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Multifaceted functions of B cells in chronic hepatitis C virus infection
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Abstract

Hepatitis C virus (HCV) elicits T- and B-cell responses which are believed to play an important role in infection control. B cells have
generally been neglected because they do not seem to significantly influence the course of HCV infection. In this review, B lymphocytes
are viewed both as classical antibody producing cells, with the hypervariable region 1 being a biologically relevant target protein and as a
model of virus–host interaction in lymphoproliferative disorders characteristic of persistent microbial infections.
© 2003 Elsevier B.V. All rights reserved.
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Hepatitis C virus (HCV) infection is characterised by a
disturbingly high propensity to persist in the host for an
indefinite period of time leading to chronic liver disease
which may evolve into cirrhosis and hepatocellular carci-
noma (Alberti et al., 1999). Several studies have pointed to
the importance of T-cell-mediated immune responses in con-
trolling HCV infection (Bertoletti and Ferrari, 2003). How-
ever, little is known on the role of B-cell responses in this
setting. The purpose of this review is to examine the role of
B cells in the evolution of HCV infection as well as their in-
teraction with viral proteins, which is thought to be the basis
for B-cell clonal expansion in lymphoproliferative disorders.

1. Role of antibody responses to HCV with particular
emphasis on the hypervariable region 1 (HVR1)

In contrast with hepatitis B virus infection in which
envelope-specific neutralizing antibodies (Ab) closely cor-
relate with clinical recovery, patients chronically infected
with HCV invariably have envelope-specific Ab detectable
in their serum, indicating an ongoing B-cell response
(Cerino et al., 1997). The significance and utility of such
circulating Ab are currently uncertain, since re-challenge
of experimentally infected chimpanzees with high levels
of circulating anti-HCV immunoglobulin still results in the
reappearance of viraemia (Farci et al., 1992). Our current
understanding of the possible functions of B-cell responses
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in HCV infection as well as the role of the virus in causing
B-cell clonal expansion is depicted inFig. 1.

Over the past several years, attempts were made to iden-
tify reproducible patterns of B-cell responses that correlated
with specific clinical outcomes without success. However,
one particular region the hypervariable region 1 (HVR1)
has attracted the attention of many investigators because
it was generally believed to play an important role in the
pathogenesis of HCV infection. In a previous study, we
prospectively followed serological responses to synthetic
oligopeptides derived from HVR1 sequences of patients
with acute and chronic HCV infection obtained at baseline
and after a defined follow-up period (Mondelli et al., 1999).
Extensive serological cross-reactivity for unrelated HVR1
peptides was observed in the majority of the patients. Ab
responses were restricted to the IgG1 subclass and were
focused on the carboxy-terminal end of the HVR1 region.
Cross-reactive Ab could also be readily elicited following
immunization of mice with multiple antigenic peptides
carrying HVR1 sequences derived from our patients.

To investigate further the molecular basis for Ab cross-
reactivity for unrelated HVR1 sequences we generated a
panel of murine monoclonal antibodies (mAb) from mice
immunized with HVR1 surrogate peptides (mimotopes),
affinity-selected with sera from HCV-infected patients
from a phage-display library (Puntoriero et al., 1998). A
significant number of antigen-specific hybridomas was ob-
tained after immunization with a pool of 9 mimotopes.
The mAbs were shown to recognize a number of 16- and
27-mer peptides derived from natural HVR1 sequences iso-
lated from patients with acute and chronic HCV infection
and a major binding site could be mapped at amino acid
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Fig. 1. Proposed functions of B cells in HCV infection. Production of highly efficient neutralizing antibodies to HCV is currently uncertain althoughit is
likely to occur only in certain circumstances. Such antibodies should be produced at high concentration and possibly have broad specificity, though this is
currently unknown. However, in most circumstances neutralizing antibodies would be produced at low concentrations and with restricted specificity; this
would on the one hand favour selection of viral mutants and on the other hand it could generate an enhancement mechanism which would increase the
spread of the infection to other susceptible cells. In addition to classical antibody production, B cells may undergo aberrant proliferation and rheumatoid
factor production, as seen in extrahepatic disease, such as cryoglobulinaemia. To this end, HCV polypeptides such as the E2 glycoprotein and, possibly,
NS3 may lower the physiological activation threshold of B cells by interacting with CD81 and the B-cell receptor complex, inducing clonal expansion
and, eventually, malignant proliferation as in B-NHL.

