! ! ! s s s | (QSPKR) study. QSPKR study can be utilized in drug design.
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Figure 4 The comparison of the predicted and observed In(AUC) (A) and In(ti2) (B).

Compounds Observed Predicted

AUC t2 AUC t/2
20 27.8 25.7 17.431 16.395
21 18.13 11.02 13.269 9.388
22 2.62 4.02 12.034 6.852

fluoroquinolone compounds in virtual high throughput
screening, And qualitative analysis of substituents at N-1 and
C-7 may contribute to guide design of novel fluoroquinolones
with excellent pharmacokinetic properties

In conclusion, this model can contribute to a series
of fluoroquinolone antibacterial drugs with excellent
pharmacokinetic properties for complete eradication of

H pylor.
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Both one- and two-dimensional topological indices have been used extensively
to numerically relate molecular structure with activity and/or property. (These
descriptors rely only on the molecular graph for their calculation. In contrast, three-
dimensional descriptors require the absolute conformation of a molecule. They,
too, have been successfully used to develop QSPkRs.

Innovations and breakthroughs

In this study the authors have developed and demonstrated novel computational
approaches for the efficient and accurate prediction of AUC and ti2 of
fluoroquinolones. They constructed simple models which can directly correlate
physical and chemical properties to pharmacokinetic data. These models can be
used not only to predict pharmacokinetic parameters but also to guide the design
of novel fluoroquinolones.

Applications

Using these QSPkR models, the authors can illustrate how the changes at N-1
and C-7 of the fluoroquinolones affect their pharmacokinetic parameters. Such
computational models may be useful as in-silico prefilters of fluoroquinolones
compounds in a virtual high throughput screening environment and as a research
tool for identifying and improving the pharmacokinetic profiles of fluoroquinolones
candidates.

Peer review

In the present study, the authors have tried to develop computational approaches
for the prediction of the pharmacokinetics of fluoroquinolones. Quantitative
structure-pharmacokinetics relationship analysis can be an important tool at the
early stage of drug design. The authors demonstrated that small volume and large
polarizability of substitutents of R-1 are beneficial to large tiz and small volume,
large polarizability and surface area of substitutents at C-7 are of benefit to large
AUC in fluoroquinolones.
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Abstract

Sarcoidosis is a chronic multisystemic granulomatous
disease of unknown origin, which can involve nearly all
organs. In the case of an infrequent gastrointestinal
tract involvement in systemic sarcoidosis, granulomas of
the liver are most commonly described while isolated
pancreatic sarcoid lesions are rarely seen. We report a
case of systemic sarcoidosis with exclusive extrapulmonal
involvement of the liver and the pancreas in a 71-year-
old white man. The diagnosis of liver involvement was
confirmed by biopsy. Pancreatic surgery was needed
because preoperative evaluation could not exclude
pancreatic cancer and for biliary decompression. An
extensive literature review of systemic sarcoidosis,
focusing on reported cases with unusual presentation of
sarcoidosis in the liver and the pancreas, its diagnosis,
treatment, and prognosis was made.

© 2007 The WIG Press. All rights reserved.
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INTRODUCTION

Sarcoidosis is a chronic, multisystemic non-caseous
granulomatous disease of unknown originm. It can involve
almost any organ, but most commonly affects the lung
(90%), lymph nodes (75%), eye (25%) and skin (25%)7.
The prevalence of systemic sarcoidosis is 1-40/100 000,
being predominantly observed in Afro-Americans and in
persons of Scandinavian descent, affecting mostly young
adults between 20 and 40 years of age™.

Involvement of the gastrointestinal tract in patients
with systemic sarcoidosis is rare, and in 60%-90% of these
cases, liver granulomas can be found in biopsym. Exclusive
liver involvement without lung disease is less frequent,
documented in only about 13% of patients with systemic
sarcoidosis”. The diagnosis of liver sarcoidosis is difficult,
because symptoms or functional derangement due to
involvement of the liver are uncommon in sarcoidosis'. If
not being asymptomatic, the clinical presentation of liver
sarcoidosis may be hepatosplenomegaly, increased liver
enzymes, intrahepatic cholestasis and portal hypertension,
as a consequence of cirrhosis due to long-standing
intrahepatic cholestasis'”.

As compared to liver involvement in sarcoidosis,
pancreatic sarcoidosis is rare with a prevalence in autopsy
studies of 1%-5% in patients with systemic sarcoidosis’
However, pancreatic involvement has been reported
even less frequentlym%] and only isolated cases of
gastrointestinal sarcoidosis exclusively in the pancreas
can be found in the available literature” . Since the
symptoms related to pancreatic sarcoidosis are mainly due
to pancreatic tissue infiltration or ductal obstruction, the
clinical presentation of pancreatic sarcoidosis resembles
more common entities such as pancreatitis or pancreatic
cancer™

We present a case of exclusive extra-pulmonary
gastrointestinal sarcoidosis with hepatic and pancreatic
manifestation, but without signs of other organs. In our
patient, the single clinical sign for hepatic manifestation
of sarcoidosis was an increase in liver enzymes. Pancreatic
sarcoidosis presented as a mass in the head of the pancreas
with symptoms resembling pancreatic malignancy.
Pancreatic surgery was needed because the preoperative
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evaluation could not exclude pancreatic cancer and for
biliary decompression. We reviewed the literature on
hepatic and pancreatic manifestation of sarcoidosis, its
diagnosis, treatment, and prognosis.

CASE REPORT

A 71-year-old white man was admitted to the Department
of Medicine II, University Hospital of Heidelberg at
Mannheim with acute upper abdominal cramps, sub-
febrile temperature of 37.5C and increasing fatigue. He
had no history of regular consumption of alcohol or
drugs. The patient had been treated with antimycotics
(Amphomoronal®) for mycotic stomatitis, which presented
as disturbance of taste and a dry mouth for about four
months. Physical examination showed a red tongue
and a discrete pressure pain in the left upper abdomen.
About one year before the admission, the patient
had had ambulatory diarrhoea and diffuse abdominal
pain and cramps. He had a history of laparoscopic
rectosigmoid resection and adhaesiolysis for diverticulitis
two years before. Postoperative colonoscopy showed
no macroscopic or histological signs for inflammatory
bowel disease or specific inflammation. There was
only a slight unspecific inflammation and fibrosis at
the rectosigmoideal anastomosis. Symptoms could
be controlled by medication with mebeverin 200 mg
(Duspatal®) and butylscopolaminbromid (Buscopan®) on
demand. Laboratory findings, especially pancreatic and
liver enzymes were in the normal range.