position 390–405, akin to our previous findings using hu-
man sera (Cerino et al., 2001). HVR1 mimotope-specific
mAb were also able to efficiently compete with sera from
HCV-infected patients for binding to peptides derived from
natural HVR1 sequences, thus confirming previous data
obtained with polyclonal Ab showing that HVR1 peptide
mimotopes are efficient antigenic and immunogenic mimics
of naturally occurring HCV variants.

A plausible explanation accounting for the promiscuous
binding characteristics of HVR1-specific antibodies comes
from a recent theoretical study on the structural conforma-
tion of HVR1 which showed either a broad amino acid reper-
toire at each position in spite of a remarkable residue con-
servation in specific sites or replacements with amino acids
with similar physicochemical properties, usually positively
charged basic residues, in the most variable segments (Penin
et al., 2001). The very similar hydropathy and antigenicity
profiles of HVR1 variants revealed a substantial conforma-
tional conservation, thus providing a plausible explanation
for the extensive cross-reactivity demonstrated by Ab and
confirming the existence of an active selection process.
Interestingly, two sites with a high antigenicity score were
identified at positions 1–13 and 19–24, a pattern which is
predicted also with phylogenetically distant variants (Penin

et al., 2001). The latter site contains the immunodominant
B-cell epitope(s) described previously (Scarselli et al., 1995;
Mondelli et al., 1999) and is compatible with B-cell epitope
mapping data (Zibert et al., 1997; Mondelli et al., 1999).

The possibility to generate broadly reactive antibodies
may represent a useful approach to overcome the nat-
ural diversity of a virus such as HCV, suggesting that
mimotope-based vaccines can be used as potentially ef-
fective HCV immunogens. This assumption is based on
evidence indicating that antibodies to HVR1 can prevent
HCV infection in the chimpanzee model by both in vitro
and in vivo neutralization of a pedigreed virus inoculum of
HCV strain H (Farci et al., 1994, 1996). However, exposure
of HVR1 on complete viral particles has not been formally
proven and, in principle, the role of this sequence in bind-
ing neutralizing antibodies is far from being established.
A recent preliminary study suggested that mAb obtained
by immunization with peptides derived from natural HVR1
isolates were able to capture bona fide viral particles only
from homologous HCV isolates and could also prevent in-
fection of an allegedly susceptible cell line in vitro (Zhou
et al., 2000). These findings are in partial agreement with
our data in that one of our mAbs was also able to capture
bona fide and recombinant viral particles, although there
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was no apparent genotype or isolate-specific recognition
(Cerino et al., 2001). Similar findings were reported byLi
et al. (2001), who were able to show that mAbs generated by
immunization with HVR1 peptides, specific for conserved
motifs, could capture HCV RNA from patients’ plasmas
and were also able to block HCV binding to Molt-4 cells
which, in previous experiments (Hamaia et al., 2001), were
shown to efficiently bind HCV. These observations fit with
the idea of a significant structural conservation of HVR1 as
discussed above.

It may be argued that mAb raised against HVR1 peptides
are unable to recognize the same sequence when expressed
in the context of a correctly-folded complete E2 glycopro-
tein which included HVR1. However, our mAb were shown
to recognize correctly-folded E2 polypeptides expressing the
same HVR1 sequences synthesized as linear peptide, pro-
viding additional evidence supporting the existence of im-
munodominant, conformation-independent epitope(s) in the
C-terminal sub-region which, under certain circumstances,
may be exposed on integral viral particles.

The role, if any, played by HVR1 in host–virus interac-
tions at the protein level is still unknown. Recently, a novel
HCV candidate receptor, in addition to CD81 (Pileri et al.,
1998) has been identified on human hepatocellular carci-
noma cell lines. Such putative receptor, the scavenger re-
ceptor class B type I (SRBI), binds E2 via HVR1 and is
species-specific (Scarselli et al., 2002). Thus, high-affinity
anti-HVR1 Ab elicited by immunization could modulate
HCV infection by inhibiting binding of viral particles to
SRBI. This approach may have important implications for
immunotherapy or prophylaxis of HCV infection.

2. What is the biological basis for B-cell clonal
expansion in chronic HCV infection?

In addition to causing liver pathology, HCV infection is
frequently associated with extrahepatic manifestations such
as mixed cryoglobulinaemia and non-Hodgkin’s B-cell
lymphoma, which are characterised by B-cell proliferation
and clonal expansion (Ferri et al., 1994; Haddah et al.,
1992; Mariette et al., 1993; Selva-O’Callaghan et al., 1999;
Zuckerman et al., 1997). It is currently believed that more
than 50% of the patients with chronic HCV infection
have asymptomatic cryoglobulinaemia (Lunel et al., 1994;
Mondelli et al., 1998). A form frequently detected in chron-
ically infected patients is type II cryoglobulinaemia which
is characterised by the presence of cryoprecipitable immune
complexes formed by a polyreactive monoclonal IgM� with
rheumatoid factor activity (Gorevic and Frangione, 1991)
binding to oligo- or polyclonal IgG (Mondelli et al., 1998)
and a non-neoplastic expansion of a B-cell clone producing
this IgM (Monteverde et al., 1995). It is conceivable that
the non-neoplastic monoclonal expansion characteristic of
type II cryoglobulinaemia and that observed in some HCV
related lymphomas such as B-cell non-Hodgkin lymphoma

(B-NHL) are a consequence of protracted antigenic stimula-
tion (Quinn et al., 2001). To this end, a direct demonstration
of HCV antigen-dependent stimulation in NHL associated
with HCV is supported by recent observations (Casato et al.,
2002; Hermine et al., 2002) showing complete remission of
splenic lymphomas following eradication of HCV infection.
The mechanisms through which HCV infection promotes a
potent and selective B-cell clonal expansion are currently
unknown, but it is likely that this is a multistep process dur-
ing which specific genetic anomalies accumulate, similarly
to what is thought to occur in lymphomas associated with
chronicHelicobacter. pylori infection (Zucca et al., 2000).
The established ability of HCV to directly stimulate B cells
by lowering the B-cell activation threshold via engagement
of CD81 (Rosa et al., 2001), a tetraspanin that has been
shown to specifically bind the E2 envelope glycoprotein
(Pileri et al., 1998), suggests that HCV is an additional pro-
totypic agent capable of performing functions that go well
beyond that causing persistent infection. Indeed, the mere
presence of replicating HCV can result in clonal expan-
sion of B cells expressing immunoglobulin variable region
genes that are commonly expressed during HCV-associated
B-cell lymphoproliferative disorders. Why this occurs is
still largely a matter of speculation.