Pathologic findings of the patient at admission
are given in Table 1. All the other tested parameters
were in the normal range, including serum amylase,
aspartate aminotransferase, alanine cholinesterase and
bilirubin levels and electrolytes. Tests for hepatitis A,
B, and C virus were all negative. Autoantibody screens
(antimitochondrial antibody (AMA), antineutrophil
cytolasmic antibody (ANCA), antinuclear antibody (ANA),
liver kidney microsome antibody (LKM), smooth-muscle
antibody (SMA)) and serum variables of iron and copper
metabolism were all in the normal range. Epstein-Barr
IgM, cytomegal virus (CMV) IgG and IgM were negative.
The tuberculin test was negative. The X-ray of the chest
and subsequent computed tomography scan corresponded
to age, and no hilar adenopathy was observed and lung
capacity was normal. Electrocardiogram and ultrasound of
the heart were also normal.

Upper endoscopy was macroscopically normal, and
histology showed mild chronic antrum- and corpus
gastritis with antral H pylori infection. We performed a
laparoscopy to take liver biopsy. Macroscopically, there
were no signs of liver cirrhosis or portal hypertension. The
liver biopsy showed numerous dispersed granulomatous
foci at low magnification, which at higher magnification
were noncaseating and contained multiple giant cells.
Plasma cells and eosinophils were not conspicuous. The
reported histopathological diagnosis was "granulomatous
hepatitis, compatible with sarcoidosis". Ultrasound of the
abdomen showed a slightly increased echo intensity of the
liver parenchyma. There was a lipomatosis of the pancreas
and in the pancreatic head a hypoechogenic lesion

Pathologic parameters Values Normal range
Serum lipase 1799 U/L 114-286 U/L
Alkaline phosphatase (AP) 236 U/L 38-126 U/L
Gamma-glutamyl transpetidase (GGT) 249U/L 0-85U/L
Aminotransferase (ALAT) 67U/L 0-50 U/L
CA 199 52 ku/L 0-40 ku/L
CRP 19 mg/L <5mg/L
Albumin 415g/L 60.3-71.4 g/L
Epstein-Barr virus (EBV) IgG 975U/L 0-400 U/L
Angiotensin Converting Enzyme 190/L 8-52U/L

Figure 1 Coronal T1-weighted fat-saturated MR image demonstrates pancreatic
head mass measuring 4.7 x 3.2 x 2.9 cm (A) and MRCP shows the stenosis of the
pancreatic and bile duct (B).

measuring 4.7 cm X 3.2 cm X 2.9 cm was found. MRI
with MRCP of the abdomen confirmed the ultrasound
finding of the pancreatic head mass and demonstrated
intrapancreatic stenosis of the DHC and the pancreatic
duct. The former lesion did not infiltrate the surrounding
vessels, with signs for lymphadenopathy but without
evidence of hepatic metastasis (Figure 1).

Endosonography of the pancreatic head was suspicious
for pancreatic cancer. Due to the fact that the main
differential diagnosis was a primary pancreatic cancer, an
explorative laparotomy and partial pancreaticoduodenectomy
was indicated, which was performed in the Department of
Surgery, University of Heidelberg,

Operative procedure

Exploration of the abdominal cavity revealed no signs
of metastasis. The pancreatic mass was resected, and a
pylorus preserving partial pancreaticoduodenectomy was
performed with resection of the distal common bile duct.
Pathologic examination of the surgical specimen revealed
a firm consistency of the pancreatic head, which displayed
a lobular architecture with fibrosis on the cut surface (Figure
2). The peripancreatic lymph nodes (# = 28) were firm
and enlarged, measuring up to 2 cm. Microscopically, the
pancreatic parenchyma presented inter- and intralobular
fibrosis, moderate to dense inflammatory cell infiltrates
including eosinophils, numerous noncaseating granulomas
composed of Langhans’giant cells, epithelioid cells and
lymphocytes (Figure 3A-B). Similar granulomas were seen
in the peripancreatic lymph nodes (Figure 3C). Atypical
cells were not detected. The diagnosis of a noncaseating
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Figure 2 Pathologic examination revealed a firm consistency of the
pancreatic head. The peripancreatic lymph nodes (n = 28) were firm and
enlarged, measuring up to 2 cm.

granulomatous pancreatitis and lymphadenitis, compatible
with sarcoidosis, was established. A side to end jejuno-
pancreaticostomy, a side to end hepatico-jejunostomy
and a duodeno-jejunostomy with a running loop avoiding
brown s anastomosis’ ' were performed.

Drains were removed on the third postoperative day
when the drained fluid contained no increased amounts
of amylase or lipase™. The postoperative course was
prolonged by delayed gastric empting which was treated
by placing a naso-gastric tube and i.v. administration of
250 mg of erythromycin three times a day for two days.
After removing the naso-gastric tube, the patient was back
to solid food in two days. The wounds were healing and
staples were removed eleven days after surgery. The patient
was discharged from the surgical department and admitted
to the Department of Medicine II, University Hospital of
Heidelberg at Mannheim on the 12 postoperative day.

Post-operative course
The postoperative course was uncomplicated. A urinary
tract infection was treated with antibiotics, levofloxacine 500
mg (Tavanic”) over 5 d and signs for infection vanished. The
patient complained of right upper abdominal and thoracic
pain and had a computer tomography (CT) of the chest and
the abdomen, which showed a regular postoperative status
and ruled out lung embolia. He was discharged after 4 d
with discrete elevated alkaline phosphatase (AP) levels (319
U/L; normal, 38-126 U/L) and elevated gamma-glutamyl
transpetidase (GGT) levels (423 U/L; normal, -85 U/L) but
serum lipase levels and aminotransferase (ALAT) levels were
in the normal range.

The physical and general condition of the patient was

www.wjgnet.com

Figure 3 Microscopic findings in the pancreas (A-B), peripancreatic lymph nodes
(C) and the liver (D) with numerous noncaseating granulomas composed of giant
cells (Langhans type), epitheloid cells, and lymphocytes. Hematoxylin & eosin
staining (A-D). Original magnifications x 16 (A), x 64 (B), x 32 (C) and x 250 (D).

improved. He had no more sub-febrile body temperature,
and had decreased alkaline phosphatase (AP) (178 U/L;
normal, < 129 U/L) and gamma-glutamyl transpetidase
(GGT) (162 U/L; normal, -85 U/L). In the course of
observation, AP and GGT levels rose again and the patient
felt sleepy so that we started a treatment with corticoids.
With 40 mg prednisone daily for 8 wk and then gradually
tapering the dose, the patient became asymptomatic again
and liver enzymes were all in the normal range. Final
diagnosis was extrapulmonary sarcoidosis of the liver and
the pancreas.

DISCUSSION

Diagnosis of systemic sarcoidosis, a multisystemic discase
with unknown etiology, is based on a compatible clinical
presentation involving at least two organ systems, supportive
histologic evidence of noncaseating granulomas, and a
reasonable exclusion of other granulomatous diseases™ ",
Since extrapulmonary manifestation of sarcoidosis and in
particular exclusive involvement of the liver and pancreas
is extremely rare, few data have been published on the
diagnosis, treatment and clinical course of this disease.

Liver involvement of sarcoidosis

The frequency of exclusive liver involvement without lung
disease in patients with systemic sarcoidosis is infrequent
and seen in only 13% of patients with sarcoidosis”. Our
patient presented with derangement of liver function.
It is interesting that, in most of the patients, hepatic
involvement with granulomas is asymptomatic and
associated with no abnormal liver function or mild
derangement'®. Fever, as an unspecific clinical sign,
correlates with hepatic manifestation of the disease. Thus,
nearly 60% of patients with hepatic manifestation of
sarcoidosis have fever or arthralgia, in contrast to patients
without liver manifesta-tion”. Therefore in this case, fever
constitutes an additional indication for liver biopsy'.
Although our patient had sub-febrile body temperature, he
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was asymptomatic. Since granulomas in the liver are small
and preferably located in the portal space, clinical hepatic
manifestations are rare. Those may include jaundice and
chronic cholestasis” ™, portal hypertension™*”, or Budd
Chiari syndrome™"*”. Intrahepatic cholestasis can resemble
primary biliary cirrhosis™ or sclerosing cholangitis™"
Sarcoidosis can also coexist with these two entities.
Cirrhosis®™™* and portal hypertension™***>** are only
found in 1% of patients with sarcoidosis. Furthermore,
extrahepatic biliary tract obstruction® in sarcoidosis from
enlarged granulomatous lymph nodes has been described,
but this was not the case in our patient. Transthoracic
ultrasound, CT and MRI did not raise suspicion for liver
sarcoidosis. Since no reason for the derangement of
liver function was found and an outpatient CT-scan had
raised suspicion for liver cirrhosis, we decided to perform
laparoscopic liver biopsy to confirm the diagnosis of liver
sarcoidosis. It is interesting that only 20%-40% of patients
with sarcoidosis had AP and GGT values increased”".
Slightly increased CA 19-9 levels can be interpreted as
an indicator of cholestasis”". Angiotensin converting
enzyme (ACE), which is increased in 55% of patients with
sarcoidosis, with a higher frequency in those with active
disease™), was not increased in our patient and serum
calcium was within the normal range.

In liver biopsies, the incidence of sarcoidosis
varies widely in countries and among ethnic groups. In
general, granulomas are found in 4% of all liver biopsy
specimens” . Of these granulomas, only 13.5%-22% are
due to sarcoidosis. Histological findings of liver biopsy in
our patient are given in Figure 3D. In Europe, sarcoidosis
is seen in about 18% of epithelioid granulomas of the
liver™. Others are primary biliary cirrhosis (55%) and
tuberculosis or various infectious diseases”"™". Chronic
inflammatory bowel disease is a well recognized cause of
hepatic dysfunction and granulomas are found in the liver
in up to 5% in this disease™. Epithelioid granulomas can
be found in patients with psoriasis, drug hypersensitivity®”,
chronic active hepatitis, ex[t(rlz}gepatic biliary obstr%c(gi]on

and very rarely in carcinoma’"* or Hodgkin disease™*”.
Pancreatic involvement of sarcoidosis

Pancreatic involvement in systemic sarcoidosis is uncommon
with a prevalence in autopsy studies of 1%-5%'"" and an
122 Only isolated
cases of gastrointestinal sarcoidosis presenting exclusively
in the pancreas have been reported” ™. Symptomatic
sarcoidosis presenting as a pancreatic mass is extremely
rare and only 25 cases have been reported in the literature
since first described by Curran and Curran in 1950"%, Out

of these cases, 12 presented with a pancreatic mass, that
[14]

even lower prevalence in clinical series

in most cases was located in the head of the pancreas
The remaining cases revealed a diffusely indurated nodular
pancteas.

Our patient had a pancreatic mass in the head of the
pancreas by ultrasound, MRI and endoscopic ultrasound.
Based on imaging procedures alone, it was not possible to
exclude pancreatic cancer or pancreatitis. In accordance
to the literature, he had abdominal pain which is the most
common symptom (66% of cases) in patients with liver
sarcoidosis. He had no other frequent complaints such

as weight loss (45%), jaundice (29%) and nausea/emesis
(20%). Unfortunately, there is no specific test for the
preoperative diagnosis of pancreatic sarcoid without
the presence of more classic findings of this disease or
a previous pathologic diagnosis. History of sarcoidosis
before the manifestation that led to the discovery of
pancreatic involvement was only present in 4 (16%) of 35
patients.