The clonally expanded B cells in type II cryoglobuli-
naemia are similar to murine B-1 cells (Clarke and Arnold,
1998; Berland and Wortis, 2002). These cells, which ac-
count for approximately 5% of total B cells in mice and
humans, arise during foetal development, show a restricted
receptor repertoire, express CD5 and have high levels of
surface IgM with little surface IgD. They are of interest
to clinicians as they are the origin of chronic lymphocytic
leukaemia. The restricted receptor repertoire resembles that
of �:� T cells. Indeed, B-l cells hardly undergo somatic hy-
permutation, and their V gene segments that are commonly
used to encode their receptor seem to have evolved to recog-
nize common bacterial and self antigens, thus allowing them
on the one hand to contribute to the early, non-adaptive (in-
nate) phase of the immune response and on the other hand
to be maintained partially activated as they are selected for
self-renewal by ubiquitous self and foreign antigens. This
is further supported by their ability to produce polyreac-
tive IgM with features of natural (auto)antibodies and to
clonally expand (Le Maoult et al., 1999). Recently, Curry
and co-workers have shown specific expansion of CD5+ B
cells in the peripheral blood (Curry et al., 2000) and in
the liver (Curry et al., 2003) of patients with chronic HCV
infection. Expression of CD81, was significantly increased
in CD5+ B cells compared with conventional B cells, and
this appeared to correlate with the presence of HCV RNA,
suggesting a close relationship between HCV replication
and CD5+ B-cell clonal expansion (Curry et al., 2003).
The demonstration that this B-cell subset expresses sizeable
amounts of CD81 provides strong evidence in support of
the hypothesis that B-cell clonal expansion results from
direct viral protein stimulation via CD81, which is now
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currently regarded more as a signalling molecule rather than
a virus-internalising receptor (Crotta et al., 2002). Moreover,
the demonstration that CD5+ B cells produce IgM mono-
clonal rheumatoid factor (Kipps, 1989) would establish a
plausible pathogenetic basis for type II cryoglobulinaemia
in this setting. However, the finding of CD5+ B-cell ex-
pansion in the peripheral blood has not been confirmed in
a recent study (Ni et al., 2003), in which the proportion of
CD5+ B cells was found to be normal or reduced in patients
with chronic HCV infection and this was accompanied by an
accumulation of B cells characterised by a naı̈ve phenotype.

Although it seems that there is sufficient evidence in
favour of a role of viral gene products in generating clonal
expansion of B cells, only little information is available on
the ability of HCV to infect cells other than hepatocytes.
Controversial data have been reported on the detection
of HCV RNA positive and negative strands in peripheral
blood B lymphocytes of some patients with chronic hep-
atitis C (Lanford et al., 1995; Laskus et al., 2000; Zignego
and Brechot, 1999). However, until recently, the virus has
never been directly demonstrated and isolated ex vivo or in
tissue culture.Sung et al. (2003)now provide convincing
and reproducible evidence that HCV can replicate in B-cell
lines obtained from the spleen of a patient with B-NHL
chronically-infected with HCV or following immortaliza-
tion of peripheral blood B cells of HCV-infected patients
with Epstein–Barr virus. These cell lines were persistently
infected for several months in culture, expressed the viral
NS3 protein and produced HCV particles that were capable
of infecting primary human hepatocytes and other B cells
in culture. Unfortunately, we do not know whether they
also expressed CD5, although preliminary evidence would
suggest that the B-NHL derived cell line produces a mono-
clonal IgM with an apparent anti-NS3 specificity. However,
infection of B lymphocytes with HCV would probably
be contributory, but not strictly necessary, to perpetuate
antigen-dependent growth and eventually expansion of
pre-malignant B cells.

3. Conclusions

HCV may develop several strategies to avoid immune
clearance and establish persistent infection. The high rate
of virus production early during infection may result in im-
mune exhaustion or, rather, be caused by a failure of the
innate immune response to control virus replication (Crotta
et al., 2002; Tseng and Klimpel, 2001). The intrinsic vari-
ability of HCV, most likely induced by the host’s immune
pressure on certain viral regions (Mondelli et al., 1999) may
select cytotoxic T-cell escape mutants (Chang et al., 1997;
Erickson et al., 2001). Several lines of evidence also sug-
gest that the viral core protein (Large et al., 1999; Yao et al.,
2001; Francavilla et al., 2003) may inhibit T-cell effector
function. However, the teleological significance of HCV-B
lymphocyte interaction remains largely unexplained.
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