Symptoms related to the presence of pancreatic
sarcoidosis originate secondary to pancreatic tissue
infiltration or double duct sign due to bile stock. This
is the reason why it clinically presents like pancreatitis
or pancreatic cancer”” (Figure 1). Given the inability
to rule out pancreatic cancer and the dilatation of the
biliary tree, our patient required surgical intervention for
decompression and diagnosis. Furthermore, the usefulness
of diagnostic tests in this setting is questionable and no
reports exist in the literature of pancreatic sarcoidosis
diagnosed by non-surgical means of biopsy, including
CT or endoscopic ultrasound. Preoperative and operative
findings could not exclude pancreatic cancer and therefore
standard pancreaticoduodenectomy was performed. An
exception to this procedure would have required a definite
previous diagnosis of sarcoidosis but we had to assume
that the finding of isolated granulomas found in the
preoperative liver biopsy without other clinical findings
for systemic sarcoidosis was not sufficient to exclude
the possibility of pancreatic carcinoma and to avoid
pancreatic surgery. Chronic pancreatitis was less probable
because there was no anamnestic evidence and pancreatic
endocrine and exocrine function was normal.

Treatment and prognosis

Steroids are an important base in the treatment of
pulmonary sarcoidosis. Nevertheless, the exact time point
of treatment, dosage, and benefits versus side effects

5,66-72, L.
[ | Because sarcoidosis has such

are still controversial
varied manifestations, severity, and course, there have
been no valid prospective placebo-controlled treatment
trials. Prolonged length of observation and a large number
of patients are requiredm to prove the effectiveness of
treatment strategies. In asymptomatic patients or those
with mild lung disease, the side effects of systemic steroids
often exceed the benefits of treatment”, and the disease
may spontaneously remit. In the literature, there are only a
few reports on treatment of liver sarcoidosis™?™. These
cases demonstrate that liver function may improve even
though liver granulomas may persist on histology. Early
steroid treatment does not preclude the development
of intrahepatic cholestasis or development of portal
hypertension. Therefore, the role of liver biopsies seems
undoubted not only in diagnosis, but also in continued
disease. In patients where liver function tests were
deranged for a time, corticosteroids have been used as a
first line treatment'”.

A more recent publication
hepatic dysfunction complicated with lung disease and

5 .
Bl summarizes cases of

significant liver involvement presenting independent of
pulmonary sarcoid (23 of 180 patients with a follow-
up of two years (13%). Sixty-three patients were treated
with corticosteroids based on current protocols 30-40

www.wjgnet.com
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mg of prednisone daily for 8-12 wk and then gradual
tapering of the dose to 10-20 mg over a period of 6-12
mo, to establish the minimal effective dose”. In the above-
mentioned study, approximately one third had a complete
clinical response, one-third a partial response and one-third
no response. This study, providing the first comprehensive
review of liver involvement in sarcoidosis, suggests that
hepatic sarcoidosis can be a serious and rapidly progressive
disease™. The authors conclude that in case of chronic
liver disease treatment should be started irrespective
of the absence of pulmonary or other extrahepatic
manifestations.

Alternatives to steroids have been tried, being pr1mar1ly
limited to steroid refractory cases. Methotrexate[5 e
has shown the greatest promise of these alternative
agents, but again, data are limited. In cases of hepatic
cholestasis, ursodeoxycholic acid may be beneficial””
Organ transplantation is often the only treatment modality
in advanced sarcoidosis of the liver. Cyclosporine has been
used successfully in a cohort of nine patients transplanted
for sarcoidosis with no evidence of disease recurrence.
Nevertheless, recurrence of disease in the allograft has
been reported in a previous case report™ .,

No general conclusion can be drawn on medical
treatment of pancreatic sarcoidosis. Up to now, in the
literature, 25 cases of pancreatic sarcoidosis presenting as
a pancreatic mass have been reported. Among 18 patients,
treatment regimens were compared, 6 patients improved
spontaneously without corticosteroids and 10 with
prednisone treatment”.,

In summary, we report a case of systemic sarcoidosis
with extrapulmonal involvement of the liver and the
pancreas. Pancreatic surgery was required to exclude
pancreatic cancer. Liver biopsies are a valuable tool
for diagnosis and also for disease monitoring in
patients with liver sarcoidosis. The prognosis of mild
disease and pancreatic involvement is good, with high
spontaneous remission rates. The exact time point of
treatment, dosage, and benefits versus side effects for
corticoids in extrapulmonary sarcoidosis are still discussed
controversially.
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Abstract

Colonic lipoma is a well-documented benign neoplasia,
endoscopically appearing as a smooth round yellowish
polyp with a thick stalk or broad-based attachment. We
describe a 63-year old woman with persistent abdominal
pain, in whom colonoscopy revealed a cecal mass with
malignant features. Based on the colonoscopy findings,
right hemicolectomy was laparoscopically performed for
a presumptive diagnosis of a cecal adenocarcinoma, but
histological examination revealed a colonic lipoma with
overlying mucosal ulceration.

© 2007 The WIG Press. All rights reserved.
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INTRODUCTION

Lipomas are rare and slow-growing benign nonepithelial
tumors that can be found in the gastrointestinal tract!™.
Lipomas develop only infrequently in the colon, and
are usually asymptomatic and detected incidentally at

colonoscopy, surgery or autopsy”. The occurrence of

www.wjgnet.com

symptoms appears to be related to the size of lipoma.
Those larger than 2 cm may occasionally cause abdominal
pain, changes of bowel habits, rectal bleeding and bowel
obstruction, intussusception or prolapse””. The common
endoscopic picture consists of a smooth, spherical polyp,
usually sessile and rarely penduculated that is slightly
yellow, while the overlying mucosa is intact" ™. In rare cases
the mucosa presents necrotic and/or ulcerative lesions that
resemble malignant tumors”™*. The decision for selecting
the most suitable treatment of a colonic lipoma mainly
depends on the tumor's size and is either endoscopic
resection or surgical removal. Lipomas with a diameter less
than 2 cm can be safely removed endoscopically, whereas
larger lesions should be removed by segment resection” ",
We describe a patient with persistent abdominal pain
who underwent laparoscopic right hemicolectomy for the
presumptive endoscopic diagnosis of cecal adenocarcinoma
that turned out to be a lipoma on histological examination.

CASE REPORT

A 63-year old woman with abdominal pain for several
weeks was referred to our department by a private gas-
troenterologist for further investigation of a 2 cm broad-
based cecal polypoid mass, revealed during colono-scopy.

The patient did not report any episodes of constipation,
diarrhea, hematochezia or melena, and her medical history
did not include consumption of alcohol or non-steroid
anti-inflammatory drugs (NSAIDs). Examination of
the abdomen revealed no mass or tenderness. Detailed
laboratory studies were within normal ranges, including
complete peripheral blood cell count, blood coagulation
and carcinoembryonic antigen (CEA). Colonoscopy
performed in our department revealed a sessile tumor
of about 2 cm in diameter, proximal to the ileocecal
valve. The overlying mucosa was ulcerated and nodular
with red color, while on palpation with biopsy forceps,
the mass was felt to be stiff, not compressible and easy
bleeding (Figure 1A and B). Although histopathological
examination of biopsy specimens showed only non-
specific ulcerations, malignancy could not be excluded
according to the endoscopic findings. Further investigation
included an abdominal ultrasound, which was negative
for liver metastases and a computed tomography (CT)
scan which showed a sessile neoplasm protruding into the
lumen of cecum with a medium tissue density.

Given the suspicion of the malignant nature of
the tumor, the patient underwent a laparoscopic right
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hemicolectomy. Macroscopic assessment of the resected
specimen revealed a round polypioid tumor of 2.1 cm
X 2.4 cm X 1.8 cm in size, with firm characteristics and
nodular surface. Pathological examination of the resected
lesion revealed a cecal lipoma with ulcerative lesions on the
overlying mucosa (Figure 2A and B). The postoperative
course was uneventful, and the patient was free of
symptoms duting a 10-month follow-up period.

DISCUSSION

Colonic lipomas are relatively uncommon tumors of
mesenchymal origin, composed of well-differentiated
adipose tissue supported by fibrous tissue, that rarely cause
symptoms and are usually detected incidentally ™. They
arise from the submucosa, but occasionally extend into
the muscularis propria; up to 10% are subserosal™”. The
incidence of lipomas relative to all polypioid lesions of the
large intestine is reported to range from 0.035% to 4.4%'".
However, they represent the third most common benign
tumors after hyperplastic and adenomatous polyps'”.
They are usually solitary, but multiple lesions are reported
in 10% to 25% of cases'™”. A rare polyposis syndrome has
been described, with numerous lipomas throughout the
bowel (colonic lipornatosis)m]. Colonic lipomas are mainly
found on the right-side of the colon and cecum. Most
of these tumors are asymptomatic and usually detected
incidentally during colonoscopy and laparotomy. Only
25% of patients with colonic lipoma develop symptoms.
When lipomas are larger than 2 cm in diameter, they may
cause symptoms including bleeding with anemia, diarrhea
or constipation, abdominal intestinal obstruction, and

Figure 1 Endoscopic view of a
broad-attachment polypoid tumor
(A) and bleeding from the lesion on
compression with biopsy forceps on
compression with biopsy forceps (B).
The overlying mucosa was nodular
with ulcerations.

Figure 2 Endoscopic view of a
broad-attachment polypoid tumor
(A) and bleeding from the lesion on
compression with biopsy forceps on
compression with biopsy forceps (B).
The overlying mucosa was nodular
with ulcerations.

[16]

rarely, intussusception

Various imaging modalities can imply the diagnosis of
colonic lipomas. Barium enema may reveal an ovoid filling
defect with well-defined borders. A so-called squeeze sign,
indicating a change in size and shape of a radiolucent
lesion in response to peristalsis, is frequently noted"”.,
CT scans of colonic lipomas can provide a definite
diagnosis because the mass typically has characteristic
fatty densitometric values®"”. On CT, lipomas appear
ovoid or pear shaped, with sharp margins and absorption
densities of -40 to -120 Hounsfield units, typical of fatty
composition[zo’zﬂ. However, these features are evident only
in large lesions, as smaller tumors are not detectable due to
artifacts and partial volume averaging™. Correspondingly,
in our case, abdominal CT was not diagnostic for lipoma
possibly due to the tumor's relatively small size. Magnetic
resonance imaging (MRI) may be particularly useful in the
detection of lipomas as the signal intensity is characteristic
of adipose tissue on T1-weighted and fat-suppressing
imagesm’M. Endoscopic ultasonography (EUS) is a potent
adjunct modality for characterization of submucosal
tumors. Colonic lipomas appear as hyperechoic lesions with
regular borders in the three layers and can be distinguished
from smooth muscle tumors, lymphangiomata, and invasive
or metastatic malignancies™. EUS can be used to determine
any extension into the muscularis propria before injection-
assisted polypectomy of symptomatic lipornasm. Recently,
CT colonographic examination (virtual colonoscopy) has
been performed to detect colonic lipomas™.

Endoscopy can usually distinguish lipomas from gas-
trointestinal cancer or other tumors. Lipomas are seen as
smooth, rounded yellowish polyps with a thick stalk or
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Author Year Age Sex Clinical presentation Site of lipoma  Size (cm) Treatment Histological findings of endoscopic biopsies
Loludice” 1980 43 M Hematochezia Descending 3.9 Left hemicolectomy Ulcerated mucosal

Lera™ 1982 70 F Abdominal pain Hepatic flexure 4 Right hemicolectomy -

Snover' 1984 57 M Occult blood Sigmoid 3 Sigmoid colectomy Ulcerated mucosa

McGrew™ 1985 75 M Hematochezia Rectosigmoid 5 Endoscopic resection -

Taylor™ 1987 62 M Hematochezia Sigmoid 10 Sigmoid colectomy Ulcerated mucosa

Ibrazullah™ 1992 50 M Hematochezia Descending 3 Left hemicolectomy Inflammatory tissue

El-Khalil® 2000 64 M Hematochezia Sigmoid 7.8 Left hemicolectomy Focal hemorrhagic necrosis

Caterino™ 2002 60 M Abdominal pain Hepatic flexure 5 Right hemicolectomy -

Meghoo™ 2003 60 F Hematochezia Cecum 6 Right hemicolectomy  Ulcerated mucosa

Huh 2006 62 M Intussusception Sigmoid 3.5 Anterior resection Focal hemorrhagic necrosis and inflammation
Katsinelos 2006 62 F Abdominal pain Cecum 24 Laparoscopic right Non-specific ulceration

hemicolectomy

broad-based attachment!"™”, Typical colonoscopic features
are the "cushion sign" or "pillow sign" (pressing forceps
against the lesion results in depression or pillowing of
the mass) and the naked fat sign (extrusion of yellowish
fat at biopsy site) 1228201
a colonic lipoma is usually not involved, in rare cases,

. Although the mucosa overlying

as in our patient, colonoscopy may reveal ulcerations
and stiffness on palpation that may lead to a mistaken
178,303 reported
over 3 decades are summarized in Table 1. Among these

impression of carcinoma. Eleven such cases

patients the most common indications for endoscopy were
hematochezia and persistent abdominal pain. The location
of lesion was in the cecum in three cases, ascending and
transverse colon in one respectively, descending colon in
two and rectosigmoid in four cases. In cases where biopsy
specimens were taken, only hemorrhagic necrosis or
ulceration of the mucosa was identified. In all but one case
treatment consisted of operative resection.

The indications for performing colonoscopic snare
polypectomy to remove colonic lipomas remain con-

. 19,2837
troversial' !

. Most authors agree that colonic lipomas
with a diameter larger than 2 cm should be removed
surgically, because in these cases endoscopic resection
is assoclated with a high rate of complications[9’10’38’39].
However, especially for large penduculated lipomas, the
size of the stalk seems to be a more important factor than
the diameter of the lipoma when colonoscopic removal
is considered"™. In our opinion, if a lipoma is sessile or
broadly-based, endoscopic removal is risky because the
fatty tissue is an inefficient conductor for electric current
and may result in a significantly high rate of complications
like perforation or hemorrhage.

A wide range of operative techniques using conventional
1aparotomym and mini—laparotomym] have been described
including enucleation, colostomy, excision and segmental
colonic resection. However, only a few cases of laparosco-

ic resection of colonic lipomas have been reported so
far!t>>44 Advantages of laparoscopic surgery include
less postoperative pain, shorter hospitalization and faster
recovery than conventional laparotomy. The latest publish-
ed data referring to the comparison of laparoscopic versus
41 indicate that
laparoscopic resection of colonic lipomas should become

open colorectal resection for cancer

the gold standard method for removal of lipomas greater

www.wjgnet.com

than 2-3 cm in diameter, even in cases where the malignancy
of the tumor could not be excluded preoperatively.

In conclusion, our case emphasizes that a colonic
lipoma can simulate a malignant neoplasm and underscores
the laparoscopic resection as the recommended operation
for symptomatic colonic lipomas.
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Abstract

Telerobotic surgery is the most advanced development
in the field of minimally invasive surgery. The da Vinci
surgical system, which is currently the most widely
used telerobotic device, was approved by the Food and
Drug Administration of the United States of America for
clinical use in all abdominal operations in July 2000. The
first da Vinci surgical system in China was installed in
November 2005 at our institution. We herein report the
first telerobotic-assisted laparoscopic abdominoperineal
resection using the 3-arm da Vinci surgical system for
low rectal cancer in Hong Kong and China, which was
performed in August 2006. The operative time and blood
loss were 240 min and 200 mL, respectively. There was
no complication, and the patient was discharged on
postoperative day five. An updated review of published
literature on telerobotic-assisted colorectal surgery is
included in this report, with special emphasis on its
advantages and limitations.

© 2007 The WIG Press. All rights reserved.
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INTRODUCTION

The minimally invasive or laparoscopic approach has

www.wjgnet.com

revolutionised surgical care over the past two decades.
Since the introduction of laparoscopic cholecystectomy
in 1987, laparoscopic surgery has been attempted and
applied to many surgical operations, including resection
of benign and malignant colorectal diseases!'l. Although
the laparoscopic approach in colorectal surgery has been
shown to be beneficial and oncologically safe, its use
is still not yet widespread™@. This restriction may be due
to the technical difficulties and the steep learning curve
associated with these complex procedures!”. Conventional
laparoscopic surgery has many inherent technical drawbacks,
including unstable video camera platform, lack of
stereoscopic or three-dimensional (3D) vision, limited
motion of straight instruments, long instruments that can
increase physiological hand tremor, and poor ergonomics
for the surgeon®. The introduction of the telerobotic
surgical systems may offer potential solutions to the above-
mentioned problems.

The da Vinci surgical system (Intuitive Surgical, Inc.,
Sunnyvale, CA) was developed to facilitate laparoscopic
surgery and overcome its disadvantages”. This telerobotic
system comprises three main components: the robotic cart
with three or four mechanical arms, the console, and the
endoscopic stack. The operating surgeon sits comfortably
at the console, with his hands placed on master handles.
His movements are then translated via computer software
to the robotic arms at the site of the operation. The
system provides a magnified 3D view and intuitively
transfers movements from the handle to the tip of the
instrument with tremor filtering. Dexterity is enhanced
via EndoWrist (Intuitive Surgical, Inc., Sunnyvale, CA)
technology, returning seven degrees of freedom to the
surgeon, so that precise manoeuvres like anastomosis can
be accomplished easily. The system can actually facilitate
less experienced surgeons to perform minimally invasive
surgery in a smooth and more ergonomically manner.

The Food and Drug Administration of the United
States of America approved the da Vinci surgical system
for clinical use in all abdominal operations in July 2000.
The first reported telerobotic-assisted laparoscopic colorectal
procedutes were petformed in late 2000 in Japan!"”. Since
then, there have been a small number of series in the
literature describing the use of telerobotic systems in
the field of colorectal surgery'"l. The first da Vinci
surgical system in China was installed in November 2005
at our institution in Hong Kong. We herein report the
first telerobotic-assisted laparoscopic abdominoperineal
resection using the 3-arm da Vinci surgical system for
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low rectal cancer in Hong Kong and China, which
was performed in August 2006. An updated review of
published literature on telerobotic-assisted colorectal
surgery is included in this report, with special emphasis on
its advantages and limitations.

CASE REPORT

A 49-year-old woman with a body mass index of 25.2
kg/m2 presented with rectal bleeding associated with
constipation and tenesmus for one year. Her past medical
history included hypertension and diabetes mellitus.
Colonoscopy revealed a tumour at the lower rectum
3 cm above the anal verge, and biopsy confirmed the
diagnosis of adenocarcinoma. Computed tomography
showed no evidence of loco-regional invasion or distant
metastasis. The patient underwent telerobotic-assisted
laparoscopic abdominoperineal resection using the 3-arm
da Vinci surgical system on August 25, 2006. The patient
understood that this was the first case of its kind in Hong
Kong and China, and informed consent was obtained
prior to surgery. Mechanical bowel preparation was carried
out one day before surgery with sodium phosphates
oral solution. Systemic prophylactic antibiotics (1.5 g
cefuroxime and 500 mg metronidazole) were administered
intravenously at induction of general anaesthesia.

Operative strategy and techniques

The operating surgeon and the assistants were skilled in
both laparoscopic and colorectal surgery. All members
of the surgical team had also undergone a specific two-
day robotic-assisted animal laparoscopic surgery training
course before the surgery, which consisted of didactic and
practical application sessions covering the components
and use of the da Vinci surgical system and EndoWrist
instruments on live animals. Live telerobotic surgery on
patients was also demonstrated.

The patient was placed in the Lloyd-Davies position.
Pneumoperitoneum was created with the open technique
just below the umbilicus. A zero-degree 10-mm laparo-
scope was used. Additional trocars (T'1-T5) were inserted
as shown in Figure 1. T1 (13-mm trocar used for stapling)
was inserted 5 cm lateral to the right midclavicular line
above the level of the umbilicus. T2 (5-mm trocar) was
inserted 5 cm lateral to the right midclavicular line above
the level of the right anterior superior iliac spine (ASIS).
T3 (5-mm trocar) was inserted 5 cm lateral to the left
midclavicular line at the level of the umbilicus. T4 (8-mm
robotic trocar) was inserted just medial to the right
midclavicular line between the camera trocar and the right
ASIS. Finally, T5 (8-mm robotic trocar) was inserted in
the left lower quadrant of the abdomen, opposite and
symmetrical to T4.

The first part of the surgery was carried out laparo-
scopically. The operating surgeon used T1 and T2 for
dissection, while the assistants held the camera and T3.
With the patient tilted head down, the sigmoid-descending
colon was mobilised along the white line of Toldt. The left
ureter was identified and protected. The inferior mesenteric
vessels were transected distal to the left colic vessels with

Figure 1 Trocar positions for telerobotic-
assisted laparoscopic abdominoperineal
resection using the 3-arm da Vinci
surgical system.

Assistant
Assiétant
:\
= Console
Nurse
Monitor

Monitor Robotic cart

| . A
Operating surgeon

Figure 2 Operating theatre setup for telerobotic-assisted laparoscopic
abdominoperineal resection using the 3-arm da Vinci surgical system.

EndoGIA staplers (Autosuture, Tyco Healthcare, Norwalk,
CT).

After complete laparoscopic mobilisation of the
sigmoid-descending colon and transection of the
lymphovascular pedicle, the 3-arm da Vinci surgical system
was brought onto the field. With the patient still in the head-
down position, the three robotic arms were docked to the
camera port and ports T4 and T5 as shown in Figure 2. The
operating surgeon sat at the console in the operating theatre
and controlled the robotic camera and the two robotic arms.
The left robotic arm (T5) carried a Cadiére forceps while
the right robotic arm (T4) carried a monopolar cautery
hook (Figure 3). The assistants stood on both sides of the
patients using T1, T2, and T3 for suction and retraction.
The rectosigmoid mesentery was retracted superiorly and
anteriotly, and the Holy plane was entered. Total mesorectal
excison was performed with the da Vinci surgical system
down to the pelvic floor. The ureters, the hypogastric
nerves, and the pelvic parasympathetic plexus were carefully
identified and safeguarded.

The da Vinci surgical system was disengaged after
rectal mobilisation was completed. The sigmoid colon
was transected with EndoGIA staplers; an abdominal
wall opening was created by excision of port T5, and the
proximal sigmoid colon was drawn through this opening
to form an end colostomy. Perineal dissection was then
performed, and the resected specimen was retrieved
through the perineal wound. The perineal wound was

www.wjgnet.com
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Figure 3 Intraoperative photograph showing the Cadiéere forceps in the left robotic
arm and the monopolar cautery hook in the right robotic arm.

closed primarily with a drain put in the pelvic cavity via a
separate stab wound.

The total operative time was about 240 min, with
45 min spent on insertion of trocars and laparoscopic
mobilisation of the sigmoid colon, 15 min spent on
docking of the da Vinci surgical system, 120 min spent
on telerobotic-assisted rectal mobilisation, and 60 min
spent on perineal dissection and creation of colostomy.
The intraoperative blood loss was 200 mL and no blood
transfusion was required.

The patient was able to resume oral diet on the next
day after surgery. She opened her bowel on postoperative
day four, and she was discharged on postoperative day five.
There was no complication.

Pathological examination of the resected specimen
revealed moderately differentiated adenocarcinoma with
invasion into the muscularis propria but not through it
yet. One out of sixteen removed lymph nodes showed
metastasis. At the time of writing of this report (five
months after the surgery), the patient is still undergoing
adjuvant therapy. She remains well and asymptomatic.

DISCUSSION

Hashizume ¢ a/'" from Japan were the first to publish
their experiences with telerobotic-assisted colorectal
resections, performing one ileocaecal resection, one left
hemicolectomy, and one sigmoid colectomy for cancer
in late 2000. The first telerobotic-assisted laparoscopic
colectomies for benign diseases were performed by
Weber ez aM in March 2001. Since then, there have been
a small number of published case series in the literature
(Table 1) demonstrating the feasibility and safety of
telerobotic-assisted colorectal procedures using the da
Vinci surgical system, ranging from partial colectomies to
rectal resections!™"". The advantages of the telerobotic
surgical system including enhanced vision, facilitated
dexterity, and better ergonomics were acknowledged by
all the authors. The operative time, however, was long in
most of the early series. Extra time was needed for setting
up of the operating theatre and docking/repositioning of
the telerobotic surgical system, which might decrease with
expetience. In a recent study by Rawlings ¢ a/'"), the total

www.wjgnet.com

operative time for telerobotic-assisted right hemicolectomy
had become faster after 17 cases (from > 300 min in the
first case to about 200 min in the last few cases), while
no definite change in operative time trend was observed
after 13 cases of telerobotic-assisted sigmoid colectomies.
For experienced minimally invasive surgeons, the learning
curve for telerobotic-assisted colotrectal surgery is believed
to be about 20 cases!".

We have chosen to start our telerobotic-assisted
colorectal surgery programme with a case of rectal
resection. One of the reasons is that the telerobotic
surgical systems have been considered to be particularly
useful when the operative field is small and precise
dissection is required. In colonic surgery, most of
the dissection entails up-and-down and left-to-right
movement in different quadrants of the peritoneal cavity;
the small excursion arcs of the robotic arms may not
adequately encompass this wide field of dissection, and
thus repositioning of the patient and the robotic cart
is often necessary. We feel that the telerobotic surgical
system may be more useful in rectal surgery because the
robotic arms can allow for very accurate dissection in the
confined pelvic space, and the magnified 3D vision can
give an excellent view of the pelvic anatomy. In order to
avoid repositioning of the robotic cart during surgery, we
mobilised the sigmoid-descending colon with conventional
laparoscopic techniques first, before we brought in the
robotic cart for telerobotic-assisted rectal mobilisation.
With this hybrid technique, our case can be finished
within 240 min, which compares favourably with the
mean operative time of 215 min in our previous report on
laparoscopic-assisted abdominoperineal resection for low
rectal cancer!™..

Table 2 summarises the published studies comparing
telerobotic-assisted colorectal surgery using the da Vinci
surgical system versus conventional laparoscopic colorectal
surgery® >l In the largest comparative study to date,
D'Annibale ¢ a#*"! compared 53 telerobotic-assisted with 53
conventional laparoscopic colorectal procedures, ranging
from partial/total colectomies to abdominoperineal
resections. No differences were observed in the total time
of surgery (telerobotic group, 240 min »s laparoscopic
group, 222 min), time to recovery of bowel function, and
duration of hospital stay. The only significant difference
was a longer setup time to prepare for the operating
theatre and the patient in the telerobotic group (24 min
vs 18 min; P = 0.002). In a more recent study by Pigazzi
et al® 6 telerobotic-assisted total mesorectal excisions
(TME) were compared with 6 conventional laparoscopic
TME. The two groups were not different in total operative
time (telerobotic group, 4.4 h s laparoscopic group, 4.3
h), complication rates, and duration of hospital stay.
However, surgeons in the telerobotic group reported
less fatigue and less strain after surgery. Interestingly, the
issue of cost was only addressed in the first comparative
study™, which reported additional direct equipment costs
of approximately US$ 350 per case for the robotic group,
without including acquisition and maintenance costs for
the telerobotic surgical system.

Although most of the published studies on telerobotic-
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Table 1 Published case series and reports on telerobotic-assisted colorectal surgery using the da Vinci surgical system

Types and number of surgery Operative ~ Conversion to Complications
First author (yr) Country RH SC AR/LAR APR Others time (min) open (number)
Hashizume et al” (2002) Japan 1 1 ileocaecal resection (IC) IC: 335 0 None
1 left hemicolectomy (LH) SC: 180
LH: 265
Weber et al™ (2002) USA 1 1 RH: 228 0 None
SC: 340
Giulianotti et al™ (2003) Ttaly 5 1 6 2 2 ileocaecal resections Mean 211 0 1 leak after AR
Vibert et al™ (2003) France 1 1 1 Hartmann reversal (HR) SC: 330 0 1 prolonged ileus after LAR
LAR: 450
HR: 360
Talamini et ™ (2003)  USA 17 'bowel resections' Not clear Not clear Not clear
Braumann et al™ (2005) Germany 1 2 2 Mean 201 2 None
Ruurda et al® (2005) Netherlands 5 ileocaecal resections Median 95 0 1 bowel injury during rectopexy
2 sigmoid colostomies Median 75 1 wound infection after IC
16 rectopexies Median 150
Rawlings et al” (2006) USA 17 13 RH: 219 2 6 complications, including 2
bowel injuries and 1 leak
SC: 225
Present case Hong Kong, 1 240 0 None
China

USA: United States of America; RH: Right hemicolectomy; SC: Sigmoid colectomy; AR: Anterior resection; LAR: Low anterior resection; APR: Abdominoperineal

resection.

Table 2 Published studies comparing telerobotic-assisted colorectal surgery using the da Vinci surgical system versus conventional

laparoscopic colorectal surgery

First author (yr) Procedures Number of patients Total operative Blood loss Complications Hospital Remarks
time (mL) stay (d)
Delaney et al® (2003) RH, SC, rectopexies Telerobotic 6 216.5 min® 100 1 atelectasis 3 Additional direct equipment
costs of US$ 350 per case for
Laparoscopic 6 150 min® 875 lincisional hernia 2.5  telerobotic surgery
D'Annibale et al®" Partial/total colectomies Telerobotic 53 240 min 21 1 reoperation for 10 Significantly longer setup
(2004) and rectal resections bowel injury time in the telerobotic group
Laparoscopic 53 222 min 37 1 reoperation for 10
bleeding
Woeste et al™ (2005) SC for sigmoid diverticulitis Telerobotic 4 236.7° 60 1(25%) / /
Laparoscopic 23 172.4° 58.9 5 (21.7%) /
Pigazzi et al™ (2006) TME for rectal cancer Telerobotic 6 44h 104 1 prolonged ileus 45  Telerobotic surgery caused
Laparoscopic 6 43h 150 1 pelvic abscess 3.6  less strain for surgeons

RH: Right hemicolectomy; SC: Sigmoid colectomy; TME: Total mesorectal excision. °P < 0.05 by Mann-Whitney U test; ‘P < 0.05 by Student’s t-test. No significant

differences were noted in all the other parameters.

assisted colorectal surgery have shown comparable
results when compared to conventional laparoscopic
surgery, none have yet demonstrated a clear advantage to
using the telerobotic system in colorectal surgery. Other
limitations of applying this technology to the field of
colorectal surgery include lack of tactile feedback, limited
instrumentation, inconvenience of rotating or tilting
the patient during surgery, and need for repositioning
to facilitate dissection in different quadrants of the
abdomen during surgery. Besides, precise manoeuvtes like
anastomosis are seldom required in colorectal surgery.
Nevertheless, with continued refinement in technologies
and techniques, many of the above-mentioned limitations
can be overcome. Undoubtedly, the telerobotic system
can benefit the surgeons by providing excellent dexterity,
vision, and ergonomics, but whether this can be translated
into better patient outcomes still needs further evaluation.
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